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Abstract. Both tОmpОrКturО КnН floаОr Мolour hКvО mКjor
ОffОМts on thО forКging of pollinКtors. DОspitО Лoth fКМtors
ЛОing importКnt, no stuНiОs hКvО ОбКminОН thО intОrКМtivО
ОffОМts of tОmpОrКturО КnН Мolour КnН hoа this mКв impКМt
thО mКintОnКnМО of nКturКl florКl Мolour polвmorphisms. WО
tОstОН hoа tОmpОrКturО influОnМОН ЛumЛlОЛООs (Bombus spp.)
visitКtion rКtОs to Geranium sylvaticum (LinnКОus 1753)
plКnts Лoth in К grООnhousО КnН fiОlН sОttings. G. sylvaticum
shoаs Мolour polвmorphism Кmong populКtions, КnН inНi-
viНuКls МКn ЛО МlКssifiОН into tаo НisМrОtО morphs, НКrk
morphs or pКlО morphs ЛКsОН on thОir visiЛlО light. WО founН
thКt ЛumЛlОЛОО visitКtion rКtОs to plКnts КnН floаОrs in-
МrОКsОН linОКrlв аith tОmpОrКturО in thО grООnhousО КnН in
thО fiОlН, ЛОforО НОМrОКsing Кt thО highОst tОmpОrКturОs in thО
grООnhousО. In thО grООnhousО, thОrО аКs Кn inМrОКsing prОf-
ОrОnМО for НКrk morphs Кt 23–26 oC, аhОrОКs НКrk morphs
rОМОivОН morО visits thКn pКlО morphs Кt Кll tОmpОrКturОs.
TОmpОrКturО-rОlКtОН НiffОrОnМОs in rОаКrН quКlitв Кlong аith
НiffОrОnМОs ЛОtаООn Мolour morphs КrО likОlв to НrivО this
pКttОrn, though othОr mОМhКnisms МoulН ЛО importКnt.

Резюɦе. Ʉɚɤ ɬɟɦɩɟɪɚɬɭɪɚ, ɬɚɤ ɢ ɨɤɪɚɫɤɚ ɰɜɟɬɨɜ ɨɤɚ-
ɡɵɜɚɸɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɨɩɵɥɢɬɟɥɟɣ.
ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɛɚ ɮɚɤɬɨɪɚ ɜ ɪɚɜɧɨɣ ɦɟɪɟ ɜɚɠɧɵ, ɧɢ
ɨɞɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ
ɨɤɪɚɫɤɢ ɰɜɟɬɤɨɜ ɢ ɬɨɝɨ, ɤɚɤ ɷɬɨ ɦɨɠɟɬ ɩɨɜɥɢɹɬɶ ɧɚ ɩɨɞ-
ɞɟɪɠɚɧɢɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɰɜɟɬɨɜɨɝɨ ɩɨɥɢɦɨɪɮɢɡɦɚ ɫɨɰɜɟ-
ɬɢɣ, ɧɟ ɛɵɥɨ ɨɩɭɛɥɢɤɨɜɚɧɨ. Ɇɵ ɩɪɨɜɟɪɢɥɢ, ɤɚɤ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɜɥɢɹɟɬ ɧɚ ɩɨɫɟɳɚɟɦɨɫɬɶ ɲɦɟɥɹɦɢ (Bombus spp.)
ɪɚɫɬɟɧɢɣ Geranium sylvaticum (LinnКОus, 1753) ɤɚɤ ɜ ɬɟɩ-
ɥɢɰɟ, ɬɚɤ ɢ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ. В ɩɨɩɭɥɹɰɢɹɯ G. sylvaticum
ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɩɨɥɢɦɨɪɮɢɡɦ ɨɤɪɚɫɤɢ, ɢ ɪɚɫɬɟɧɢɹ ɦɨɠ-
ɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɞɢɫɤɪɟɬɧɵɟ ɦɨɪɮɵ ɫ ɬёɦɧɵɦɢ ɢ
ɛɥɟɞɧɵɦɢ ɰɜɟɬɤɚɦɢ. Ɇɵ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɱɚɫɬɨɬɚ ɩɨɫɟ-
ɳɟɧɢɹ ɲɦɟɥɹɦɢ ɰɜɟɬɭɳɢɯ ɪɚɫɬɟɧɢɣ ɥɢɧɟɣɧɨ ɜɨɡɪɚɫɬɚɥɚ ɫ
ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɩɥɢɰɟ ɢ ɜ ɩɨɥɟ ɜɩɥɨɬɶ ɞɨ
ɦɨɦɟɧɬɚ ɫɧɢɠɟɧɢɹ ɩɨɫɟɳɚɟɦɨɫɬɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɦɚɤɫɢ-
ɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɟɩɥɢɰɟ. В ɬɟɩɥɢɰɟ ɨɬɦɟɱɟɧɨ ɦɚɤ-
ɫɢɦɚɥɶɧɨɟ ɩɨɫɟɳɟɧɢɟ ɬёɦɧɨɨɤɪɚɲɟɧɧɵɯ ɰɜɟɬɤɨɜ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ 23–26 °C, ɯɨɬɹ ɢɦɟɧɧɨ ɬёɦɧɨɤɪɚɲɟɧɧɵɟ ɦɨɪɮɵ

ɛɨɥɟɟ ɱɚɫɬɨ ɩɨɫɟɳɚɥɢɫɶ ɲɦɟɥɹɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɥɟɞɧɨ-
ɨɤɪɚɲɟɧɧɵɦɢ ɩɪɢ ɥɸɛɵɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ. Зɚɜɢ-
ɫɢɦɨɫɬɶ ɩɨɫɟɳɟɧɢɹ ɲɦɟɥɹɦɢ ɫɨɰɜɟɬɢɣ ɝɟɪɚɧɢ ɨɬ ɪɚɡɥɢɱ-
ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɤɪɟɬɧɨɣ ɨɤɪɚɫɤɢ ɰɜɟɬɤɨɜ,
ɜɟɪɨɹɬɧɨ, ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɜɵɛɨɪɚ,
ɯɨɬɹ ɢ ɞɪɭɝɢɟ ɦɟɯɚɧɢɡɦɵ ɬɚɤɠɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɡɧɚɱɢ-
ɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɟɞɩɨɱɬɟɧɢɹ ɨɩɵɥɢɬɟɥɟɣ.

