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Pollen diversity in honey from Sergipe, Brazil

ANA PAULA CONCEICAO SILVA & FRANCISCO DE ASSIS RIBEIRO DOS SANTOS

Programa de Pos-Graduagdo em Botanica, Laboratorio de Micromorfologia Vegetal, Universidade Estadual de Feira de
Santana, Feira de Santana, Bahia, Brazil

Abstract

The pollen contents of honeys from 22 different municipalities of the Brazilian state of Sergipe were analysed. A total of 90
pollen types distributed in 32 plant families were identified. Fabaceae had the highest representation in number of pollen
types (29 types), followed by Asteraceae (eight types), Rubiaceae (seven types), Anacardiaceae and Malvaceae (four each)
and Euphorbiaceae and Myrtaceae (three each). The presence of dominant pollen was detected in 14 samples, with the
dominant types Mimosa pudica in five samples, Alternanthera in two samples, Angelonia, Cocos nucifera, Mimosa arenosa,
Mimosa tenuiflora, Myrcia, Prosopis juliflora, Protium and Schinus in one sample each. Eleven pollen types were recorded as
accessory pollen: Borreria verticillata, Mimosa pudica, Tapira in three samples, Mitracarpus hirtus in two samples, Angelonia,
Baccharis, Cocos nucifera, Melastomataceae, Protium, Salvia and Senna macranthera in one sample each. Pollen types from the
genus Mimosa were prominent in the samples indicating the important contribution of species with palynological affinities
with the pollen types found in this genus in the apicultural production of the region. Pollen types from species endemic to
the Caatinga were found in the pollen spectrum for Sergipe: Mimosa adenophylla, Mimosa ophthalmocentrica, Mimosa

setuligera and Mimosa xiquexiquensis from Fabaceae, and Ziziphus joazeiro from Rhaminaceae.

Keywords: pollen analysis, native flora, floral resources, pollen types

The knowledge regarding local bee floras allows the
recognition of main floral resources used by the bees.
This allows beekeepers to locate hives near the most
appropriate and richer sources of nectar and pollen in
their environment. The role of nectar and pollen on
the diet of bees is vital, the first being the source of
proteins to the bee offspring, and the second is the
source of energy for the whole colony (Freitas 1991;
Ramalho et al. 1991; Winston 1991). Besides, surveys
for plants from a certain area, building knowledge of
the resources utilised by bees represents an important
step for the rational exploitation and development of
programmes for bee conservation. These actions may
help beekeeping management actions and also the
identification, preservation and persistence of the
most important plant species in the area (Wiese 1985).

According to Santos et al. (2005), north-eastern
Brazil has a great beekeeping potential due to the
favourable climate, the richness of its flora and the

diversity of native honeybees. However, this activity
is only little exploited, making room for indiscrimi-
nate extractivism without a rational planning aiming
the optimisation of main bee and plant resources.

The melissopalynological analysis of honey sam-
ples is an effective tool to recognise the bee flora of a
given region, and thus to determinate its beekeeping
potential. This method is based on the identification
of pollen grains by comparison of morphological
similarities with pollen grains from plant species
that contributed in honey formation. It is also possi-
ble to provide information on the frequency of spe-
cies by counting the amount of pollen grains and to
determine the botanical and geographical origin of
the honey sample (Moar 1985; Freitas & Silva 2006).

This study aims to identify the pollen content of
Apis mellifera L. honeys from the state of Sergipe,
Brazil, and to recognise possible pollen types asso-
ciated to their geographical origins.
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Figure 1. State of Sergipe, Brazil, with the identification (*) of the
sampled municipalities.

Material and methods
Study area

The state of Sergipe is situated in north-eastern
Brazil and is considered the smallest of all Brazilian
states, with a total of 21910 km?® representing
0.26% of the Brazilian land and 1.4% of the north-
eastern Brazil territory. The state is bordered on the
north by the Sao Francisco River and the state of
Alagoas, on the south and west by the state of Bahia
and on the east by the Atlantic Ocean. Its vegetation
includes mangroves and a portion of tropical rain-
forest on the coastal line, but most of its area is
covered by Caatinga vegetation, a kind of semi-
desertic vegetation. Its climate is tropical Atlantic
on the coast and semi-arid inland. The state is
divided into 75 municipalities distributed into three
economic mesoregions (Figure 1): Sertdo, Agreste
and Leste Sergipano (Secretaria de Planejamento
do Estado 2007).

