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Abstract

Recent studies have investigated the composition of compounds that cover the cuticle in
social insects, but few studies have focused on solitary bees. Cuticular hydrocarbons may
provide a tool for chemotaxonomy, and perhaps they can be used as a complement to mor-
phology and genetic characters in phylogenetic studies. Orchid bees (Tribe Euglossini) are
a highly diverse group of Neotropical bees with more than 200 species. Here, the cuticular
hydrocarbons of 17 species were identified and statistical analysis revealed 108 com-
pounds, which allowed for the taxonomic classification according to the genera. The most
significant compounds discriminating the four genera were (Z)-9-pentacosene, (Z,Z)-penta-
triacontene-3, (Z)-9-tricosene, and (Z)-9-heptacosene. The analyses demonstrated the
potential use of CHCs to identify different species.

Introduction

Orchid bees (Hymenoptera, Apidae, Euglossini) are endemic to the Neotropical region, and
exhibit diverse behavioral syndromes that can be solitary, communal, primitively eusocial or
cleptoparasitic [1]. These bees have a robust body with a bright tegument, long tongue, and
modified tibiae in males to collect aromatic substances [2]. Such features together with other
morphological features are used for identification [1]. The phylogenetic position of Euglossini
within corbiculate bees has been debated because they are the only exception in the group that
does not show an advanced eusociality [3].

As an auxiliary tool to classification, the cuticle chemical composition has been used as a
taxonomic marker in several insects groups over the last 30 years [4,5]. The hydrocarbons cov-
ering the cuticle are synthesized from lipids by oenocytes [6] and these compounds, including
n-alkanes and n-alkenes, frequently occur as a mix of isomers [7]. Among these compounds,
alkadienes and alkatrienes are less common [8]. Hydrocarbons are promising compounds to
be used in the chemical taxonomy identification of sister species that have not been previously
separated [9]. A recent revision on CHCs in 241 hymenopteran species [10] stated that both
solitary and social taxonomic groups produced almost all types of olefins and methylalkanes,
which suggest that the majority of CHC classes and their associated biochemical pathways
were already present early in Hymenoptera evolutionary history.
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Beyond the taxonomic identification utility, the most known function of cuticular hydrocar-
bons (CHCs) is communication across species [11,12, 13]. CHCs act as sex pheromones, recog-
nition cues among species, recognition between colonies, and sexual attractiveness signalers
[14, 15, 16].

Bees make olfactory distinctions based on chemical cues. For instance, bees learn to discrim-
inate between alkanes that differ by only two carbon atoms [17]. According to Breed & Stiller
[18], alkanes are an interesting example of how the chemoreception system can operate. Stud-
ies honeybees have shown that alkenes along with other cuticular components, such as fatty
acids, may be used to determine the division of tasks among individuals [19] or to recognize
nestmates [20].

In ants, Martin et al. [21] compared the CHC data obtained in Formica with other data
using genetic markers to mitochondrial DNA [22], allozymes [23], morphology, and behavior.
They showed that CHCs have a genetic origin because these data were aligned with each other.
Molecular and chemical analyses are complementary because the CHCs are the result of
genetic inheritance. Thus, individuals of the same species have characteristics that are indepen-
dent of the environment in which they live in [24].

In solitary bees, previous study reported the presence of sex pheromone on the cuticle
chemical composition [21]. However, few studies have evaluated the composition of the cuticle
lipids [8]. Some problems are frequently been found to obtain distinctness among male orchid
bees. For example, the use of molecular markers showed difficulties, especially concerning
related species, as have been found in cytochrome oxidase subunit 1 (COI) or microsatellite
markers to separate the sibling species Euglossa viridissima Friese and Eg. dilemma Bembé &
Eltz [25]. Chemical analyses using perfume compositions have provided relevant information
for distinction among some species [26]. Nevertheless, as appointed by Pokorny et al [9] these
compounds are gradually accumulated from the environment and may change between
individuals.

In our study we analyzed the male chemical composition of cuticle in seventeen Euglossini
species emphasizing the hydrocarbons and aiming to elucidate the potential of this tool to spe-
cies identification into this tribe. Specifically, we aimed (1) to characterize the CHC profile of
some Euglossini species, and from this (2) to quantify the differences among these species, (3)
to identify how overall chemical distinctness relates to existing phylogeny, (4) to evaluate the
potential of using CHC profiling as a diagnostic tool, and (5) to identify the compounds that
allow this classification. We found that there is a chemical identity between all the species ana-
lyzed; these results support the hypothesis that CHCs can be used as chemotaxonomic tools.