Introduction
FlorКl МhКrКМtОrs suМh Кs Мolour, oНour КnН floаОr

shКpО hКvО mКjor influОnМОs on thО КttrКМtivОnОss of
floаОrs to pollinКtors [WillmОr, 2011]. Colour in pКrtiМu-
lКr is thО most importКnt mОthoН of КttrКМting pollinК-
tors [KОvКn Оt Кl., 1996] КnН is inМrОНiЛlв plКstiМ КМross
thО КngiospОrms [RКushОr, 2008]. In somО spОМiОs, floаОr
Мolour polвmorphism (thО ОбistОnМО of multiplО НisМrОtО
floаОr Мolour phОnotвpОs in К singlО spОМiОs) МКn oММur
[sОО WКrrОn КnН MМKОnгiО, 2001 for thО НistriЛution of
floаОr Мolour vКriКtion in thО British FlorК]. Colour polв-
morphism МКn КrisО НuО to МhКngОs in thО rОgulКtion of
pigmОnt ЛiosвnthОsis [О.g. DurЛin Оt Кl., 2003] or Лв
mutКtions in thО ОnгвmОs thОmsОlvОs [О.g. QuКttroМ-
Мhio Оt Кl., 1999]. ThО mКintОnКnМО of Мolour polвmor-
phism hКs ЛООn mКinlв КsМriЛОН to НisruptivО sОlОМtion
or frОquОnМв-НОpОnНОnt sОlОМtion ОбОrtОН Лв pollinК-
tors, hОrЛivorОs КnН pКthogОns [GigorН Оt Кl., 2001;
Irаin Оt Кl., 2003; FrОв, 2004; StrКuss, WhittКll, 2007]
ОvОn though КЛiotiМ fКМtors mКв Кlso МontriЛutО to this
mКintОnКnМО through plОiotropiМ ОffОМts [SМhОmskО,
BiОrгвМhuНОk, 2001, 2007; WКrrОn, MКМkОnгiО, 2001;
AristК Оt Кl., 2013] givОn thО link of floаОr pigmОnts КnН
ЛioМhОmiМКllв rОlКtОН МompounНs [GoulН, 2004]. MorО-
ovОr, Мolour polвmorphism mКв ЛО Кlso К rОsult of floа-
Оr КНКptКtion to UV light Кt loаОr КltituНОs ЛОМКusО
florКl pigmОnts МКn hОlp to protОМt gКmОtОs КgКinst
nОgКtivО ОffОМts of UV [Koski, AshmКn, 2015].
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InsОМt pollinКtors shoа innКtО prОfОrОnМОs for МОr-
tКin Мolour morphs [GiurfК Оt Кl., 1995; LunКu, MКiОr,
1995]. In КННition, most insОМt pollinКtors МКn lОКrn to
НisМriminКtО Кmong floаОrs ЛКsОН on thО НiffОrОnt
Кmount of rОаКrНs offОrОН suМh Кs nОМtКr [CnККni Оt Кl.,
2006], pollОn [KitКokК, NiОh, 2009] or ОvОn аКrmth [DвОr
Оt Кl., 2006]. GivОn thО rОlКtionship ЛОtаООn floаОr Мon-
stКnМв КnН Мolour [ChittkК Оt Кl., 1999] КnН thКt florКl
МonstКnМв inМrОКsОs forКging ОffiМiОnМв [GОgОКr, 2005],
НirОМtionКl sОlОМtion toаКrНs thО most rОаКrНing Мo-
lour morph shoulН ЛО oЛsОrvОН in Мolour polвmorphiМ
plКnts [WКsОr, PriМО, 1983]. HoаОvОr, аhОthОr this rОlК-
tionship is КffОМtОН Лв tОmpОrКturО is К rОlКtivОlв ovОr-
lookОН fКМtor. ClОКrlв, in МolН ОnvironmОnts highОr tОm-
pОrКturОs КМhiОvОН Лв НКrkОr floаОr morphs mКв ЛО
КНvКntКgОous for pollОn КnН sООН НОvОlopmОnt [Elg-
ОrsmК Оt Кl., 1989; MМKОО, RiМhКrНs, 1998]. DКrk floаОrs
МКn influОnМО pollinКtor МhoiМО rОgКrНlОss of thО Кmount
of nОМtКr offОrОН [DвОr Оt Кl., 2006; NiМolson Оt Кl.,
2013]. HoаОvОr, somО аorks hКvО shoаn thКt pКlОr
morphs mКв ЛО аКrmОr. In thО Мolour polвmorphiМ Кl-
pinО КnnuКl Gentiana leucomelaena (MКбimoаiМг Оt
KusnОгoа 1892), pКlО morphs аОrО аКrmОr КnН opОnОН
ОКrliОr in thО floаОring sОКson thКn НКrkОr morphs [Mu
Оt Кl., 2010]. NonОthОlОss, Кs prОНiМtОН from innКtО prОf-
ОrОnМОs, НКrk morphs аОrО prОfОrrОН Лв spОМiКlist hв-
mОnoptОrКn pollinКtors [Mu Оt Кl., 2011]. In КННition,
thО quКntitв КnН quКlitв of nОМtКr КаКrН is likОlв МritiМКl.
NОМtКr sОМrОtion is oftОn positivОlв МorrОlКtОН аith tОm-
pОrКturО [JКkoЛsОn, KristjКnsson, 1994] КnН stuНiОs
hКvО Кlso shoаn thКt МОrtКin Мolour morphs hКvО grОКt-
Оr sugКr МonМОntrКtions [О.g. VКrgК, SoulsЛurв, 2017].
Thus, Лoth tОmpОrКturО КnН rОаКrН МКn МomЛinО to
inМrОКsО prОfОrОnМО for МОrtКin Мolours Кt inМrОКsing
tОmpОrКturОs.

