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1 | INTRODUCTION

Neotropical orchid bees (Euglossini) are crucial pollinators of
many tropical plants, including hundreds of species of orchids
(Vogel, 1966; Dressler, 1968; Janzen, 1971). This is facilitated by
their distinctive behavior (Dodson & Frymire, 1961), wherein male
bees gather exogenous volatiles (Vogel, 1966) and craft individual
and species-specific perfume blends (Eltz et al., 1999; Eltz, Roubik,
& Lunau, 2005; Zimmermann et al., 2009). These perfumes are ex-
posed during a characteristic display in the forest understory (Eltz,
Sager, & Lunau, 2005; Pokorny et al., 2017) and act as intersexual
signals to attract females (Henske et al., 2023), arguably reflecting
fitness components such as sensory or cognitive acuteness (Henske
& Eltz, 2024).

| BartP.E.De Dijn? | Thomas Eltz}*

We observed male euglossines collecting scent at 21 different non-floral sources in
Central and South America, strengthening the view that these sources play a central
role in euglossine perfume biology. A Protium tree provided over 50% of the perfumes
for Eufriesea corusca and was repeatedly revisited. The co-occurrence of females col-
lecting resin suggests an evolutionary link to male perfume-making.

Abstract in Spanish is available with online material.
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While euglossophilous orchids depend on orchid bees for pol-
lination, studies have shown that this mutualism is one-sided
(Ackerman, 1983; Pemberton & Wheeler, 2006), with euglossine-
pollinated orchids contributing only a small fraction to the male bees'
perfumes (Ramirez et al., 2011). Time-calibrated co-phylogenies
suggested that the evolution of euglossophilous orchids occurred
comparatively late, at a time when scent-collecting orchid bees had
already diversified (Ramirez et al., 2011). Thus, perfume sources
other than orchids must have been used at the time the Euglossini
originated (Ramirez et al., 2011).

Extant orchid bee males collect volatiles from flowers of various
plant families, including Araceae (Ackerman, 1983; Janzen, 1981,
Williams & Dressler, 1976), Solanaceae (Sazima et al., 1993;
Williams, 1982), Gesneriaceae (Vogel, 1966), Euphorbiaceae
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(Armbruster & Webster, 1979), and Plantaginaceae (Cappellari
et al., 2009). However, floral scent sources vary over time, and or-
chids in particular are scarce due to low population densities and
short-lived flowers (Ackerman, 1983).

Orchid bees have been observed performing scent-collecting
behavior at non-floral sources such as decaying wood, rotten and
ripe fruits, leaf litter, exposed tree roots, bark wounds, decom-
posed plant tissue, feces, walls sprayed with pesticides, and even
from dead conspecifics (Ackerman, 1983; Cappellari & Harter-
Marques, 2010; Janzen, 1981; Roberts et al., 1982; Roubik, 1998;
Whitten et al., 1989, 1993; Zucchi et al., 1969). Whitten et al. (1993)
hypothesized that such sources play a larger role in the concoction
of perfumes than previously thought. However, comprehensive
reports of non-floral sources are rare and, to our knowledge, the
studies by Whitten et al. (1989, 1993) and Eltz et al. (1999) are the
only ones that have conducted chemical analyses on such sources.
Additionally, it remains unknown how frequently orchid bees visit
these sources over time and to what extent these sources contribute
to the species-specific perfume.

In this study, we report observations of male orchid bees per-
forming scent-collecting behavior at various non-floral volatile
sources at seven localities in Costa Rica, French Guiana, Ecuador,
and Suriname (see Appendix S1). We also report female bees collect-
ing resin at non-floral sources.