Materials and Methods

Males of orchid bees were collected in a protection area in Capela municipality in Sergipe state
(10°46'S, 37°01'W), Brazil between January 2012 and December 2013. We attracted males by
using chemical baits (cineole, eugenol and vanillin), which were separately soaked in cotton
balls inside perforated plastic bottles [27]. Each bee was then captured when tried to land on
the baits, put in individual vials, and sacrificed by cooling.

Later, seventeen species of Euglossini were identified: Eufriesea atlantica Nemésio, Eufriesea
surinamensis Linnaeus, Exaerete smaragdina Guérin-Méneville, Exaerete frontalis Guérin-
Méneville, Eulaema niveofasciata Friese, Eulaema nigrita Lepeletier, Eulaema cingulata Fabri-
cius, Eulaema atleticana Nemésio, Euglossa cordata Linnaeus, Euglossa fimbriata Rebélo &
Moure, Euglossa hemichlora Cockerell, Euglossa ignita Smith, Euglossa liopoda Dressler,
Euglossa nanomelanotricha Nemésio, Euglossa pleosticta Dressler, Euglossa securigera Dressler,
and Euglossa townsendi Cockerell.
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The compounds from males were extracted by individually adding 2 ml of 95% n-hexane
(Mallinckrodt Chemicals) for 2 min, and the extracts were analyzed using a GCMS-QP2010 ultra
SHIMADZU (DB-5MS, 30 m) with helium gas as the carrier (1 ml/min). The oven program
included increasing the temperature from 150 to 300°C at a rate of 5°C/min and maintaining the
final temperature for 15 min. To identify the double bonds in alkenes and alkadienes, the remain-
ing extract was reacted with dimethyl disulfide (DMDS) following the methods of Carlson et al.
[28]. The chromatograms were analyzed using n-alkane standards (Sigma Chemical Co.), and
the quantification was based on the peak area. In addition to the standards, the NIST8.0 and
FFNSC1.3 libraries as well as the Kovats index were used for analysis.

Peak areas were standardized to represent relative contributions, which were then square
root transformed. From these data, a triangular similarity matrix based on the Bray-Curtis
index was derived. A typical profile for each species was traced.

Species similarity (in relative proportion) was ordinated in two dimensions using nonmetric
multidimensional scaling (MDS), in which deviations are expressed in terms of “stress”; values
<0.15 indicate a good fit of the structure plotted. One-way similarity analysis (ANOSIM) was
tested among the species [29]. This type of analysis compared differences among groups using
the median values according to the Bray-Curtis dissimilarity measures multivariate data. In
this analysis, the R values range from -1 to 1, with R = 0 indicating similarity and R = 1 indicat-
ing dissimilarity. Negative values are rare, and they indicate high dissimilarity within each
group and among the groups [9]. The SIMPER analysis identified the compounds that differed
among the species.

To evaluate the individual influence of hydrocarbons on species and the tendency of the
species to separate by gender, a principal coordinate analysis (PCO) was used. Axes resulting
from the PCOs were plotted to view the main compounds that separated the groups. PCO is a
generalization of canonical analysis of principal coordinates, but it preserves different distances
of similarity [30]. Centroid analysis calculates the distance between groups and the distance of
centroids. Centroid analysis was used to verify the distance among the genera. PRIMER v.6.0
was used for all of the analyses.

The R software [31] was used for a cluster analysis to separate species according to the com-
pounds in the cuticle, which permitted the identification of potential similarity and dissimilar-
ity among the species. This analysis grouped the species in classes based on similarity degrees
considering all variables.

Results

The cuticle hydrocarbon analyses revealed 108 compounds in total, including saturated and
unsaturated alkanes, alkenes, and alkadienes (S1 Table). These compounds ranged from 16 to
37 carbon atoms in chain length. The compounds that were common to all species were (Z)-
9-nonacosene, tricosane, pentacosane, heptacosane, nonacosane, and hentriacontane (Table 1).
The chemical diversity was higher in Eulaema and Exaerete.