In thО prОsОnt stuНв, аО invОstigКtОН ЛumЛlОЛООs'
rОsponsО to Мolour polвmorphism using Geranium syl-
vaticum L. (GОrКniКМОКО), К gвnoНioОМious pОrОnniКl
plКnt founН in ЛorОКl-montКnО КrОКs КМross EurКsiК
[HultОn, FriОs, 1986]. In G. sylvaticum, Мolour polвmor-
phism Кmong populКtions hКs ЛООn rОportОН, аith plКnts
proНuМing floаОrs of К аiНО rКngО of НiffОrОnt Мolours
rКnging from аhitО through to НКrk purplО [VККrКmК,
JККskОlКinОn, 1967]. HoаОvОr, Кll floаОrs МКn ЛО Нis-
tinМtlв МКtОgorisОН into visiЛlО light pКlО morph (аhitО-
pink, non-UV rОflОМtivО) КnН visiЛlО light НКrk morphs
(violОt -purplО, UV-ЛullsОвО) [VКrgК, SoulsЛurв, 2017].
ThО frОquОnМв of thО tаo Мolour morphs is ЛОliОvОН to
vКrв МlinКllв; in southОrn pКrts of FinlКnН, НКrk morphs
sООmОН morО frОquОnt аhОrОКs in northОrn pКrts pКlО
morphs аОrО morО Мommon [VККrКmК, JККskОlКinОn,
1967]. HoаОvОr, Лoth Мolour morphs МКn ЛО founН to-
gОthОr in most loМКtions КnН thОrО sООms to ЛО no
rОlКtionship ЛОtаООn Мolour КnН pОtКl siгО or sОбuКl
tвpО of floаОr [VККrКmК, JККskОlКinОn, 1967], аhiМh is
МonstКnt аithin plКnt inНiviНuКls.

BumЛlОЛООs [Bombus spp.] КrО importКnt pollinК-
tors of G. sylvaticum [VКrgК, KвtoviitК, 2010]. In our
stuНв, аО foМusОН on Bombus terrestris LinnКОus 1758.

(HвmОnoptОrК: ApiНКО), К Мommonlв usОН moНОl spО-
МiОs in pollinКtion stuНiОs. BumЛlОЛООs, inМluНing B.
terrestris, hКvО ЛООn shoаn to hКvО innКtО prОfОrОnМОs
for violОt-МolourОН floаОrs [GumЛОrt, 2000] КnН to prО-
fОr аКrmОr floаОrs in ОбpОrimОnts using КrtifiМiКl floаОrs
[DвОr Оt Кl., 2006]. LikО othОr ЛООs, ЛumЛlОЛООs КrО UV-
ЛluО-grООn triМhromКts КnН МКn thus sОО UV light [PОitsМh
Оt Кl., 1992; ChittkК, WОlls, 2004]. In G. sylvaticum, НКrk
floаОrs hКvО highОr sugКr МonМОntrКtions, аhiМh is tОm-
pОrКturО-НОpОnНОnt [VКrgК, SoulsЛurв, 2017]. BОМКusО
of thО knoаn innКtО prОfОrОnМОs for violОt-МolourОН
floаОrs КnН for highОr sugКr МonМОntrКtions, аО hв-
pothОsisОН thКt ЛumЛlОЛООs аoulН visit morО НКrk floа-
Оrs Кs tОmpОrКturО inМrОКsОs.

Materials and methods
Colour categorisation. ThОrО КrО multiplО Мolour

morphs in G. sylvaticum populКtions [VККrКmК, JККskО-
lКinОn, 1967]. UnНОr UV, G. sylvaticum floаОrs МКn ЛО
НistinМtlв МКtОgorisОН into non-UV rОflОМtivО (rОfОrrОН
to pКlО morphs hОrОКftОr КnН UV rОflОМtivО аith К UV
КЛsorЛing ЛullsОвО (rОfОrrОН to НКrk morphs hОrОКftОr
[VКrgК, SoulsЛurв, 2017]). ThОrОforО, to МhКrКМtОrisО
floаОr Мolour, аО МollОМtОН floаОrs of thО four Мommon-
Оst visiЛlО Мolour tвpОs (pКlО-pink to pink КnН purplО to
purplО-violОt) КnН took UV photogrКphs. FloаОrs аОrО
mountОН КgКinst К аhitО pКpОr ЛКМkgrounН КnН photo-
grКphОН аith К Nikon D40б fittОН аith К Nikon 28-mm
sОriОs E lОns ОquippОН аith К rОvОrsО-mountОН 2-in
BККНОr U-FiltОr (BККНОr PlКnОtКrium, MКmmОnНorf, GОr-
mКnв). ThО UV filtОr rОmovОs visiЛlО КnН infrКrОН аКvО-
lОngths Лut trКnsmits UV light ЛОtаООn 320 КnН 380 nm,
аith pОКk trКnsmission Кt 340 nm. WО illuminКtОН thО
imКgО fiОlН аith К UV lКmp аith pОКk UV Оmission Кt
360–380 ηm.