2 | RESULTS

We encountered 28 (51-528) non-floral scent and sap/resin sources
attracting either male (N=20) or female euglossines (N=7), or both
(N=1; see Table 1, Figure 1, Figure S1). The Protium tree (S3), se-
creting odoriferous sap/resin, was particularly attractive to both
male and female euglossines (Figure 1b-d). Here, we observed bees
over 2years and, specifically within a two-month period, made 120
observations of male Eufriesea corusca performing scent-collecting
behavior. We marked 45 males with numbered plastic tags (see
Appendix S1), and 14 of those were resighted on another day (31%;
Figure 1c), with six resighted more than once (up to four times). The
maximum time span between the first and the last sighting of an
individual was 19 days.

For in-depth study of the Protium tree, we took resin extracts
(N=3) from the tree and hind-leg extracts from the male Ef. corusca
visiting it (N=13) to conduct chemical analysis (see Appendix S1).
The resin extracts contained mostly sesquiterpenes, with germac-
rene D, 8-cadinene, a-copaene, an unidentified aromatic compound
(molecular weight: 196), and the eudesmane sesquiterpene alcohol
junenol as the five most abundant compounds, representing on av-
erage 69.3% of the total volatile peak area. Hind-leg extracts from
the bees contained 26-48 compounds per individual, with more
than half (53.0%+6.9 (m+sd)) of the compounds also present in
the Protium resin, accounting for 54.2%+8.8 of the total volatile
peak area. Three of the five most abundant compounds in the bees'
extracts were also found in the resin (junenol: 13.8% peak area,
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aromatic compound: 10.0%, germacrene D: 7.9%; see Figure S2).
Two major compounds were absent in the resin (methyl cinnamate:
19.0%, unidentified compound; molecular weight: 235, 10.9%; see
Figure S2). The relative proportions of the compounds found in both
the resin and the bees were strongly correlated (see Figure S3). Some
compounds, like the sesquiterpene p-cubebene (see Figures S2 and
S4), were present in the resin but not in the bees' perfumes, poten-
tially due to oxidation or reactions with other compounds in the hind
legs (Eltz et al., 2019).

3 | DISCUSSION

Our study shows an astonishing diversity and heterogeneity of
non-floral scent sources of male orchid bees. Notably, many (N=16)
sources may involve microbial activity. They were either “decaying”,
that is, in a state of microbially assisted decomposition (e.g., S9, 517,
$19, 520, S24, S28), or they involved a form of tissue damage that
might plausibly result in microbial infection (most other sources). In
some cases, the original damage was likely caused by herbivory, such
as in S2, a liana where bee activity was restricted to small bark punc-
tures (Figure 1a, Figure S1a). It remains unclear whether the attrac-
tive volatiles were emitted by microbes, fungi, or bacteria, or by the
plant itself in response to microbial infection (Cappellari & Harter-
Marques, 2010; Schoonenberg et al., 2003; Whitten et al., 1989,
1993). The major attractants of S3, a wounded Protium ravenii, were
likely plant-derived. Protium (Burseraceae) resins, commonly known
as “copal”, are rich in monoterpenes, sesquiterpenes, and aromatics
(Rudiger et al., 2007).

The Protium tree remained attractive to male Eufriesea corusca
for over two years, eliciting repeated visits. We know of only two
other studies that have documented individual euglossine males re-
visiting natural fragrance sources (Armbruster, 1993; Janzen, 1981).
Other reports of individual re-visitation were either inferential
(Armbruster & Webster, 1979) or based on artificial, highly concen-
trated scent baits (e.g., Ackerman & Montalvo, 1985; Dodson, 1966;
Eltz et al., 1999; McCravy et al., 2017; Pokorny et al., 2013, 2015).
In contrast to flowers, which are often short-lived and restricted to
short flowering seasons, non-floral sources may be more persistent
in time and thus more available for orchid bees.