Among the four genera analyzed (Fig 1), Exaerete was the only that showed the following
exclusive compounds in all of the species identified: one (Z,Z)-Cs3 compound and two (Z,Z)-
C;4 compounds. The other genera exhibited compounds that varied (presence/absence) among
the species. Exaerete had a higher proportion of alkadienes (Ex. frontalis: 33.33% and Ex. smar-
agdina: 25%).

Eulaema had the second highest composition of alkadienes, and alkadienes were absent in
Eufriesea. Moreover, some Euglossa species had the highest percentages of methyl groups.
Alkane and alkene were common to all species, with an average percentage composition of 42
and 44%, respectively.
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Fig 1. Euglossini bee Genera. A—Eulaema (Eulaema atleticana); B—Eufriesea (Eufriesea surimanensis); C—
Exaerete (Exaerete frontalis); D—Euglossa (Euglossa pleosticta).

doi:10.1371/journal.pone.0145070.g001

The variability of compounds in different species, evaluated by the permutation test through
ANOSIM, revealed significant differences among genera (R = 0.635 and P<0.02). To examine
the hypothesis of significant differences in the genera, the similarity analysis showed that the
major differences were between Eufriesea x Exaerete (R = 1.0 and P<33.1) and Euglossa x
Exaerete (R = 1.0 and P<1.8).

The compounds that mostly contributed to the similarity and dissimilarity within and
between the groups formed in the cluster analysis were defined by the similarity percentages
(SIMPER). With regard to the diagnoses within each group, the major similarity occurred in
Eufriesea species (67.12%), followed by Exaerete (65.50%), Euglossa (65.14%) and Eulaema
(52.51%).

The dissimilarity percentage between the groups was higher between Exaerete and Euglossa
(70.69%), which was primarily due to the presence of the alkene double bond in the 9 position.
The remaining dissimilarity percentages between groups in descending order were Eufriesea
and Exaerete (66.34%), Exaerete and Eulaema (62.89%), Eulaema and Euglossa (48.43%),
Eufriesea and Eulaema (44.30%), and Eufriesea and Euglossa (36.86%).

The MDS “stress” was 0.1, which showed that the ordination recovered the main patterns of
cuticle composition and suggested that there was a tendency of proximity between individuals
of the same genus, considering the Bray-Curtis similarity. The most distinct species was Ex.
smaragdina. Similar results were obtained with the PCO analysis (Fig 2), which showed that
the individuals formed groups related to gender, except for Eufriesea. This analysis suggested
that 52.6% of the variation could be explained by the two first axes and that the most important
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Fig 2. PCO pf cuticular hydrocarbon compounds of all Euglossini male genera studied. (sp1)—Ef. atlantica; (sp2)—Ef. surinamensis; (sp3)—Ex.
smaragdina; (sp4)—Ex. frontalis; (sp5)—El. niveofasciata; (sp6)—El. nigrita; (sp7)—El. cingulata; (sp8)—El. atleticana; (sp9)—Eg. townsendi; (sp10)—Eg.
securigera; (sp11)—Eg. pleosticta; (sp12)—Eg. nanomelanotricha; (sp13)—Eg. liopoda; (sp14)—Eg. ignita; (sp15)—Eg. hemichlora; (sp16)—Eg. fimbriata;

(sp17)—Eg. cordata.
doi:10.1371/journal.pone.0145070.9002

compounds for separation were as follows: (Z)-9-pentacosene, (Z,Z)-pentatriacontene-3, (Z)-
9-tricosene, and (Z)-9-heptacosene.

The previously performed analysis was represented by cluster analysis using all of the identi-
fied hydrocarbons. The heatmap analysis showed the presence or absence of compounds in
addition to the peak area percentage in the chromatograms for each species (Fig 3).

The centroids represented the chemical distance among the genera. A higher distinction in
Exaerete and Eulaema was corroborated by the qualitative analysis, and the same results were
found in the MDS and cluster analyses in which El. cingulata was chemically more similar to
Euglossa species (Table 1).

Discussion

Our data allowed the accurate characterization of each species according to the cuticle chemical
profile. For instance, the class of CHCs present in greater proportions among the compounds
was alkenes with a double bond at 9 and 7 positions, respectively. Males of Euglossini may also
use alkenes as short-range sex pheromones during courtship contests such as other bees [10].
On the contrary, the low amount of methyl-branched alkanes of these males can be related
with the absence of a nestmate recognition system in male bees. Exaerete males presented
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exclusive alkadienes which can be considered a synapomorphy such as its cleptoparasite behav-
ior [2].