Greenhouse experimental set up. Colour prОfОrОnМ-
Оs аОrО tОstОН using К grООnhousО stuНв, МКrriОН out in
KonnОvОsi RОsОКrМh StКtion, МОntrКl FinlКnН, Нuring
19-th to 26-th JunО 2012. WО usО 12 МoloniОs of МКptivО
ЛrОН B. terrestris L. (КМquirОН from SМhОtОlig Oв, Fin-
lКnН), МontКining КpproбimКtОlв 50 аorkОrs. ColoniОs
аОrО kОpt in НКrknОss until usОН. BumЛlОЛООs аОrО
nКivО to floаОrs prior to ОбpОrimОnt. BumЛlОЛООs аОrО
КlloаОН to forКgО ovОr 18 singlО-МolourОН (9 б НКrk
morph/ 9 б pКlО morph) ЛunМhОs of floаОrs plКМОН stКnН-
ing on pots mimiМking nКturКl positions of floаОrs,
МontКining on КvОrКgО 11.7 ± 0.1 opОn floаОrs (rКngО:
5–22 floаОrs). ThОrО аКs no signifiМКnt НiffОrОnМО in
numЛОr of opОn floаОrs ЛОtаООn Мolours (2-sКmplО t
tОst: t645 = 1.22, P = 0.226); in totКl, аО usОН 7545 floаОrs.
ThО pots аОrО plКМОН on К 30 Мm high flКt surfКМО,
НistriЛutОН in 3 roаs аith 6 pots ОКМh, Кt 40 Мm intОr-
pots НistКnМОs КnН ОбposОН to nКturКl sunlight onlв.
EКМh НКв frОsh florКl shoots from > 50 plКnts аОrО Мol-
lОМtОН from thО surrounНing КrОК КnН plКМОН immОНiКtО-
lв in аКtОr КnН usОН quiМklв to minimisО МhКngОs МКusОН
Лв ЛОing plКМОН in аКtОr. ThО position of pКlО/НКrk
morphs аОrО КltОrnКtОlв plКМОН КnН rКnНomisОН in ОКМh
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triКl. EКМh Мolonв аКs КlloаОН to forКgО for 30 minutОs
КnН thО forКging аКs filmОН using К viНОo МКmОrК plКМОН
to thО siНО of thО floаОrs. ThО numЛОr of visits to
inНiviНuКl ЛunМhОs КnН thО totКl numЛОr of floаОrs
visitОН аОrО rОМorНОН for ОКМh triКl. AftОr ОКМh triКl,
ЛumЛlОЛООs аОrО МКught КrО rОturnОН to thО hivО. Colo-
niОs аОrО usОН for 3 МonsОМutivО triКls on thО sКmО НКв.
TriКls аОrО МКrriОН out from 09:00 to 18:00. Light КnН
КmЛiОnt tОmpОrКturО аОrО mОКsurОН ОvОrв 10 minutОs
КnН thО thrОО rОКНings КvОrКgОН.

WО МhosО to МrОКtО К sМОnКrio thКt аКs ОМologiМКllв
rОКlistiМ. WО thОrОforО usОН rОКl floаОrs Кs opposОН to
КrtifiМiКl onОs, аhiМh МontКinОН nКturКllв vКrвing vol-
umОs of nОМtКr, floаОr КnН insОМt oНours, КnН аhiМh
mКв hКvО ЛООn visitОН prОviouslв Лв pollinКting in-
sОМts. PlКnts КnН floаОrs in G. sylvaticum Кlso vКrв in
thОir position in thО аilН КnН our plКМОmОnt of floаОrs
in аКtОr prОsОntОН floаОrs in multiplО аКвs, though in
prКМtisО this mКНО no НiffОrОnМО to ЛОО forКging. All
thОsО fКМtors КНН МonsiНОrКЛlО vКriКnМО to our НКtК, Лut
Кt thО sКmО timО prОsОnt К rОКl sМОnКrio thКt ЛumЛlО-
ЛООs аill fКМО in thО fiОlН.

Field observations: Insect visits to the two colour
morphs. OЛsОrvКtions аОrО Кlso МКrriОН out in thО fiОlН
on К totКl of 135 plКnts, аhiМh МomprisОН 2901 floаОrs
Нuring JunО 2012 КnН JunО 2013 Кt four sitОs in CОntrКl
FinlКnН аhОrО G. sylvaticum oММurrОН Кs Кn КЛunНКnt
plКnt. Proportion of НКrk morphs аКs 43 %, 35.8 %,
87.8 % КnН 60.4 % Кt ОКМh sitО. OЛsОrvКtions аОrО МКr-
riОН out from 9:30 to 20:00. RКnНomlв МhosОn plКnts
аОrО oЛsОrvОН for 15 minutОs КnН thО numЛОr of visits
КnН thО insОМt tвpО (ЛumЛlОЛООs, othОr ЛООs, DiptОrК
КnН othОrs) visiting thО plКnts аОrО rОМorНОН, Кs аОll Кs
thО numЛОr of opОn floаОrs КnН thО Мolour morph not-
ОН. AmЛiОnt Кir tОmpОrКturО аКs Кlso rОМorНОН Кt thО
stКrt of ОКМh oЛsОrvКtion. In КННition, floаОr КnН lОКf
(thО МlosОst, fullв ОбpКnНОН lОКf to thО floаОr) tОmpОrК-
turОs аОrО mОКsurОН аith К lКsОr infrКrОН thОrmomОtОr
in К suЛsОt of plКnts.

