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RESUMO

SILVA, Isabel Reis,D.Sc, Universidade Federal de Vicosa, fevereiro de 2017.
Estruturas secretoras em linhagens Neo e Paleotropicais de Malpighiaceae:
morfoanatomia, evidéncias funcionais e contribuicbes taxonémicas e evolutivas
Orientadora: Renata Maria Strozi Alves Meira.

Embora seja inegavel a importancia taxonémica e ecologica das estruturas secretoras
em Malpighiaceae, poucos trabalhos caracterizam os tipos de glandulas em espécies
de diferentes ambientes, o que dificulta a compreenséo de suas funcdes. A biogeografia
da familia é peculiar e reflete diversos eventos de dispersdo do Neo para o
Paleotrépico. O clado neotropical mcvaughioide retne espécies da Amazobnia,
Caatinga e Restinga, enquanto o paleotropical acridocarpoide, agrupa espécies de
florestas e savanas da Africa e Asia. Estes clados sdo bons modelos para estudar
glandulas na folha, bractéola, célice e corola, o que auxilia na interpretacdo da
evolucdo morfoldégica em diferentes linhagens filogenéticas. O trabalho objetivou
caracterizar a morfoanatomia das glandulas foliares e florais no clado mcvaughioide e
acridocarpoide; detectar a natureza quimica da secrecao para esclarecer sua funcao;
comparar as estruturas nos diferentes tdxons neo e paleotropicais. Para tal, o0 material
foi coletado em campo e nas cole¢Bes herborizadas, submetido as técnicas usuais de
microscopia de luz e microscopia eletrénica de varredura. Foi possivel caracterizar as
glandulas foliares e florais nos diferentes clados. Nas espécies do clado mcvaughioide,
as glandulas foliares e bracteolares sédo nectarios, enquanto as calicinais e petalares
parecem atuar como elai6foros e osmoforos, respectivamente. No clado
acridocarpoide as glandulas foliares, bracteolares e calicinais parecem atuar como
nectarios. Os resultados corroboram a hip6tese de origem das glandulas oleiferas a
partir dos nectéarios e contribui junto ao debate sobre a homologia entre diferentes
estruturas secretoras. O trabalho registrou novas informac¢des sobre os consumidores
da secrec¢ao das glandulas foliares e florais. Os tipos e posi¢ao das estruturas secretoras
foram Uteis para a taxonomia. Os dados obtidos neste trabalho sdo promissores para o
entendimento da fungdo ecoldgica das glandulas foliares e florais e das relagbes

filogenéticas e evolutivaam Malpighiaceae.



ABSTRACT

SILVA, Isabel ReisD.Sc, Universidade Federal de Vigcosa, Febuary, 28&¢retory
structures in Neo and Paleotropical lineages of Malpighiaceae: morphoanatomy,
functional evidences and taxonomical and evolutionary contributionsAdvisor:
Renata Maria Strozi Alves Meira.

Despite the unquestionable importance of the secretory structures for the taxonomy
and ecology of Malpighiaceae, studies characterizing the types of glands in species
from different environments are rare, which makes it difficult to understand their
functional role. The biogeography of Malpighiaceae is peculiar and reflects several
events of dispersion from Neo Rdeotropic. The Neotropical mcvaughioid clade
comprises species from the Amazon, Caatinga and Restinga while the paleotropical
acridocarpoid is composed by species from both forests and savannas of the Africa
and Asia. Such clades are good models to study the glands on the leaf, bracteole, calyx
and corolla, since may contribute to elucidate the morphological evolution in different
phylogenetic lineages. The aims of this work were to characterize the morphology of
the leaf and floral glands in the mcvaughioid and acridocarpoid clade; detect the
chemical nature of the secretion to clarify its function; compare the structures in the
different Neo and Paleotropical taxa. For this, samples were collected in the field and
herbarium material and submitted to the standard techniques for light and scanning
electron microscopy. The leaf and floral glands in species belong to the different clades
were described. At the mcvaughioid clade the leaf and bracteolar glands are nectary,
while the calyx and petalar glands seem to act as elaiophore and osmophore,
respectively. At the acridocarpoid clade the leaf, bracteolar and calyx glands seem to
act as nectaries. The results corroborate the hypothesis that the oil glands are originated
from the nectaries and contribute to the debate about the homology of different
secretory structures. New informations about the behavior of the secretion consumers
on the leaf and floral glands were registered. The secretory structures were also useful
characters for the taxonomy. The data obtained in this work are promising and
encourage future studies focusing on the ecological functional role of the leaf and

floral glands and phylogenetics and evolutionary approaches in Malpighiaceae.



1. INTRODUCAO GERAL

A familia Malpighiaceae Juss. é predominantemente Neotropical, com cerca
de 1.300 espécies que ocupam formacgdes florestais e savanicas (Davis e Anderson
2010).As principais classificacfes da familia sdo baseadamorfologia do fruto e
reconhecem as subfamilias Byrsonimoideae, que reune as espécies com frutos néo
alados, e Malpighioideae, com frutos sobretudo alados (Anderson 1978). Os géneros
BurdachiaA. Juss.GlandoniaGriseb. eMcvaughiaW. R. Anderson, com frutos ndo
alados, foram descritos em Byrsonimoideae (Anderson 1981) e na filogenia molecular
estdo posicionados entre as Malpighioideae, compondo o clado mcvaughioide (Davis
e Anderson 2010).

Os registros fésseis, dados paleogeogréficos e moleculares indicam a América
do Sul como centro de origem e diversidade da familia, bem como sugerem diversos
eventos de dispeis para o Paleotrépico (Hably e Manchester 2000), a partir de
ancestrais compartilhados com grupos irmaos neotropicais (Etaali2002a, 2014
Davis e Anderson 2010p clado mcvaughioide € neotropical e vem sendo apontado
como um dos grupos irméos do clado paleotropical acridocarpoide, constituido por
AcridocarpusGuill. & Perr. e BrachylophonOliv. A filogenia molecular posiciona
esses clados como grupos irméos das demais espécies de frutos alados e apesar do
monofiletismo ser altamente sustentado (Davis e Anderson 2010), apenas uma espécie
de cada género de mcvaughioide foi amostrada.

Os clados mcvaughioide e acridocarpoide sdo bons modelos para interpretacéo
evolutiva de caracteres em taxons de distribuicdo geogréafica disjunta. As espécies de
Acridocarpus, em geral lianasocorrem em florestas e savanas na Africa, ja
Brachylophors&o arvoretas distribuidas em florestad\sia (Davigt al.2002b). Por
outro lado, Burdachia e Glandonia sdo arvores endémicas de areas alagaveis
amazonicas Blcvaughiaé arbustivo e endémico da Caatinga (Anderson 1979a, 1981).

A origem do clado acridocarpoide teria ocorrido na Africa, durante a substituicio de
florestas tropicais Uumidas por xéricas (Daetsal. 2002a, 2002b) e a origem de
mcvaughioide teria se dado na América do Sul, durante a fragmentacdo e expanséo
das florestas tropicais em periodos secos e umidos (Haffer e Prance 2002). Diante desta
peculiar historia biogeografica, investigar variacdes morfologicas em linhagens neo e
paleotropicais (Davis e Anderson 20H dominios fitogeograficos distintos, € de

grande relevancia para compreender a evolucao de caracteres morfoldgibas)(
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Em Malpighiaceae, as estruturas secretoras sao amplamente citadas, sobretudo
0s nectarios extraflorais (NEFs) e as glandulas calicinais, pelo seu valor diagaostico
ecologico (Solereder 1908; Metcalfe e Chalk 1965; Anderson 1979b, 1981, 1990;
Vogel 1990; Davis e Anderson 2010). Apesar das descricbes taxondémicas
mencionarem a ocorréncia de glandulas florais (Anderson 1979b, 1981, 1990), essas
sao pouco compreendidas.

NEFs séo estruturas secretoras de néctar (Fahn 1988, 2007), atraindo
patrulhadores como formigas, que podem atuar na defesa da plantt @H&004).

Em Malpighiaceae, os NEFs estéo distribuidos no peciolo ou limbo foliar e em geral,
quando inconspicuos sao numerosos e quando conspicuos, pPouco NUMErosos
(Solereder 1908; Metcalfe e Chalk 1965). Possuem cuticula fina, epiderme secretora
em palicada, parénquima secretor vascularizado e natureza quimica da secrecao
polissacaridica (Subramanianal. 1990; Vieira 2005; Machadet al. 2008; Araujo

etal. 2010; Possoboret al. 2010).

O Neotrépico concentra uma grande diversidade de espécies, exibindo
morfologia floral tipica, com simetria bilateral e pares de glandulas calicinais nas cinco
ou quatro sépalas (Anderson 1981; 2001; 2004). Nessas espécies, as glandulas
calicinais sao elaioforos, que produzem 6leo fixo como principal recompensa as
abelhas coletoras de 6leo (Buchmann 1987; Lobreau-Callen 1989; Vogel 1990;
Anderson 1979a, 1990; Simpson e Neff 1981; Endress; M86on et al. 1997;

Sigrist e Sazima 2004).

A glandula calicinal € apontada como um carater apomoérfico na farsika
auséncia no Paleotrépico, como uma condicao derivada do carater (Anderson 1979b)
Uma vez que as abelhas coletoras de 6leo ndo ocorrem no Paleppépiealas
espécies nao sofreu press@m reter o caraterperdendo as glandulas calicinais
(Anderson 1979b). Enquanto outras espécies paleotropicais, como as do clado
acridocarpoide, possuem glandulas calicinais reduzidas que atuariam como nectarios
e 0 polen seria o principal recurso floral (Anderson 1979b; Lobreau-Callen 1989;
Vogel 1990; Reret al. 2013. Portanto, a morfologia floral nas espécies neotropicais
teria sido ativamente mantida por milhdes de anos, como resultado da pressao seletiva
exercida pelos polinizades (Davis et al. 2014). Isso fica evidente ao observar que
nos diferentes grupos Paleotropicais, onde as abelhas coletoras de 6leo sdo ausentes,
muitas espécies ndo possuem glandulas calicinais (Davis e Anderson 201@&tDavis
al. 2014).



A associacao diretaad glandulas calicina nas espécies neotropicais cam
producdo de 6leo e nas paleotropicais com secrecdo de @éctanum (Lobreau-

Callen 1989). Porém, o registro de secrecao lipofilica nas espécies paleotropicais
(Arumugasamyet al. 1988, 1993Subramaniaret al. 1990) e mista nas neotropicais
(Aratjo e Meira 2016; Possoboat al. 2015) evidencia a necessidade de estudos
adicionais em outras espécies.

O registro de secrecdo lipidica em supostos NEFs (Castal. 200])
demonstra que glandulas foliares e calicinais, além de se distribuirem em posicoes
similares na folha e na sépala e compartilharem alta similaridade anatdémica, podendo
produzir secre¢do de mesma natureza (Subrameanhe&n1990; Vogel 1990; Castro
et al.2001; Possobomt al.2010; 2015). Isso poderia indicar a expressdo dos mesmos
genes na folha e no calice, sugerindo a homologia entre tais estruturas secretoras
(Castroet al. 2001).

Outros tipos de glandulas florais, além das calicinais, isé@muns em
Malpighiaceae. Sua presenca é mencionada em poucos taxons, ocorrendo na bractéola,
na margem de pétalas e no conectivo dos estames (Anderson 1979b; Lobreau-Callen
1989; Vogel 1990). Em consequéncia da deteccao de lipidio na secrecao (Lobreau-
Callen 1989; Vogel 1990; Possobamhal. 2015), as glandulas petalares vém sendo
associadas a osmoforos e as do conectivo a multiplas funcbes, como na atracdo e na
adesdo do pdlen ao polinizador (Gates 1982; Posseb@in2015). No conectivo
também foi detectada secrecédo polissacaridica (Vieirg 20@B0dlica (Cocucat al.

1996; Guimardest al. 2013). Assim, estudos complementares sdo necessarios para
verificar anatureza da secrecéo nas diferentes fases de desenvolvimento, subsidiando
adeterminacédo segura da identidade destas glandulas nas diferentes espécies.

O clado mcvaughioide € um modelo ideal para determinar os tipos de estruturas
secretoras em um contexto filogenético, pois agrupa espécies com glandulas, na folha
calice, pétalae bractéola, cujas funcdes ecolégica e da secrecdo permanecem
desconhecidas. Ademais, as espécies de acridocarpoide também possuem glandulas
foliares e florais ainda nédo descritas. O estudo permite comparar estruturas em
posicdes equivalentes nas espécies dos clados mcvaughioide e acridocarpoide que
apresentam distribuicdo em diferentes ambientes e regides gemsgrafi

A partir do exposto, o desenvolvimento da proposta objetivou responder as
seguintes perguntaas glandulas foliares e florais sdo as mesmasgjatradas na

familia Malpighiaceae?a natureza quimica do secretado &€ amesma?; tais glandulas

3



foliares e florais estdo relacionadas as mesmas funcdes?; existem diferencas
histoquimicas e/ou morfoanatdémicas intra ou interespecifie@sfre os clados Neo

e Paleotropicais?; a morfoanatomia das glandulas pode contribuir nas interpretacdes
da evolucdo floral na familia?; existem caracteres anatdémicos que auxiliam na
taxonomia?

Como parte dos esforcos para responder as perguntas propostas, a tese foi
organizada em 4 capitulos, redigidos nas normas dos seguintes periGdicoks,
American Journal of Botanyap. Il: Perspectives in Plant Ecology, Evolution and
SystematicsCap. Ill: Taxon: International journal of plant taxonomy, phylogeny and
evolution eCap IV: Phytotaxa.
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ABSTRACT

Premise of the studyistorically the Malpighiaceae flowers are frequentlly cited by
their typicall calyx glands, which act as elaiophore in Neotropical species. Although
this affirmative has been accepted across the years, only recently, morphoanatomical
studies has helped to clarified their ultrastructure, nature of secretion, mecanisms of
secretion and functional role. Besides the calyx glands, others floral glands have
progressively gained attention. Since the few studies are restricted to some species
from “Cerrado”, we characterized the anatomy and nature of secretion of calyx and

petal glands in mcvaughioid clade, which compriBesdachig Glandonia and
Mcvaughiaspecies, endemic from Amazon, Caatinga and Atlantic Forest.
Methods:Flowers and buds of all mcvaughioid species were collected in field works
and in herbarium collections. The calyx and petal glands were submitted to standard
anatomical techiniques to light microscopy and scanning electron microscopy

Key resultsThe calyx and petal glands show similar morphoanatomy, differing by the
projection of the secretory surfade.Burdachiathe calyx glands may be sessile and
subsessile iMcvaughiaand Glandonig while the petal glands are short-stalked in
Burdachiaand Mcvaughiaand exclusivelly inGlandoniaare sesille and flattened
Histochemical results of both glands showed secretion predonyiramtsisting by

lipids of oleoresin nature, proteins, polysaccharides and phenolic compounds. The
secretion produced is accumulated in the subcuticular space, only in the petal gland of
Glandoniaseems to be accumulated in intercellular spaces of secretory epidermis.
Conclusions: The morphoanatomical similarity among the floral glands in
mcvaughioid species can be a signal of homology shared by such glands. Functionally,
the study pointed that the petal glands act exclusively as osmophore. About the calyx

glands, besides act as elaiophore they can also act secondarily as osmophore.



Keywords: calyx gland, petal gland, pollinatioBurdachig Glandonig Mcvaughia

INTRODUCTION

Malpighiaceae is a family especially known for its flowers, which bear typical
calyx glands (Buchmann, 1987; Anderson, 1990; Vogel, 1990; Davis et al., 2014).
Such glands are called elaiophores, structures highly specialized in fatty oil secretion
(Vogel, 1990). This secretion is an important reward offered to the oil-collecting bees
belonging to the tribes Centridini, Tapinotaspidini and Tetrapediini that act as
pollinators (Simpson and Neff, 1981; Sazima and Sazima, 1989; Sigrist and Sazima,
2004, Alves-dos-Santos et al., 2007). Besides to the calyx gland, floral glands on petal
margins and on anther connectives were mentioned for some Malpighiaceae
(Anderson, 1977) and oil secretion was also reported for the petal glands from some
“Amazon” species (Lobreau-Callen, 1989).

Few morphoanatomical studies describes calyx glands from neotropical
species, such &alphimia brasiliensigCastro et al., 2001). The current knowledge
of the ecological functional role of the petal and anther glands may be considered
scarce (Lobreau-Callen, 1989; Cocucci et al., 1996). Possobom et al. (2015) described
the morphoanatomy and ultraestruture of floral glands in a neotropical species from
“Cerrado”. These authors reinforced the functional role of anthers glands in adherence
of pollen to pollinator body, proposed by Gates (1982) and recognized the calyx and
petal glands as elaiophore and osmophore (floral scent gland), respectively.

Neotropical species of Malpighiaceae show a highly stereotyped floral
morphology, exhibing symmetry zygomorphic, petals clawed, a specialized posterior
petal, and indeed, calyx glands behaving as elaiophores (Anderson, 1990). Only about

10% of the family diversity occours in Paletropic areas (Davis and Anderson, 2010),
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where the most of the floral features found in Neotropical species has been lost (Davis
et al., 2002), including the floral glands. Since the oil-collecting bees are restricted to
America (Alves-dos-Santos et al., 2007), such typical suite of floral characters in
Neotropic appears to be closely tied to their oil-bee pollinators (Vogel, 1990;
Anderson, 1990). Thus, the floral calyx glands have been lost, reduced or converted to
nectaries when pollination systens were changed (Davis et al., 2014).

In Malpighiaceae, calyx glands disposed in pairs represent a derived character
(Anderson, 1990), being a important feature for taxonomic studies (Castro et al.,
2001). Few works reported comparative morphoanatomical analyses between leaf,
calyx and another floral glands (Castro et al., 2001, Possobom et al., 2010, 2015;
Araujo and Meira, 2016). The similarities shared by leaf and calyx glands support the
Vogel’s idea (1990) that proposed the elaiophore are derivied from nectaries, as well
as the similarity of secretion contitution reinforce the hypotesys of their homology
(Anderson, 1990). In previous studies, the morphoanatomy of calyx glands in
paleotropical species was described, behaving as elaiophore (Subramanian et al., 1990,
Arumugasamy et al., 1993) or as nectaries (Ren et al., 2013; Silva et al. unpubl. data,
2017in CAP llI). In neotropic such glands in species from deserts (Coccuci et al.,
1996) and mainlyfrom brazilian “Cerrado” (Mamede, 1993, Possobom et al., 2010,
2015; Araudjo and Meira, 2016) appear behaving exclusively as elaiophore.

Three small genera compose the mcvaughioid clade (Davis and Anderson,
2010), in which the species bear floral glands and presents peculiar biogeography.
Burdachia Adr. Juss. andslandonia Griseb. species are endemic from Amazon
rainforest, whileMcvaughiaW. R. Anderson comprisesn endemic species from
“Caatinga” (dryland) and another from “Restinga” in Atlantic Forest (Anderson,

1979a, 1981; Amorim and Almeida, 2015). Progress towards understanding the floral
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glands in different Neotropical Malpighiaceae species from distint environments
certainly improve information about the mechanisms involved to the specific plant-
pollinator mutualism. Thus, this study aimed to characterize the floral glands of the
mcvaughioid species, and analyze the histochemistry of secretion and morphoanatomy

of the calyx and petal glands.

MATERIAL AND METHODS

BurdachiaandGlandoniaare genera of trees from Amazonia rainforest, where
the species occur in wetlands floodplain, exd8ptmacrocarpathat is typical of
“Terra Firme” upland forest (Anderson, 1981). On the other wegyvaughiais
represented by shrubs species that occur in dry environments from different Brazilian
biomes. Mcvaughia bahianas endemic to dry and open habitats on sandy soils
vegetation front‘Caatingéd (dryland) (Anderson, 1979a), whiM. sergipanais an
endemic species froffRestingd vegetation (sandy coastal plains) of Atlantic Forest,
being restricted to a little area from Brazil (Amorim and Almeida, 2015).

Calyx and petal glands from mcvaughioid species were analgzedachia
duckei Steyerm.,B. prismatocarpaA. Juss.,B. sphaerocarpa@. Juss.,Glandonia
macrocarpaGriseb.,G. pranceiW.R. Anderson(. williamsii Steyerm.Mcvaughia
bahianaW.R. Anderson anil. sergipanaAmorim & Almeida. Fresh samples of buds
and flowers were collected in field. Vouchers material was deposited at the herbarium
VIC of the Universidade Federal de Vigosa-UFV. Samples of herbarium material from
the Instituto Nacional de Pesquisas da Amazonia (INPA) were used (Appendix 1).

The samples were analysed at the Plant Anatomy Laboratory-UFV to describe
the anatomical structure. The field samples were fixed in FAA (formalin, acetic acid

and 50% ethanol; 1:1:18 by volume) for 48 h, NBF (neutral buffer formalin)
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(Johansen, 194@®r in Karnovsky solution (Karnovsky, 1965). Some samples were
fixed in FSF (ferrous sulphate formalin) to detected phenolic compounds (Johansen
1940). Both samples fixed in FAA and FSF were stored in 70% ethanol, while those
fixed in NBF and Karnovsky were kept in such fixates until analysis. Samples of
herbarium material were rehydrated, treated with 2% potassium hydroxide for 2 h,
dehydrated in an ethanol series and stored in 70% ethanol (Smith and Smith, 1942).

Samples of both herbarium and field-collected material were embedded in
methacrylate resin (Historesin Leica; Heidelberg, Germany) in accordance to the
manufacturer’s recommendation. Cross and longitudinal sections with 4pum-thickness
were made with an automatic rotary microtome (Leica RM2155, Deerfield, USA). The
sections were stained with toluidine blue at pH 4.7 (O’Brien et al., 1964)

The following histochemical tests were performed in section obtained in hand
sectioned sections from FAA fixed samples: xylidine ponceau (Clark, 1981) and
Coomassie blue (Fisher, 1968) for total proteins; PAS (periodiecSciff reagent)
for total polysaccharides (McManus, 1948), ruthenium red for mucilage or pectin and
lugol for starch (Johansen, 1940). Fresh sectioBuodachia duckewere submitted
to tannin detection with acidified vanillin test (Mace and Howell, 1974). Previous tests
were madeén locu, using the entire flower (Fig. 1). Sections from NBF fixed samples
were used to evidence lipid and terpenoids using Sudan black B and Sudan red for
total lipid (Pearse, 1980) and NADI reagent for oil or oil-resin (David and Carde,
1964).

Posterior petal were cleared and stained, according to Vasco et al. (2014
modified), and mounted in glycerin jelly (Johansen, 1940) to describe the glands

occurrence and vascularization. Photographic documentation was carried out in a light
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microscope (OlympusAX70TRF) equipped with a digital camera (AxioCam HRc;
Zeiss, Gottingen, Germany).