The level of n-alkanes, which were the second most abundant compounds in this study, has
been associated with arid environments that have high temperatures [32]. N-alkanes have been
considered the best hydrocarbons for waterproofing properties [33]. Thus, these compounds
may be present more for the control of water loss than for communication between
individuals.

However, methyl-branched alkanes have been indicated as chemotaxonomic markers in
Diptera [34], Hemiptera [35], Isoptera [36], Orthoptera [37], and several Hymenoptera
reviewed in [38]. In the later example, by analyzing the cuticular profile of two sibling Euglossa
species, Pokorny et al. [9] verified that the CHCs are potentially useful tools for the chemical
taxonomy because they had clear variations on their cuticular chemical profiles that allowed
distinguishing two cryptic species accordingly. Indeed, equally important to species recognition
is genus differentiation [39]. Here, we used seventeen species distributed into four genera of
Euglossini, and all analyses indicated a differentiation among them through the use of CHCs
with a clearer distinction when genera were identified. The cuticular hydrocarbon diversity
across species partly reflects the variation of the environment in which they live, food resources
and their life style.

There are several hypotheses regarding the relationship among Euglossini species, their clas-
sification within five genera, and advanced analysis based on molecular and morphological
characters [40]. Concerning the hydrocarbon composition, species that belong to the same
genus are qualitatively similar to each other [9], which can be verified in this study and in other
Hymenoptera [10].

In conclusion, the analyses of cuticular hydrocarbon profiles in seventeen species of Euglos-
sini showed that the accurate identification of different species through the use of cuticular
compounds is possible. Despite the presence of compounds common to all individuals, each
species presented a characteristic chemical profile that can be used as taxonomic characters.

Supporting Information

S1 Table. Data set of males analyzed in this study.
(XLSX)

Acknowledgments

We are thankful to FAPESP 2010/19449-0 and 2010/10027-5 for the financial support, to the
SEMARHY/SE (Secretaria de Estado de Meio Ambiente e Recursos Hidricos de Sergipe) for per-
mission to work in the protect area as well as to Izabel C. C. Turatti for collaborating during
the identification of compounds, and to Jennifer R. R. Jesus, Mayane Menezes and Eduarda G.
Barreto for the helping during the bee collection.

Author Contributions

Conceived and designed the experiments: ABS FSN. Performed the experiments: ABS FSN.
Analyzed the data: ABS FSN. Contributed reagents/materials/analysis tools: ABS FSN. Wrote
the paper: ABS FSN.

References
1. Michener CD. The bees of the world. Baltimore, London: Johns Hopkins; 2000.
2. Dressler RL. Biology of the orchid bees (Euglossini). Annu Rev Ecol Syst, 1982; 13: 373-394.

PLOS ONE | DOI:10.1371/journal.pone.0145070 December 29, 2015 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0145070.s001

@' PLOS ‘ ONE

Cuticular Hydrocarbons of Euglossini Bees

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Chavarria G, Carpenter JM. ‘Total Evidence’ and the evolution of highly social bees. Cladistics.1994;
229-258.

Jallon J-M, David JR. Variations in cuticular hydrocarbons among the eight species of the Drosophila
melanogaster subgroup. Evolution. 1987; 41: 294-302.

Haverty MI, Nelson LJ, Page M. Cuticular hydrocarbons of the damp wood termite, Zootermopsis: intra
and intercolony variation and potential as taxonomic characters. J Chem Ecol.1988; 14: 1035-1058.
doi: 10.1007/BF01018791 PMID: 24276149

Cruz-Landim C. Abelhas—Morfologia e Funcéo de Sistemas. Sao Paulo: UNESP; 2009.

Blomquist GJ, Nelson DR, Renobales M. Chemistry, biochemistry and physiology of insect cuticular lip-
ids. Arch Insect Biochem.1987; 6: 227-265.

Buckner JS, Pitts-Singer TL, Guédot C, Hagen MM, Fatland CL, Kemp WP. Cuticular lipids of female
solitary bees, Megachile rotundata (F.) and Osmia lignaria Say (Hymenoptera: Megachilidae). Comp
Biochem Phys B. 2009; 153: 200-205.