Statistical methods. WО first tОstОН аhОthОr light
lОvОl (luб КnН tОmpОrКturО) in thО grООnhousО аОrО МorrО-
lКtОН using PОКrson’s МorrОlКtion. WО thОn КnКlвsОН
ЛumЛlОЛОО visits in thО grООnhousО using К gОnОrКlisОН
linОКr miбОН ОffОМts moНОl аith К Poisson НistriЛution.
ThО НОpОnНОnt vКriКЛlО аКs ОithОr numЛОr of visits to
singlО ЛunМhОs (hОrОКftОr pots) or thО totКl numЛОr of
floаОrs visitОН pОr pot. WО first fittОН thО polвnomiКl
(linОКr КnН quКНrКtiМ) ОffОМt of КmЛiОnt tОmpОrКturО КnН
its intОrКМtion аith Мolour. NumЛОr of floаОrs in ОКМh pot
аКs inМluНОН Кs К fiбОН fКМtor, КnН Лoth Мolonв КnН triКl
nОstОН аithin Мolonв, аОrО inМluНОН Кs rКnНom ОffОМts.
WО tОstОН for Лoth гОro inflКtion КnН ovОrНispОrsion
prior to НКtК КnКlвsis; НКtК аОrО not гОro inflКtОН, Лut
аОrО founН to ЛО ovОrНispОrsОН so Кn inНiviНuКl-lОvОl
rКnНom ОffОМt аКs inМluНОН to КММount for ovОrНispОr-
sion. WО thОn moНОllОН thО ОffОМt of light (linОКr onlв),
Мolour, numЛОr of opОn floаОrs КnН thОir intОrКМtions on
ЛumЛlОЛОО visits to plКnts КnН floаОrs. For Лoth moНОls,

аО initiКllв inМluНО thО intОrКМtion ЛОtаООn КmЛiОnt tОm-
pОrКturО (or light) КnН Мolour, Лut if not signifiМКnt, аО rО-
rКn thО moНОl аithout thО intОrКМtion. FiОlН НКtК on Лum-
ЛlОЛОО visitКtions аОrО Кlso ovОrНispОrsОН, Лut not гОro
inflКtОН. WО usОН nОgКtivО ЛinomiКl moНОls, КnН likО thО
grООnhousО moНОls, thО polвnomiКl ОffОМt (linОКr КnН
quКНrКtiМ) of КmЛiОnt tОmpОrКturО, numЛОr of opОn floа-
Оrs КnН Мolour аОrО inМluНОН. ThО intОrКМtion ЛОtаООn
Мolour КnН КmЛiОnt tОmpОrКturО аКs initiКllв inМluНОН,
КnН thОn rОmovОН if non-signifiМКnt. ThО rОlКtionship
ЛОtаООn floаОr КnН lОКf tОmpОrКturО аКs invОstigКtОН
аith Кn ANCOVA. All moНОls аОrО run using thО lmОrT-
Оst pКМkКgО [KuгnОtsovК Оt Кl., 2014] КnН MASS pКМk-
КgО [VОnКЛlОs, RiplОв, 2002]  in R  [R-CorО TОКm, 2015].

Results
Bumblebee visits in the greenhouse. During thО

18 hours of oЛsОrvКtions thО КmЛiОnt Кir tОmpОrКturОs
rОgistОrОН in thО grООnhousО rКngОН ЛОtаООn 16 КnН
33 °C (аith К mОКn of 24 °C) КnН thО light lОvОls rКngОН
ЛОtаООn 3 КnН 142 Kluб (аith К mОКn vКluО of 32 Kluб).
Unsurprisinglв, thОsО tаo fКМtors аОrО stronglв МorrО-
lКtОН (rp = 0.59, P = 0.04). AltogОthОr, 767 visits to thО
pots аОrО oЛsОrvОН КnН in totКl, thО ЛumЛlОЛООs visitОН
2454 floаОrs.

ThОrО аКs К signifiМКnt quКНrКtiМ rОlКtionship ЛО-
tаООn tОmpОrКturО КnН Лoth thО numЛОr of pots visitОН
КnН thО numЛОr of floаОrs visitОН (TКЛlО 1; Fig. 1К, Л).
In КННition, thОrО аКs К signifiМКnt intОrКМtion ЛОtаООn
tОmpОrКturО КnН floаОr Мolour (TКЛlО 1); thОrО аКs К
grОКtОr numЛОr of visits to pot КnН floаОrs of thО НКrk
morphs ЛОtаООn 23–26 °C. PКlО morphs аОrО prОfОrrОН
Кt loаОr (20–23 °C) КnН highОr tОmpОrКturОs (26–30 °C
Fig. 2К, Л). ThО numЛОr of opОn floаОrs НiН not КffОМt
thО numЛОr of visits to pots, Лut аКs positivОlв МorrО-
lКtОН аith thО numЛОr of floаОrs visitОН (TКЛlО 1; Fig 3).
Light lОvОl аКs not КssoМiКtОН аith thО numЛОr of pots
or floаОrs visitОН (TКЛlО 1).

Insect visits in the field. During thО 20.75 hours of
oЛsОrvКtions, 108 plКnts аОrО oЛsОrvОН КnН 273 insОМt
visits to 504 floаОrs аОrО rОМorНОН. RОgistОrОН tОmpОr-
КturОs rКngОН ЛОtаООn 14 КnН 27 °C, аith Кn КvОrКgО of
20 °C. Most of thО insОМts visiting G. sylvaticum plКnts
аОrО DiptОrК (58 % of thО totКl visits), folloаОН Лв
ЛumЛlОЛООs (14 %), othОr HвmОnoptОrК (13 %), КnН ЛООs
(11 %). MorОovОr, 12 visits аОrО mКНО Лв ЛООtlОs КnН
6 ЛuttОrfliОs аОrО oЛsОrvОН visiting thО plКnts.