For the scanning electron microscopy analysis, samples fixed were dehydrated
through an ethanol series, subjected to critical point drying with(CBD 030, Bal-
Tec, Balzers, Liechtenstein), placed on stubs with aid of carbon conductive tapes and
then coated with gold (SCD 050, Bal-tec, Balzers, Liechtenstein), previously to
observations. Examinations and image captures were conducted using a LEO 1430VP
(Zeiss, Cambridge, UK) at the “Center for Microscopy and Microanalysis”-UFV.

The anatomical patterns were identified sessile when the secretory
epidermis recovers all the projected am&ysessilewhen the secretory epidermis is

surrounded by non-secretory epidermis; stadked, when a short stalk is present.

RESULTS

The morphoanatomical characters of calyx and petal glands recorded in
Burdachig GlandoniaandMcvaughiaspecies are summarized at the Table 1.
Morphoanatomical characterisation of calyx glands and field obsevations

In mcvaughioid clade, the color of the calyx glands vary among species (Fig
1A-C). During the flowering, the glands of tBairdachiaspecies are pink (Fig. 1A)
or creamy-white and are yellow in the fruit. In the buds oMbeaughiaspecies, they
are greenish and at the flowers and are yellow at the fruit (Fig. 1C). The calyx gland
of Glandoniaspecies are white and not change (Fig. IrBall species the calyx glands
are conspicous structures, showing a clavate shape at frontal vision with the surface
convex to flaneted (Fig. 1B).

The calyx present a total of 10 glands, one pair in each sepal (Fig. 1D-F),

medially disposed. Generaly the secretory area occur at all sepalar area, only in
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Glandoniathe median portion of the posterior sepals is not glandular (Fig.I1E
flower buds, the central zone of the calyx gland presents a longitudinal depression,
which accumulate the secretion during the antesis that reaactedan black (Fig. 1G-

I) and sudan red (Fig. 1J-M). Such gland present a precocious development but the
secretory activity begin only at pre-anthese stage. Although the high secretion happens
in blooming stage, the activity of calyx glands was recorded until the fruiting periods.

The calyx glands occur on the connate portion of the calyx and may be
distributed actinomorphilly (Fig. 2A) or zygomorphilly (Fig. 2B). The zygomorphy in
Mcvaughiais due the lateral displacement of the glands in anterior sepal (Fig. 2B).
Such glands were composed by secretory epidermis, secretory parenchyma and
vascularizarion (Fig. 2C). IBurdachiathe calyx glands are sessiles (fig. 2A, D) ,
while in Mcvaughia(Fig 2B, E) andslandonia(Fig. 2C, F) are subsessiles (Teab).

The secretory epidermis is one-layer composed by densely stained cytoplasm,
central conspicuous nucleus and some small vacuoles with green color (R)g. 2G-
The cuticle were thick (Fig. 2G) and a central subcuticular spaces were observed, in
which generally a large amount of secretion were observed (Fig. 2I, J). The
subepidermis parenchyma is constituited by cells filled with phenolic substances or
druse crystals (Fig 2J, L) and the innermost of calyx gland had the most of cells with
less dense citoplasm and large vacuoles (Fig. 2M)Glandonig sclereids were
frequently observed (Fig. 2N) and the secretory epidermis is less developed. The
vascularisation of the calyx glands is composed by xylem and phloem tissues (Fig. M),
which reached the subepidermal layers (Fig. 2C-E, J).

At the beging of the activity, the secretory epidermal cells remain juxtaposed
with the cuticle typically (Fig. 2G). and due the secretory process they disconnect

themselves and from cuticle (Fig. 2H-J), resulting thus a subcuticular space filled with

15


http://www.linguee.com.br/ingles-portugues/traducao/lateral+displacement.html

secretion (Fig. 20). During field expeditions, bees visitations were observed in
flowers. However, in most of the times the bees were colleting pdllegofia sp.).
Although the observation of bees with typical size and behavior of collecting oil-bees
were rareat the buds the cuticle are entirety (Fig. 2P) whereas in fertilized flowers
and in fruits, exhibited a completely scraped appearance (Fig. 2Q). In the field, the
aroma were felt in the bud stage inflorescenc8.ahacrocarpa

Morphoanatomical characterization of petal glands and field obsevations

The corola shows different colors, being pinBimrdachia(Fig. 1A), white in
Glandonia(Fig. 1B) and yellow inMcvaughia(Fig. 1C). The posterior petal bear a
thick eret claw (Fig. 1AC). In B. prismatocarpandB. duckeihe claw is yellow and
the petal blade is pink with yellowish margin (Fig. 3A), whil@insphaerocarpahe
claw and the base of petal blade is yelowish and the apex is pink (Fid@Blghia
(Fig. 3C) andslandonia(Fig. 3D, E) show yelow posterior petal, with whitish margin
in the Glandonia species. Such marginal glands presents digitiform-globoid shape
(Fig. 3F-1). The margin of the petal blade has conspicous glandular projections that
can be distributed by entire blade, until the apex (Fig. 3J) or restrited to the base in
Glandoniaspecies with crenate apperence (Fig. 3L, M). The median portion of the
posterior petal is pappilose McvaughiaandGlandoniaspecies (Fig. 3N).

The test with sudan red and sudan black carryed on in the fiedwork evidented
secretory areas on the petals. Positive reaction were obtained on the secretory marginal
areas irBurdachia(Fig. 30, P) and at the entire blade of the petal in btmvaughia
(Fig. 3 R) andGlandonia (Fig. 3S-V). For proteindvl. sergipanashows positive
reaction (Fig. 3Q) Even though during field expeditions, the observation of bees with
typical size and behavior of collecting oil-bees suclCastriswere rare, mandible

marks on the claw of the posterior petal were frequently observed (Fig. 3P). Despite
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the petal glands, in some species, florivores attacks and parasites damage was
frequentlly observed and some older flowers were clearly damaged. In the field was
possible smell the sweet scent in exhaling through the flowd@ssygthaerocarpa

The petal glands are vascularized (Fig. 4 A-D) and recoverded by a secretory
epidermis arranged in a palisade (Fig. 4DBumdachia(Fig. 4F, G, J) antMcvaughia
(Fig. 4N) stalked glands were observed at the proximal portion of the posterior petal,
while sessile glands were observed at the distal portion. In cross section, the petal
glands ofGlandoniaare dorsiventrally flattened (Fig. 4E, 1) that gives the appearance
of crenate margin (Fig. 4A, B). IBlandonig the glands on proximal portion were
identified as sessile and the secretory epidermis were less developmented or absent at
the abaxial surface (Fig. 4E). Only@landonig the cells of secretory epidermis have
gradually acquired a conical shape, developing intercellular spaces (Fig. 4L,@4). In
williamsii the secretory epidermis is less higher (Fig. 41). The epidermical cells of
median portion of posterior petal Glandoniaare pappilose (Fig. 40, P).

The secretory epidermis was a one-layer cell with densely stained cytoplasm,
central conspicuous nucleus, generally with phenolic compouds (Fig. 4H) and covered
by a thick cuticle, only ilMcvaughiathe cuticle was thiny (Fig. 4N). Generally, the
subcuticular space was formed (Fig. 4J), exce@amdoniasinceasthey was rarely
observed. The subepidermis parenchyma was composed by cells with cytoplasm
densely stained filled with phenolic compounds (Fig. 41), while the crystals were
rarally observed (Fig. 4N). IGlandonig sclereids with thick wall were frequently
observed (Fig. 4Q), while the crystals were observed orfcwvaughia(Fig. 4N).
Histochemical tests

The results of the histochemical tests are summarized in Table 2. The

histochemical tests of calyx and petal glands in all species analysed were positive for

17


http://www.linguee.com.br/ingles-portugues/traducao/damaged.html

total lipids, proteins, total polyssacharides and phenolic compounds.The results for
detection of mucilage/pectine were negative.

The secretion of calyx was stronglly reactive for lipids in secretory tissues and
subcuticular space. Burdachiathe secretion drops were observed in both secretory
epidermis and secretory parenchyma (Fig. 5A-G), whiMdmaughiaoccour mainlly
on epidermic cells (Fig. 5H-J). I6landonig the lipids were concentrated on the
epidermical cells (Fig. 5L-Q), being rarely observed in parenchyma (Fig. 5R)

Petal glands have also showed reaction for lipdsdachia(Fig. 6A-G) and
Mcvaughia (Fig. 6H-M) species were reactive for lipids on epidermical and
subepidermal cells while i@landoniathe reaction was concentreded at the secretory
epidermical cells (Fig. 6N-S). NADI reaction detected the secretion drops as oleoresin,
since resulted in an intense violet or blue-violet staining, in both calyx (Fig. 5) and
petal glands (Fig. 6), while the cuticle of glands was stained of blue color.

The histochemical tests carried out in calyx (Fig. 7A-C) and petal glands
detected positive results for protein on epidermical cells (FigF)/Dhe results for
polyssacharides detection were positive in subcuticular space at the calyx (Fig. 7G-I)
and petal glands (Fig. 7J-N). The PAS reaction showed the presence of starch grains
in epidermical cells (Fig. 7M, N) and on parenchymal secretory cells (Fig.7J) on the
petal glands. Phenolic compounds were observed in both epidermical and
subepidermal cells in calyx (Fig. 7 O-Q) and petal glands (Fig. 7R-T). The result of
the test with acidified vanillinn Burdachiawas positive indicatint the presence of
tannins in calyx glands.

Altholgth the secretion was observed in the calyx an petal glands in pre-antese
stages, the life of petals is efemerous. Lipids and phenolic compounds was recorded

on calyx glandst fruiting periods inB. duckeiG. pranceiandM. sergipana
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DISCUSSION
Comparative analyses of morphoanatomical characters of calyx glands

Mcvaughioid species presented a 10-glandular calyx, and were traditionally
circumscribed in the subfamily Byrsonimoidesensu lato(sensu Anderson, 1977),
where cases of reduction or absence of glands are rare. The lost of calyx glands in
Malpighioideaes.l. neotropical species is frequent, presenting the absence of glands in
the anterior sepal (Anderson, 2007;; Aradjo and Meira, 2016; Mamede, 1993;
Sebastiani, 2010; Sebastiani and Mamede, 2010), anterior and lateral sepals (Coccuci
et al.,, 1996; Anderson, 2007) and exceptionally lateral and posterior sepals one-
glandular (Anderson, 2007). Cappellari et al. (2011) attributes the reduction and lost
of calyx glands to changes of the pollination system.

Although Mcvaughia Burdachia and Glandonia were positionated
phylogenetically among the Malpighioidead. (Davis and Anderson, 2010), they
mantain the 10-glandular calyx. However,Nttvaughiathe the anterior glands are
laterally displaced, which may be a result of the pollination pressure, as suggested that
the absence of anterior glands on neotropical Malpighiaceae species was related to the
behavior of the oil bees (Vogel, 1990).

The anatomical structure of calyx glands describedfimraughia Burdachia
andGlandoniawere reported ilBanisteriopsigAradjo and Meira, 2016 ;amarea
(Mamede, 1993)Diplopterys pubipetala(Possobom et al., 2015%alphimia
brasiliensis(Castro et al., 2001) andiptage sericeagSubramanian et al., 1990;
Arumugasamy et al., 1993). However the sclereids were foundrofilyral tissues
from Glandoniaspecies. According to Turner et al.(1983) and Gishl.e(2016)
sclereids in drainage regions may increase the defireeahanical defense against

herbivores. In additiorGlandoniaspecies are less parasitized by florivores.
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Sessil calyx glands are exclusive frd&urdachia In the same way of
McvaughiaandGlandoniaspecies, the calyx glands bf pubipetala(Possobom et
al., 2015) andBanisteriopsis(Araujo and Meira, 2016) are subsessiles. The calyx
gland in the neotropical speci€¥inemandra ericoideds exceptionally stalked
(Coccuci et al., 1996). Considering the relation betweersétretory epidermis and
stalk, it is possible that these patterns is assoctatéie behavior of the pollinator
(Araujo and Meira, 2016). On the other hand, specfeth® neotropical genus
BanisteriopsigAradjo and Meira, 2016), although sharing anatomicallaity of
the flower glands with the genera studied, is a genusghbgktically closest to the
paleotropical speciesliptage sericeag(Davis & Anderson, 2010), sharing the
secretory epidermis typically invaginated (Subraraargt al., 1990).
Comparative analyses of morphoanatomical characters of petal glands

Among the Byrsonimoideagl., only the species dficvaughia Burdachiaand
Glandoniahave petal glands, while in others species the petal margin is generally
whole (Anderson, 1977). Such findings corroborate the molecular phylogeny
(Anderson and Davis, 2010), which separdtevaughia BurdachiaandGlandonia
from Byrsonimoideaes.l. being arranged with Malpighioideas.l. Take into
consideration the phylogenetic positioning (Davis & Anderson, 2010) the glandular
and fimbriated petal are derived only on neotropical species of Malpighi@deae

The anatomical structure described here for the petal glands on mcvaughioid
species is similar to recorded for neotropical speasd3. pubipetala(Possobom et
al., 2015) andDinemandra ericoidegCocucci et al., 1996), with typicall palisade
epidermis, epidermical cells with conspicuous vacuoles and vascularized parenchyma.
In the species studied only the posterior petal is glandular and generally, the glands are

concentrated in the proximal region.
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In D. pubipetalaall petals are glandular, but the glands are more developed and
numerous in the posterior petal, mainly at the base (Possobom et al., 2015). However,
the glands of the lateral petals as well asDinpubipetalaare not vascularized
(Possobom et al., 2015). WhileMnemandrathe five petals are glandular (Coccuci
et al., 1996; Simpson, 1989). Our results recorded the subcuticular space in the petal
gland, previously un notice. Calcium oxalate crystal was rarely observed in the petals,
being recorded only iM. sergipanaSclereids were founded only in the medial region
of the posterior petal @&. williamsiiand may be related to the exclusive erect position
of the posterior petal in this species (Silva et al., Unpubl.data,i@@fFapter V).

Possobom et al. (2015), associated reduction and thd dosson of calyx
glands with the posterior petal glands that are numenodisilaveloped in the base.

In Mcvaughia BurdachiaandGlandonig there is not observed; on the contrary, all
sepals have a pair of highly developed secretorydglamd only the posterior petal
are glandular. Possobom et al. (2015) relate the dsasialn of the calyx glands and
the posterior petal glands to the precise positioninigefisitor to access the reward.
However, the lateral petals &f. pubipelaare also glandular. Thus, this relation is
not confirmed. In addition, Coccuci et al. (1996) reearth Dinemandra ericoides
6-glandular calyx associated with the presence of glaedeloped in all petals.
Histochemistry of secretion from calyx and petal glands

The calyx secretion is predominantly lipophilic. The histochemical results were
similar as those recorded in the calyx glandBanfisteriopsis campestriB. laevifolia
andB. malifolia(Araujo and Meira, 2016), where lipids, polysaccharides and proteins
were detected in the secretory epidermis. Phenolic compounds occur in the secretory
epidermis and subsecretor parenchyma as reporté&d frbipetala(Possobom et al.,

2015). The histochemical results of petal glands in mcvaughioide species also recorded

21



lipids, polysaccharides and proteins a®impubipetala(Possobom et al., 2015), well
as phenolic compounds. The calyx and petal glands of the species studied secreted
exudates of the same histochemical nature (Table 2).

In the species studied, the detection of a volatiletifva in the calyx and
petal secretion, characterize them as oilresin glawedsrding to NADI reaction.
Possobom et al. (2015) recorded reaction of petal glafid. pubipetalato the
neutral red test, but few areas responded to NADWweVer this study reported
strongly the indicative of aroma production.

In the calyx and petal glands of the species studied, the cuticle is thick and the
secretion is accumulated in the subcuticular space, similar to that recorded in
neotropical species d3. ericoides(Coccuci et al., 1996)Galphimia brasiliensis
(Castro et al.,, 2001) an®. pubipetala (Possobom et al., 2015) well as the
paleotropicalH. sericeae(Subramanian et al., 1990). I@landonia species the
subcuticular space was not observed in the petal glands.

The results demonstrate that the secretion of thksal fglands had a
chemical nature mixed. The polysaccharides could cedhe viscosity of the
resinous secretion, as observed Amarcadium occidentaleg(Miranda, 2009).
Considering the demand of the female bees of the @enthiibe (Anderson, 1979b),
which are deficient at producing amino acids (Bak&77), the proteins reward
could supply the energy demands (Nicolson and Thogni®#007) or may act
against proliferation of microorganisms (Park and Tharg, 2009). In the species
studied the phenolic accumulation was recorded irs¢lceetory tissues. Tannins are
detected on the calyx glands Bf duckej compounds known to act as deterrents

against herbivores and pathogens (Swain, 1977, 1979; étaet al., 2011).
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The presence of drops in the peripherical cytoptasithe epidermal cells
and in the subcuticular space detected in histoatenainalyses of mcvaughioid
species, may corroborates the suggestion of Possatan{2015) that the secretion
is accumulated in the periplasmic space and is acctealibeelow the cuticle.
Anatomical structure x nature of secretion: homology signals and functional role
evidences of floral glands

The calyx glands of the studied species show a structure similar to the leaf and
bracteolar nectaries described for the same species (Silva et al. unpubl. data, 2017
CAP II). The main difference between elaiophore and nectaries is the chemical nature
of the secretion. Despite the precocious development, the peak of secretion of calyx
glands appear occurs in the floral anthesis period, Bs ericoides(Coccuci et al.,
1996) andD. pubipetala(Possobom et al., 2015). In contrast, the activity of the calyx
glands inH. benghalensistarts at the buds and persists in the fruit (Ren et al., 2013),
what may be closely related to nectariferous secretion. It is pertinent to note that the
secretory activity of calyx glands &. duckeiis persistent in the fruit, recorded in
bracteolar nectaries of mcvaughioid species (Silva et al. unpubl. datanZDARP 11).
The similarities between leaf and calyx glands have been reported in different studies,
as inG. brasiliensigCastro et al., 2001). pubipetala(Possobom et al., 2010, 2015)
andBanisteriopsigAraujo and Meira, 2016). Thus, this work recorded new evidences
to reinforce the hypothesis of Vogel (1990) that proposed the homology between such
glands and the origin of glands of lipophilics secretion from nectaries.

In addition to the morphoanatomical similarities, thigrkvreveals that the
secretory mechanisms in the calyx and petal glaondédde similar. Such results

could indicate homology between these floral secretomyctures, as defended by
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Anderson (perssonal com. in Castro et al., 2001), tteguirom the expression of
the same genes in different organs through selectesspre.

Despite the similarity shared between calyx and Ipgkands, they not
necessarily playing the same ecological function. dheupply of calyx gland in
Malpighiaceae is an important resource for oil-b&as depend of them to complete
their life cycle (Buchmannl1987 Vinson et al., 1997). Hauman-Merk (1913)
suggested that without posterior petal, the bees apveietised and their positioning
in the flower is hampered, what can explain the impasdaof the posterior petal.

The results confirm the recognition of calyx glands in mcvaughioid species as
elaiophores (Vogel, 1990; Possobom et al., 2015). Since the gathering of secretion
occurs when oil-bees target the flower, reaching the glands (Vogel, 1990; Simpson,
1982) scent production may be a important signal for such bees.

Besides calyx glands, Anderson (1977) reported that the petal glands would
also be responsible for the secretion of oilsDIrpubipetalaPossobom et al. (2015)
sweet aroma was reported in the flowers, while in this studied, the aroma was rarely
felt. Thus, the scent signals of the posterior petal in the studied species, besides the
differentiated color, could increase the chances of visiting. According to Abrol (2012).
scent and flower color are important in establishing interactions with pollinators, sinc
the sensitivity of insects to aroma is effective at low concentrations and is a signal of
available floral rewards. Thus, even though in the field activities the aroma was not
perceived, it does not mean that it was not being released.

Possobom et al (2015), classified the petal gland3. ipubipetalaas typical
osmophores. These data are corroborated by the change in the shape of the epidermical
cells of petal glands i@landonig which is also reported in the secretory epidermis of

Ophrysosmophores (Orchidaceae, Ascenséo et al., 2005). In addition, the presence of

24



starch grains on osmophores as reparigdrchidaceae, being a important source for
energy costs of secretory activity (Ascensao et al., 2005).

Despite the anatomy and the histochemical nature of the calyx and petal glands,
the homology shared by this structures is possible, acting as elaiophores or
osmophores. This similarity is corroborated by Anderson (Castro et al., 2001), who
suggested the homology between leaf and calyx glands as a clear sign of expression of
the same genes in leaves and sepals of the same species. Reproductive biology studies
are essential to elucidate the ecological function of such glands mainly by the presence
of strong aroma in the field works to coll€tmacrocarpgwith bud at development),
which could attribute the function of scent prodution also to calyx glands.

This study may indicate that the number of glandular sepals may be inversely
related to the number of glandular petals, as well as the relation between oil production
and number of glands in the calyx may be compensatory, as reported by Carvalho et
al. (2005). Although Anderson (1979b) and Zhang et al. (2010) assumed that the
posterior petal, by itself, directs the positioning of the bee, more efficient signaling of
the glandular petal could be advantageous in attraction, as suggested by Possobom et
al. (2015) that the behavior of the bee is a result of visual and chemical perception.

The flower buds of mcvaughioide species are parasitaded by larvae of bettles
(Curculionidae) that damage reproductive structures, including petals (Silva et al.
unpubl. data, 201ih CAP Il). According to Ferreira and Torezan-Silingardi (2013)
flowers of Malpighiaceae with signs of herbivory and even without the posterior petal
are less visited, which affects the fruiting. Our data corroborate the ecological
importance of the posterior petal, which can be a signal of health and avaible floral
rewards. Although the observation of potential collecting bees in the study was rare,

similar marks to oil-bees jaws were recorded on the claw of posterior petals.
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CONCLUSIONS

The morphoanatomy of floral glands were distinguished mainly by the
extension of the secretory epidermis in calyx glands and by the dorsiventral flattening
in petals glands. Features such as the degree of zygomorphy of the calyx glands and
the exclusive occurrence of petalar glands in Neotropical species probably carry some
specific signaling in the mutualism with Malpighiaceae and oil-bees. Although the
glands studied share the same nature of secretion (oilresin), they apparently play
different ecological roles. Based on field observations, anatomical and histochemical
data, it was possible to determine that the calyx glands act as elaiophores and the petal
glands as osmophores. However, chemical and floral biology studies are imperative to
elucidateif such glands performs only one function. The high morphoanatomical
similarity may be a signal of homology between these glands and nectaries. Thus, the
morphological and histochemical variations recorded in the studied species may be the

resuledby the selective pressure from the oil-bees pollinators.
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APPENDIX 1. List of material used oBurdachig GlandoniaandMcvaughiaand voucher information
of herbarium. Herbarium acronyms in parentheses follow Thiers (2016)
Species Collector and number (Herbarium)
Nelson 1270 (INPA), Rodrigues 10736 (INPA
Silva 301, 314 (VIC), Varejas. n.(INPA)
Coélho (INPA), Guillaumet 5736 (INPA), Maz
6650(INPA), Mota 2939 (INPA), Nelson
(INPA), Silva 1164(INPA), Silva 289; 292; 29t
297 (VIC)
Ferreira 4260 (INPA), Hill 12971(INPA),
Rodrigues 8886 (INPA), Silva 313 (VIC)
Coélho 3041, 3118 (INPA), Rodrigues
4945(INPA), Silva 287; 288 (VIC)

Burdachia duckeSteyerm.