Pokorny T, Lunau K, Quezada-Euan JJG, Eltz T. Cuticular hydrocarbons distinguish cryptic sibling spe-
cies in Euglossa orchid bees. Apidologie.2014; 45: 276-283.

Kather R, Martin J. Evolution of Cuticular Hydrocarbons in the Hymenoptera: a Meta-Analysis. J Chem
Ecol 2015; 41:871-883. doi: 10.1007/s10886-015-0631-5 PMID: 26410609

Blomquist GL, Jackson LL. Chemistry and biochemistry of insect waxes. Prog Lipid Res. 1979; 17:
319-345. PMID: 382185

Howard RW, Blomquist GJ. Chemical ecology and biochemistry of cuticular hydrocarbons. Ann Rev
Entomol. 1982; 27: 149-172.

Andrade-Silva ACR, Nascimento FS. Reproductive regulation in an orchid bee: social context, fertility
and chemical signaling. Anim Behav. 106: 43—49.

Espelie KE, Gamboa GJ, Grudzien TA, Bura EA. Cuticular hydrocarbons of the paper wasp, Polistes
fuscatus: a search for recognition pheromones. J Chem Ecol. 1994; 20: 1677-1687. doi: 10.1007/
BF02059889 PMID: 24242660

Singer TL, Espelie KE, Gamboa GJ. Nest and nestmate discrimination in independent-founding wasps.
In: Vander Meer RK, Breed MD, Espelie K E, Winston ML. Pheromone communication in social insects.
Boulder: Westview; 1998. pp. 104-125.

Breed MD, Stiller TM, Moor MJ. The ontogeny of kin discrimination cues in the honey bee, Apis melli-
fera. Behav Genet. 1988; 18:439—448. PMID: 3190638

Getz WM, Smith KB. Olfactory sensitivity and discrimination of mixtures in the honey bee Apis mellifera.
J Comp Physiol A. 1987; 160: 239—245.

Breed MD, Stiller TM. Honeybee, Apis mellifera, nestmate discrimination: hydrocarbon effects and the
evolutionary implications of comb choice. Anim Behav. 1992; 43: 875-883.

Kather R, Drijfhout F, Martin S. Task Group Differences in Cuticular Lipids in the Honey Bee Apis melli-
fera. J Chem Ecol.2011; 37:205-212. doi: 10.1007/s10886-011-9909-4 PMID: 21271278

Dani FR, Jones GR, Corsi S, Beard R, Pradella D, Turillazzi S. Nestmate recognition cues in the honey
bee: Differential importance of cuticular alkanes and alkenes. Chem Senses. 2005; 30: 477—489.
PMID: 15917370

Martin SJ, Jenner E, Drijfhout FP. Chemical deterrent enables a socially parasitic ant to invade multiple
hosts. Proc Roy Soc B. 2007; 274:2717-2722.

Goropashnaya A. Phylogeographic Structure and Genetic Variation in Formica Ants. Norbyv, Sweden:
Uppsala University, 2003.

Pamilo P, Varvio-Aho SL, Pekkarinen A. Low enzyme gene 702 variability in Hymenoptera as a conse-
quence of haplodiploidy. Hereditas. 1978; 88: 93-99.

Kather R, Martin S. Cuticular hydrocarbon profiles as a taxonomic tool: advantages, limitations and
technical aspects. Physiol Entomol. 2012; 37: 25-32.

Eltz T, Fritzsch F, Ramirez-Pech J, Zimmerma Y, Quezada-Euan JJG, Ramirez SR et al. Characteriza-
tion of the orchid bee Euglossa viridissima (Apidae: Euglossini) and a novel cryptic sibling species, by
morphological, chemical, and genetic characters. Zool J Linn Soc-Lond. 2011; 163:1064-1076.