For ЛumЛlОЛООs, thОrО аКs no ОffОМt of Мolour or thО
numЛОr of opОn floаОrs on thО numЛОr of plКnts visit-
ОН, Лut ЛumЛlОЛООs visitОН morО plКnts аhОn it аКs
аКrmОr (TКЛlО 2). ThОrО аКs Кn ОffОМt of tОmpОrКturО
КnН Мolour on thО numЛОr of floаОrs visitОН (TКЛlО 2).
MorО floаОrs аОrО visitОН аhОn it аКs аКrmОr, КnН
thОrО аКs К prОfОrОnМО for НКrk morph floаОrs Кt Кll
tОmpОrКturОs (Fig. 4). In КННition, thО numЛОr of floаОrs
visitОН аКs positivОlв МorrОlКtОН to thО numЛОr of opОn
floаОrs (TКЛlО 2).
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Model Factor Number of visits to pots Number of visits to individual flowers 

ß ± SE z P ß ± SE z P 
Temperature Intercept  –46.98 ± 20.98  –2.24 0.025  –56.68 ± 26.78  –2.12 0.025 

Temperature [linear] 3.54 ± 1.66 2.14 0.033 4.27 ± 2.12 2.02 0.033 

Temperature [quadratic]  –0.07 ± 0.03  –2.08 0.037  –0.08 ± 0.04  –1.97 0.037 

Colour  –20.94 ± 2.97  –7.06 <0.001  –24.17 ± 8.36  –2.89 <0.001 

Number open flowers 0.01 ± 0.02 0.74 0.461 0.07 ± 0.03 2.25 0.461 

Temperature [linear] × Colour 1.68 ± 0.24 7.15 <0.001 1.91 ± 0.67 2.85 <0.001 

Temperature [quadratic] × Colour  –0.03 ± 0.00  –7.19 <0.001  –0.04 ± 0.01  –2.82 <0.001 
Light Intercept  –1.81 ± 0.66  –2.74 0.006  –2.38 ± 0.89  –2.67 0.008 

Lux [linear] 0.01 ± 0.01 0.76 0.449 0.01 ± 0.02 0.82 0.415 

Colour  –0.10 ± 0.07  –1.32 0.188  –0.14 ± 0.11  –1.32 0.188 

Number open flowers 0.00 ± 0.02 0.24 0.813 0.06 ± 0.03 2.03 0.043 

 

Table 1. Results for GLMM between temperature and light (Klux) and the number of visits to pots and to individual
flowers in the two different colour morphs of Geranium sylvaticum plants by Bombus terrestris in the
greenhouse. Significant results are shown in bold

Òàáëèöà 1. Ðåçóëüòàòû äëÿ GLMM ìåæäó òåìïåðàòóðîé è îñâåù¸ííîñòüþ (Klux), êîëè÷åñòâîì ïîñåùåíèé øìåëÿìè
Bombus terrestris ãîðøêîâ è îòäåëüíûõ öâåòêîâ äâóõ âàðèàíòîâ îêðàñêè ñîöâåòèé ãåðàíè â òåïëèöå.
Çíà÷èìûå ðåçóëüòàòû âûäåëåíû æèðíûì øðèôòîì

Model Factor ß ± SE z P 
 
Number of plants visited 

Intercept  –8.42 ± 3.22  –2.62 0.009 

Temperature [linear] 0.64 ± 0.31 2.03 0.043 

Temperature [quadratic]  –0.01 ± 0.01  –1.74 0.082 

Colour 0.34 ± 0.31 1.11 0.265 

Number of open flowers 0.01 ± 0.01 1.03 0.302 
 
Number of flowers visited 

Intercept  –14.99 ± 4.27  –3.51 <0.001 

Temperature [linear] 1.26 ± 0.42 3.02 0.003 

Temperature [quadratic]  –0.03 ± 0.01  –2.75 0.006 

Colour 0.87 ± 0.38 2.29 0.022 

Number of open flowers 0.02 ± 0.01 3.14 0.002 

 

Table 2. Negative binomial GLM model outputs for number of plants and number of Geranium sylvaticum flowers
visited by bumblebees in relation to temperature and flower colour in the field. Significant results are shown
in bold

Òàáëèöà 2. Ðåçóëüòàòû îòðèöàòåëüíîé áèíîìèàëüíîé GLM-ìîäåëè äëÿ êîëè÷åñòâà ðàñòåíèé è êîëè÷åñòâà öâåòêîâ
Geranium sylvaticum, ïîñåù¸ííûõ øìåëÿìè â çàâèñèìîñòè îò çíà÷åíèé òåìïåðàòóðû è îêðàñêè öâåòîâ
â ïîëå. Çíà÷èìûå ðåçóëüòàòû âûäåëåíû æèðíûì øðèôòîì

Flower temperature. FloаОr tОmpОrКturО in thО fiОlН
(N = 101) аКs positivОlв rОlКtОН to lОКf tОmpОrКturО
(β ± SE = 0.97 ± 0.02, t = 52.80, P < 0.001; Fig. 5К) КnН not
to floаОr Мolour (β ± SE = 0.23 ± 0.19, t = 1.19, P = 0.237).
HoаОvОr, НiКgnostiМ tОsts shoаОН tаo outliОrs. RО-
movКl of thОsО points НiН not КltОr thО rОlКtionship
ЛОtаООn florКl tОmpОrКturО КnН lОКf tОmpОrКturО
(β ± SE = 0.97 ± 0.02, t = 60.14, P < 0.001), Лut НКrk
floаОrs аОrО thОn founН to ЛО 0.4°C аКrmОr thКt pКlО
floаОrs (β ± SE = 0.37 ± 0.17, t = 2.12, P = 0.037; Fig. 5Л).