Burdachia prismatocarp@. Juss.

Burdachia sphaerocarpA. Juss.

Glandonia macrocarp&riseb.

Glandonia pranceWV. R. Anderson
Glandonia williamsiiSteyerm.

Mcvaughia bahian&V/. R. Anderson
Mcvaughia sergipandmorim & R.F. Almeida

Silva 298; 299 (VIC)
Coélho484 (INPA), Silva 290 (VIC)
Silva 300; 301 (VIC)

Silva 305; 306 (VIC)

Table 1 Distribution and general features of floral glandsMovaughia Burdachiae Glandonia

species.
Calyx glands Petalar glands
ABAXIALSURFACE MARGIN OF THE BLADE MEDIAN ZONE
OF SEPAL Proximal portion Distal portion OF THE BLADE
M. bahiana clavate, concave-fla| digitiform ? .
- . - papillose
M. sergipana subsessile stalked sessile
B. duckei —
. clavate, concave digitiform .
B. prismatocarpa : sessile -
sessile stalked
B. sphaerocarpa
G. macrocarpa
G. prancei P clavate, concave flattened i apillose
-prancer subsessile immersed pap
G. williamsii
(-) eglandular.
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Table 2: Results of histochemical tests applied on the calyx and petalar glaMdsanghia BurdachiaandGlandoniaspecies.

TESTS:
Lipids/terpenoids:
Sudan Red
NADI
Proteins:
Xylidine Ponceau
Coomassie brilliant
blue
Polysaccharides:
Pas
Lugol
Ruthenium red
Phenolic
compounds:
Ferrous sulphate in
formalin
Acidified vanillin*
Alkaloids:
Wagner’s reagent

Burdachia Glandonia Mcvaughia
Burdachia Burdachia Burdachia Glandonia Glandonia Glandonia Mcvaughia Mcvaughia
duckei prismatocarpa | sphaerocarpa | macrocarpa prancei williamsii bahiana sergipana

Calyx Petal | Calyx Petal | Calyx Petal | Calyx Petal | Calyx Petal | Calyx Petal | Calyx Petal | Calyx Petal
Gland Gland| Gland Gland | Gland Gland | Gland Gland | Gland Gland | Gland Gland | Gland Gland | Gland Gland

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

+

(+) positive result; (-) negative result.

* Vanilina testes were made only at fresh samples from species available
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Figure 1. Floral morphological features in mcvaughioid speci@sC} Flower of B. prismatocarpa
(A), G. macrocarpgB) andM. sergipanaC). (D-F) SEM image of calyx glands B. prismatocarpa
(D), G. prancei(E) andM. sergipana(F), PP. posterior petalCG: calyx glands. G-M) Testing total
lipids of calyx glands, using Sudan BlackBnprismatocarpdG), G. macrocarpdH) andM. sergipana
(I); Sudan Red 5. macrocarpdJ), G. macrocarpgL) andM. sergipanaM).
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Figure 2: Anatomical characters of calyx glanda.gnd B) Transversal section of calyx, showing the
glands position iB. duckeiA) andM. bahiana(B). C. secretory tissues i@. williamsii, white arrow:
vascularization. ) Calyx gland sessile iB. sphaerocarpanote the continous secretory surface at
black arrows(E and F) subsessile calyx gland M. sergipanaE) andG. prancei(F), black arrows:
non-secretory surface andH) calyx gland inM. sergipanain bud (G) and flower (H) development
stage. [) secretion at black arrow B. prismatocarpaphenolic compounds in secretory cells at white
arrows. () subepidermical layers showing cells filled with phenolic compounis imahianaat black
arrow. L) cells with crystals at black arro®. williamsii. (M) Parenchyma vascularization B
sphaerocarpa(N) sclereid (white arrown parenchyma secretory @& williamsii. (O-Q) SEM images

of calyx glands inG. williamsii (O), showing the space subcuticular developed Mndergipana(P
andQ). SE: secretory epidermi§P: secretory parenchyma, asterisk: subcuticular space.
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Figure 3: Morphological features of petal glands in mcvaughioid spedeE) (posterior petal showing

a developed claw (white arrow) and marginal gland8inrduckei(A), B. sphaerocarpaB), M.
sergipana(C) andG. macrocarpgD andE). (F-N) Posterior petal in SEM images, showing marginal
glands in .B. prismatocarpdF andG), M. bahiana(H), in M. sergipanaat the base (I) and the apex
(J), flattened glands at the base petalGnmacrocarpalL and M) and pappilose surface of median
portion of posterior petal i&. macrocarpgN). (O-V) Posterior petal submitted to Histochemical tests
in field. Testing lipids irB. prismatocarpausing Sudan Red (O) Sudan black (P). Positive reaction for
protein inM. sergipana using Comassie blue (Q) and positive reaction for lipids uSurathn black
(R). Testing total lipids, showing positive reaction for Sudan Redq®Jguand Sudan black (Tand V)

in buds ofG. marocarpaS and T) and in flowers @&. macrocarpgU) andG. prancei(Q).
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Figure 4. Anatomical characters of petal glands[p) Posterior petal diafanized &. prancei(A), G.
williamsii (B) andB. prismatocarpa(C andD), showing marginal glands and vascularization (arrows)
(E).Sessile petal gland i@. prancei (F and G). Stalked petal glands . sphaerocarpdF) andB.
prismatocarpa (G), showing the vascularization at the arrow (SE: secretory epidermis; SP:
subepidermical parenchyma)H (and [). Secretory tissues showing cells filled with phenolic
compounds (arrows) iB. sphaerocarpgH) andG. williamsii (1). (J). subcuticular space iB. duckej
showing the secretion at the black arrovafd M). Epidermical cells in different secretory stages of
development iits. prancej developing intercellular space between epidermical cells (black artdw). (
cuticle tiny inM. sergipanaand crystal on the parenchyma (black artd@)and P). pappilose cells

on the adaxial surface . macrocarpa(Q). Sclereids in posterior petal &. williamsii.
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£]
Figure 5: Histochemistry for lipid detection of calyx gland#\-G). droplets of secretion on both
secretory epidermis and parenchyma, SE anid BPprismatocarpdA-C, F and G)n B. sphaerocarpa
(D and B. Positive reaction to sudan redl and B) and to NADI C-G), detecting oilresin.H-Q)
Droplets predominantly found at the secretory epidermiié.igergipanaH-J), in G. prancei(L-N), in
G. williamsii (O), in G. prancei(P and Q). R). Droplets at parenchyma cells@ prancei Positive
reaction to sudan retH(J, L, N and O) and to NADI (, M, P-R), detecting oilresin. Note the secretion
atblack arrows.
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Figure 6: Histochemistry for lipid detection of petal gland#-M). Droplets on both secretory
epidermis and parenchyma, SE andifsB. duckei{A and B, F and G), iB. sphaerocarp&C-G) and

in M. sergipanadropletsat pappilose cells of the median portion of the petdl()showing a parietal
position; arrows: droplets of secretidil-S). Droplets predominantly found at secretory epidermis in
G. prancei Positive reaction to sudan refi,(, N and P) and to NADI 8-H, J-M, O, Q-S), detecting

oilresin. Note the secretion at black arrows.
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Figure 7: Histochemistry of calyx and petal gland&:K). Protein tests, positive reaction in epidermical
cells of calyx glands iBB. duckei(A), G. williamsii (B) andM. sergipana C); positive reaction on the
epidermical cells of petal glandsBn ducke(D), G. macrocarpdE) andM. sergipandF). (G-N) PAS,
positive reaction at the subcuticular space of the calyx glands (black amdBugprismatocarpdG),

G. prancei(H) andG. williamsii(l); positive reaction at the subcuticular space of the petal glands (black
arrows) inB. sphaerocarpdJ),B. duckeiL), and in epidermical cells in diferent stages of development
of petal gland irG. prancei(M and N),showing the starch grains (white arrows) (J, M and(@)T).
Detection of phenolic compounds. Calyx gland8inprismatocarpgO). Positive reaction of calyx
glands to sulphate ferrouse B duckei(P) and inM. sergipana(Q); and positive reaction of petal
glands inB. duckeiR), B. prismatocarpdS) andG. macrocarpdT).
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CAPITULO II

How different are the nectaries on inflorescences and leaves

of Neotropical Malpighiaceae genera?

Redacéo de acordo com as normas de submisséo do peratigpectives in Plant
Ecology, Evolution and Systematics
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Abstract

Background and AimsAlthough the nectaries are usually recognized as floral and
extrafloral, little is known about variations between nectaries on the leaves and on
inflorescences in the same species, mainly if them play similar function. The
mcvaughioid clade is a good lineage in Malpighiaceae to be a model of studies, since
their species has leaf and bracteolar nectaBiesiachig GlandoniaandMcvaughia

genera present peculiar distribution in Amazon, “Caatinga” and “Mata Atlantica”. This

study aims to compare the anatomy, the nature of secretion and record insect visitation
on the leaf and bracteolar nectaméshe mcvaughioide species.

Methods: Samples of leaves and inflorescences at different stages of development
were collected and submitted to standard anatomical light and scanning electron
microscopy techniques. The glucose concentration of the secretswacsrded in the

field and the ants with diurnal activity on such nectaries were identified.

Key ResultsLeaf nectaries were classified as immersed, sessile or short-stalked, while
the bracteolar as sessile or subsessile. Although the both nectaries show similar
morfoanatomy and histochemistry, the bracteolar share more similarity among
themselves and the concentration of sugar on the bracteolar nastagker. Another
peculiar feature of bracteolar nectaries was the precocious development and the
secretory activity persistent through frutification. Ants of eigth genera were identified,;
being Dolichoderusthe most commum, as well the visits to consume nectar were
observed generally at the inflorescences.

Conclusions The differences between leaf and bracteolar nectaries are significant to
contribute for understanding the position classification of the nectaries on leaves and
inflorescences. The floral morphology evolved with pollinators, well as the occurrence

of nectaries on inflorescence may be determinlayetectar consumers.
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Keywords: leaf gland,infloresce, floral glandmcvaughioide cladeBurdachia

Glandonig Mcvaughia

INTRODUCTION

Malpighiaceae is a family recognized by the presence of glands on leaves and
calyx, which are meaningful not only for the taxonomy (Anderson, 1990) but also for
playing an important role in ecological interactions (Davis et al., 2014; Vogel, 1990).
Although the calyx and leaf glands bear similar anatomical structure, such glands may
produce different secretions. Leaf glands produce nectar and are therefore treated as
nectaries (Araujo et al., 2010; Araudjo and Meira, 2016; Castro et al., 2001; Possobom
et al., 2015, 2010; Subramanian et al., 1990) while the type of exudates secreted by
the calyx glands vary according to the geographic distribution of the species (Vogel,
1990). Calyx glands are said to behave as elaiophores (0il secreting structures) in the
Neotropic (Anderson 1990, 1979a; Vogel, 1990) and as nectaries in the Paleotropic
(Ren et al 2013). Taxonomic treatment recorded glands at the bracteoles on
inflorescences of Malpighiaceae species (Anderson 1990, 1981). However, the
anatomy of such structures were not described and their functional role still needs to
be unraveled.

Among the phylogenetics informal groups of Malpighiaceae, the mcvaughioide
clade stands out for its peculiar biogeographyBasdachia and Glandonia are
endemic trees from the Amazon whiMevaughiais represented by endemic shrubs
from “Caatinga” (drylandg and “Restinga” (sandy coastal plains) (Amorim and
Almeida, 2015; Anderson, 1981, 1979b). Several morphological characters
corroborated the recognition of the mcvaughioide clade, such as the dry, indehiscent

not-winged fruit; the abaxial leaf glands; and the flowers gathered in cincinni, where
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the bracteole in the pedicel bears a large gland (Anderson, 1981; Davis and Anderson,
2010). However, as far as we are concerned, the anatomy of bracteole and leaf glands
have not yet been comparatively described.

Nectarieswere classified as floral (FN) and extrafloral nectaries (EFN)
according their position (Caspary, 1848). In other context, Delpino (1873) recognized
nuptial nectary based on the involvement of nectar with pollinators and extranuptial
when the nectar is not consumed by pollinators. However, the term FN have been used
as a synonymous with nuptial nectaries and EFN as a synonymous with extranuptial
nectaries (Elias and Gelband, 1976; Nepi et al., 2012; Nicolson and Thornburg 2007).
Such functional approach is not appropriate and might be misleading, especially for
nectaries that clearly occur on floral parts, e.g. axis of the inflorescence, peduncle and
pedicel, bract and bracteole or perianth parts (Schimd, 1988), but are not involved in
pollination. Such nectaries are obviously FN according to their position, as those occur
on the inflorescences of Malpighiaceae and they may not be involved in pollination.

The functional role of EFN has been the subject of an ongoing academic debate
(Del-Claro et al., 2016). Studies demonstrated that EFNs are able to attract mainly ants
that feed on nectar and protect plant against herbivores and pathogens (Bentley, 1977;
Elias, 1980; Gonzélez-Teuber et al., 2014; Keeler and Kaul, 1984; Pacini and
Nicolson, 200}. However, the mutualistic relationships between ants and plants that
bear EFNs have been experimentally tested and protective, neutral or even negative
effects were demonstrated (Koptur, 1989®/es-Silva et al., 2014; Assunc¢ao et al.,
2014). For shdding light on this debate, it is crucial to review the classification of
nectaries based on their position and establish a pattern that allow comparing similar

nectaries, since the leaf nectaries may have differences in morphology and in the
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secretion (Koptur, 1994). Such differences have been ignored in ecological studies that
have used the term EFN as a synonym of extranuptial nectaries.

The present study aimed to describe and compare the morphoanatomy of both
leaf and bracteolar glands Burdachig Mcvaughiaand Glandoniaaddressing the
questions that follows: Are there inter and intraspecific morphoanatomical variations
on such glands? Is the chemical nature of the exudates secreted the same? Does the

secretion produced by such glands attract visitors?

MATERIAL AND METHODS

All species of mcvaughioide clade were analy&utdachia duckesteyerm.,
B. prismatocarpa. Juss.B. sphaerocarp#\. Juss.Glandonia macrocarp&riseb.,
G. prancei W.R. Anderson ands. williamsii Steyerm from wet environments;
Mcvaughia bahianaV.R. Anderson an¥l. sergipanaAmorim & Almeida from dry
environments (Table 1).

Burdachiaand Glandoniaare genera from Amazonia rainforest, where the
species occur in wetlands floodplain, exd8pmacrocarpahat is typical of “Floresta
de Terra Firme” (Table 1). Wetlands floodplain (Fig. 1A) environments are semi
aquatic areas typical from the margins of the rivers (“Varzea” and “Igap6”), which in
rainy season, present extensive flooded areas (Junk et al., 2011). The upland forest or
“Terra Firme” (Fig. 1B) is a complex of environments that include the lowland (called
“Baixio”), which occurs closed to streams (called “Igarapés™) and is subject to
temporary flooding less intense than the wetlands floodplain (Hopkins, 2005).
Mcvaughiais typical of dry environments of different Brazilian biomes and represent
an interesting geographic disjunction (TableMgvaughia bahian& endemic to dry

and open habitats and occurs on sandy soils vegetation dCahgnga biome

44



(dryland) in Bahia State (BrazilM. sergipanawas recently described and is an
endemic species tBestingavegetation (sandy coastal plains) (Fig. 1C) of Atlantic
Forest biome and is restricted to a little area in Sergipe State (Brazil).

Fresh samples of leaves and inflorescences at different development stages
were collected in the field in different seasons (Fig. 1A-C) in the states of Amazonas,
Bahia and Sergipe (Brazil). Diurnal field observations and the behavior of visitors and
consumers of the secretion produced by floral and leaf glands were recorded. The
natural flooding made the field observations at Wetlands floodplain gasittie boat
would float at the level of the the canopy. Glucose concentration was obitaitied
field, using the urinalysis reagent strips (Insight®, Acon Laboratories, San Diego,
USA). Voucher material was deposited at the herbarium VIC of the Universidade
Federal de Vicosa-UFV. Julio Chaul of Communities Ecology Laboratory-UFV
identified the visitor ants.

The field samples were fixed in FAA (formaldehyde, acetic acid and 50%
ethanol; 1:1:18 by volume) for 48 h, NBF (neutral buffer formalin) (Johansen, 1940)
or in Karnovsky solution (Karnovsky, 1965). Some samples were fixed in FSF (ferrous
sulphate formalin) to detect phenolic compounds (Johansen, 1940). The samples fixed
in FAA and FSF were stored in 70% ethanol, while the ones fixed in NBF and
Karnovsky were kept in such fixates until analysis. Samples of herbarium material
from the “Instituto Nacional de Pesquisas da Amazonia”’-INPA were also used
(Appendix 1). Such samples were rehydrated, treated with 2% potassium hydroxide
for 2 h, dehydrated in an ethanol series and stored in 70% ethanol (Smith and Smith,
1942) for anatomical analysis at the “Plant Anatomy Laboratory”-UFV.

Samples of both herbarium and field-collected material were embedded in

methacrylate resin (Historesin Leica; Heidelberg, Germany) in accordance to the
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manufacturer’s recommendation. Cross and longitudinal sections 4um thick were
made in an automatic rotary microtome (Leica RM2155, Deerfield, USA). The
sections obtained were stained with toluidine blue at pH 4.7 (O’Brien et al., 1964).

Section of FAA fixed samples obtained in table microtome (LPC, Rolemberg
e Bhering LTDA, Belo Horizonte, Brasil) were submitted to the following
histochemical tests: Xylidine Ponceau (Clark, 1981) and Coomassie blue (Fisher,
1968) for total proteins; periodic aeichiff reagent (McManus, 1948) for total
polysaccharides and ruthenium red (Johansen, 1940) for mucilage and pectin. Sections
of NBF were submitted to histochemical tests for lipid components, using Sudan red
for total lipid (Pearse, 1980) and NADI reagent for oil/resin (David and Carde, 1964).

For detectig the presence of nectaries in frontal view, samples of leaves and
bracteoles from field-collected were also cleared with 10% sodium hydroxide and 20%
hypochlorite solutions, stained with 50% ethanol-diluted fuchsin (Vasco et al., 2014
modified), and mounted in glycerinated gelatin (Johansen, 1940).

The analyses and photographic documentation were carried out in a light

microscope (Olympus® AX70TRF) equipped with a digital camera (AxioCam HRc;
Zeiss®, Gottingen, Germany). For the scanning electron microscopy analysis samples
fixed were dehydrated, subjected to critical point drying with GZPD 030, Bal-
Tec®, Balzers, Liechtenstein), fixed on stubs with aid of carbon conductive tapes and
sputter coated with gold (SCD 050, Bal-tec®, Balzers, Liechtenstein). Examinations
and image captures were conducted using a LEO 1430VP (Zeiss®, Cambridge, UK)
at the “Center for Microscopy and Microanalysis”-UFV.

We adopted the concept of (Schimd, 1988) in such atwegnsider the leaf
nectary as EFN and the bracteolar as FN. The anatomical patterns were recognized as

short-stalked, when there was present a non-secretory stablsessilewhen the non-
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secretory is not a typical stalkessilewhen the secretory tissue are above the level of

the non-secretory epidermis surrounding the glandjrantersed when are below.

RESULTS

The leaves and bracteoles glands are nectaries, since their secretion reacted
with the urinalysis strips demonstrating the presence of glucose (Table 1). The
morphoanatomical characters of both glands in all species of the mcvaughioid clade
(Mcvaughia BurdachiaandGlandonig are summarized at the table 2.
Morphoanatomical description of leaf nectaries

Nectaries randomly distributed throughout the leaves (Fig. 2A-D) were
observed in all species (Table 2). Acropetiolar nectaries were observed dly in
duckeiandB. sphaerocarpdFig 2M). Basilaminar nectaries were found in pairs (Fig.
2A, B, D-L) while the laminar nectaries (Fig. 20-R) are randomly scattered throuth
the blade and are usually smaller. & macrocarpaand G. pranceithey are
inconspicuous (Fig. 2B), iBurdachiathey are along the middle vein closed to the
branching of secondary veins (Fig. 2C) (Table 2), while those concentrated at the apex
of the leaf blade only iM. bahiana(Fig. 2D, R).

The pairs of basilaminar and acropetiolar nectaries varied. For most species,
only one pair was found (Fig. 2D-G, J, M); & macrocarpaandG. williamsii 1-2
pairs were observed (Fig. 2I, L) whileMh sergipandl-4 pairs (Fig. 2H). Basilaminar
nectaries presented convex surface in all species, excepandonia williamsiithat
is flat (Fig. 2L). Verrucoid-shaped nectary showed the outline elliptical (Fig. 2F) or
orbicular (Fig. 2H) (Table 2), laminar nectaries were orbicular, flat to slightly convex.

The predominant color of leaf nectaries was bright yellow (Fig. 2A, B, F-I, M),

except inG. prancewhich was whitish (Fig. 2J) ar@. williamsiiwas greenwish (Fig.
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2L). In B. prismatocarpaandB. duckej the nectaries of older leaves showed pink
coloration instead (Fig. 2E). IMcvaughia secretion drops were common in
basilaminar nectaries of young and mature leaves (Fig. 2H), while the secretion in
Burdachiawas observed only in young leaves during the blooming season (Fig. 2F),
but this producing was rarely observed. In addition, etesda the leaf nectaries of

G. macrocarpaand G. pranceiwere not observet field work. In the blooming
season, the leaf nectaries presented superficial damages at the secretory tissues.