Zimmermann Y, Ramirez SR, Eltz T. Chemical niche differentiation among sympatric species of orchid
bees. Ecology. 2009; 90: 2994-3008. PMID: 19967856

Andrade-Silva ACR, Nemésio A, Oliveira FF, Nascimento FS. Spatial-temporal variation in orchid bee
communities (Hymenoptera: Apidae) in remnants of arboreal Caatinga in the Chapada Diamantina
Region, State of Bahia, Brazil. Neotrop Entomol. 2012; doi: 10.1007/s13744-012-0053-9

PLOS ONE | DOI:10.1371/journal.pone.0145070 December 29, 2015 10/11


http://dx.doi.org/10.1007/BF01018791
http://www.ncbi.nlm.nih.gov/pubmed/24276149
http://dx.doi.org/10.1007/s10886-015-0631-5
http://www.ncbi.nlm.nih.gov/pubmed/26410609
http://www.ncbi.nlm.nih.gov/pubmed/382185
http://dx.doi.org/10.1007/BF02059889
http://dx.doi.org/10.1007/BF02059889
http://www.ncbi.nlm.nih.gov/pubmed/24242660
http://www.ncbi.nlm.nih.gov/pubmed/3190638
http://dx.doi.org/10.1007/s10886-011-9909-4
http://www.ncbi.nlm.nih.gov/pubmed/21271278
http://www.ncbi.nlm.nih.gov/pubmed/15917370
http://www.ncbi.nlm.nih.gov/pubmed/19967856
http://dx.doi.org/10.1007/s13744-012-0053-9

@' PLOS ‘ ONE

Cuticular Hydrocarbons of Euglossini Bees

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

Carlson DA, Roan C, Yost RA, Hector J. Dimethyl disulfide derivatives of long chain alkenes, alka-
dienes, and alkatrienes for gas chromatography/mass spectrometry. Anal Chem. 1989; 61: 1564—
1571.

Bray JR, Curtis JT. An ordination of the upland forest communities of southern Wisconsin. Ecol Monogr.
1975; 27: 325-349.

Sokal RR, Michener CD. A statistical method for evaluating systematic relationships. Kans Univ sci
bull.1959; 38: 1409-1438.

R Development Core Team. R: A language and environment for statistical computing. Vienna: http://
www.R-project.org/; 2011.

Gibbs A, Pomonis JG. Physical properties of insect cuticular hydrocarbons: The effects of chain length,
methyl-branching and unsaturation. Comp Biochem Physiol B. 1995; 112: 243-249.

Gibbs AG. Water-proofing properties of cuticular lipids. Am Zool. 1998; 38: 471-482.

Ye G, Li K, Zhu J, Zhu G, Hu C. Cuticular hydrocarbon composition in pupal exuviae for taxonomic dif-
ferentiation of six necrophagous flies. J Med Entomol. 2007; 44: 450-456. PMID: 17547230

Gemeno C, Laserna N, Riba M, Valls J, Castafié C, Alomar O. Cuticular hydrocarbons discriminate
cryptic Macrolophus species (Hemiptera: Miridae). Bull Entomol Res.2012; 102: 624-631. doi: 10.
1017/S0007485312000193 PMID: 22717077

Haverty MI, Nelson LJ, Page M. Cuticular hydrocarbons of four populations of Coptotermes formosa-
nus Shikari in the United States: similarities and origins of introductions. J Chemi Ecol.1990; 16: 1635—
1647.

Chapman RF, Espelier KE, Sword GA. Use of cuticular lipids in grasshopper taxonomy: a study of vari-
ation in Schistocerca shoshone (Thomas). Biochem Syst Ecol.1995; 23: 383—-398.

Martin SJ, Drijfhout FP. A review of ant cuticular hydrocarbons. J Chem Ecol 2009; 35(10): 1151—
1161. doi: 10.1007/s10886-009-9695-4 PMID: 19866237

Howard RW, Blomquist GJ. Ecological, behavioral, and biochemical aspects of insect hydrocarbons.
Ann Rev Entomol.2005; 50: 371-393.

Ramirez SR, Roubik DW, Skov C, Pierce NE. Phylogeny, diversification patterns and historical bioge-
ography of euglossine orchid bees (Hymenoptera: Apidae). Biol J Linn Soc. 2010; 100(3): 552-572.

PLOS ONE | DOI:10.1371/journal.pone.0145070 December 29, 2015 11/11


http://www.R-project.org/
http://www.R-project.org/
http://www.ncbi.nlm.nih.gov/pubmed/17547230
http://dx.doi.org/10.1017/S0007485312000193
http://dx.doi.org/10.1017/S0007485312000193
http://www.ncbi.nlm.nih.gov/pubmed/22717077
http://dx.doi.org/10.1007/s10886-009-9695-4
http://www.ncbi.nlm.nih.gov/pubmed/19866237