Our findings strengthen the view that non-floral scent sources
contribute substantially to male orchid bee perfumes. Previous
studies have shown that certain groups of perfume compounds
consistently appear together in similar proportions across differ-
ent individuals and sometimes across species (Eltz et al., 2008;
Zimmermann et al., 2009). These recurring combinations of com-
pounds are referred to as “motifs” within the complex blends. It
has been assumed that these motifs are building blocks of per-
fumes collected together from specific sources, albeit the identity
of such sources remained obscure. Most motifs are relatively sim-
ple, containing three or four structurally related compounds (Eltz
et al., 2008; Zimmermann et al., 2009), but larger motifs contain-
ing up to eight sesquiterpenes have also been identified (Darragh

85U8017 SUOWIWIOD BAIIEaD 8|qeat|dde ay) Aq peusenob ae Sajoie VO ‘8sn Jo sa|n. 1oy ARiqi8ul|uO A8]IM UO (SUOTHPUOD-pUe-SLLIBIALIO" A3 1M Afe.d Ul |UO//SdIL) SUOIPUOD PUe Swis 1 8y} 89S *[5202/20/ST] Lo Ariqiaulluo AB|1M ‘G6EET dia/TTTT OT/I0P/W00" A8 1M Aeuq jpuljuo//:Sciy Wiy papeojumod ‘T ‘S20Z ‘62v.i.T



17447429, 2025, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/btp.13395, Wiley Online Library on [15/02/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY

ASSOCIATION FOR
TROPICAL BIOLOGY
AND CONSERVATION

DIOTROPICA .

HENSKE ET AL.

(senuijuo))

U01393]|02 Uiy

10ds u01329]|02 e uaxep A[3y31|s wals Jo 3uljeod YsiypA

punom
9U1 1€ P3323]||02 Os|e (luluodi|3|N) S99 $S3[3UllS UOI}I||0D UISDY

(275 @4n314) wnueuljjod y3m 9P pbipjnsuld °[3 Jo 'sqo ¢

JeaA ay3 Inoy3nouys 'sqo GT< {(JT ain314 ‘Ajpualianpeul
Al91]) s89]-puly 03 Sui3eod AX213S pue spaas Jo Jajsueld|

s|enpiAlpul 3|dI3[nW JO SO SNOLIBA (3T 34n314)
Suo1329s Jaeq paddiiys Jeq ayjy ul 3uijiq Ajpajeadas a1om saag

9 £ 03dnjo

'S0 G (TS 24n314) 9|01LXS JO JUIISIUIWD [|[SWS SUOIIS ‘SPUNOM 334]

S 93 0} 350|2 300. 9.3 SUIAI| B UO B3.e SUI0O|-}SION

youeuq SUIAl| € JO 3jJeq 33 Ul 9DIASID paJojod-yieq
[1Pws A3y A3ysis pue Apjojnl

9943 us||ey pue 3i|ds e jo juiod 3un)

Su1pysis-a4 ou ‘padIeW [ENPIAIPUL ‘9E4INS JEd| Uo jods dleq

W3S 3Y3 JO SPISIpUN Y3 UO S3}EPNX]

(pT 24n314) uisaa Sun29|0d &4 Jo
'sq0 €< ‘shep T-T JaA0 pajysis-al % T (2'qT 2In31d) pajjiew £P Gf

Mg 104 £ £ 9 01dn Jo 'sqo OT< ‘(TS 24n3i4 ‘e a4n3i4
‘elp ww T) des paJ-a8uelo Suizoo yJeq ay3 Ul S3|0Y |[BwS U0 pasnd04

3U1399]|02 24043q S|aqIpUBW Y}IM S9ABS| UO SUIMAYD ‘SqJay
40 92u3saud panuiluod 931dsap ‘SABp SAIINIISUOD M3} J10) A|UO *SO

syieway

& bwoaydAjod 4213 T

9 SIsu2u08108 42 83 T

&& sipadwi ‘83 €

$ds 53
P pupjjaio ‘83

PP vvINBuId |3

P9 DBl |3

P vyuBIu g

£ pyo[nsuld 3 T

P vINsuUd 1 T

P DIsnIod 123 1

P sipadwi 83 T

& pjoINBuUI 3 T

&& ploydoupspy/ sipliadwi ‘83

PP bosniod *J3

PP pip|nsuI |3

PP pIINBUP 17 T

(xas/sa10ads/#) s93q panlasqQ

(9e92139|N) SIsuauping pdpip)