Discussion
Temperature-dependent bumblebee foraging rates.

Our НКtК shoа thКt thО visitКtions to Лoth Мolour mor-
phs аОrО rОlКtОН to tОmpОrКturО; visitКtion rКtОs in-
МrОКsОН аith tОmpОrКturО ЛОforО НОМlining Кt highОst

tОmpОrКturОs in thО grООnhousО. TОmpОrКturО is onО of
thО most importКnt НrivОrs of ЛОО forКging pКttОrns in
gОnОrКl [WillmОr, StonО, 2004]. BumЛlОЛООs hКvО thОr-
morОgulКtorв КЛilitiОs [HОinriМh, 1979; Goulson, 2010]
КnН thus, thОв КrО lОss НОpОnНОnt on МlimКtО for МКrrв-
ing out КМtivitiОs thКt othОr insОМts. FiОlН НКtК support
this, аith B. terrestris forКging rКtОs КppКrОntlв inНif-
fОrОnt to irrКНiКnМО, rОlКtivО humiНitв КnН tОmpОrКturО
[HОrrОrК, 1995, tОmpОrКturО rКngО oЛsОrvОН not givОn;
PОКt, Goulson, 2005, tОmpОrКturО rКngО oЛsОrvОН: 13–
29 °C]. MorОovОr, similКr or ОvОn highОr forКging rКtОs
to thosО founН Нuring summОr hКvО ЛООn rОportОН for
B. terrestris Кt КmЛiОnt tОmpОrКturОs Кs loа Кs 3 °C
[StОlгОr Оt Кl., 2010]. HoаОvОr, К positivО МorrОlКtion
ЛОtаООn forКging КnН tОmpОrКturО likО thО onОs oЛ-
sОrvОН in thО prОsОnt stuНв hКs Кlso ЛООn prОviouslв
shoаn in B. terrestris [CorЛОtt Оt Кl., 1993; RomКn,
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SгМгОsnК, 2008] КnН Кlso in К аiНОr rКngО of ЛumЛlОЛОО
spОМiОs [LunНЛОrg 1980; CorЛОtt Оt Кl., 1993]. In grООn-
housОs, highОst ЛumЛlОЛОО forКging is КrounН 25 °C
[Kаon, SКООН, 2003], similКr to аhКt аО founН.

MКnв pollinКtors ОбhiЛit ЛimoНКl pКttОrns of forКg-
ing throughout thО НКв, КvoiНing thО highОst tОmpОrК-
turОs [О.g. HОrrОrК, 1990]. HoаОvОr, stuНiОs suggОst
this is not thО МКsО for B. terrestris [PОКt Оt Кl., 2005;
Couvillon Оt Кl., 2010]; НОМlinОs in forКging rКtОs mКв
instОКН rОlКtО to К grОКtОr Кmount of timО spОnt mКin-
tКining nОst thОrmorОgulКtion [Couvillon Оt Кl., 2010] or

Fig. 1. Relationships between the temperatures registered in the greenhouse and [a] the total number of visits to pots and
[b] the total number of flowers visited per pot by Bombus terrestris. Points represent the mean ± SE for each trial.

Ðèñ. 1. Çàâèñèìîñòü ìåæäó òåìïåðàòóðàìè, çàðåãèñòðèðîâàííûìè â òåïëèöå, è [a] îáùèì ÷èñëîì ïîñåùåíèé ãîðøêîâ
ñ ãåðàíüþ, è [b] îáùèì ÷èñëîì ïîñåù¸ííûõ øìåëÿìè Bombus terrestris öâåòîâ â ïåðåñ÷¸òå íà ãîðøîê. Òî÷êè îòðàæàþò ñðåäíåå
çíà÷åíèå ± SE äëÿ êàæäîãî èñïûòàíèÿ.

Fig. 2. Preference of Bombus terrestris visiting pale and dark colour morphs of Geranium sylvaticum in the greenhouse at
different temperatures in [a] the total number of plants visited and [b] the total number of flowers visited per plant. Values > 0
indicate a greater choice for dark morphs, values < 0 indicate a greater choice for pale morphs. For clarity, we have removed
trials with 0 visits. Each point represents the average differences between each morph within a trial.

Ðèñ. 2. Ïðåäïî÷òåíèå øìåëÿìè Bombus terrestris ò¸ìíûõ èëè áëåäíûõ ìîðô öâåòêîâ ãåðàíè Geranium sylvaticum â òåïëèöå
ïðè ðàçíûõ òåìïåðàòóðàõ, [a] — îáùåå êîëè÷åñòâî ïîñåù¸ííûõ ðàñòåíèé, [b] — îáùåå êîëè÷åñòâî ïîñåù¸ííûõ öâåòîâ íà
îäíîì ðàñòåíèè. Çíà÷åíèÿ > 0 óêàçûâàþò íà áîëüøèé âûáîð äëÿ ò¸ìíûõ ìîðô, çíà÷åíèÿ <0 óêàçûâàþò íà áîëüøèé âûáîð
äëÿ áëåäíûõ ìîðô. Äëÿ ÿñíîñòè ïðîáû ñ 0 ïîñåùåíèÿìè íå ïðèâîäÿòñÿ. Êàæäàÿ òî÷êà ïðåäñòàâëÿåò ñîáîé ñðåäíèå ðàçëè÷èÿ
ìåæäó êàæäîé ìîðôîé â õîäå èñïûòàíèÿ.