Honey samples were collected from apiaries in all
mesoregions of Sergipe from 2008 to 2011. A total of
22 samples were studied from the following
municipalities:

— Mesoregion Sertdo Sergipano: Canindé do Sao
Francisco, Carira, Monte Alegre de Sergipe,
Nossa Senhora da Gloria, Po¢o Redondo, Porto
da Folha and Ribeiropdlis.

— Mesoregion Agreste Sergipano: Lagarto, Nossa
Senhora das Dores, Poco Verde and Tobias
Barreto.

— Mesoregion Leste Sergipano: Aracaju, Barra dos
Coqueiros, Brejo Grande, Estincia, Itaporanga
d’Ajuda, Japaratuba, Japoatd, Neodpolis, Nossa
Senhora do Socorro, Propria and Sao Cristovao.

All municipalities were chosen according to samples
availability, with one sample by municipality being
provided by beekeepers and apicultural cooperatives
from the production period 2008-2011.

Pollen analyses

Honey samples were analysed using the methodol-
ogy of Louveaux et al. (1978) as adapted by Jones
et al. (2004) in order to concentrate pollen grains.
Ten grams of honey were dissolved in 10 ml of warm
water, to which 50 ml of a 95% ethanol solution were
added. The solution was centrifuged for 10 min at
1048¢. The pollen sediment was prepared using the
acetolysis method (Erdtman 1960) and mounted in
permanent slides with glycerine jelly.

At least, a total of 500 pollen grains were counted
in order to determine the frequency class of the
pollen types. The pollen types were classified accord-
ing to the categories defined by Louveaux et al.
(1978): predominant pollen (> 45%), secondary pol-
len (16-45%), important minor pollen (3-15%),
minor pollen (1-3%) and trace pollen (< 1%). The
frequency of occurrence of the pollen types in the set
of samples followed the classification of Jones and
Bryant (1996): very frequent (> 50%), frequent
(20-50%), infrequent (10-20%) and rare (< 10%).

For the calculation of the pollen concentration in
the honey samples, one tablet of spores of
Lycopodium clavarum L. was added as a foreign mar-
ker (Stockmarr 1971; Moar 1985; Jones & Bryant
1996), each tablet with 18 583 spores. The concen-
tration of pollen grains in 10 g honey was estimated
for each sample, and the results were grouped into
five categories (Maurizio 1975): category I (<20 000
pollen grains), category II (20 000-100 000), cate-
gory IIT (100 000-500 000), category IV (500 000—
1 000 000) and category V (> 1 000 000).

Additionally, an analysis of similarity among the
samples investigated was performed using the PAST
software (Palacontological Statistics, Ver. 1.84;
Hammer et al. 2001). The Jaccard similarity coeffi-
cient was used because this coefficient does not con-
sider shared absence as evidence of similarity. Only
information of presence/absence of pollen types in
the samples was used in the analysis.

The pollen types were identified following the
recommendations of Santos (2011), by comparison
with the reference pollen of the Laboratory of Plant
Micromorphology (LAMIV-UEFS), Feira de
Santana, Brazil, and with the aid of available pollen
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catalogues, such as Melhem et al. (2003); Palacios
et al. (1991); Roubik and Moreno (1991) and Silva
(2007); Lima et al. (2008) for the Mimosa species
from the semi-arid region of Brazil, and Souza
(2008) for Mitracarpus species.

Results
Pollen assemblages

A total of 90 pollen types assigned to 32 families
were recorded from honey samples of the state of
Sergipe (Figure 2, Table I). Another 32 pollen types,
occurring in nine samples, could not be assigned to
any plant family. These unidentified pollen types had
a low representation in the samples (< 5.4%), occur-
ring in frequency classes of important minor pollen,
minor pollen and the majority was registered as trace
pollen.