(9B22ED3UY) DZILLI0Xd DIIDIIOS

(seadelasIng)
asuawupd s13sbEvIa|

(oea2EpIY24Q) bUOdwod DfjIUDA

(oeodeIUId|ESDED)
suaasagnd aukBojjad

(oeadeqe4) bupiBiddaod buliyiAig

e/u

e/u

e/u

e/u

e/u

(seadeJaSINg) IIUSADI WNIJ0Id

e/u

(2E2DRIWET) WNDI(ISDY WNWIIO

(42) sa12ads a31n0g

(W>0/ ygp) punom >jleg

3unJ) wied uo JaAe| Xepp

(W20 Ygp) punom >jieg

(spod) iy adry

(e1p ww G ‘wdQG) s3uldes

/S3ul|paas Jo swa)s uo deg

(w>Gg/ST/08

yqp) s34 SulAp Jo swajs uo des

9seq 934

youeig

o 234

(w2 0g =1ysIay ‘9.1 ||ews) Jea]

wajs euer]

(wo8T
yqgp ‘wgT) des ‘uisal aseq aa4]

(e1p WO G'T) Wwa)s euer]

sanea

adA} @24nog

equies) e
120T ‘e
equien e
120C e
equie e
120¢ e

Japunin|

€¢0¢-0¢0¢

uinnnynD

34014
‘020z "3nv 03 Aey

uin3nnynd
120Z-610¢ 3@ ‘aunr
equien) e
610C JeIN
equien e
610¢C BN
equieo) e
610C el
equies) e
610¢C 1eN
equie) e
610¢C BN
eques e

¢c0c-610C
Ae|n 01 Jen

eques) e
610C e

J2pUni
ST10C 'AON

aus Apms

Jeah/yjuon

4

€1s

c1s

11S

0TS

6S

8S

LS

9s

SS

S

€S

es

1S
ai

"T96T ‘WAl
9 UOSPO(] Ul PaqLIDSIP Se I0IABYD( SU1303[|03-3[13B[OA pawIo)iad s9a(q ajew panlasqo || ‘Apnis ay3 JO 35In0d ay} SULINP PaJajuN0dUd SIINOS UISDJ pue Juads [eJojj-uoN T J1dV L



17447429, 2025, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/btp.13395, Wiley Online Library on [15/02/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

HENSKE T AL.

ASSOCIATION FOR
TROPICAL BIOLOGY
AND CONSERVATION

*7 | WILEY biOTROPICA .

pPUNOM 3Y3 18 Pa1I3||0D OS|e SINIOM Siuuadiosn)
*JO DUOBLI] ‘||9WS UISaJ Juley ‘9|qIX3]} ‘91BPNXa JO UOII3||0D JO 'S0 €

pajdalap

||9WS Ou ‘493}1| JES| OU ‘SO0 [[EWS M) Y3IM UD3Ip B Ul [10S dleg
9oueddedy snip) Suouys ‘des Axong

1004 359104 9y} uo 3in4y payiudl Sulhessqg

34eq >dIys Jo
J9AE| }SOWIBUUL UO PASNI0) djew 3y} ‘(PTS 24nS14) []SWS AYN1) J9aMG

(YT 24n314) Uo1323||0d des pue uisay

peljawolq paAedap Ajyied ‘uajje) e Jo Jea| e Jo apisiapun

J100|} 352404 UO S2AES| SUIABIP ‘ISIO|N|

J9430 yoea o3 juadelpe uimous ausam sjuejd omy ay |

10O} 352104 WO PAPOID S300. |BJUOZIIOY dUI

(81 2an314)