In M. bahiana(Fig. 3E-G) the basilaminar nectaries are short-stalked while in
M. sergipanaFig. 3H-J) they aranmersed, sessile BBurdachiathe (Fig. 3L-N) and
immersed in Glandonia (Fig. 30-Q). The stalked and sessile nectaries were
vascularized with abundant phloem, in comparison to the xylem cells, which reached
the subepidermal layers of secretory parenchyma (Fig. 3J, N). The secretory epidermis
is arranged in a palisade, which cells present densely stained cytoplasm, conspicuous
nucleus and are covered by a thick cuticle (Fig. 3G, J, N, Q). The nectary paranchym
had about five layers of thin-walled cells with densely stained cytoplasm and
conspicuous nucleus, or vacuolized cytoplasm, stored druse crystals (Fig. 3G, J) or
phenolic compounds (Fig. 3G, J, N, Q). Glandoniathe subcuticular space were
rarely observed (Fig 3G, J) due to the presence of damage in senescent stages.

The laminar nectaries were observed closed to vascularization (Fi§) 3A-
being an active structure, where drop of secretion was recorded (Fig. 2P, Q), except in
Glandoniaspecies. In all species they are immersed and specidflysergipanahe
crystals are abundant (Fig. 3C). Damaged in the secretory tissues were frequently
observed at the leaf nectaries (Fig.)3D

Morphoanatomical description of bracteole nectaries
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At the base of floral pedicel in the inflorescenceBufdachig Glandoniaand
Mcvaughiaoccur bracteoles, which bear only one medially positioned conspicuous
nectary (Fig. 4A-D). The color of such nectaries may vary as follmwtsie buds of
M. bahiana M. sergipanaandB. sphaerocarpahowed greenwish coloration (Fig.
4A, C, E-G) and yellow at flowers and fruits (Fig. 4l), whildBinduckeiare yellow in
fruiting period (Fig. 4D, L) andB. duckeie B. prismatocarpaare rose in blooming
stages and yellow in fruit stages (Fig. 41).Gtandoniathe color of nectary did not
change being white i®. prancei(Fig. 4B) and creamy-white i@. macrocarpaand
G. williamsii. The bracteolar nectaries were active in both blooming (Fig. 4A-C, E-I)
and being persistent in fruiting period (Fig. 4D, J, L). The activity of such nectaries
are precocious, even in very young stages of development were active (Fig. 4F, G). In
field works, variation of the volume of secretion was observed (Fig. 4M, N).

The bracteolar nectaries are hemisferic-globofurdachiaandMcvaughia
(Fig. 5A-L) while inGlandoniaare discoid (Fig. 5M-U). The surface is convex in all
species, except IB. pranceithat is flatted (Fig. 50, P). Mcvaughia(Fig. 5A-F) and
Glandonia(Fig. 5M-P) are subsessiles andBinrdachiathey are sessiles (Fig. 5G-L).

The bracteolar nectaries analyzed exhibited the same anatomical arrangement
of the leaf nectaries, composed of a palisade secretory epidermis and nectary
parenchyma vascularized (Fig. 5C, E, F, P, Q-S), with abundance of phloematic cells
(Fig. 5S). The subcuticular spaces observed in bracteolar nectaries were most
developed in relation to the leaf nectaries (Fig. 5C, J, S-U). Although the drops of
secretion were easily observed, damages were rarely recorded in the cutade. surf
The secretory epidermis and the nectary parenchyma had cells filled with phenolic
compounds (Fig. 5C, F, Q-S) and druse crystals (Fig. 5F, J, R) are restricted to

secretory parenchyma.
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Histochemical tests of leaf and bracteole nectaries

The results of the histochemical tests were similar between leaf and bracteolar
nectaries, being summarized in Table 3 and illustrated in Figures 6 and 7. The PAS
reaction indicated the presence of polysaccharides in the cytoplasm of nectariferous
parenchyma cells and the secretory epidermis of both leaf and bracteolar nectaries,
respectively (Fig. 6A-D; 7A-D). The Sudan red B test detected lipids in the secretory
epidermis and nectariferous parenchyma (Fig 6E-H, 7E-H), and the NADI reaction
demonstrated the oilresin nature of the secretion (Fig. 61-M; 71-L). The epidermal and
subepidermical layers of the bracteolar nectarieBlégmaughiaand G. pranceihas
thickening of the anticlinal wall of the cells, apparently forming the boundaries
between the secretory parenchyma and the palisade epidermis (Fig. 7M, N). Such
characters were observed only in histochemical tests.

In the secretory epidermis and in the secretory parenchyma of both nectaries,
phenolic compounds (Fig. 60, P, 7P, Q) and proteins (Fig. 6N; 70) were detected.
Phenolic compounds were detected only in the subcuticular space on the leaf and
bracteolar nectaries &. duckeiandM. bahiana(Fig. 6C, D; 7D). In the cells of the
fundamental parenchyma of the median vein and of the mesophyll starch grains were
detected by the lugol reaction. While in the bractoles the starch grains were observed
only in the cells of the fundamental parenchymavafzaughiaor in the secretory
parenchyma ofs. williamsii. In the other species, the lugol reaction was positive
around the vascular bundle in the floral pedicel. Tests for the detection of alkaloids
and mucilage were negative.

Chemistry of nectar, nectar consumers and ecological considerations
Although glucose has been detected in the exudate from leaf and bracteolar

nectaries, the concentration was higher in the bracteolar one (Table 1). Ants
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Crematogastersp. (Fig. 2G) andolichoderus quadridenticulatu@~ig. 2N) were
observed patrolling the leaves Blirdachiawhen plants are not in blooming, while
Dorymyrmexsp. was recorded Mcvaughialeaves (Fig. 2R). IGlandoniaants were
seldom accounted (Table 4). Ants patrol all parts of leaf, including the apdx of
bahiang and the feeding behavior was recorded.

In the bloming season, eight different ants species were identified visiting the
axis of inflorescence (Fig. 8) (Table ©rematogastesp. inGlandonia(Fig. 8A) and
Burdachia Others ants species founded Burdachia Aztecasp. (Fig. 8E, F),
Camponotus crassysubgénerdyrmobrachyy D. bidens (Fig. 8B),Dolichoderus
guadridenticulatus(Fig. 8C-D, G),D. debilis and D. bispinosus Pseudomyrmex
gracilis andCamponotusp. (Fig. 8 IN) was recorded only iMcvaughia When the
photographic apparatus or some instrument was approaching, it was common the
attack positioning opening the mandibles (Fig. 8F).

The ants foraged the entire axis of the inflorescence, stooping for feeding on
nectar available in the bracteolar nectaries (Fig. 8D, E, G, J). This behavior was
repeated several times, following the same pattern. During the feeding of the nectar, it
was observed that the ants slide the palpus on the nectary surface, collecting the
secretion without damaged them (Fig. 8D). Immediately the ant visited the nectary of
the neighboring bracteole, and so on, until it return to the recently visited nectaries,
which usually provided a new drop of secretion (Fig. 4 I-N). The record of damages
in the bracteolar nectaries was rare, only the consuming of secretion by ants were
observed, and in flower whorls, ants were not observed.

Adults and larvae of phytophagous beetles of the gelnthonomus
(Curculionidae) (Fig. 8H) were observed on inflorescencd&uodachig Glandonia

species and/l. bahiana Floral buds were found parasitized Agthonomudarvae,
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which generally damaged reproductive structures. The most severe damage of such
parasit was observedBurdachig which had many adults and larvaeMnsergipana

no adults or larvae were observed. Occasional visits of Vespas (Vespidae) were
recorded on the inflorescences Bidirdachig which flew close to the flowers and

eventually landed on buds intact or parasitized, no contacting the nectaries.

DISCUSSION
Morphoanatomical variations of leaf and bracteolar nectaries

The distribution of nectaries found in mcvaughioide spesgems to be related
to the size of leaf and bracteolar blade. In Malpighiaceae number and size of leaf
nectaries can be inversely related, when numerous are small and when few are
developed (Metcalfe and Chalk, 1965; Solereder, 1908).

Basilaminar and laminar nectaries exhibited anatomical structure similar a
reported for nectaries of Malpighiales as Euphorbiaceae (Vitarelli et al., 2015),
Chrysobalanaceae and Malpighiaceae species from “Cerrado” (Machado et al., 2008)
as Diplopterys pubipetalgdPossobom et al., 2010) aBanisteriopsis(Aradjo and
Meira, 2016). The main difference among leaf nectaries were the shape and the
presence of a stalk (Table 1). Although the nectarieBamiisteriopsis(Aradjo and
Meira, 2016) were considered sessile and subsessile, they should be considered as
those ofM. bahiana The bracteolar nectaries studied herein shared more morpho-
anatomical similarities among themselves, than in relation to leaf nectaries.sQyriou
the bracteolar nectaries are similar to the calyx glands reported at flowers of
mcvaughioid species (Silva et al. unpubl. data, 201GAP 1)

Laminar nectaries of th®urdachig Glandonia and M. sergipanawere

reported in Bignoniaceae (Elias and Gelband, 1976; Stephenson, 1982),
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Euphorbiaceae (Coutinho et al., 2010) and Meliaceae (Morellato and Oliveira, 1994;

Paiva et al., 2007). This supply of nectar in the leaves can be an efficient strategy
against herbivores (Oliveira and Freitas, 2004). The restricted distribution of nectaries
in M. bahianathat is endemic to Caatinga, may be related with leaf deciduousness.

The reduction of the life time and size of the leaf can be advantageous in resource
saving in dry periods typical of the Caatinga. However Nogueira et al. (2012) suggest
relation of lower density of leaf nectaries in dry enviroments. Thus future studies are

necessary to clarify the influence of environment in nectaries expression.

The reduction of the volume of secretion observed during field observations in
the bracteolar nectaries (Fig 4L, M) may be a signal of reabsorption of the nectar
components if accompanied by a decrease in sugar concentration (Nepi et al., 2001).
Although is difficult to prove in the field, considering the high energy cost of nectar
(Southwick, 1984), reabsorption would be advantageous in the species studied, since
the nectaries are numerous in the inflorescences and the secretory activity is precocious
and persistent. Thus, reuse the uncollected nectar would be advantageous as suggested
for floral nectaries (Southwick, 1984; Stpiczyska, 2003). The mcvaughioide species
show a secretory activity of the bracteolar nectaries persistent in the fruiting period,
what acoording to Burquez and Corbet (1991) is common in floral nectaries. Since no
ruptures or pores were observed in the cuticle , it is possible that the elimination occurs
through channels or cuticle permeability (Ascenséao et al., 1997; Coutinho et al., 2012;
Koteyeva, 2005; Miller, 1985; Stpiczynska, 2003).

In the bracteolar nectaries, a subepidermal layer of cells with Caspary’s bands
was a peculiarity recorded in the mcvaughioide species with upright inflorescences,
being an unpublished data. Thickness of nectar-secreting trichomes were observed in

Acanthaceae (McDade and Turner, 1997) and Fabaceae (Paiva, 2009); and in leaf
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nectaries of Meliaceae (Lersten and Rugenstein, 1982; Paiva et al., 2007). Although
Paiva and Machado (2006) classified these layer as an endoderm, they did not report
Caspary band. This layer may acts to block the apoplastic transport in bracteolar
nectary, since the blocking of such transport has been associated to Caspary's band
(Luttge, 1971), contributing to create secretory accumulating pressure (Paiva, 2016).
Visitors and secretion variations of leaf and bracteolar nectaries

The most common genus recorded in this study \Redichoderus
Dolichoderus quadridenticulata, Ddebilis D. bidens and D. bispinosusare
commonly found in lowland rain forest and flooded forests, where they forage
nectaries (Bentley, 1977; Lattke, 1986; Mackay, 1993). In Malpighiaceae ants species
were documented iDiplopterys pubipetaldPossobom et al., 201@anisteriopsis
malifolia, Peixotoa tomentosdByrsonima intermediand Heteropterys pteropetala
(Torezan-Silingardi, 2007), whef@éamponotussp. foraging the leaf nectaries, while
Pachycondylasp., Pseudomyrmezgp., Ectatommasp. andCephalotessp. patrolling
the inflorescences (Torezan-Silingardi, 200Zamponotusants play an protection
role of the reproductive organsByrsonima crassifoligFernandes et al., 2005

Bettles fromAnthonomugenus observed herein were also recorded as a floral
parasit inBanisteriopsisByrsonimaandHeteropterygrom “Cerrado” (Alves-Silva et
al., 2013; Torezan-Silingardi, 2007). Alves-Silva et al. (30pBposed that wasps
may protect flowers against to curculionidae, which could be happen in the species
studied, since iBurdachig wasps were observed visiting the inflorescence.

Some ant species observed in field works are aggressive, and nectar
distribution in leaf blade could stimulate patrol throughout the organ as reported in
Bignoniaceae species (Elias and Gelband, 1976; Stephenson, 1982), Meliaceae

(Morellato and Oliveira, 1994; Paiva et al., 2007) and Euphorbiaceae (Coutinho et al.,
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2010). In the Amazonian species studied, for long periods when plants remain partially
submerged, several ants can shelter and use the nectar produced in the leaves and
inflorescences as an alimentary resource. In deciduousness Bpduahiang the
defense mediated by consumers of nectar is advantageous when the leaves are present.
These results are in agreement with the proposition that nectar is an important resource
for ants in arid environments and that the association with plants that bear nectaries is
crucial for the survival of desert ant communities (Aranda-Rickert and Marazii, 2014).

As was reported above for leaf nectaries, bracteolar nectary at each pedicel
seems to encourage the patrol throughout the inflorescence. According to Torezan-
Silingardi (2011) the inflorescence patrol can improve plant performance by ensuring
the morphofunctional integrity of the buds, attractive to florivorous insects cause the
high-assimilated flow and low structural resistance. Ants visiting reproductive organs
were observed in mcvaughioid species but the damages were rare. According to the
flower-distraction hypothesis (Kerner, 1878), nectaries distract the interest by flowers
and when offering nectar could discourage the consumption of floral parts (Del-Claro
et al., 2016). In spite of this advantage in concentrating the ant activity on the leaves
(Asuncéo et al., 2014; Koptur, 1994; Ness, 2006), the patrol observed in the species
studied was preferential in the inflorescences.

In the species studied, the higher concentration of glucose in the nectar
bracteolar is a parameter that may be influencing the differential behavior of ants on
the inflorescences. McKey (1979) suggest that the functional value and vulnerability
of the organs justify the energy expent in their defense. Thus, the composition of nectar
may vary according to the interactions between plant and animal demands (Faegri and
Van der Pijl, 1976; Gonzalez-Teuber and Heil, 2009; Nicolson and Thornburg, 2007).

Additionally the quality and volume of the nectar in the bracteole result in performance
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benefit in attracting consumers to the inflorescence, since ants prefer more
concentrated solutions in sugar (Sudd and Sudd, 1985) and are attracted by nectaries
that produce more nectar (Baker-Méio and Marquis, 2012). In addition, Alves-Silva
and Del-Claro (2014) reported that the increase in nectar quality is associated with ants
relations, where the sugar concentration is positively related to the abundance of ants
in the leaf nectaries, reflecting lower rates of herbivory. Such results reinforce the
significance to classify bracteolar nectaries with nectaries on flower.

The preference of ants for sugar-amino acid solutions is already know (Lanza,
1991). The proteins detected in histochemistry of leaf and bracteolar nectaries in the
species studied, could enrich the nutritional value of nectar and strengthen ecological
relationships with consumers as reported in other studies (Bentley, 1977; Elias, 1983;
Gonzélez-Teuber and Heil, 2009; Heil, 2011; Ness et al., 2009; Roshchina and
Roshchina 1993). In addition, proteins of the nectar can inhibit the growth of
microorganisms (Park and Thornburg, 2009). Although comparative studies in the
same species are rare, (Baker et al., 1978; Bluthgen et al., 2004; Koptur, 1994) reported
differences in amino acid and sugar composition between extrafloral and floral
nectaries. Despite the similar histochemistry observed between the leaf and bracteolar
nectaries studied, the hypothesis of different amino acids rates can not be ruled out,
which would be an additional evidence that the bracteolar nectaries are floral.

The Sudan tests carried out in the leaf nectaries studied, as welaplhmmia
brasiliensis(Castro et al., 2001), prove the lipid portion as compound of a mixed
secretion. Ultrastructural data of leaf nectary fidiplopterys pubipetalgdPossobom
et al., 2010) show mixed nature of secretion, although in histochemistry tests only
hydrophilic components were detected. The same occuridnisteriopsigAraujo

and Meira, 2016), which not all histochemical tests were able to detect the lipids. Such
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lipids can provide energy to nectar consumers (Real, 1983) and play an important role
in the ants diet (Carroll and Janzen, 1973).

The morphology and color of nectaries have been identified as signalizing
characteristics for visitors (Konarska, 2011; Koptur, 1992). In addition, the oil-resin
mixture detected by NADI in the leaf and bracteolar nectaries studied could act in the
attraction of herbivorous predators and deterrents against herbivores and pathogens
(Langenhein, 1994). Since nectar can emit chemical signals (Nicolson and Thornburg,
2007), the emission of volatiles could explain the attraction of anté. ibahiana
whose leaves are smaller and the nectaries are restricted to the base and apex of blade.

The phenolic compounds in the nectaries studied, as well reportBd in
pubipetala(Possobom et al., 2010), are frequently associated with protection against
herbivores and pathogens (Nicolson and Thornburg, 2007; Subramanian et al., 1990).
In some species of mcvaughioid they was observed in the subcuticular space. that can
make the nectar toxic and repel some visitors (Hagler and Buchmann, 1993).

In the mcvaughioid species, leaf and bracteolar nectaries attract ants that
consume their secretion. According to (Bentley, 1977) and (Koptur, 1992) the
mutualism between ants and nectars acts positively on the fitness of the plant and
studies have shown that the florivory increases after exclusion of the ants in species
with leaf nectaries (Del-Claro 2010, Vesprini et al., 2003). In Orchidaceae, the visit of
ants to nectaries of the floral pedicel decreased the herbivory, without pollination
influence, increasing the productivity (Almeida and Figueiredo, 2003). Thus, ants that
forage in nectaries close to the flowers can extend their protection to the reproductive
structures (Del-Claro and Marquis, 2015; Rico-Gray, 1989).

Experimental studies are necessary to test the efficiency of ants against

different herbivory in the mcvaughioide species. (Asungéo et al., 2014) reported in
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Malpighiaceae, a negative effect resulting from the presence of ants in the
inflorescence, which discourages pollinators. In addition, ants may not be effective
guardians against some floral herbivores (Alves-Silva et al., 2014). However, even in
the face of negative effects, only further studies can explain what extent interactions
with ants would be shaping different patterns in plant populations, regardless of
location and environmental conditions (Del-Claro et al., 2016; Thompson 1994)

The morphoanatomy conserved of the bracteolar nectaries may be related to
the standard behavior of the ants nectar consumers, since the morphoanatomy of
nectaries may reflect ecological interactions (Baker and Baker, 1990; Elias, 1983;
Roshchina and Roshchina, 1993). While nectaries are highly labile and arise or are lost
easily throughout evolution (Heil et al., 2015), on the other hand, the calyx glands of
Neotropical Malpighiaceae have been preserved for millions of years (Davis et al.,
2014) due to highly specialized pollinators pressures. Thus, it is possible that the
nectaries under different trophic levels pressure. However, such relationships are

poorly understood in complex multitrophic systems, requiring further studies.

CONCLUSIONS

The morphoanatomical patterns of leaf shows differeimctt®® mcvaughioide
species, while the bracteolar nectaries were more conserved. Both structures presented
similar histochemical results, except for the higher concentration of glucose and
persistent secretory activity of the bracteolar nectaries. The ants have visited both
nectaries, however, apparently the visit into the inflorescences is preferential. Thus,
the morphological and histochemical results are not explained by the environment, but
may be resulting from the selective pressure of the nectar consumers. The work
determine differences between nectaries placed in not-reproductive floral whorls and

contribute to the revision of the classification of nectaries.
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Appendix 1 List of material used dBurdachig GlandoniaandMcvaughiaand voucher information
of herbarium.

Species Collector and number

Nelson 1270 (INPA), Rodrigues 10736 (INPA),
Silva 301, 314 (VIC), Varejés. n.(INPA)
Coélho (INPA), Guillaumet 5736 (INPA), Maas
6650(INPA), Mota 2939 (INPA), Nelson
(INPA), Silva 1164(INPA), Silva 28292 296;
297 (VIC)

Ferreira 4260 (INPA), Hill 12971(INPA),
Rodrigues 8886 (INPA), Silva 313 (VIC)
Coélho 3041, 3118 (INPA), Rodrigues
4945(INPA), Silva 287; 288 (VIC)

Burdachia duckesteyerm.

Burdachia prismatocarp@. Juss.

Burdachia sphaerocarpA. Juss.

Glandonia macrocarp&riseb.

Glandonia pranceWV. R. Anderson Silva298;299(VIC)
Glandonia williamsiiSteyerm. Coélho484 (INPA), Silva 290 (VIC)
Mcvaughia bahiandV. R. Anderson Silva300;301(VIC)
Mcvaughia sergipanamorim & R.F. Almeida Silva305;306 (VIC)

Table 1 Glucose concentratiom secretions of the leaf and bracteolar nectavfemacvaughioid
species submitted to the urinalysis reagent strips (Insight®).

LEAF NECTARIES BRACTEOLAR NECTARIES
o
<
g M. bahiana 250(15) mg/dL(mmol/L) 500(30) mg/dL(mmol/L)
>
§ M. sergipana 1000(60) mg/dL(mmol/L) >2000(110) mg/dL(mmol/L);
oo
5 B. prismatocarpa 500(30) mg/dL(mmol/L) 1000(60) - 2000(110) mg/dL(mmaol/L)
£
@ B. sphaerocarpa 250(15) mg/dL(mmol/L) 1000(60) mg/dL(mmol/L)
©
'g G. macrocarpa insufficient secretion 500(30) mg/dL(mmol/L)
5
o G. prancei insufficient secretion 1000(60) mg/dL(mmol/L)
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Table 2 Geographical informations of nectarieBuardachia GlandoniaandMcvaughiaspecies and morphoanatomical data from the nectaries.