Among the 32 families identified in the pollen
spectrum of honey from Sergipe, six occurred in
more than 50% of the samples. The most frequent

Pollen diversity in honey from Brazil 161

is Fabaceae, present in all samples, followed by
Asteraceaec and Rubiaceae present in 90.9%,
Amaranthaceae in 72.7%, Lamiaceae in 59% and
Arecaceae in 54% of the samples. Moreover, the
diversity of Fabaceae was a highlight, yielding 29
pollen types.

Families that made a significant contribution to the
number of pollen types: Asteraceae (eight pollen types),
Rubiaceae (seven pollen types), Anacardiaceae and
Malvaceae (four each), Euphorbiaceae and Myrtaceae
(three each), Acanthaceae, Amaranthaceae, Convol-
vulaceae, Cyperaceae, Lamiaceae, Melastomataceae
and Sapindaceae (two each). Remaining families
recorded a single pollen type each one.

Predominant pollen was found in 15 analysed
samples, with Mimosa pudica L. in five samples,
Alternanthera in two samples, Angelonia, Cocos nuci-
fera L., Mimosa arenosa Poir., Mimosa tenuiflora
Poir., Myrcia, Prosopis juliflora DC., Protium and
Schinus in one sample, totalling in ten predominant
pollen types. Eleven secondary pollen types were

Figure 2. Pollen types found in Apis mellifera L. honey samples from Sergipe, Brazil. A. Anacardiaceae: Tapirira. B. Arecaceae: Cocos nucifera. C,
D. Asteraceae: C. Baccharis. D. Vernonanthura. E. Burceraceae: Protium. F-H. Fabaceae: F. Chamaecrista. G. Mimosa sensitiva. H. Mimosa
tenuiflora. I. Lamiaceae: Salvia. J. Myrtaceae: Myrcia. K. Plantaginaceae: Angelonia. L . Solanaceae: Solanum. Scale bars: — 10 pm.
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Table I. Pollen analysis of honey samples from Sergipe, Brazil.

Sertdo Sergipano

Agreste Sergipano Leste Sergipano

CAR, CSF, PR, PF,
MAS, NSG, RIB

Municipalities sampled

LAG, NSD, PV, TB ARA, BC, BG, EST, IA, JAPA,

JAPO, NEO, NSS, PRO, SC

Families/pollen types
Unidentified pollen types
Fabaceae pollen type number
Predominant pollen types

Secondary pollen types

Pollen types shared by all honeys

21/50

10

17

Alternanthera
Angelonia
Mimosa arenosa
Mimosa tenuiflora

Angelonia,
Borreria verticillata
Mimosa pudica
Melastomataceae
Mitracarpus hirtus

16/41

1

18

Mimosa pudica

Baccharis

Borreria verticillata
Mimosa pudica
Salvia

Senna macranthera
Alternanthera

27/62

25

15

Cocos nucifera
Myrcia

Mimosa pudica
Prosopis juliflora
Protium
Schinus

Cocos nucifera
Mimosa pudica
Matracarpus hirtus
Protium
Tapirira

Cocos nucifera

form the municipalities

Pollen concentration range 7055-546 558

Borreria verticillata
Mimosa pudica
Mikania
Vernonanthura

12 833-98 845

Mimosa pudica

15 910-238 243

Municipalities: ARA — Aracaju, CSF — Canindé do Sio Francisco, MAS — Monte Alegre de Sergipe, CAR — Carira, JAPO — Japoati, IA —
Itaporanga d’Ajuda, JAPA — Japaratuba, NSS — Nostra Senhora do Socorro, BG — Brejo Grande, BC — Barra dos Coqueiros, SC — Sao
Cristovao, NEO — Neopolis, EST — Estancia, PR — Po¢o Redondo, TB — Tobias Barreto, PF — Porto da Folha, RIB — Ribeiropolis, NSG —
Nostra Senhora da Gloria, NSD — Nostra Senhora das Dores, LAG — Lagarto, PV — Po¢o Verde, PRO — Propria.

found: Borreria verticillata G. Mey., Mimosa pudica
and Tapirira in three samples, Mitracarpus hirtus DC.
in two, Angelonia, Baccharis, Cocos nucifera,
Melastomataceae, Prouum, Salvia and Senna
macranthera (DC. ex Collad.) H.S. Irwin et
Barneby in one sample.