Pa3129]]02 s93q aJaym sade|d ul Ayjiea Ajjuies pajjaws swajls

€|N21g.402 03u| 3sea4s jo Sulpeo

€]N21q102 03u] $3334 Jo Suipeo

S)leway

'SY99M ‘M ‘SUOIJBAISSO ‘SCO ‘bwab|ng ‘|3 ‘bsso|8ng ‘83 ‘pasalijng ‘7 ‘4a3awelp ‘elp Jysiay 3sealq e Ja3aWelp ‘Yygp :SUoljeinalqay
*9B[ND1GJ02 413y} OJUl [elI93eW Paljdads J2Y30 10 UISaJ Pa3I3||0d SS|BWS) PAAISSIO ||V :2I0N

PP DIIBIU 1T T

& sisuawpuLIns 43 T

PP pIIBIU 1T ©

PoIBIUITT

odsB3T

P pyoasiaqul ‘83 T

&& bupjjaio 83 ¢

& p1oasIaqu] ‘B T

68 siwdojiquioq’3 ¢

Pds 8371

£ buniyddps ‘83 T

P pwoaydAjod 1213 T

P pbubLpw 3¢

£9 suguanyd 83 OT<

& Ipuasumoy 'J2 ‘53 T

& bupbpaw 2 |3 T

(xas/sa10ads/#) s9aq paAIasqQO

e/u

(seadelpJiedeuy)

3|DIUBPIII0 WINIPIDIDUY

e/u

(oe22€1INY) DIj0OJ143 DISDYAII]

e/u

(oeade1NYy) "ds wnjAxoyjubz

(oeadeu9s1ng) "ds wnijoid

(oeadeljawolg) "ds bawyday

e/u

(oeadBUOULY) SISUanbLIYD
pLI213DN9) (dEdIEIIDdAH)
pj|Aydosobw bIwsIA

e/u

e/u

noolby 11pI3aq

(*42) sa1dads azunos

13331] J83] YUM [10S

9313 papunom Jo wajs Jo deg

|los

(A113q) 3inay adry

(wo T XZ)3nig

youelq ua04q JO 24n3oei4

punom >Jeg

jes| peljpwolg

19331] 4697

(wog/g yqp) suidiew yea
(elp ww g-G"0) $300y

(elp wwg>) ysnq

Xe|/euel| e Jo swals 3ulAeda

(1o0p) osea48 a3uIH

s9234

9dA} 92unog

uin3nnynd
€202 “eiN
J3puniy
€20¢ 1dy 03 'qa4
uin3nnynd
€20¢ "uer
J2puniy
20T 'NON
junsex
220T 2=d
junsex

¢coc 2ea

junsex
Z20T "AON
iunndi g
Z20T 'AON
iunndi g
220T "AON

eques e
220 eiN

sa3ulg sop audejuo|p|
1202 22d

MEY| 9P 93n0Y

120T NON

eques e

120 ‘e

equies e

120C ‘e

ays Apms

Jeah/yjuon

(ponunuo?)

8¢S

LTS

9¢sS

S¢S

Zs

€¢S

(44

1es

0cs

61S

81S

LTS

91S

S1S

ai

T 319vl



HENSKE ET AL.

FIGURE 1 (a) Eulaema cingulata male
performing scent-collecting behavior

at liana (S2). (b) Eufriesea corusca male
performing scent-collecting behavior at
Protium ravenii (S3). (c) A marked Eufriesea
corusca male approaching Protium ravenii
(S3). (d) Euglossa asarophora female
collecting resin at Protium ravenii (S3). (e)
Eulaema nigrita males biting in the bark

of Peltogyne pubescens for subsequent
volatile collection (S10). (f) Male Eulaema
cingulata collecting volatiles and seeds
from ripe pod of Vanilla pompona (S11).
(g) Euglossa piliventris male performing
scent-collecting behavior at liana (S17). (h)
Euglossa imperialis female collecting resin
at Protium sp. (522).