Mcvaughia Burdachia Glandonia
. . : B. B. . - .
M. bahiana M. sergipana B. duckei prismatocarpa | sphaerocarpa G. macrocarpa G. prancel G. williamgii
Endemic to Endemic to
Geographical Caatinga Restinga . : :
distribution (Bahia state, (Sergipe state, Endemic to Amazon (Brazil, Venezuela, Guyana, Peru and Colombia)
Brazil) Brazil)
Dryland Wetlands floodplains “Terra Firmg Wetlands floodplains
Ecossystems seasonally arid Sangly Coastal o e upland forest, R o
sandy soils ains Igapo ‘ Varzea” and “Igapo humid lowlands Varzea Igapo
. . . . Tree with ca. 15m
Habit Shrubs with ca. 1,5m tall Trees with ca. 10m tall Trees with ca. 20m tall tall
Leaf deciduousness decidous perenial
Acro/basilaminar 1 pair 1-4 pairs 1 pair 1-2 pairs 1 pair 1-2 pairs
distribution basilaminar basilaminar acropetiolar| basilaminar acropetiolar basilaminar basilaminar basilaminar
sSome conspicuou: some and
" . few and P | some and conspicuous scattered throughout|  few and inconspicuous scattered conspicuous,
@ Laminar . and scattered
= R restricted at blade and throughout the blade (more commu scattered
o distribution throughout the . . . .
s the leaf apex blade some along the middle vein at the proximal portion blade) throughout the
o blade
=z
E Outline of shape orbicular elliptical orbicular
-
Surface convex convex-flat
Anatomical . . .
short-stalked immersed sessile immersed
pattern
S 1 unit
Distribution ST .
0 basilaminar median
©
E Shape hemispheric-globose discoid
L
z Surface convex flat convex
S
!
= Anatomical . . .
Q subsessile sessile subsessile
S pattern
[a0]
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Table 3 Results of histochemical tests applied on the leaf (LNs) and bracteolar necthisgs(Bcvaughig BurdachiaandGlandoniaspecies.

TESTS:

Lipids/terpenoids:

Sudan Red

NADI
Proteins:

Xylidine Ponceau

Coomassie brilliant
blue
Polysaccharides:

Pas

Lugol

Ruthenium red
Phenolic
compounds:

Ferrous sulphate in
formalin

Acidified vanillin*
Alkaloids:

Wagner’s reagent

Burdachia Glandonia Mcvaughia
Burdachia Burdachia Burdachia Glandonia Glandonia Glandonia Mcvaughia Mcvaughia
duckei prismatocarpa sphaerocarpa macrocarpa prancei williamsii bahiana sergipana
LNs BNs LNs BNs LNs BNs LNs BNs | LNs BNs | LNs BNs | LNs BNs | LNs BNs

+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ +

(+) positive result; (-) negative result.
*Vanilina testes were made only at fresh samples from species available.
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Table 4 Ant species visiting nectaries of mcvaughioid spedesdachig GlandoniaandMcvaughig.

Burdachia Glandonia Mcvaughia
Ant species: . . . . .
B. duckei B. prismatocarpa B. sphaerocarpa G. prancei | G. macrocarpa M. bahiana M. sergipana
Dolichoderus .
. ) Bracteolar Leaf nectaries,
guadridenticulatuskoger . .
nectaries Bracteolar nectaries

1862

D. debilisEmery1890

Bracteolar nectaries

D. bidend.innaeus 1758

Bracteolar nectaries

Leaf nectaries,
Bracteolar nectarieg

D. bispinosu®livier 1792

Bracteolar nectaries

Crematogaster sp.

Leaf nectaries,
Bracteolar nectaries

Bracteolar
nectaries

Cephalotes atratus (Linnaeug
1758)

Leaf nectaries

Azteca sp.

Leaf nectaries,
Bracteolar nectaries

Pseudomyrmex gracilis
Fabricius1804

Bracteolar nectaries

Dacetom armigerurhatreille
1802

Leaf
nectaries

Camponotus sp.

Bracteolar
nectaries

Bracteolar

nectaries

Camponotus crassus
(subgéneraMyrmobrachyy

Bracteolar nectaries

Dorymyrmex sp.

Leaf nectarieg
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Figure 1: Specimens studied in the field. Burdachia duckein “Igap6”; B. Glandonia macrocarpa
in “Terra Firme” forest; C. Mcvaughia sergipana Restinga

G

- N [ gt P M . ¥
Figure 2: Morphological features of leaf nectariésto D. Patterns of distribution of nectaries through
the leaf blade iM. sergipana/A) andG. macrocarpaB); along the middle vein near the branching of
secondary ifB. prismatocarpdC) and restricted at the base and at the apex of leaf bladiehahiana
(D); white arrow: basilaminar nectaries, black arrow: laminar nect&igsN. Basilaminar nectaries
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in B. prismatocarpgE) showing nectar drop, arrow (F) and a@rematogastesp. collecting nectar
(G); Basilaminar pairs of nectaries M. sergipana showing nectar drop (Hpasilaminar pairs of
nectaries inG. macrocarpal) in G. prancei(J) and inG. williamsii (L). M. Acropeciolar nectaries
position in B. sphaerocarpaN. Dolichoderus quadridenticulatusnts foraging in leafs oB.
sphaerocarpaO to Q. Laminar conspicuous nectariesGn williamsii (O) B. sphaerocarpdP) andM.
sergipanaQ), showing nectar drofR. Dorymyrmex spcolleting nectar in laminar nectaries at kwf
apex of M. bahiana.
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Figure 3: Mophoanatomical features of leaf nectariégo C. Diafanized leaves. Laminar nectary in
B. prismatocarpdA), at the apex leaf blade M. bahiana(B) and inM. sergipanaC). D. Damage on
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the basilamar nectary tissuesBn prismatocarpaE to G. Basilaminarnectary inM. bahiang SEM
image(E); transversal view of short-stalked nectary (F); detail of secretory epidémjssecretory
parenchyma (SP), black arrow: subcuticular space and white arrow: cr§Glald.to J. Basilaminar
nectary inM. sergipana SEM imageg(H) transversal view of immersed nectary (l); detail of secretory
epidermis (SE), secretory parenchyma (SB)klack arrow: cell filled with phenolic compounds and
white arrow: crystals, asterisk: cuticleto N. Basilaminar nectary iB. prismatocarpaSEM image
(L); transversal view of sessile nectary (M); detail of secretory epidé¢BH)s secretory parenchyma
(SP) (N), black arrow: cell filled with phenolic compounds and white arrow: phétiengells.O to Q.
Basilaminar nectary iG. macrocarpaSEM image (O); transversal view of immersed nectar (P); detail
of secretory epidermis (SE), secretory parenchyma (SP) (Q), black aebvilled with phenolic
compounds.

sphaerocarpa(A), in G. prancei(B) and in M. sergipana(C). D. Detail of drop nectar irB.
sphaerocarpaE. Nectar available along the inflorescencdvinsergipana. F to H. Inflorescence oM.
bahianain development, note bracteolar nectaries active in blomming period (G) andyfpetiod
(H). I. Bracteoalar nectar drop B prismatocarpaJ and L. Nectaries active in frutification period in
B. prismatocarpdJ) andB. sphaerocarpdl). M and N. Nectar volume reductioim G. macrocarpa
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Figure 5: Mophoanatomical features of bracteolar nectaAes C. Bracteolar nectary iM. bahiana
SEM image(A); longitudinal view of subsessile nectary (B); Detail of secretoryezpits (SE) and
secretory parenchyma (SP), black arrow: subcuticular spaceD(@).F: Bracteolar nectary i.
sergipana SEM image(D), detail of secretion; longitudinal view of subsessile nec{&)y arrow:
vascularization; detail of secretory epidermis (SE), secretory parenchymal&8Rarow: cells filled
with phenolic compounds and white arrows: crystils G and H: Bracteolamectary inB. duckei
SEM image (G), transversal section, showing cells filled with phemaiopounds (H)I to L.
longitudinal view of sessile nectary B prismatocarpawhite arrow: crystals and black arrow: cells
filled with phenolic compound#$/ to P. Subssesile nectary 8. macrocarpan SEM image (M) and
transversal view (N) an@. pranceiin SEM image (O) and transversal view (R)to S Detail inB.
prismatocarpa(Q), G. williamsii (R) and G. prancei(S), white arrows: cells filled with phenolic
compounds in secretory epidermis and secretory parenchyma, black:gshbeesmatical cells and
subcuticular space with secretion accumulaedind U. SEM image of subcuticular space @
prancei
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Figure 6: Histochemistry of leaf nectarieA.to D. Polysaccharides test, note positive PAS reaction in
the subcuticular space . macrocarpaA), G. prancei(B), B. duckei(C) andM. bahiana(D). E to

H. Testing total lipids, note positive reaction to Sudan Red in the drof auckei(E), B.
prismatocarpa(F), B. sphaerocarpdG) andM. bahiana(H). | and J: NADI test, showing positive
reaction to oilresin, i8. ducke(l) andB. sphaerocarpéJ).L and M. droplets and crystalbl. Testing
proteins using Xylidine Ponceau, note the positive reaction in secilhgyin B. prismatocarpaO

and P. Phenolic compounds in yelow coloration in PAS test and black color in SFF t&st in
sphaerocarpdO) andM. bahiana(P).
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Figure 7: Histochemistry of bracteolar nectariésto D. Testmg polysaccharldes note posmve PAS
reaction in the subcuticular space@nwilliamsii (A), B prismatocarpaB), M. sergipanaC) andM.
bahiana (D). E to H. Total lipids test, using Sudan Red, note drops with positive reacti@ in
prismatocarpaE and F)G. macrocarpgG) andM. bahiana(H). | to L: NADI test, showing positive
reaction to oilresin, iB. sphaerocarpdl andJ) andM. bahiana(L). M and N. Casparian-band-like
thickennings of the wall ifs. prancei O. Testing proteins using Xylidine Ponceau, note the positive
reaction in secretory cells i@. williamsii. P and Q. Phenolic compounds in yellow color in PAS
reaction and in SFF test B duckei(P) andB. prismatocarpgQ).
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Figure 8: Ants foraging the bracteolar nectaries. Crematogastersp. in G. macrocarpa B.

Dolichoderus bideng B. prismatocarpaC and D. D. quadridenticulatusin B. duckei(C) andin B.

sphaerocarpaD), using the palpus to collect the nectarand F. Aztecasp. inB. prismatocarpa
collecting nectar (E) and in attack position.(6) D. quadridenticulatusn B. sphaerocarpahowing
mandibles filled of nectaH. CurlionideaeAnthomonusp. inB. sphaerocarpal.to N. Foraging route
of Camponotusp. along the axis of inflorescenceMhn bahiana collecting nectar drop (arrow).
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Abstract

The Paleotropical genuscridocarpuscomprises species from Africa, Madagaskar,
Arabian Peninsula and New Caledonia. Several events of dispersion from Neo to
Paleotropic were identified in the phylogeny of Malpighiaceae and a typical change in
the floral morphology traits is the lost of the floral glands. Among the paleotropical
lineagesAcridocarpusis an exception by the conservation of such glands. To analyse
the morphoanatomy of bracteolar and calyx glands in the genus, flowers of 26 species
were studied using standard anatomical light microscopy techniques. Histochemical
tests and glucose test strips were made in fresh samples to clarify the nature of the
exudate. Bracteal and calyx secretion were positive strips results for glucose and
positive histochemical results for protein and phenolic compounds. The anatomy of
bracteolar and calyx glands was similar in the species studied, showing a typical
structure of nectaries with a palisade epidermis, parenchyma secretory vascularizated.
The bracteolar nectaries were classified as sessile or short-stalked and vary in number
of one, two-glandular or eglandular bracteoles. Ten different patterns of distribution
of nectaries were observed in the calyx and about the anatomical atrayyegere
recognized as immersed or sessile. This study revealed new records about the
occurrence of floral glands in paleotropical species of Malpighiaceae. The
Acridocarpusspecies studied show a high diversity on the patterns of distribution,
mainly in the calyx. This records reinforced the importance of polinators in
morphological floral issues and corroborat the role of oil-bees mutualism in the
stereotyped Neotropat morphology, since in their absence in the Paleotropic the
morphology vary. Our results are promising for investigations of floral traits evolution

in differents lineages of Malpighiaceae and the relation with the pollinator syndrome.

Keywords: floral traits, nectaries, inflorescence.
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Introduction

Malpighiaceae is a family composed of about 1.300 species, which occur in
savannas, tropical and subtropical forests of the Neo and Paleotropic. However 90%
of the species are presented in the Neotropics (Davis & al., 2002a; Davis & Anderson,
2010). The vicariancy of Gondwanan biota is the main explanation for the disjunct
distribution patterns between Neo and Paleotropic species (Raven & Axelrod, 1974;
Vogel, 1990). However, based on fossil evidence (Taylor & Crepet, 1987; Hably &
Manchester, 2000) and phylogenetics analyses, Davis & al. (2p&insed that the
South America was the center of origin of Malpighiaceae in a post Gondwananian
time, being in agreement with Anderson’s hypothesis (1979). The divergence-time
estimatives and the paleogeographical scenario of eoceno period allowed sugesttins
that the actual biogeography patterns was resulted of dispersions from Neo for
Paleotropic (Davis & al., 2002b). A total of nine dispersions events were recognised at
the last complety generic phylogeny of Malpighiaceae (Davis & Anderson, 2010),
which linked paleo and neotropical lineages as sister groups (Davis & al., 2014).

The floral morphology of the Neotropical Malpighiaceae species is highly
conserved, typically bear pentamerous zygomorphic flowers with glandular calyx,
clawed petals, trimerous gynoecium and one ovule per locule (Anderson, 1981; Vogel,
1990; Anderson, 1990, 2001, 2004rhe posterior petal upright positioned and
differentiated from the others (Vogel, 1990; Anderson 1979, 1990) is strongly
correlated with the calyx glands that produce fatty oil as pollinators reward
(Buchmann, 1987; Lobreau-Callen, 1989; Vogel, 1990; Anderson, 1979, 1990;
Simpson & Neff , 1981; Endress, 1996; Vinsorak, 1997; Sigrist & Sazima, 2004;
Zahng & al., 2010; Davis & al., 2014). The oil exudates is exclusively used by females

oil-collecting bees as food resource and in nest construction (Neff & Simpson, 1981;
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Vogel, 1990). The bees cling to the posterior petal and use their specialized legs to
scratch the glands (Anderson, 1979; Vogel, 1990; Sigrist & Sazima, 2004). The high
variability of others morphological characters sugests that the specialized system of
pollination has driven the floral evolution in Neotropics (Anderson, 1979; Davis & al.,
2014). Thus, such floral features were mantained for millions of years (Davis & al.,
2014) by specialist oil-bees pollinators of the tribes Centridini, Tapinotaspidini and
Tetrapediini (Vogel, 1990).

Specialist oil-collecting bessare absencat Paleotropic region (Vogel, 1990),
resulting in lost of the selective pressure for maintenance of the Neotropical typically
floral morphology (Anderson, 19Y9 he oil-bee pollination syndrome was lost by the
Paleotropical clades and by few Neotropical species that bear actinomporphic
eglandular flowers (Zhang & al., 2013) and present modificated petals, anters and
stigma (Vogel, 1990; Davis & Anderson, 2010; Davis & al., 2014). The Paleotropical
genera Acridocarpus Hiptage and Tristellateia are considered exceptions due
maintenance of the floral zygomorphy and of the calyx glands (Vogel, 1990) that seem
to behave as nectaries, although the pollen is considered the only reward to pollinators
(Anderson, 1979; Lobreau-Callen, 1989; Vogel, 1990; Ren & al., 2013).

Acridocarpuscomprises about 30 species distributed in Africa, Madagaskar,
Arabian Peninsula, and one species of New Caledonia (Niendenzu, 1928; Davis & al.,
2014), covering rainforest to savannas (Davis & al., 2002a). Besides the leaf glands
frequently mentioned (Anderson, 1990; Vogel, 19983ridocarpusspecies may
present bracteal, bracteolar and calyx glands (Niedenzu, 1921[8#8&rt 1995),
which the anatomy and ecological function have not been elucidated yet.

Because the peculiar biogeographic history, Malpighiaceae is a special group

to test hypothesis about morfological evolution, since there are lineages neo and
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paleotropical with distinct pollinator syndrome (Vogel, 1990; Michener, 2000; Davis

& Anderson, 2010). Thus, evaluate the occurrence and types of floral glands in the
paleotropical species dicridocarpuswould answer questions such: ase there
morphoanatomical patterns between bracteole and calyx graddferents species?

These glands can be classify as nectaries? The biogeography of species can be related

with morphoanatomical patterns of the calyx and bracteole glands?

Material and Methods

Acridocarpuss characterized by erect or climber shrubs and rarely small trees,

with simple leaves exceptionally alternated. The flowers are clustered in racemes or in
terminal panicles with bracts and two bracteoles at the pedicel base (Fig. 1A).
Generally the calyx has sepal glands, the blade of petals are entire or |d@enaset(
1995) and the claw is reduzed (Vogel, 1990). The anters are poricidal, attractants for
pollen-gathering insects such as buzzing bees (Vogel, 1990). The corolla is constituted
by two posterior petals, two lateral petals and only one mediann anterior petal, which
serves as attractive and landing zone to pollinators. The calyx is also reoriented (Fig.
1B), presenting only one median posterior sepal, two lateral sepals and two anterior
sepals (Vogel, 1990; Zhang & al., 2010, 2013).

Floral samples were obtained from herbarium material oA@édocarpus
species, at collection of the “Muséum National d’Histoire Naturelle”-P, Paris, France
(Appendix 1). The bracteoles and calyx glands were analyzed and pictures were taken
in stereomicroscopy (Stemi 2000-C Zeiss, Gottingen, Germany) equipped with a
digital camera (AxioCam ERc; Zeiss, Gottingen, Germany).

The glands present at the bracts on the base of inflorescence, on the bracteoles

and on the calyx (Fig. 1.A) oA. longifoliuswere observed and collected in plant
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nursery from collections oflardin Botanique de Meise”-BR, Belgium (Appendix 1).

The nature of secretion in the floral gland#ofongifoliuswas investigated as a model

for the genus since this species bears inflorescences with bracteal, bracteolar and calyx
glands. The secretion exsudated by these glands was submittexl to tests of
glucose and protein concentration, using the urinalysis reagent strips (Insight, Acon
Laboratories, San Diego, USA). Samples were fixed in FAA (formalin, acetic acid and
50% ethanol; 1:1:18 by volume) for 48 h and then stored in 70% ethanol.

The procedures of light microscopy were made at the Laboratory of Plant
Anatomy of the Federal University of Vicosa-UFV. Samples acquired from herbarium
specimens were subjected to the herborization reversion process (Smith & Smith,
1942), dehydrated in an ethanol series and stored in 70% ethanol. Samples of both
herbarium and field-collected material were embedded in methacrylate (Historesin
Leica; Heidelberg, Germany) prepared in accordance with the manufacturer’s
recommendation. Cross and longitudinal sections with 4um thick were made in an
automatic rotary microtome (Leica RM2155, Deerfield, USA). The sections obtained
were stained with toluidine blue at pH 4.7 (O’Brien & al., 1964) and the slides were
mounted in Permount (Fisher Scientific, NJ, USA).

The following histochemical tests were performed in the fixated samphes of
longifolius for total proteins, xylidine ponceau (Clark, 1981) and Coomassie blue
(Fisher, 1968); for total polysaccharides, periodic -&®dahiff reagent (McManus,
1948); for mucilage and pectin, ruthenium red (Johansen, 1940); for phenolics
compounds, ferric chloride and for starch, lugol (Johansen, 1940); for total lipid Sudan
red (Pearse, 1980).

Images were captured using a light microscope (Olympus AX70TRF) equipped

with a digital camera (AxioCam HRc; Zeiss, Gottingen, Germany). Examinations and
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image captures on scanning electron microscopy (SEM) were conducted at the
“Nucleo de Microscopia e Microanalise-UFV”, using a LEO 1430VP (Zeiss,
Cambridge, UK). For SEM studies, the samples from herbarium material were
dehydrated, subjected to critical point drying with ZGOPD 030, Bal-Tec, Balzers,
Liechtenstein), placed on stubs with carbon conductive tapes and then coated with gold
(SCD 050, Bal-tec, Balzers, Liechtenstein).

The anatomical patterns were classifiedstalked, when a short stalk is
presentsessile when the secretory epidermis is above the level of the non-secretory
epidermis around; arichmersedwhen the secretory tissues are distributed below the

level of the non-secretory epidermis surrounding the gland.

Results
Morphoanatomy of bracteolar glands:

Considering the presence and position of bracteolar glands at the inflorescence
of Acridocarpus three groups were recognize@Group |: eglandular, inA.
alternifolius A. camerunensjsA. chevalierj A. chloropterus A. congolensisA.
macrocalyx A. monodij A. natalitius A. obovatusA. orientalis A. plagiopterusA.
socrotanus A. spectabilis A. vanderystiiand A. zanzybaricuys Group 1l : one
basilaminar gland (Fig. 2A-D), iA. adenophoruysA. austrocaledonicy#\. humbertij
A. katangensijsA. longifolius A. prasinusaandA. smeathmannGroup 111 : two glands
medially positioned (Fig. 2E-I), iA. alopecurusA. excelsud\. perrieriandA. vivy.

The shapes of such glands were hemisferic-globoid with outlining orbicular (Fig. 2E

The bracteolar glands are composed of a secretory epidermis and secretory
parenchyma vascularized with abundant phloem cells (Fig. 2D). The secretory

epidermis cells are typically arranged in a palisade and bear densely stainedytopla
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with conspicuous nucleus and a thick cuticle (Fig. 2L), which develop a subcuticular
space (Fig. 2L-N). No secretory pores or rupture cuticles were observed, even though
at SEM images (Fig. 2A, E). The secretory parenchyma is consisted of some layers of
cells (Fig. 2D, L), which the cells may filled with phenolic compounds (Fig. 2M).
Idioblasts containing druse crystals were frequently observed scattered among the
secretory parenchyma (Fig. 2F)M

Only in A. adenophorusA. excelsusA. humbertiiandA. perrieri the glands
were stalked (Fig. 2F, H-J, N). and remain species bear sessile glands. Theysecretor
surface may be convex (Fig. 2C) or plane (Fig. 2F).

Morphoanatomy of calyx glands:

The mostly of species analyzed showed sessile calyx glands (Fig. 3B, D, F-N)
in A. longifolius and A. zanzibaricusare immersed (Fig. 3A, C, E). The calyx
comprised by a secretory epidermis and secretory parenchyma vascularized with
abundant phloenfFig. 3C-G). The subcuticular space was frequently observed (Fig.
3F, G) well as crystalliferous (Fi§F) and phenolics (Fig. 3E, G) idioblasts.

The position of calyx glands may be intersepalar (Fig. 3A) or marginal (Fig.
3B, H). The distribution of glands at the calyx cover the posterior (Fig. 3l, J), ventral
(Fig. 3L) or both dorsal-ventral plane (Fig. 3 M, N). Morphoanatomical analysis
allowed establishing ten types of distribution patterns of glands in the calyx (Fig. 4).