Nine pollen types were found in more than 50% of
honey samples and were recorded as very frequent
(Table II): Alternanthera, Borreria werticillata and
Mimosa pudica occurred in 72.7% of samples,
Mikania and Mimosa tenuiflora in  63.6%,
Vernonanthura in 59% and Cocos nucifera, Hyptis
and Mimosa arenosa in 54.5% of the samples.

An average of 17 pollen types was found in the
analysed samples. The highest pollen diversity (29
pollen types) was recorded at Barra dos Coqueiros,
in the Leste Sergipano mesoregion, and the lowest
(ten pollen types) at Neopolis, also in the Leste
Sergipano mesoregion.

Based on the absolute pollen count per 10g of
honey, most samples were found to belong to cate-
gories I (23.8%) and II (61.9%). The remaining
samples belong to categories III (9.5%) and
IV (4.8%).

Extreme values of pollen concentration were
recorded for the Sertdo Sergipano mesoregion, in

the municipalities of Canindé do Sdo Francisco
with 7055 pollen grains/10g of honey, and in
Ribeirépolis with 546558 pollen grains/10g of
honey, in categories I and IV, respectively (Table
III). In the sample from Propria (Leste Sergipano
mesoregion), spores of Lycopodium clavatum were
not accounted due to its absence on counting, even
though it was recorded on the analysed slides. Thus, it
was not possible to infer the concentration of pollen
grains in the honey.

Swmulariry of pollen samples

A conducted similarity analysis showed a grouping
tendency of municipalities per mesoregion
(Figure 3), with the recognition of three groups.
Group A is a mixed group, formed of honey samples
from three municipalities from the Sertdo Sergipano
mesoregion and one municipality from the Leste
Sergipano mesoregion, with a similarity index of
about 0.18. The municipality Aracaju, from Leste
Sergipano, formed a group with Canidé do Sao
Francisco from Sertdo Sergipano, and Monte
Alegre de Sergipe formed a group with Carira from
Sertdo Sergipano, both with a similarity index of
about 0.25.
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Table III. Pollen concentration of honey samples from Sergipe, Brazil.

Mesoregions Municipalities Number of spores counted Pollen concentration Categories
Sertdo CSF 1317 7055 I
CAR 130 71 473 I
MAS 989 9394 I
NSG 167 55 637 I
PR 354 26 247 I
PF 869 10 692 I
RIB 17 546 558 VI
Agreste LAG 182 51 052 I
NSD 724 12 833 1
PV 184 50 497 I
TB 94 98 845 I
Leste ARA 389 23 885 I
BC 109 85 243 11
BG 93 99 908 1I
EST 231 40 222 11
IA 39 238 243 111
JAPA 176 52 792 11
JAPO 584 15910 I
NEO 129 72 027 II
NSS 82 113 310 st
PRO — — —
SC 236 39 370 11

Mesoregions and municipalities: Sertdao: Canindé do Sdo Francisco (CSF), Carira (CAR), Monte Alegre de Sergipe (MAS),
N* Senhora da Gloria (NSG), Po¢o Redondo (PR), Porto da Folha (PF) and Ribeiropolis (RIB); Agreste: Lagarto (LAG),
N*® Senhora das Dores (NSD), Pogo Verde (PV) and Tobias Barreto (TB); Leste: Aracaju (ARA), Barra dos Coqueiros (BC),
Brejo Grande (BG), Estancia (EST), Itaporanga d’Ajuda (IA), Japaratuba (JAPA), Japoatd (JAPO), Neopolis INEO) N*
Senhora do Socorro (NSS), Propria (PRO) and Sdo Cristovdo (SC).
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Figure 3. Similarity dendrogram among honey samples from state of Sergipe, Brazil. Municipalities: Group A: ARA — Aracaju, CSF —
Canindé do Sao Francisco, MAS — Monte Alegre de Sergipe, CAR — Carira. Group B: JAPO — Japoati, IA — Itaporanga d’Ajuda, JAPA —
Japaratuba, NSS — Nostra Senhora do Socorro, BG — Brejo Grande, BC — Barra dos Coqueiros, SC — Sao Cristovao, NEO — Neodpolis, EST
— Estancia. Group C: PR — Po¢o Redondo, TB — Tobias Barreto, PF — Porto da Folha, RIB — Ribeiropolis, NSG — Nostra Senhora da
Gloria, NSD — Nostra Senhora das Dores, LAG — Lagarto, PV — Pogo Verde, PRO — Propria. Mesoregion: Sertdo Sergipano (ll), Agreste
Sergipano () and Leste Sergipano (¢).