ЛОМКusО of thО inМrОКsОН nОМtКr rОаКrНs КvКilКЛlО Кt
highОr tОmpОrКturОs [CorЛОt Оt Кl., 1979; VКrgК, Souls-
Лurв, 2017]. Thus, pКttОrns oЛsОrvОН in forКging rКtО
mКв stОm from К numЛОr of potОntiКl rОКsons, Лut Мon-
firm thО gОnОrКl pКttОrn of tОmpОrКturО-НОpОnНОnt for-
Кging in ЛumЛlОЛООs.

Colour-dependent visitation rates. Our sОМonН mК-
jor rОsult аКs thКt forКging rКtОs аОrО rОlКtОН to thО
florКl Мolour. BumЛlОЛООs prОfОrrОН thО НКrk morph ovОr
thО pКlО morph Лoth in thО grООnhousО КnН in thО fiОlН,
аith inМrОКsing prОfОrОnМО for НКrk morphs in thО grООn-

                                                                               К Л
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Fig. 4. Relationship between the temperatures registered in the field and the total number of flowers visited per plant by
bumblebees for dark [filled circles, solid line] and pale [empty circles, dashed line] Geranium sylvaticum plants.

Ðèñ. 4. Ñâÿçü ìåæäó òåìïåðàòóðîé, îòìå÷åííîé â ïîëå, è îáùèì êîëè÷åñòâîì ïîñåù¸ííûõ øìåëÿìè öâåòêîâ íà ðàñòåíèå
Geranium sylvaticum äëÿ ò¸ìíûõ [÷¸ðíûå êðóæêè, ñïëîøíàÿ ëèíèÿ] è áëåäíûõ [áåëûå êðóæêè, ïóíêòèðíàÿ ëèíèÿ] öâåòêîâ
ãåðàíè.

housО Кt 23–26 °C. This аКs ОбpОМtОН Кs ЛumЛlОЛООs
КrО rОportОН to hКvО Кn innКtО prОfОrОnМО for this Мolour
[GumЛОrt, 2000]. In КННition, ЛumЛlОЛООs аill prОfОrОn-
tiКllв sОlОМt for К grОКtОr quКlitв nОМtКr rОаКrН [CnККni
Оt Кl., 2006], КnН in G. sylvaticum, НКrk morphs hКvО
highОr sugКr МontОnt thКn pКlО morphs [VКrgК, Souls-
Лurв, 2017]. IntОrОstinglв, sОlОМtion for thО НКrk morph
аКs grОКtОst Нuring thО “optimКl” forКging tОmpОrКturО
[i.О. 23-26°C] in thО grООnhousО. UsuКllв sugКr МonМОn-
trКtion is inМrОКsОН Кt highОr tОmpОrКturО lОvОls [О.g.
PОtКniНou, SmОts, 1996] КnН ОvОn though most prОvi-
ous stuНiОs rОport no НiffОrОnМО ЛОtаООn Мolour mor-
phs in sugКr Кmount prОsОnt in florКl nОМtКr [GКlОn,
KОvКn, 1980; ChОn Оt Кl., 2014], аО founН НКrk morphs
hКН highОr sugКr МontОnt thКn pКlО floаОrs in our stuНв
spОМiОs КnН К positivО rОlКtionship ЛОtаООn sugКr Мon-
tОnt КnН tОmpОrКturО [VКrgК, SoulsЛurв, 2017]. HОnМО,
it is likОlв thКt thО primКrв НiffОrОnМО in forКging ЛО-

Fig. 5. Relationship between the [a] flower temperatures and leaf temperatures registered in the field for dark [filled circles,
solid line] and pale [empty circles, dashed line] Geranium sylvaticum plants. Each data point is a separate plant. [b] The mean ±
SE difference between flower temperature and leaf temperature in pale dark morphs.

Ðèñ. 5. Ñâÿçü ìåæäó òåìïåðàòóðîé [a] öâåòêîâ è ëèñòüåâ, îòìå÷åííîé â ïîëå äëÿ ò¸ìíûõ [÷¸ðíûå êðóæêè, ñïëîøíàÿ ëèíèÿ]
è áëåäíûõ [áåëûå êðóæêè, ïóíêòèðíàÿ ëèíèÿ] öâåòêîâ ãåðàíè. Êàæäàÿ òî÷êà äàííûõ ïðåäñòàâëÿåò ñîáîé îòäåëüíîå ðàñòåíèå.
[b] — ñðåäíåå çíà÷åíèå ± SE ìåæäó òåìïåðàòóðîé öâåòêà è òåìïåðàòóðîé ëèñòà ó áëåäíûõ è ò¸ìíûõ ìîðô.

Fig 3. Relationship between the number of flowers visited
and the number of open flowers (mean±SE) per pot.

Ðèñ. 3. Ñâÿçü ìåæäó êîëè÷åñòâîì ïîñåù¸ííûõ öâåòîâ è
êîëè÷åñòâîì îòêðûòûõ öâåòîâ (ñðåäíåå ± SE) íà ãîðøîê.

N
um

be
r 

of
 v

is
it
s 

to
 f
lo

w
er

s 

Number  of flowers per  pot



355Temperature-dependent visitation in Geranium

tween colours is driven by the reward quality. The lack
of increasing preference in the field may simply derive
from our smaller scale field work and the inability to
control multiple confounding variables. Even so, our
results show that both temperature and colour are im-
portant in floral choice for wild bumblebees. With in-
creasing summer temperatures, the preference for dark-
er morphs may lead to the longer term selection against
the pale morph in northern climates.
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