The calyx glands were distributed only on posterior plane (Types Il and Ill) in
A. congolensis, A. obovatus, A. plagiopterus, A. socotrand8. prasinusor only at
the ventral plane (Types IV-VII) iA. chevalieri, A. chloropterus, A. longifolius, A.
monodii, A. natalitiusA. smeathmanni, A. spectab#iad.A. zanzibaricusWhile A.
alternifolius, A. orientaligType VIII), A. camerunensi€Type IX) andA. vanderystii

(Type X) exhibited glands in both planes. The occurrence of different types in the same
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specimen has observedAn macrocalyxandA. katangensigType Il and I11), andA.
alopecurus(Type VII and VIII). A. vanderystiiwas the only species that bears
exclusively intersepalar glands in the whole calyx (Type X).

The morphology of calyx glands appear to be individualized (Fig. 5A-D).
However, inA. spectabiliandA. monodiithe pair of neighbors glands were partially
fused (Fig. 5E, F), in less or higher degree respdgtiwdere the secretory epidermis
is continued without non-secretory epidermis either subepidermis tissues between pair
of glands.A. spectabilisshowed independent vascularization of glands and secretory
epidermis continuous in the limit of the neighbor’s pair glands (Fig. 5H). A higher
degree of fusion by the secretory epidermigirmonodiidue to the part of secreyor
parenchyma shared (Fig. 5I). WhereasAn longifolius (Fig. 5C, 3C) andA.
zanzibaricus(Fig. 5D) the median anterior gland is intersepalar (Fig. 5D), showing
completely sharing of the secretory parenchyma and a regular surface of the secretory
epidermis due to completely fused (Fig. 5G, J).

The calyx glandare impressed with the outlining sagittate at the basal portion
and acute in the apical portion (Fig. 50Q,iDA. longifoliusandA. zanzibaricusThe
remain species exhibit may be hemispheric-globose calyx glands with orbicular or
elliptical outlining(Fig. 3B, H; 5A, B).

Secretion of floral glandsin Acridocarpus longifolius

A. longifoliusbears inflorescences with bracteal, bracteolar and calyx glands
(Fig. 6A-G). The coloration of such glands varies: it is yellow in the calyx @HBg.

D), greenwish in the bracts (Fig. 6E) and red in the bracteoles (Fig)6F, G

During the observation at the plant nursery, the secretion of bracteolar gland
was very scarce, while in the calyx and the bracteal glands were copiouse (Fig. 6E). It

was possible to test only calyx and bracteal exsudate that reacted with the urinalysis
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strips, demonstrating the presence of glucose and proteins, the mains constitutive of
the necar. The concentration of glucose was higher in the calyx gland [1000(60)
mg/dL (mmol/L)] than of the bracteal glands [250(15) mg/dL (mmol/L)]. On the other
hand the concentration of proteins was not varied since both glands showed the same
value: 30(0,3) mg/dL(g/L). The secretory activity starts in blooming periods and kept
active until fruiting periods (Fig. 6D) and we could document visitation of ants
consuming the exsudate of calyx glands (fig. 6C).

The anatomical analyses # longifoliusshowed that the bracteal and calyx
glands are actually secretory (Fig. 3C, E; Fig. 6H, 1), while no secretory features were
observed at the bracteolar tissues (Fig. 6J, L). The histochemical tests of calyx glands
provided positive results for total polysaccharides (Fig. @)Aprotein (Fig. 7 D-F)
and phenolic compounds. Proteins and phenolic compounds were distributed on
epidermis and secretory parenchyma. Starch grains were observed in the parenchyma
not secretory and around the vascular tissues. Positive reaction with Sudan allowed

detecting lipids compounds only at the cuticle (Fig. YG-I

Discussion
Bracteolar and calyx glands. insights on taxonomy and functional evidences

Although in the taxonomic descriptions the floral glands are mentioned for
Acridocarpus in the present study the presence of these glands was checked for 26
species (Table 1). ImMA. autrocaledonicusA. congolensis A. katangensisA.
longifoliusbracteolar glands were not reported (Niedenzu, 1921, 1928; Hutcl@nson
Dalziel, 1954; Launert, 1995) and in the present work a basilaminar medium gland
was documented in these species. Bracteole glandular was reported. for

adenophorugA. excelsusA. humbertij A. perrieriandA. vivy(Niedenzu, 1921, 1928
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Arenes, 1946, 1950, 1955), being in the present work detected two glands in each
bracteole. On the other hand, the bracteolar gland&. afanderystiireported by
Wilczek (1955) were not observed in the samples analyzed. Such results reinforce the
importance of the anatomical studies to be safe in the characterization of floral
secretory structures in Malpighiaceae.

The bracteolar glands are similar among the studied spechesidbcarpus
varying only in the presence of the stalk. The anatomical structure is the same as in the
foliar and bracteolar glands in the closely related genera of the Neotropical
mcvaughoide clade (Silva et al., Unpubl.data, 201Chapter II).

As for calyx glands (Table 1), this is the first record4ocongolensighat was
unoticied in the description (Niedenzu, 1921, 1928)\.loamerunensj#\. chevalierj
A. chloropterus A. natalitius A. obovatus A. Orientalis A. smeathmanniA.
Spectabilis A. zanzibaricusthe number of calyx glands observed in this study
corresponds to the range of previously recorded (Morot, 1909; Hutchinson & Dalziel,
1954; Oliver, 1868; Niedenzu 1921, 1928; Launert, 198&ilin, 1993). On the other
hand, in this work high numbers of calyx glands were recordéd atternifolius A.
macrocalyx A. monodij A. prasinus and A. vandersystiiNiedenzu, 1921, 1928;
Chipp & Dawe, 1922; Arénes, 1950; Wilczek 1955; Hutchinson & Dalziel, ;1954
Wilczek, 1958; Launert, 199%liver, 1868; Doorn-Hoekman, 1975; Birnbaum &
Florence, 2005). Only irA. adenophorusA. austrocaledonicysA. excelsusA.
plagiopterusA. socotranusindA. vivy, the number of calyx glands observed here was
identical to that reported by Niedenzu (1921, 1928), Arénes (1950) Guillemin & al.
(1831) and Oliver (1868).

Most of the analyzed speciesAxridocarpushave more than one calyx gland,

sessile and subcircular and these results are in agreement with the observations
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recorded in the taxonomic descriptions (Launert, 1995). Although calyx gland stands
out for its taxonomic, ecological and evolutionary importance (Anderson, 1979, 1990;
Vogel, 1990; Davis & Anderson, 2010; Davis & al.,, 2014), in some taxonomic
descriptions these structures were not observed, either cited. The results obtained in
the present work demonstrate the importance of the morphoanatomical evaluation to
assure the usefulness of these characteristics for taxonomic purpAsgdacarpus

The calyx glands distribution patternsAsfridocarpusshowed labile character
in some studied species, whereal.ikatangensisA. macrocalyxandA. alopecururs
more than one type of distribution has been observed, for example, related types Il and
[II; VIl and VIII). In contrast, in neotropical species, calyx glands stand in pairs in all
sepals or are absent in the previous pair (Vogel, 1990). It is interesting to note that in
the paleotropical speciédiptage sericeaéSubramanian & al., 1990; Arumugasamy
& al., 1993) andH. acuminata(Arumugasamy & al., 1989) the calyx glands follow
the same distribution pattern of neotropical species, besides being similar
morphoanatomical features and acting as elaiophores. By the other side, in
bengalensionly a calyx gland occurs that was characterized as nectary (Ren & al.
2013). Different reduction patterns were also detected in the species studied.

The studiedAcridocarpuscalyx glands are similar to leaf nectaries of different
Neotropical species oBanisteriopsis Burdachia, Diplopterys Galphimia and
Glandonia, McvaughigCastro & al., 2001;; Possobom & al., 2015; Araujo & Meira,
2016; Silva & al., unpubl. data) as well as the paleotropical speciéfptdge
(Arumugasamy & al., 1989).

Immersed calyx glands were recorded only An longifolius and A.
zanzibaricusThis anatomical pattern was reported only in leaf nectaries (Elias, 1980;

Silva & al., unpubl. data) suggesting the the function of calyx glandlsridocarpus
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The function of the floral glands of Paleotropical species needs to be clarified, since
Vogel (1990) makes inferences of their performance as nectaries, mainly based on the
absence of Paleotropic oil-bees. However, there is a lack of morpho-anatomical and
ecological data to support such assumptions. Some evidences of the studied anatomy
glands reinforce the idea of its nectariferous function, such as: the epidermis palisade,
the developed subcuticular space, layer between the epidermis and the secretory
parenchyma, phenolic and crystal idioblasts in the parenchyma and persistent secretory
activity on the fruit, characteristics commonly reported in nectaries (Possobom & al.,
2010; Ren & al., 2013; Araudjo & Meira, 2016). These anatomical characteres may
suggest the related origin of elaiophores from nectaries, proposed by Vogel (1990).

Chemical features of secretion and ecological role of floral glands from A.
longifolius

The results obtained in the histochemical analysis and concentration tests of
exudate components Af longifoliusfloral glands allowed proving their performance
as nectaries. Throughout. longifolius inflorescence, the distribution of bracteal,
bracteolar and calyx glands favors the visitation of nectar consumers, who act against
herbivory, as occurs in leaves (Elias & Gelband, 1976; Stephenson, 1982; Morellato
& Oliveira, 1994; Paiva & al., 2007; Coutinho & al., 2010) and inflorescences of
neotropical species (Silva & al., unpubl. data). The ants foraging observed in secretory
structures oA\ longifolius supports recognition of bracteolar and leaf glands nectaries
as reported by Vogel (1990).

Components detected in the bracteal and calyx glands nectar suggest
mutualism with ants, since they prefer sugary solutions and with amino acids (Lanza,
1991). Proteins found in the nectar of different nectariesAoflongifolius

inflorescence, could enrich their nutritional value and strengthen ecological relations

90



with consumers as cited in other studies (Bentley, 1977; Fahn, 1979; Elias, 1983;
Roshchina & Roshchina, 1993; Ness & al., 2009; Gonzéalez-Teuber & Heil, 2009; Heil,
2011). Another possibility is the proteins action inhibiting the growth of
microorganisms (Park & Thornburg, 2009).

Differences in the secretion of the glands studiedl.ilongifoliuscan be used
as advantages for the different regions of the inflorescence. The composition of nectar
may also vary according the interactions between plant and animal demands (Faegri
& Van der Pijl, 1976; Nicolson & Thornburg, 2007; Gonzalez-Teuber & Heil, 2009;
Nepi & al., 2009, 2012; Heil, 2011, 2015). The bissgest size of the secretion drops and
the higher concentration of glucose in calyx nectar ffortongifolius may be related
to the functional value and vulnerability of the reproductive organs, which according
to McKey (1979) justify the investment in the flowers protection. Studies have shown
that ants are attracted by larger nectaries, which produce nectar in bulk and with higher
sugar content (Sudd & Sudd, 1985, Baker-Méio & Marquis, 2012).

Brateolar and leaf glands are cited for establishing mutualism with ants (Vogel,
1990). The calyx glands, although acting mainly as elaiophores in the Neotropic, in
Acridocarpusare associated to the mutualism with ants (Davis & al., 2002a). The
attraction of ants observed in bracteolar and calyx glands. ilongifoliusis an
indication of this mutualism, which according to Bentley (1977) and Koptur (1992) in
exchange for food resources, ants act as defense agents. Lobreau-Callen (1989) and
Ren & al. (2013) observed as main consumers of calyx nectar in paleotropical species,
carnivorous species of ants, whose predation behavior suggests its important role
against herbivory in inflorescences, without interference in pollination (Ren & al.,

2013).
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Phenolic compounds were detected in different glandsA@idocarpus
analyzed. Such compounds are used to protect against herbivores and plants, especially
in leaves (Subramanian & al., 1990; Nicolson & Thornburg, 2007). The presence of
these compounds was reported in foliar nectaries, floral and in the elaiophores of
Neotropical MalpighiaceaeD( pubipetala Possobom & al.,, 2010Burdachig
GlandoniaandMcvaughiaSilva & al., unpubl. data).

The sudan tests did not detect lipids in the glands of the inflorescerce in
longifolius, unlike the Neotropical speci@alphimia brasiliensigCastro & al., 2001),
Diplopterys pubipetala(Possobom & al., 2010Banisteriopsis(Aradjo & Meira,

2016), Mcvughig Burdachiaand Glandonia(Silva & al., unpubl. data). The rare
studies in paleotropical genera shows up that the calicinal secrellob@émghalensis

is hydrophilic, composed mainly of sucrose, fructose and glucose and without
lipophilic components (Ren & al., 2013) which characterizes these glands as nectaries.
Thus, as reported for the calyx nectariesliroenghalensigRen & al., 2013), irA.
longifoliusthe secretory activity of bracteolar and calyx glands is early and persistent
in the fruits, with no cuticle rupture occurring.

According to Vogel (1990) the calyx glands are the same of leaf and bracts,
having a similar arrangement in the neo and paleotropical species. The homology
between nectaries and elaiophores is quite discussed (Vogel, 1990; Castro & al., 2001;
Arauljo & Meira, 2016) and due to the nectaries frequency in the family, Vogel (1990)
considers them to be plesiomorphics, from which elaiophores derived. Before long, in
Acridocarpusthe character would have undergone reversal, modifying the secretion
to nectar (Vogel, 1990), an expected convergence to the lost of pollination syndrome
from oil-bees pollination. Thus, the character maintenance and the secretion change

would be a reflection of the selective pressure exerted by nectar consumers.
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Morphoanomical data: evolutionary trends and phylogeographycal contributions

Vogel (1990) points out that calyx glands in the Paleotropic show marked
differences, being smaller than elaiophores and positioned in the intersepalar region,
which would be the result of the fusion of neighboring glands. However, the variations
observed herr indicate that inAcridocarpuscalyx glands are mostly marginal.
Exceptionally inA. longifoliu,sandA. zanzibaricusthe median gland is intersepalar
and the sagittate-acute outline may be a residue of fusion. Howegenanderystii
although intersepalar position of the glands suggest fusion, the outline is circular.

Only in this study, it was noted that the juxtaposed calyx glands mbnodii
andA. spectabilisare partially fused. In this way, the anatomy of the calyx glard of
spectabilis A. monodij A. longifoliusandA. zanzibaricusuggests an evolutionary
sequence of related character states (FigAerjdocarpus spectabiljA. longifolius
and A. zanzibaricuswere sampled in phylogeny (Davis & al., 2002a; Davis &
Anderson, 2010), where the first two are placed at more basal nodeé.and
zanzibaricustderived nodes. Therefore, juxtaposed glands would be a plesiomorphic
condition in relation to the medial glands fusion of the ventral sepals. On the other
hand, the fusion of calyx glands in the Neotropics should be investigated since only in
Lophopteryghe calyx exhibits one glariy sepal (Anderson & Davis, 2001).

In addition , according to the phylogeny (Davis & al., 2002a; Davis &
Anderson, 2010), ikcridocarpusthere is a ventralisation of the position of glands in
the calyx being a derived condiction. According to Vogel (1990), among glandular
paleotropical taxa, only iHiptagethere is a medial, intersepalar and posterior gland,
with a clear dorsalisation and reorientation of zygomorphy in relatidweridocarpus
and Tristellateia This could indicate different selective pressures exerted by floral

visitors. In the Neotropic, 10-glandular calyx is plesiomorphic and the restriction of
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glands in the dorsal plane of the calyx is derived (Vogel, 1990), and the absence of
glands in the ventral plane is a consequence of the positioning of the oil-bees in the
flowers during the visitation (Vogel, 1990).

Although reproductive biology data iAcridocarpusare non-existent, the
actuation of the calyx glands as nectaries and the poricidal anthers may be indicative
of the change in the pollination syndrome. In the Neotropics, the reduction or lost of
calyx glanddgs associated with secretion changes, the symmetry and the morphology
of the anthers, which indicate a change in pollination syndrome (Anderson, 1979;
Teixeira & Machado, 2000; Anderson, 2007; Anderson & Corso, 2007).

The data obtained reinforce the idea of calyx glands tend to disappear (Davis
& al., 2002a; Zhang & al., 2010), since the Madagascar species studied have
eglandular calyx. However, in these species, bracteolar glands were recorded,
suggesting a correlation between glandular bracteole and glandular calyx. A similar
relationship was detected iA. austrocaledonicysoccurring in New Caledonia,
corroborating the phylogenetic proximity with Madagaskar species indicated by Davis
and Anderson (2010).

Although eglandular bracteole is common Agridocarpusspecies with a
higher number of calyx glands, no clear correlation was observed of floral glands in
relation to the diversification of the genus front the aridification (Davis & al., 2002a)
Acridocarpusadapted to the retraction of the tropical forests and its diversification
occurred from West Africa towards the East, coinciding with the formation of the first
savannagDavis & al., 2002a). Phylogeny and the distributioAofidocarpussuggest
that this strain has diversified in response to aridification (Davis,@02a). Species

of East Africa and Arabian Peninsula have an eglandular bracteole, regardless the
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calyx glands number. Thus, selective pressures maintained calyx glands, but the
number does not seem to be a factor that offers some adaptive advantage.
CONCLUSIONS

In addition to the typical floral morphology Atridocarpus this work shoved
that the floral glands are nectaries, which probably act against herbivore attack. The
bracteolar and calyx gland sheddifferent patterns of distribution. Morphoanatomy
of bracteole and calyx glands are typical in species from Madagaskar and New
Caledonia. In African species, the morphoanatomy indicates that the fusion of calyx
glands would be a derived condition. Morphoantomical patterns in Africa and Arabian
Peninsula species does not seem to be associated with the history of diversification of
the genus front the enviroment aridification. It is possible that the maintenance of the
character has undergone selective pressure of the consumers, but the structures
distribution may be variable. In view of the lost of the relation with the oil-bees due to
the dispersion to the Paleotropic, the floral glands, especially frogx,cafte
significantly more labile in the absence of this mutualism. Our results corroborate the
importance of oil-bees mutualism in floral stereotyped morphology in the Neotropics

and contribute to understanding of floral evolution in Malpighiaceae.
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Table 1: Distribution of glands on inflorescencesAnridocarpus occurrence and number of glands in the species analyzed.

Literature premise

Species Bra:;;eé)le CIZ% Bracteolar Calyx Auth Geographical
9 9 gland gland uthor distribution
denophorus 2 - 1 - Niedenzu 1921, 1928; Arénes 1950 Madagaskar
A. excelsus 2 - -1 - Niedenzu 1921,1928; Arénes 1950 Madagaskar
A. humbertii 2 - 1 - Arénes 1955 Madagaskar
A. perrieri 2 - 1 - Humberti 1945; Arénes 1950 Madagaskar
AR 2 - 1 - Arénes 1950 Madagaskar
glandulifera
A. austrocaledonicus 1 - - - Niedenzu 1921, 1928 New Caledonia
A alternifolius i 5 ) 1-4: 2 Oliver 1868; Niedenz_u 1921,1928; Hutchinson & West of Africa
Dalziel 1954
A. camerunensis - 4 - 3-4 Niedenzu 1921,1928 West of Africa
A. chevalieri - 3 - 2-3 Morot 1909; Hutchinson & Dalziel 1954 West of Africa
A. chloropterus i 3 i 23 Oliver1868; Niedenzlu9é221,1928; Launert 1963 West of Africa
A. congolensis 1 2 - - Niedenzu 1921,1928 West of Africa
A. katangensis 1 2(3) -1 2;2-3 Niedenzu 1921, 1928; Launert 1963 West of Africa
A. longifolius Trelictual 1 - 1 Niedenzu 1921,1928; Hutchinson & Dalziel 1952  West of Africa
A. macrocalyx - 2(4) - 2;2-3 Niedenzu 1921,1928; R. Wilczek (1958) West of Africa
A. monodii - 4 - 2 Birnbaum & J.Florence 2005 West of Africa
A. obovatus - 2 - 2 C. Davis 2002 West of Africa
A. plagiopterus i 2 ) 2:3 Guillemin & Perrot{ztzi?fgéé);l|ver1868, Niedenzt West of Africa
A. prasinus 1 4 -1 - 2-3 Niedenzu 1921,1928; Launert 1968 West of Africa
A. smeathmanni 1 3 1 322&:)) Oliver1868; Niedenzu 1921, 1928; Launert 1968  West of Africa
A. spectabilis ) 4 ) 3:2-4 Niedenzu 1921, 1928; Chipp & Dawe 1922; Door West of Africa
Hoekman 1975
A. vanderystii - 5 + 2-3 Wilczek 1955 West of Africa
A. alopecurus 1 3(5) -1 3(5) Niedenzu 1921,1928; Launert 1968 East of Africa
A. natalitius - 3 - 3;4 Niedenzu 1921, 1928; Launert 1963, East of Africa
A. zanzibaricus - 3 - 2;3;2-3 Oliver1868; Niedenzu 1921, 1928; Launert 196¢  East of Africa
A. socotranus - 2 - 2 Niedenzu 1921, 1928 Arabian peninsula
A. orientalis - 5 - 3-4;5 Niedenzu 1921,1928; Thulin 1993 Arabian peninsula

(-) eglandular.
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Appendix 1

List of material used oAcridocarpusand voucher information of MNHN herbarium

(P).

Species

Acridocarpus adenophorus. Juss.
Acridocarpus alopecuruSprague
Acridocarpus alternifoliugSchum. & Thonn.) Nied.
Acridocarpus austrocaledonicisill.
Acridocarpus camerunendisied.
Acridocarpus chevaliersprague
Acridocarpus chloropteru®liv.
Acridocarpus congolensiBprague
Acridocarpus excelsus. Juss.
Acridocarpus humberti\rénes
Acridocarpus katangensiBe Wild.
Acridocarpus longifoliugG. Don) Hook. F.

Acridocarpus macrocalykngl.

Acridocarpus monodiArenes & Jaeger ex Birnbaum &
J.Florence

Acridocarpus natalitiug\. Juss.

Acridocarpus obovatu@s.Don) C.Cav.

Acridocarpus orientalif\. Juss.

Acridocarpus perrieriArenes

Acridocarpus plagiopteru§uill. & Perr.

Acridocarpus prasinugxell

Acridocarpus smeathmanr{DC.) Guill. & Perr.

Acridocarpus socrotanudliv.

Acridocarpus spectabiliDoorn-Hoekm.

Acridocarpus vanderystiR.Wilczek

Acridocarpus vivArénes
Acridocarpus zanzibaricu&. Juss.