Group B were exclusively samples from munici- of about 0.24. The samples from Japoatd and
palities in the Leste Sergipano mesoregion. Nine of Itaporanga d’Ajuda had the highest similarity
the 11 studied municipalities had a similarity index index (0.48). These honey samples shared ten
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pollen types (Alternanthera, Aspilia, Borreria verti-
cillata, Cecropia, Cocos nucifera, Mikania, Mimosa
arenosa, Mimosa pudica, Mimosa tenuiflora and
Mpyrcia), and also five pollen types exclusive from
Japoata and six exclusive from Itaporanga d’Ajuda
honey. Group C includes honeys from municipali-
ties in all three mesoregions. It includes four
municipalities from Agreste Sergipano, four muni-
cipalities from Sertdo Sergipano and one from
Leste Sergipano, with a similarity index of about
0.23. Samples from Lagarto and Pog¢o Verde
(Agreste Sergipano) have also formed a group
with a similarity index of 0.43. These samples
shared ten pollen types (Alternanthera, Borreria ver-
ticillata, Hyptis, Mikanmia, Mimosa acutistipula
Benth., Mimosa pudica, Mirtracarpus frigidus K.
Schum., Richardia, Salvia and Vernonanthura) and
each one presented seven exclusive pollen types.

Discussion

The pollen spectrum found in the analysis of
honey samples from Sergipe showed a large diver-
sity of plant species foraged by Apis mellifera. The
presence of pollen types related to species from
different environments and with peculiar charac-
teristics corroborates the generalist behaviour of
these bees, which allows an easy adaptation and
exploration of different environments (Koéppler
et al. 2007).

The pollen types showed the use of plants with
different ecological niches by honeybees, some of
them being important for eco-geographical honey char-
acterisation: Ziziphus joazeiro Mart. (Rhamnaceae),
endemic to Caatinga and characteristic for dry envir-
onments (Giulietti et al. 2002), Mumosa sensitiva L. and
Mimosa pudica (Fabaceae) are both considered invasive
species, the first characteristic of anthropic environ-
ments and the latter colonising degraded areas
(Queiroz 2009); Eucalyprus (Myrtaceae) and Cirrus
(Rutaceae), both representatives of exotic trees culti-
vated by the economic potential (Souza & Lozenzi
2008). In Sergipe, mainly on the coastal zone and
sometimes in Agreste, there are many areas of orange
trees (Citrus spp.) for juice production, and eucalyptus
plantations exploited for cellulose production. Cocos
nucifera (Arecaceae) is a common species from coastal
Sergipe but frequently found within the semi-arid
region of the state. This pollen type, occurring as the
Nedpolis honey, is present with 53.4% of the pollen
spectrum (predominant pollen).

Other pollen types found in the honey samples are
also related to native species of the semi-arid region
of Brazil, some of them are endemic to the Caatinga
vegetation — the domain that covers most of the
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Sergipe state territory: Mimosa adenophylla Taub.
var. armandiana (Rizzini) Barneby, Mimosa ophthal-
mocentra Mart. ex Benth., Mimosa setuligera Harms
and Mimosa xiquexiquensis Barneby assigned to
Fabaceae (Giulietti et al. 2002; Queiroz 2002).
Pollen types of these species are good geographical
markers for honeys from this region.