et al., 2023). In our study, the relative proportions of compounds
in Protium ravenii resin (S3) closely matched those in the perfumes
of bees collecting at this source, providing the first unambiguous
identification of a source motif in euglossine perfumes. One might
argue that Protium ravenii represents an obligate scent source for
male Ef. corusca. However, when we analyzed hind-leg extracts
of eight Ef. corusca males sampled in central Panama in 2010 (see
Appendix S1), we found them to not share the same motif (see
Appendix S1). Whether Panamanian Ef. corusca did not collect at
Protium ravenii or whether the composition of its resin differed
from that in Costa Rica remains unknown. Additionally, extracts
from S23 (bark of Zanthoxylum sp.) and a male Euglossa intersecta
collecting at it (Figure S1d) showed significant overlap in com-
pounds, but their relative proportions were not correlated (see
Appendix S1).

It has only recently been established by controlled exper-
iments that the possession of perfume increases male mating
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success in orchid bees (Henske et al., 2023). However, it remains
unclear what aspect of the perfume, or what specific compound/
motif within the blend, is behaviorally relevant. Furthermore, the
chemical composition of most non-floral scents produced by the
reported sources remains unknown. In some cases, our organo-
leptic observations allow educated guesses about what the bees
were seeking: the wounds of Erythrina poeppigiana (S9) smelled
of skatole, a pungent nitrogen-containing compound. It attracted
male Eulaema nigrita (Figure S1b), which are strongly attracted to
synthetic skatole baits (Ackerman, 1989). Ripe vanilla pods (511)
smelled of vanillin and attracted El. cingulata (Figure 1f) as well as
Euglossa orellana, both of which are attracted to synthetic vanillin
baits in Suriname (B. De Dijn, pers. obs.). Our observations of or-
chid bee males removing seeds during volatile collection at pods
of Vanilla pompona align with previous observations on V. gran-
diflora (Lubinsky et al., 2006) and on V. planifolia and V. odorata
(Karremans et al., 2022). Likely, orchid bee males are at the same
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time (obligate) pollinators (Figure S1c) and seed-dispersers of var-
ious Vanilla species.

We also observed female Euglossa imperialis and Eg. asaro-
phora (Figure 1d) collecting resin from Protium ravenii, as well as
Eg. intersecta and Eg. orellana collecting resin from Protium sp. in
Ecuador (S22, Figure 1h). The use of Protium (formerly referred
to as Proteum) as a resin source for female euglossines has been
mentioned in literature (Armbruster, 1984; Dressler, 1982; Rocha-
Filho et al., 2012), but these reports were based on tentative ob-
servations (Dodson, 1966; “[...] probably collected from Proteum
spp. [...]"; Zucchi et al., 1969; “[...] probably of resin taken from
Proteum (Burseraceae)”). However, Protium is recognized as a resin
source for stingless bees (Barth & Da Luz, 2009; Vit et al., 2024).
Although the females and males we observed at S3 did not belong
to the same species or even genus, the observations are intriguing
and may support the hypothesis raised by Lunau (1992) that “at
its outset, the collection of volatiles [...] was linked to the female
collection of nest material.” Protium resins are rich in terpenoids,
some of which are present in euglossine perfumes (e.g., germac-
rene D, §-cadinene: Rudiger et al., 2007; Darragh et al., 2023) and
some that are highly attractive when offered in synthetic form (e.g.,
1,8-cineole: Dodson et al., 1969; Roubik & Hanson, 2004). Albeit
speculative, our observations support the above-mentioned hy-
pothesis by adding the first observation of parallel scent and resin
collection in males and females. At the time of the evolutionary
origin of male scent collection, resin already played a major role
for nest-building female orchid bees (Cameron, 2004). Accidental
smell of resin could have conveyed a mating advantage to males
due to a pre-existing sensory bias in females, starting the subse-
quent coevolution of male active scent collection and female scent-

based mating preferences (see Arnqvist, 2006).
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