Collector and number
Capuron 8883 (P)
Haerdi 447 (P), Sacleux 779 (P)
Meikle 845 (P), Breteler 5322 (P)
McPherson 3306 (P)
Le Testu 7800 (P)
Jaeger 3461 (P)
Schlieben 2427 (P)
Chevalier 28381 (P)
Schatz 2984 (P)
Phillipson 5989 (P)
Gathy 1950 (P)
Bos 4924 (P), Chevalier 26184 (P;
Letouzey 11775 (P), Carvalho 345
(P)
Griaule 60 (P), Birnbaum 615 (P)

Phillipson 3807 (P)

Chevalier 20357 (P)

Popov 706 (P)

Rakotondrajaona 397 (P)
Chevalier 14767 (P)

Sita 3148 (P)

Leeuwenberg 2409 (P)

Smith 204 (P)

Valenza 420 (P), Birnbaum 751 (P
Koechlin 6027 (P), Chevalier 1109
(P)

Schatz 4165 (P)

Zhang 154 (P)
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Figure 1. Diagram from hipotheticalcridocarpus A. Inflorescence type representing a raceme of
cincinnis (1-flowered) with bracteal, bracteolar and calyx glands (yellow sjrdée Orientation of
calyx whorl units in frontal view.
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Figure 2: Morphoanatomy of bracteolar glands. SEM image of one-glandular bracteole An
smeathmanniwhite arrow: glandB. bracteole pair of floral pedicel iA. smeathmannshowing the
basilaminar position of one gland in each bracteole of the floral pedicdy&teole, black arrows:
glands.C. Transversal view of bracteolar gland An alopecurusD. Secretory epidermis (SE) and
secretory parenchyma (SP) of bracteolar glanl ikatangensiswhite arrow: vascularizatior. SEM
image of two-glandular bracteole & perrieri, white arrows: glandg=-H. transversal view of two-
glandular bracteole, showing medially position of glands at the bractealepirrieri, A.. vivyandA.
excelsus respectively, white asterisks: glands. J. Short-stalked glands iA&. humbertiiand A.
adenophorusespectively, black arrows: stalk. Transversal view of bracteole glandAn prasinus
A. adenophoruandA. humbertij respectively, black asterisks: subcuticular space, white arrow: cristals,
black arrow: cells filled with phenolic compounds.
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Figure 3: Morphoanatomy of calyx glanda, B. Calyx glands at SEM imagens, immersed and sessile
in A. longifoliusandA. smeathmanniespectively; white arrows: glands. andD. Transversal view

of immersed and sessile glands,An longifoliusand A. smeathmami, respectively; black arrows:
vascularizationE. Secretory epidermis (SE) and secretory parenchyma (SP) of calyx iglakd
longifolius black arrow: cristal.F, G. subcuticular space ii\. spectabilisand A. vanderystii
respectively; black arrow: subcuticular space and white arrow: cHst8EM image ofA. alopecurus
showinhg marginal calyx glands, white arrow: glantidN: different pattetns of calyx glands
distribution in A. socrotanus A. prasinus A. alopecurus A. alternifolius and A. vanderysi,
respectively; white asterisks: glands.
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TYPE d 7 m TYPE E
| A. adenophorus I A. congolensis
A. austrocaledonicus A. katangensis
A. excelsus A. macrocalyx
A. humbertii A. obovatus
A. per{fierr’ A. plagiopterus
A. vivy A. socotranus
TYPE TYPE m
11 v
A. katangensis -
& A. monodii
A. macrocalyx 0
: A. spectabilis
A. prasinus
TYPE TYPE
/ 3 F
A. zanzibaricus A. longifolius
TYPE E TYPE m
vi A. alopecurus vl
A. chevalieri A. alopecurus
A. chloropterus A. alternifolius
A. smeathmanni A. orientalis
A. natalitius
TYPE n TYPE
IX X
A. camerunensis .
A. vanderystii

Figure 4: Diagram in frontal view from the morphoanatomical patterns of calyx gldistribution A:
Type |, eglandulam: Type Il, two marginal glands in posterior segziType lll, two marginal glands

in posterior sepal and one marginal gland at posterior side in eadf tateral sepatsD: Type IV,
each anterior sepal bear two glan8sType V, is distint of type IV due to have one anterior glara in
intersepalar positior: Type VI, one gland in a intersepalar portion of the anterior sepalGairype

VII, two marginal glands in one of anterior sepals, add one marginal glahd other anterior sepal;
H: Type VIII, two marginal glands in posterior sepal, two margitehds in one of anterior sepals, one
marginal gland in the other anterior sepalType IX, two marginal glands in posterior sepal and one
marginal gland at posterior side of each anterior sepallype X, one gland in each intersepalar
portions.
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L]
Figure 5= A-D. Morphological appearance of individualized glands in SEM imagens and
stereomicrocopy image iA. spectabilisA. monodij A. longifoliusandA. zanzibaricusespectively ;
black arrows: calyx glands; Se: sefgaID. sagittate-acute outiline of calyx glargG. distribution of
calyx glands irA. spectabilisA. monodiiandA. zanzibaricusespectively, white sterisks: gland.J.
different degrees of glandular fusioH: secretory epidermis continuous in neighbors glandA.in
spectabilis I. Epidermis and secretory parenchyma shared.imonodii J. Completly sharing of
secretory tissues id. zanzibaricus
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Figure 6: Floral glands inAcridocarpus longifoliusA, B. General view of inflorescence and calyx
gland, black arrows: nectar drap. Consuming of nectar by an ant visitbr. Nectar aviable in calyx
glands at fruiting periodE. General view of the base of inflorescence, showing glandular bracts,
bracteal gland detail, black arrow: nectar dfepview of the axis of inflorescence, showing bracteoles
at the floral pedicel, black arrows: gland. Bracteole glands detaid. Anatomical cross of bract,
white asterisks: glands$. secretory tissues of bracteal gland, SE and SP: secretory epidermis and
secretory parenchyma respectively; white arrow: cristal, black arrow: vascularizhtiBracteole
gland.L. Detail of bracteole gland, showing epidermis and parenchyma not secretory.

108



Flgure 7. Histochemistry of calyx gland iA. Ionglfollus A-C. Testing polyssacharldes A. positive
reaction to PASwhite arrow: cell filled with phenolic compounds; black arrow: starch gr&ng.
Test for proteinD and E, positive reaction to Blue Comasdest, F. positive reaction to Xylidine
ponceae tesG-1. Testing total lipids, note the negative reaction to Sudan red test.wbitesacristals;
black arrows: cuticle (G and H) and thickness of epidermical(Wall
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CAPITULO IV

The hidrocoric Amazonian genus Glandonia (Malpighiaceae):

new records, morphoanatomy and taxonomic contributions

Redacao de acordo com as normas de submissédo do periéaytotaxa, a rapid

international journal for accelerating the publication of botanical taxonomy
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Abstract

Glandoniais a scarce and small genus with only three species confined to the
Amazonian rainforest. The herbarium registerGfpranceihas restrited to small
colection of the *70s, when this species was described. Such species was recentelly
rediscovery in the collection db. macrocarpawhich has been recorded in some
locations from municipally Manaus, Brazilandonia williamsiiwas not collected in

Brazil at the last three decades. The lack of understanding about such species resulted
in some identification mistakes over the years. The taxonomy of the genus was
reexamined in this work, which showing notes on morphoanatomy, distribution and
phenology, based on exhaustive field survey and examination of herbarium specimens.
In front of the similarity of the fruits, new morphoanatomical characters such as from
leaf and floral glands are provided to better diagnose of these species.

Keywords: Malpighiales mcvaughioicclade, taxonomy

Resumo

Glandoniaé um género raro e pequeno com trés espécies, tipico da Ama&z$éni
registros des. pranceiem herbarios estava restrito a uma pequena colecao dos anos
70, quando a espécie foi descrita. Esta espécie foi recentemente redescoberta na
colecdo deé5. macrocarpaque foi coletada em algumas localidades do municipio de
Manaus, Brasil.Glandonia williamsiindo foi coletada no Brasil nas ultimas trés
décadas. A falta de conhecimento sobre as espéc@madoniaresultou em alguns

erros de identificacdo ao longo dos anos. Neste trabalho, a taxonomia do género foi
revisitada, trazendo notas da morfoanatomia, distribuicdo geografica e fenologia,
baseadas em exaustivo trabalho de campo e analise de espécimes herborizados. Diante
da similaridade dos frutos, novos caracteres morfoanatbmicos como das glandulas
foliares e florais proporcionaram melhorias na diagnose das espécies.

Palavras-chave:Malpighiales, cladancvaughioidetaxonomia
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Introduction

Although the ocorrence of Malpighiaceae is concentrated in open
environments, such as Brazilian "Cerrado" (Mametlal. 2013), some species are
distributed in different enviroments and in higher elevations (Anderson 1981).
Glandonia Griseb. (Grisebach 1858: 23 an endemic genus from Amazonian
rainforest (Anderson 1981) where occurwetlands subjected to oscillating water
levels“varzea” and “igap6” and in upland forest “terra firme”. Wetlands foodplains
are environments semi aquatic and typical from the margins of the white and black
rivers, which in rainy season, present extensive flooded areas (Junk et al. 2011). The
“terra firme” forest is a complex patchwork of environments, including lowlands
called “baixio” that occur closed to streams (“igarapés”) and is subject to temporary
shallow flood during the rainy season (Hopkins 2005).

Glandonia is comprised of only three specie&. macrocarpa Griseb.
(Grisebach 1858: 24)5. prancei W.R. Anderson (Anderson 1981: 139) a6d
williamsii Steyerm. (Steyermark 1952: 288). Since @landoniaspecies presents a
restricted occurence at different rivers of Amazon basin, Anderson (1981) proposed a
geographical disjunct distribuition.

In Neotropical species of Malpighiaceae the floral morphology is highly
stereotiped (Anderson 1990) and the diversity of fruit has been used by a long time to
the taxonomy (Davis & Anderson 2010). However, according Davis & Anderson
(2010), the evidence taxonomic provides by fruits, seems to be the reason for
taxonomic problems in tradicional systems, for exemple, Niedenzu (1928) and
Hutchinson (1967) treatments (Davis & Anderson 2010). The most of species of

Malpighiaceae is wing-fruited, which are wind-dispersed (Anderson 1977; Davis &
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Anderson 2010)Glandoniais one of the exceptions since the species bear not winged
and not schizocarpic fruits, probably adaptated for water disperstion (Anderson 1981).
In Glandonig the three species exhibit morphological similarities, mainly

betweenGlandonia macrocarpandG. prancei(Anderson 1981). Thus, in this study

the taxonomy oGlandoniawere revisited and morphoanatomical data were described
in order to improve informations about this genus, providing more accurate diagnosis
to avoid identification mistakes, as has been notice. The fieldwork efforts allowed
finding unnotice records and reevaluating the geographic distribution pattafh of

Glandoniaspecies.

Material and Methods
Taxonomic studies

This study was based on the analysis of collections deposited in the following
herbaria: IAN, INPA, MG and VIC in Brazil; COL in Colombia; GUYN, PORT and
VEN in Venezuela; P in France (acronyms accordinghiers 2016). All specimens
and type collections were analyzed in stereomicroscope or through images available
at the JSTOR Global Plants website (http://plants.jstor.org/) and Reflora website
(http://herbariovirtualreflora.jbrj.gov.br/).

Fieldwork was carried out at different enviroments in Brazil (Fig. 1A and B)
where fresh samples were collected and field observations were recorded during the
vegetative, flowering and fruiting periods (Fig. 1C). Vouchers materials were
deposited at the herbarium VIC of the Universidade Federal de Vigosa-UFV.
Morphological characters were observed using a stereomicroscopy (StemC 2000-
Zeiss, Gottingen, Germany) equipped with a digital camera (AxioCam ERc; Zeiss,

Gottingen, Germany). The terminology adopted was based on Anderson (1981, 1990).
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Map was elaborated using ArcGIS (ESRI 2010), according to geographical
coordinates from herbarium, from Google Earth (Online version) and from GPS
(Global Positioning System) coordinates taken in fieldwors. The conservation
assessment of the species was based on IUCN Red List categories and criteria (IUCN
2012) and the Extent of Occurrence (EOO) and Area of Occupancy (AOO) values
(Bachmaret al.2011) were found using the GeoCAT tool (http://geocat.kew.org/

Leaf and floral anatomy studies

Leaf and floral samples @landonia macrocarpdSilva et al. 287288), G.
prancei(Silva et al. 298299 andG. williamsii (Silva et al. 29Dpwere prepared for
light microscopy and scanning electron microscopy following the standard methods.
Fragments of leaf and whole posterior petals were cleared according toefadco
(2014) while dissociation of leaf epidermis followed Franklin (1945). Such analysis
were conducted at the “Plant Anatomy Laboratory” and the “Center for Microscopy
and Microanalysis” of UFV. Observations and photographs were obtained using a light
microscope (AX70TRF; Olympus Optical, Tokyo, Japan) equipped with a digital
camera (AxioCam HRc; Zeiss, Gottingen, Germany). Scanning electron microscopy
followed Bozzola & Russel (1992), submetting the samples to dehydration in a graded
ethanol series, critical-point dryinf of samples, sputter coating with gold and observed

using a Leo 1430VP SEM (Zeiss, Cambridge, United Kingdom).

Results
Detailed descriptions of th&slandonia species were provided herein,
incorporating atualizations and new morphoanatomical features (Fig. 2-5) not

previously reported by Anderson (1981) early.
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Glandonia macrocarpa Griseb.in Mart., Fl. bras. 12 (1): 24. 1858.
Type:—BRAZIL. Amazonas. Manaus, Rio Negr8pruce 109Qholotype GOET;
isotypes GH, M, NY!, P!).

(Figures 1B; 2A; 3D, H, I, L, M; 4A, |, 5/C)

Description—Trees 1220 m; branches glabrous. Leaf entig@mina(10-)12-26 x

(3-) 5-11 cm, strongly obovate, base cuneate, apex acuminate, margin flat or sligtly
revolute, papyraceous, adaxial and abaxial surface glabrescéhtpdirs of
basilaminar glands, with yellow color, lateraly positioned at the median vein in abaxial
surface and at the same surface smallers glands randomly distributed throughout the
leaf blade on the proximal portion; petiole-Y&20(2.6) mm, glabrous; stipulé8—
)10-20 mm long. Raceme of cincinni inflorescence {)B7-28 cm long, adpressed-
tomentose, cincinni with-5 flowers; bracts and bracteoles widely oyatncave,
abaxial surface sericeous, bracts-8.5hm long, bracteoles 1.8 mm long, bracteolar
gland with creamy-white color and discoid-convex secretory syrfiémeferous
peduncle 33.5 cm long. Pedicel articulated-Ib mm long, adpressed-tomentose.
Sepals 1.52 mm long beyond calyx glands;25 mm wide, rounded to ovate, abaxial
surface sericeous, calyx glands3% mm long and white color. Petals glabrous,
outermost petal helmet shapedb® x ca. 5.5 mm, denticulate, claw-& mm long,
lateral petals white, limb-%.5x% 5-6.5 mm, sagittate, eglandular, margim entire, claw
4.5-6 mm long, posterior petal yellow, limb ca. 6 x 5 mm, base sagittfigydrs of

large marginal glands at the proximal portion of the reflexed posterior gletal4-5

mm long. Filaments 11.5 mm long, densely hirsute, tuft of straight hairs just above
of the insertion of anther; anthers-463%mmlong. Ovary ca. 1.3 mm long, pyramidal,
glabrous; three styles-5.5 mm long, subequal, glabrous,-@% mm ends at the apex

bent, small apical stigma. Fruit (1)81.9-2.8 x 0.7-1.8 cm, cilindrical becoming
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truncate-conoid, 1720 longitudinal grooves, forming rounded projections at the base,
styles apex permanent.

Specimens examined-BRAZIL. AMAZONAS: Manaus, Reserva Adolpho Ducke,
December 1901 (fr.c. 595@MG); ibid., Igap6 dos riachos, 2 November 1929 (bud),
A. Duckes.n.(INPA 16283; ibid., Estrada do Aleixo, 2 December 1942 @) Ducke

63 (IAN); ibid., 2 December 1942 (fl)A. Ducke 63MG); ibid., Igarapé do Crespo,
13 February 1943 (fr)A. Ducke 118ZIAN); ibid., Cachoeira baixa do Taruma, 18
November 1955 (bud)). Rodrigues.n.(2934INPA); ibid., Estrada dos Franceses,
28 November 1955 (budyV. Rodrigues s.{INPA 2979; ibid., Cachoeira baixa do
Taruma, 6 December 1955 (bud, ), Coelhos.n.(IAN 92214;INPA 3041); ibid.,

BR 17 Km 17, 14 December 1955 (bud, f), Coelhos.n. (INPA 3118; ibid., 28
December 1955 (f))Luis e Francisco s.nJAN 110940Q; ibid., 28 December 1955
(bud, fl), L.Coelho & F. Mello s.n(INPA 3230); ibid., lgarapé Santa Maria, 24
February 1956 (fr)). Chagas & D. Coelhs.n.(IAN 110956 INPA 3505; ibid., Rio
Negro, Igarapé do Goiabinha, 15 March 1958 &m, (IAN 98780; ibid., 19 March
1958 (fr),s.c, s.n.(INPA 622); ibid., Cachoeira baixa do Taruma, 07 November 1958
(bud, fl), s.n.(INPA 6047); ibid., Rio Preto, 30 January 1962 (i), Rodrigues & J.
Chagas 416&INPA); ibid., Rio Cuieiras, 19 December 1961 (bud,\N), Rodrigues

& B. Willson 3984INPA); ibid., Cachoeira baixa do Taruma, 26 December 1962 (bud,
fl), W. Rodrigues et al. 494BNPA); ibid., Estrada Torquato Tapajos, 1° April 1975
(fr), A. Loureiro et als.n.(INPA 48328; ibid., Ponta Negra, 11 February 1977)(f

M. F. Silva et al. 2068INPA); ibid., BR 17 Km 21, 28 December 1955 (bud, fl),
Coelho & F. Mello s.n(INPA 3230; S&o Gabriel da Cachoeira, Rio Curicuriari, 12.
July 1979 (fr),L. A. Maia et al 57XINPA); ibid., Reserva Adolpho Ducke, Igarapé

do Acara, 7 April 1994 (fr)Ribeiro, J. E. L. S. 1262 et dINPA); ibid., 27 November
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1997 (bud, fl),P. A. C. L. Assuncao 725 et dIAN; INPA); ibid., 11 January 2007

(f), I. R. Silva 15(INPA), 22 December 2014 (bud, fl),R. Silva et al. 287; 288
(VIC).

Notes on morphology— The above description @landonia macrocarp&xpands

the original one by Anderson (1981) with the following additions: quantitative
atualizations were made, about vegetative and reproductive characters; leaf, petiole
and stipules dimensions; pedicel, sepal, claw, filament and anther longitude, even as
fruit dimensions. New characters were observed in fieldwork, such as the yellow color
of the leaf glands (Fig. 3D) and of the posterior petal (Fig. @eamy-white color of
bracteolar gland (Fig. 31) and withe color of calyx glands (Fig. 3L, M).

Notes on anatomy— The sinuoses outline of anticlinal wall and scars of indument at
the adaxial (Fig. 4A) and abaxial surface of leaf was perfomed. Anatomical analyses
were crucial to define the presence and distribution of both basilaminar and laminar
glands on the leaf. The anatomical procedures allow observing the smaller glands (Fig.
3H) that are not well visualized in a naked through the blade (@s jmmanceiFig.

4H). The number of glands at the base of pdatdd was also evalueted (Fig. 5B, C).

In addction the cross section of bracteolar glands show secretory surface convex (Fig
41).

Common names— “riteira”.

Distribution, habitat and conservation— The species isestricted to lowlands of
“Terra Firme” in the vicinity of Manaus, Brazil (Fig. 1A)The following
specimens NYO01856587, NY01856583, NY01856584, NY01856586,
NY01856587 and RB00213108 (that were determingalaisdonia macrocarpa

were revised herein and recognized Gswilliamsii. Such dubious previous
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identifications were records in the Upper Rio Negro but this collectismtazany
vegetative atypical charateres. As these specimens were collected in frutification
period, the presence of conspicuous nectaries through the leaf blade was the main
feature for recognized them @s williamsii.

According to IUCN (2012) criteria&;. macrocarpas Endangered (EN): EOO
(extent of occurrence) less than 2,00F kamd AOO (area of occupancy) is equal a 16

km?. Furthermore, such species was collected only in Manaus vicinity.

Phenology— Glandonia macrocarpahas been collected with flowers from

November to February, and with fruits from January to May.

Glandonia prancel W.R. Anderson, Mem. New York Bot. Gard. 32: 139. 1981.

Type:—BRAZIL. Amazonas: Humaita, Rio Madeira, Rio IpixurRrance, Pena&
Ramos 3368nholotype INPA!, isotype, NY!, MO, S).

(Figures 1C; 2C; 3B, C, E, J; 4B, H, J; Bip-

Description—Trees ca. 18m. Leaf entire, lamina2Q x 4-6 cm long, elliptical, 01

pair of basilaminar white glands, lateraly positioned at the median vein in abaxial
surface and at the same surface smallers glands randomly distributed throughout the
blade on the proximal portion, stipules-22 mm long. Raceme of cincinni
inflorescence 511 cm long, cincinnis ca. 1 cm apart; bractd tghm long, bracteoles

1-3 mm long, ovate, bracteolar gland with white color and discoid-flat secretory
surface; floriferous peduncle-2 mm long. Pedicel articulated-& mm long, pedicel

foot 3-5 mm besides bracteole apex, calyx glands ca. 3 mm long and white color.

Helmet shaped petal ca. 6 x 4.5 mm, claw ca. 5 mm; lateral petals ca. 6 x 6 mm, claw
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ca. 3.5 mm; posterior petal ca. 6 x 5 mm reflexed, bear about 12 pairs of small marginal
glands at the proximal portipalaw 3.5-4 mm long; filament ca. 1 mm long, anther
3-4.5mmlong. Fruit 1.63.3 x 0.6-1.9 cm, cilindrical becoming truncate-conoid;-16

18 longitudinal grooves, forming rounded projections at the base.

Specimens examined-BRAZIL. AMAZONAS: Igapo6-Acu, BR 319, 15 March

1974(fr), G. T. Prance et al. 2055INPA, MG, NY); Humaita, Banks of Rio

Ipixuna, 26 November 1966 (fii3. T. Prance et al. 805@NPA, MG, NY). Lago

Preto, norte de Labrea, 29 October 1968 (bRince P0487063(P, NY); Beruri,

RDS PiagctPurus, 22 January 2011 (buB)G. Luize 304INPA); ibid., 28

February 2015 (bud, flgilva et al. 298, 299VIC).

Notes on morphology- The additions that expand the original description are about
quantitative atualizations in vegetative and reproductive characters that difer to
macrocarpa leaf, stipule, petals dimensions, and fruit dimensions. The pediGel in
pranceiis distint toG. macrocarpay an articulated portion beside the bracteole (Fig.