Honey samples from north-eastern Brazil are char-
acterised by pollen types assigned to Asteraceae,
Croton, Eucalyptus, Mimosa (spp.) and Pipradenia
moniliformis Benth. as stated by Barth (2004).
These pollen types were recorded for Sergipe, except
for Piptadenia moniliformis, which was represented in
the state by pollen type of a different species of the
same genus, Piptadenia stipulacea Ducke.

Pollen types assigned to Asteraceae and Mimosa play
an important role in the pollen spectrum, occurring in
all mesoregions of the state. Within the Asteraceae,
pollen types of Mikania and Vernonanthura
(=Vernonia-type in other analyses) were frequent, as
well as pollen types of Mimosa arenosa, Mimosa pudica
and Mimosa tenuiflora within Mimosa (Fabaceae).
These pollen types were also recorded in the pollen
spectrum of honey samples from Bahia, a neighbour-
ing state of Sergipe (Oliveira 2009).

Honey samples from Lagarto in Agreste Sergipano
had 23.6% of Salvia pollen type. According to
Louveaux et al. (1978), this pollen type is under-
represented in honey samples, so that honey with
10-20% of it can be labelled as monofloral.

A total 0f 92.8% of the plant families recorded in the
pollen spectrum analysed from honeys of Sergipe were
recorded by Santos et al. (2006) as important floral
resources for bees within the semi-arid region of Brazil.
Some of these families are important by accounting for
more than 10% of the pollen spectrum (Ramalho et al.
1985), occurring in Sergipe honey. This includes
plants in the Amaranthaceae, Anacardiaceae,
Arecaceae, Asteraceae, Burseraceae, Euphorbiaceae,
Fabaceae, Lamiaceae, Melastomataceae, Myrtaceae
and Rubiaceae. In fact, some may not be essential for
honey production, because they are polleniferous spe-
cies rather than nectariferous. Nevertheless, these pol-
leniferous species are extremely important as they
supply protein to bee colonies.

Fabaceae play a central role in the pollen spec-
trum of honey samples analysed from Sergipe, hav-
ing a large diversity of pollen types (29 types), and
being recorded in all analysed samples from all
mesoregions of the state. The importance of this
family for the production of honey has been
pointed out not only within the semi-arid region
of Brazil, but also in other regions of the world
(Santos et al. 2006; Forcone 2008; Novais et al.
2009; Oliveira et al. 2010; Ramirez-Arriaga et al.
2011).
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Within the 29 pollen types recorded for Fabaceae,
14 are from Mimosa, the most representative genus
in the pollen spectrum of honeys from Sergipe,
recorded in all samples from all municipalities and
mesoregions. According to Ramalho et al. (1990),
Mimosa is one of the most important genera for
native honeybees and for Apis mellifera within the
Neotropical region. Its pollen types are commonly
found in other studies regarding north-eastern Brazil
(Lima 2007; Oliveira 2009).

Pollen types Mimosa arenosa, Mimosa pudica and
Mimosa tenuiflora were very frequent in the studied
samples (> 50%), as predominant pollen in seven
samples, Mimosa pudica in five samples and Mimosa
arenosa and Mimosa tenuiflora one sample each.

Mimosa arenosa is mainly an invasive species in the
Caatinga, occurring in abandoned crops, often on
sandy soils and periodically submerged (Queiroz
2009). Its pollen type was recorded in most parts of
Sergipe, in 54.5% of the samples, as predominant
pollen in honey from Pog¢o Redondo (Alto Sertio
Sergipano, a semi-arid region of the state).

Mimosa tenuiflora occurs in areas subjected to per-
iodic droughts, showing great potential on colonising
degraded areas with the formation of homogeneous
bushes (Queiroz 2009). Its pollen type recorded a
frequency of 63.6% within the municipalities in the
pollen spectrum of Sergipe, also present in most
parts of the state. In the municipalities of
Ribeirépolis in Sertdo Sergipano, it was the predo-
minant pollen type.