31, J respectively). Morphological characters were observed in field as the same color
of the posterior petal (Fig. 5D) observedG. macrocarpabut besides the calyx
glands, the bracteolar glands (Fig. 3J) and basilaminar leaf glands are white (Fig. 3E).
Notes on anatomy- The distribution of inconspicuous laminar leaf glands (Fig. 4H),
and the sinuoses outline of anticlinal wall at the epidermal cells on the abaxial surface
of the leaf (Fig. 4B) are similar 6. macrocapaThe main distinguish features from

G. pranceito G. macrocarpaare flat surface of the bracteole glands (Fig. 4J) and
amout and size from the petal glands (Fig. 5E, F

Etymology— The specific epithet honours the botaBigillean Tolmie Prance.
Distribution, habitat and conservation— In the genus, such species is the most

scarced, being colleted in only four areas from of Solimdes River Bagn 1A).
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Glandonia pranceiwas recently rediscovered in th@&landonia macrocarpa
collection. This specimen wasollected in the “Reserva do Desenvolvimento
Sustentavel Piagadiisrus” (Luize 304 in 2011 and it is the first record Glandonia
pranceisince 1974Rrance et al20557. Therefore, the new record in the Lower “Rio
Purus” is a strong evidence of tkeb-sampling of Amazonian flora and reinforece the
diagnose problems of such species.

Based on EOO (49,090.842 Rnand AOO (16.000 kA values, the analyses
suggests the status of G. prancei according to IUCN (2012), to be Least Concern (LC)
and Endangered (EN), respectively. The sampling efforts made in this work in nearby
from the type location have failed to find any populations. On the other hand,
fieldworks in Lower Purus have recorded this species in a new location. Although the
EOO ofG. pranceiis higher, the species was recently collected only in a Conservation
Unit area.

Phenology— Glandonia prancehas been collected with flowers from November

to February, and with fruits from March to April.

Glandoniawilliamsii Steyerm., Fieldiana Bot. 28(2): 288. 1952.
Type:—VENEZUELA. Amazonas: Alto Orinoco, LI. Williams 14154 (holotype F;
isotypes F, MICH, VEN!).

(Figures 1C; 2B; 3A, F, G; 4C-G, L-N; 5(p-

Description—Small trees8(-15) m, branches glabrous. Lesattire, lamina 926 x 3
10.8 cm, elliptical, base rounded, margim revolute, apex acuminate, coriaceous,
adaxial and abaxial surface glabrescent, abaxial surface papillose? (3its of
basilaminar glands, with green-yellowish color, lateraly positioned at the medivein in

abaxial surface and at the same surface smallers glands randomly distributed
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throughout all the leaf blagleeins abaxially prominenthe median portion of the keel
shaped leaves; petiole -Z%(-29) mm long, glabroysstipules 921 mm long
abaxially glabrescent. Raceme of cincinni inflorescend8 $m long, adpressed-
tomentose or sericeous, cincinnis mostly less than 1 cm apart,-wigFbBflowers
bracts and bracteoles ovate, abaxial surface, brastm# long, bracteoles-2 mm
long, bracteolar gland with crey-white color and discoid-convex secretory surface
floriferous peduncle-22 am long; Pedicel articulated-20 mm long, pedicel foot-2
mm besides bracteole apex, tomentose to sericeous. Sepalsnindong beyond the
calyx glands, 22.5 mm wide, rounded apex, abaxial surface sericeous, calyx glands
2-3.2 mm long and white color. Petals glabrous, outermost petal helmet sképed 4
x 4-4.5 mm, denticulate, claw-8 mm long, lateral petals white, limb&x 4-5 mm,
obtusely sagittate, eglandular, claw-3l% mm long, posterior petal yellow, limb 4
5.5 x 34 mm, base sagittatea. 18 pairs of small marginal glands at the proximal
portion of the erect posterior petalaw ca. 3.5 mm long Filaments113 mm long
densely hirsute; antheBsb-5 mm long, tuft of straight hairs just above of the insertion
of anther. Ovary-1.5 mm long, pyramidal, glabrous; style$4 mm long, subequal,
glabrous, ca. 0.5 mm ends at the apex bent. Fru#)(1432.4 x 0.81.6 cm, cilindrical
becoming slithly acute-conoid, -¥5 longitudinal grooves, forming rounded
projections at the base, styles apex permanent.

Specimens examined-BRAZIL. AMAZONAS: S&o Gabriel da Cachoeira, Rio
Negro, 1947 (fr)R. E. Schultes 9568AN); ibid., Icana, Rio Negro, 05 May 1947
(f), R. L. Froes 2228@QMG); ibid., Cachoeira Magarico, 26 April 1947 (fR, L.
Froes 222331AN); ibid., Rio Negro, Igarapé Toury, 18 March 1952 (bud,R),L.
Froes 279091AN); ibid., Taraqua, Igarapé da Chuva, Uaupés, 7 June 1962 (10.

Nascimento 578AN); ibid., Rio Uneiuxi, 22 October 1971 (bud}, T. Prance et al.

122



s.n.(INPA 33733; Rio Urubaxi, 4 June 1976 (fi), R. Marinho 42@IAN); ibid., Rio
Negro, Rio Canaburi, 16 June 1976 (fr),F. Coelho 984INPA; MG); ibid., Rio
Curicuriari, 12 July 1979 (fr)). M. Pires & N. T. Silva 7970/G); ibid., 13 July 1979
(fr), J. M. Poole 198ZMG); ibid., Rio Uapés, Taraqua, January 2015 (budl.fR.
Silva et al. 29@QVIC); COLOMBIA. VAUPES: Mitu, Rio Vaupés, 19 November 1976
(bud, fl),J. L. Zarucchi s.n(COL 172039 INPA 76789; GUAIANIA: Cafo Minas,
abajo de Sejalito, 05 March 1995 (stéyl. P. Cordoba et al. 979qCOL).
VENEZUELA. AMAZONAS: Sao José Casiquiare, 12 December 1945 Ril)L.
Froes 21509IAN); Along Yapacana, 20 March 1953 (8),Maguire & J. J. Wurdack
s.n.(VEN 178463; Rio Negro, cerca Rio Pasimoni, 9 February 1981 (bud, fOfr),
Huber & E. Medina s.n(COL 259369 MG 107371); s ., 18 February 1986 (bud, fl),
B. Stergios & G. Aymard s.(PORT31685; Rio Esoni, 16-27 January 1987 (fB.
Stergios, G. Aymard &R. Estévez $RORT32975; Rio Casiquiare, Cafio Kuka, 10-
22 February 1989 (fl, fr)B. Stergios et al. s.fPORT 420849; Rio Guayapo, May
1989 (fr),E. Foldats & J. Velazco s.fPORT 49490Q; Entere Cafo Cotua y Cerro
Yapacana, November 1989 (bud, 5, Marin s.n.(PORT 60136; Cafio Yagua,
November 1989 (fl)E. Marin s.n.(PORT5200)); San Entre Cafio Cutua y Cerro
Yapacana, November 1989 (bud), Marin s.n.(GUYN 7507; Laja Cuacuta, Rio
Atacavi, November 1989 (bud, flJ. Velazco s.n(PORT 41135; Atabapo,
confluencia del Cafio Yagua em el Orinoco, May 199Q Er)Marin s.n.(PORT
62675; Varia, April 1991 (fl),J. Velazco s.n(PORT514849; Rio Varia, April 1991
(ste),J. Velazco s.{PORT56489; Casiquiare, Cailo San Miguel, 18 April 1991,(fr)
G. Aymard s.n(PORT58955; Casiquiare, Rio Negro, 3 February 1992 (budHl),
Stergios et al. s.{PORT67209; Rio Baria, 7 November 1994 (bud, 1B, Stergios

et al. s.n(PORT61007 VEN 288790; Autana, Rio Cuao, entre Piedra Picure y Santa

123



Elena, 14 August 1997 (frj\. Castillo 5079 VEN); Autana, Rio Cuao, entre Raudal

del Danto e Isla Picurela, 29 January 1997 Kr)Castillo 4488 VEN); Casiquiare,

April 2000 (ste),B. Stergios et al. s.{GUYN 12943; ibid., April 2000 (ste)B.
Stergios, & W. Schargel s.(PORT72216; Rio Sipapo, cerca de Cerro Pelota, 22
February 2001 (fl)A. Castillo & B. Camaripano. 899%/EN); Rio Sipapo, entre Cano
Veneno y Pendare, margen izquerda, 19 February 2001 (bud, fDastillo & B.
Camaripano. 824ZVEN); Médio Ventuari, March 2002 (std3, Stergios, F. Molina

& A. Vicentini s.n(PORT82468; Rio Yatua, 30 January 2005 (buK),M. Redden

3408 (GUYN); Rio Baria, Cafio Eruvichi, 14 April 2005 (bud, fv). Diaz 7477
(GUYN).

Notes on morphology— Concerning theriginal description, the following additions
were made: keel shaped leaves (Fig),3e slightlyacute apex of the fruit (Fig. 2C)

and an update about vegetative and reproductive quantitative characters was made for
leaf and fruit dimensions. The pedicel @& williamsii is also articulated as 6.
prancei Field obsevations able to confirm the erect position and yellow color of the
posterior petal (Fig. 5G), besides the green-yellowish color of leaf glands (Fig. 3F) and
creamy-white color of bracteolar glands (Fig. 5G).

Notes on anatomy— Although the anatomical characters are similar to Ge
macrocarpaand G. prancej the size of laminar glands is bigger (Fig. 4G) and
visualized on the naked eye (Fig. 3G). In additional, the abaxial epidermis is papillose
(Fig. 4CE) and the numerous and small petal glands (Fig. 5H, I) were recorded. One
feature exclusively found on the posterior petalGofwilliamsii is the presence of
brachysclereids and macrosclereids in the adaxial subepidermis layer (Fig. 4L-N).
Etymology— The specific epithet pays homage to the type collettienyvelyn

Williams.
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Distribution, habitat and conservation— Glandonia williamsiiis distributed in
Lower Uaupés, Upper Rio Negro and Orinoco, coveriiigapd” areas in
Colombia, Venezuela and Brazil (Fig. 1According to IUCN criterias (20128.
williamsii is Least Concern (LC) and Endangered (EN), respectively: EOO (extent of
occurrence) is more than 200,000.000?kmihile the AOO (area of occupancy) is
equal a 108.000 kinTherefore, such species was collected only in Upper Rio Negro
areas.

Phenology— Glandonia williamsiihas been collected with flowers from Outubro

to May, and with fruits from February to June.

DISCUSSION

Taxonomic comments— Glandoniaspecies differs on the shape of leaves, cuneate-
obovate inG. macrocarpacuneate-elliptical irG. pranceiand rounded-elliptical in

G. williamsii. In this work were recorded informations about the color of the glands,
unnotice in original description of these species (Anderson 1981). The leaf glands are
yellow in G. macrocarpawhite inG. pranceiand green-yellowish is. williamsii,
while the bracteolar glands are creamy-whit&inrmacrocarpaandG. williamsii, and
white only inG. prancei All three species present calyx glands white and about the
corolla color, only the posterior petalyellow while the other petals are white (helmet
shaped and lateral petals). The smallest petals were obser@egrianceiand only

in G. williamsii the reflex position of the posterior petal limb was not observed.
Another difference among the species is the fruit shape: truncate-con@d in
macrocarpaand G. pranceior acute-conoid inG. williamsii. Table 1 shows a

comparasion among the species.
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Notes on leaf and floral anatomy— The three species o&landonia showed
morphoanatomical differences in your leaves, bracteoles and flowers. The anatomy
studies help to elucidate the presence of the leaf glayetseral two pairs of
basilaminar leaf glands i@. macrocarpaandG. williamsii, absent or only one pair in
G. prancej and laminar leaf glands is conspicomsG. williamsii, while in G.
macrocarpaandG. pranceithey are inconspicous. In the original description of the
three species (Anderson 1981) the leaf glands were not mentionated or were reported
without detail about position and size. Differences of leaf anatomical characters were
observed amon@landoniaspecies, as the presence and form of the papilloses cells in
abaxial surface, which recovered the stom&apillaes were one of the most
distinctive anatomical leaf characters since only the epidermal abaxial surf@ce of
williamsii displayed them. Such character can play an important functional role in
taxonomy as reported by others works (Coutiahal. 2016).

The glands of the pedicelar bracteole of flowers, showed a convex surface in
G. macrocarpaand G. williamsii, while only in G. pranceiis flat. The leaf and
bracteolar glands are nectaries and attract insects, mainly antse{Siluanpublished
data), which problably act against herbivorous agents (Fernahdds2005). The
presence of sclereids on the posterior pet@.aokilliamsii promoves the sustentation
to their position erect. Another peculiar distinctive character observed at the corole are
the number and size of petal glands, being lar@e macrocarpafew smallers glands
in G. pranceiand numerous and small @. williamsii. Althought the secretion
produced by such glands are actually similar to reported for the calyx gland that act as
elaiophore (Vogel 1990), they can also act as osmophore (Possbbb@015, Silva
et al. unpublished data). All anatomical data are promising for future taxonomic,

phylogenetic approaches.
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Key to the species oGlandonia (Anderson 1981, modified)

1. Leaf elliptical, rounded at the base, coriaceous, abaxial surface papillose,
conspicuous basilaminar and laminar leaf glands; posterior petal with about 18 pairs
of small marginal glands at the proximal portion of the erect petalar limb, posterior

petal bear tracheids; fruit apex slithly acute...................... Glandoniawilliamsii

- Leaf obovate to elliptical, cuneate at the base, papyraceous, abaxial surface not
papillose, conspicuous basilaminar leaf glands and inconspicuous laminar leaf glands;
about 12 pair of marginal glands at the posterior petal, which not present tracheids;
FIUIT QPEX TTUNCALE ..o e e e 2.

2. Leaf strongly obovate, 1-2 pairs of basilaminar leaf glands (yellow); convex
secretory surface of bracteolar glands (creamy-Whptesterior petal with 6-9 pairs of
large marginal glands at the proximal portidinthe limb...... Glandonia macrocarpa

- Leaf ellipical to slithly obovate, 0-2 pairs of basilaminar leaf glands (white); flat
secretory surface of bracteolar glands (wWhitgosterior petal with about 12 pairs of
smallers marginal glands at the proximal portion of the limb.Glandonia prancei

Biogeographical comments— According to the phylogeny presented by Davis and
Anderson (2010)Glandoniais positionated in the “mcvaughioid clade”, as a sister-

group of Burdachiaand Mcvaughia As Glandonig Burdachiais a little endemic
genus of trees from Amazonia wetlands floodplain (Anderson 1981). On the other side,
Mcvaughiais shrubs restricted to Caatinga (Anderson 1979) and sandy coastal plains
from Atlantic forest in Brazil (Amorim & Almeida 2015). The endemisn&&dindonia

was reforced by the records added herein (Fig. 1), since the disjunct distribution of the
three species @landoniawas mainted as described by Anderson (1981). About 30%
of the seven million square kilometers that make up the Amazon basin is covered by
periodically flooded forests (Jurdt al. 2011). Hidrocorical dispersion is a commun
adaptation of trees in inundated forest reported by Ducke (1949) and Raralin
(2013), the fruits of5landoniaspecies is an evidence of such syndrome. In general,
high degree of endemism of trees species has been point for the Amazonian flooded
habitats, mainly in the Upper Rio Negro (Kubtzki 1989). One of the hypotheses to

explain the high endemins in flooded areas is related to climatic oscillations of the
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Pleistocene, which were postuled that the speciation was resulted of biota isolation in
refuges during arid periods (Prance 1982).

In additional, such species occumiplace that is very difficult to access, what
may explain the collection to be restricted to some specimens. Hopkins (2007)
recognized that the botanical knowledge about the Amazon is concentrated in certain
areas, which reflects in underestimated information about the diversity and geographic
distribution of the amazonian flora. In this way, the occurrence are@aontlonia
species may encompass part of this knowledge gap. The recent colleGiqranfcei
in the Lower Purus River corroborates this idea, since this species was considered by
Anderson (1981) endemic to the Upper Rio Purus and Rio Madeira. Apparently, the
lack of new records is a consequence of the low effort of fieldwork intbeadeess
areas. Therefore, future expeditions along the Negro River Basin and Rio Solimbes
Basin may reveal new records for the genus, clarifying the controversial about the

disjunct distribution of the three species.
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TABLE 1. Comparison of diagnostic morphoanatomical characters atlamglonia

species.

Morphoanatomical characters G. macrocarpa G. prancei G. williamsii
Vegetative:
Leaf shape obovate elliptical elliptical
Leaf base shape cuneate cuneate rounded
Number of basilaminar leaf glands 24 (0) 2 (0) 2-4 (6)
Color of basilaminar leaf glands yellow white green-
yellowish
more visible at more visible at .
Distribution of laminar leaf glands the proximal the proximal enéllfdfaf
portion portion
Aspect of laminar leaf glands inconspicuous inconspicuous  conspicuous
Anticlinal outline of abaxial surface sinuous slightly sinuous curve
Periclinal outline of abaxial surface flat flat papillose
Reproductive:
Pedicel articulated beside bracteole absent present present
Bracteolar gland shape discoid-convex discoid-flat clisereio-
convex
Color of bracteolar gland creamy-white white creamy-white
Number of posterior petal glands 6-9 glands +12 glands + 18 glands
Size of posterior petal glands large small small
Posterior petal position reflexed reflexed erect
Sclereids on the posterior petal absent absent present
slightly

Shape of mature fruit

truncate-conoid

truncate-conoid

acute-conoid
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FIGURE 1. A. Map showing the distribution dblandonia macrocarpgblack triangles)G. prancei
(black circles) ands. williamsii (black squaresB. Glandonia macrocarpapecimen in “Terra Firme”

forest.C. Glandonia williamsiispecimeri‘lgap6”. D. Hidrocorical fruit ofG. prancei Photos B-D by
I. R. Guesdon.
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FIGURE 2. General view ofGlandoniaspeciesA. Floriferousbranch inG. macrocarpaand lateral

and frontal view of fruitB. Frutiferous brancin G. williamsii.Glandonia macorcarpaC. Frutiferous
branchin G. prancei Draw A from Silva 14 Ducke 793;B from Frées 28782and C fromPrance et

al. 20557

133



FIGURE 3. Vegetative and reprodutive charactersGilandoniaspeciesA. keel shaped leaves (.
williamsii, B. andC. general view of leaves and inflorescenc&oprancei Basilaminars leaf nectaries:
D. Glandonia macrocarpgE. Glandonia. pranceandF. Glandonia williamsii Laminars leaf glands:
G. Glandonia williamsiiandH. Glandonia macrocarpaFloral glandsi. bracteolar gland (BG) ifs.
macrocarpa J. bracteolar and calyx glands @®. prancei(BG and CC respectively), black arrow:
articulated pedicel. Posterior petal in bud &. macrocarpanote the petal glands (arroi). Helmet
shaped petal and posterior petal refleGirmacrocarpgHP and PP respectively).
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g 2 :
. Adaxial surface inG. macrocarpa,
showing scars of indumentun3, Abaxial surface irG. prancej showing a stoma (black arrow) and
outline sinuouses of the anticlinal epidermical wéll, Abaxial surface inG. williamsii, showing
papillaes that recorved the stomata (black arr@wvRapilaes ofs. williamsiiat SEM image, a stoma
(white arrow) E. Transversal section of le&. williamsii, papilae (white arrow};. Sclereids in median
vein of the leaf blade iG. williamsii (black arrow).G. Diafanized leaf blade d&. williamsii andH.

G. prancej note the laminar nectar (arraw) Bracteolar glands iG. macrocarpashowing convex
surface at transversal view, bracteolar gland is. pranceiwith flat surface at transversal viela:N.
Sclereids on subepidermical layers at the median portion of posterior petalpufstierior petal i16G.
williamsii, M. MacrosclereidsN. Brachysclereids.
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FIGURE 5. Morphoanatomical floral characters GlandoniaspeciesA-C: Glandonia macrocarpa
A. General view of the flowers3. Posterior petal margin in SEM image a@d Posterior petal
diafanized D-F: Glandonia pranceiD. General view of the flower&. Posterior petal margin in SEM
image and-. Posterior petal diafanize@-I: Glandonia williamsii:G. General view of the flowend.
Posterior petal margin in SEM image dnéPosterior petal diafanize®P: Posterior petalCG: Calyx
glandsBG: Bracteolar gland.
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3. CONCLUSOES GERAIS

Os padrdes morfolégicos e anatdmicos das glandulas estudadas revelaram
diferencas intra e interespecificas. Dentre os nectérios do clado mcvaughioide, os
bracteolares sdo os mais conservados enquanto os foliares variam morfo e
anatomicamente. Porém nao foi detectada variacfes de distribuicdo relacionadas aos
diferentes ambientes. Os resultados dos testes histoquimicos dos nectérios foliares séo
similares aos bracteolares, mas diferem na concentracao de glicose da secrecdo. Além
disso, a visita das formigas foi observada sobretudo nos nectarios bracteolares, onde
concentracdo de glucose do néctar € maior.

Nas glandulas florais das espécies do clado mcvaughioide também foram
observados diferentes padrdes morfoanatbmicos no célice e pétala. No entanto,
composicdo anatbmica e a natureza histoquimica da secre¢do sdo idénticas. Tal
similaridade pode ser um sinal de homologia, apesar de suas respectivas funcées
ecologicas serem possivelmente diferentes. As glandulas do calice parecem atuar
como elaiéforos e as petalares como osmoforos.

As glandulas florais no género paleotropidatridocarpus apresentam
composicao anatdmica tipica de nectarios. Diante dos testes histoquimicos realizados
emA. longifoliustais glandulas foram consideradas como nectarios nas bracteolas e
no calice. Nas bracteolas e no célice a distribuicdo foi variavel, onde as glandulas
podem ser ausentes e variar em nimero e grau de fusdo. Alguns padrdes parecem ser
espcificos de determinadas regifes geograficas como por exemplo o célice eglandular
nas espécies de Madagaskar. A alta variabilidade desses caracteres florais parecem
refletir a auséncia do mutualismo com as abelhas coletoras de 0leo.

Adicionalmente, a caracterizacdo morfoanatomica das glandulas foliares e
florais apresentam importancia taxonémica na distincdo das espédciandenia
(clado mcvaughioide). Assim, foi apresentada nova chave de identificacdo e
atualizacdes nas descricdes das espécie.

O presente trabalho registrou importantes dados sobre as glandulas foliares e
florais de espécies Neo e Paleotropicais da familia Malpighiaceae, contribuindo com
informac@es da flora de areas de dificil acesso e pouco conhecidas. Os resultados sdo
promissores para estudos de evolugcao de caracteres foliares e da evolucao floral na
familia, além de estudos da relac&o entre as Malpighiaceae com seus consumidores de

néctar e polinizadores.

137