The pollen type Mimosa pudica was the most fre-
quent in the pollen spectrum, present in 72.7% of
the samples. This type of pollen was predominant in
five municipalities within the Agreste and Leste
Sergipano mesoregions. This pollen type corre-
sponds to the species Mimosa pudica and Mimosa
sensitiva, both recorded as invasive species in north-
eastern Brazil (Queiroz 2009). In honey samples
from other regions of Brazil (south and southeast),
this pollen type is mostly identified as Mimosa scab-
rella Benth. — a species, which does not occur in
north-eastern Brazil.

The nectariferous Asteraceae occurred in 90.9%
of the analysed samples with eight pollen types. It is
an important floral resource for Apis mellifera in the
Sergipe state. The family was recorded in all mesor-
egions and the pollen types of Mikania and
Vernonantura recorded a frequency of 63.3% and
59.0%, respectively. According to Coronel (2010),
most species of Asteraceae are nectar source and
frequently visited by honeybees, producing good
quality honey.

Like Asteraceae, pollen types of Rubiaceae were
recorded in all mesoregions of the state, present in
90.9% of honey samples. The pollen type of Borreria

verticillata was very frequent in the samples with
72.7%, being characterised by an important nectar
resource (Freitas & Silva 2006).

The Ziziphus joazeiro pollen type (Rhamnaceae) is
an important geographical marker for honey samples
from the semi-arid region of Brazil; it was recorded
for a single honey, from the municipality Nossa
Senhora das Dores (Agreste Sergipano). In other
studies of honeys from the semi-arid region, mostly
on Caatinga of Bahia, this type of pollen was fre-
quently present (Carvalho & Marchini 1999; Novais
et al. 2010; Oliveira et al. 2010).

Within the most important species for beekeeping
in north-eastern Brazil, according to Santos et al.
(2005), four of them had pollen types that were
recorded for Sergipe: Anadenanthera colubrina
(Vell.) Brenan, Borreria verticillata, Mimosa tenuiflora
and Ziziphus joazeiro. From those, Borreria verticillata
and Mimosa tenuiflora were the most representative
in the state, the former was present in 16 honeys and
the latter in 14 honeys, both being widespread spe-
cies and important for beekeeping in Sergipe. Other
species, such as Anadenanthera colubrina and Ziziphus
Jjoazeiro, were recorded for a single honey each only.

In addition, some pollen types (Croton, Hyptis
and Ricardia) might be related to species from
the list of important plants for beekeeping in
north-eastern Brazil (Santos et al. 2005), such as
Croton sonderianus Mill. Arg., Hyptis suaveolens
(L.) Poit. and Richardia grandifiora Britton. These
pollen types have a widespread distribution among
honeys of Sergipe, with Croton and Richardia
occurring in two mesoregions each, and Hypris
occurring in all mesoregions and found as impor-
tant minor pollen, minor pollen and trace pollen,
respectively.

A similarity analysis of the pollen spectrum from
the honey samples demonstrates a tendency of hon-
eys from the same mesoregion to be near each other
in the dendrogram. However, the similarity indices
for the groups formed were low, showing specific
changes to the resources used by Apis mellifera dur-
ing foraging activities in the mesoregions of Sergipe.
This is confirmed by pollen types classified as rare in
the sample set and which are not often representative
of the samples, and placed in frequency classes of
minor and trace pollen.

Conclusion

The richness of pollen types found in honey samples
from the Sergipe sate of Brazil shows the great diver-
sity of floral resources used by Apis mellifera in the
region. The presence of pollen types related to ende-
mic species of the Caatinga vegetation shows that
honeybees use native vegetation as floral resources,
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corroborating the importance of these pollen types as
geographic markers for honey samples from the semi-
arid region of Brazil. The honey samples analysed
here can be entitled as organic honey, characteristic
from the semi-arid region of Brazil. Their pollen con-
tent is a mirror of native flora used by bees for fora-
ging. Among the families recorded in Sergipe honeys,
Fabaceae is the most important one for beekeeping in
the region, with Mimosa being recorded in samples
from all studied municipalities and responsible for a
great individual representativeness on the samples.
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