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Host plant preference oftlower visitors in a mosaic landscape 

Abstract 

MI CII /\ELA HlR se ll & V OL KMAR W OLTERS 

lustus-Licbig-Univcrsity, IFZ, Gicsscn 

Wc compared thc flower visitors 0[ 22 Oowcring plants by mcans ofobscrvution tcc llniqucs. Thc study 
was carried out on Ihe s lopcs 01' four hill s situatcd in thc Lahn-Dill-Bergland (Central Hesse, Gcrmany) . 
CenrCllfrea jacea and Knfllllia arvellsis had thc broadcst range of visiting taxa and arc Ihus important 
für most Oowcr visitors in small -scalcd agriculturallandscapcs. Thc fact that honcybccs dcv iatcd from 
Ihi s pattern confirms thai Ihi s dOl11cstic spccics rapidly shifts bct\VCCll thc mos t pro fitab le ncctar 
somces. In contras! 10 alher Europca n studi cs, our rest!lts indicate that the preference ofbllmblcbces is 
only looscly rc1atcd to the life span 01' phmts ami ratlter relies on optima l cncrgy gai n. 

Eight groups ofplants cO llld bc cstablislled by mC<lns ofPCA and ANOVAs: wild bec planls. bllmblcbec 
planls, bumb lebee/honcybee plants. honcybcc planls, hover lly plants. Diplera plants. Co lcoptera 
plants and Huniversal« planls . Wc identificd plant spccics that are most suitcd for a taxon- spccific 
approach to the study 0 1' Ilowcr visitors in small-sca lcd agricu lturallandscapcs. It is concJudcd that the 
crite ria for se lecting target planls for moniloring Ilower visitors should incJlIdc Ihc rcgion-spec ific 
prefcrcnccs 01' the faunal taxa under considc rati on. Moreover, our data confinn Ihc s uitabil ity 01' 
standardised observation techniqucs for comparati ve studics on Ilowcr visi tors. 

Zusammenfassung 

Blü tenbesuche rg ruppell und die von ihnen besuchten Blü tenpflanzen in einer 
kleinstrukturierten Agrarlandschaft - Die Blütenbesucher an 22 Pflanzenarten wurden 
mittels Blütenbeobachtung vergl ichen . Die Studie wurde auf vier I-längen im Lahn-Di ll
Bergland (Mitleihessen, Dcutsch land) durchge führt. Die Pllanzen Cenlaurea jacea und 
Knalllia arvensis wurden von der größten Zahl unterschied li cher Taxa besucht und haben 
eine große Bedeutung für die meisten Blütcnbesucher in der untersuch ten kle inst ruktu
rierten Agrar landschaft. Dies trifH flir die Honigbiene nicht zu. Hierdurch wird bestätigt, 
dass sich diese domcstizicrte Art nicht langfristig an die Blütenpflanzen e iner Region 
anpasst, sondern kurzfr istig die für s ie eintrHglichsten Nektarqucl len nutzt. Im Gegensatz 
zu anderen europäischen Studien zeigen unsere Ergebn isse, dass HUlllmeln, wenn peren
nierende und ein- bi s zwe ijähri ge pnanzen gleichermaßen zur Verfügung stehen, ihre 
Präferenz nicht an der Lebensdauer der Pflanzen, sondern am best möglichen Energie
gewinn or ientieren. 
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Mit Hilfe von PCA und ANOVA kOllnten ac ht rnan zc ngruppen etabli ert werden: 
Wi ldbienen-, Hummel-, Hummel/Honigbienen-. Hon igbienen-, Schwebniegen-, Diptera-, 
Coleoptcra- und Universal -p n anzen. Für bestimmte ßlütcnbeSllchcr-Taxa konnten Pflanzen
arten benannt werden , di e sich Ilir Blütenbeobachtungcn in e iner kleinstrukturierter Land
schaft besonders eignen. Be i der Auswahl von Z ic lpO anzcn für ßlütenbeobachtungen 
müssen die regionsspezifischen Präferenzen der jeweiligen Tiergruppe berücksichtigt wcr
den. Unsere Daten bestätigen die Eignung von standardi s ie rter Blütenbeobachtung für 
vergle ic hende n Untersuchungen an Blütcnbesuchern . 

I. Introduction 

Flowcr-visit ing inseets play an important eco log ical allel econom ic role in agr icultural 
landscapes. For cxample, about 84 % 01' the fooel plants culti va tcd in the EU depend on 
insect poll imnion (WILLlAMS 1996). Most po llinCllors are nol spec ialiscd 10 partieular plant 
spec ics or fami lics. Oligolcctic behaviour has been demonslraled für lllany bees (WESTRICII 
1989 and 1990), but not for buttcrflies (EBElfr & RENNWALD 199 1), bccl les and Diptera 
(KUGLER 1970). However, due to the morphology of their moulhparts numerous taxa are 
confined to speci fic flowering plants (KUGLER 1970). Many fl owcr visitors thus show 
forage constaney (KUGLER 1970). Th is anel other spcc ies-specific characteristics of the 
co ll ec ting behaviour are spatially in var ian t. Dtller Iraits, in contrast , dcpcnd on cxternal 
faclo rs all el may diffcr fro m site to sitc. Extcrna l f~lctors includc flowering density (ALLlSON 
1990, AGREN 1996, KUNIN 1996), plant di versi ty (G INS BERG 1983), c li matic condi tions 
(HAESELER 1972), habitat isolation (STEFFAN-DEWENTER & TSClli\R NTKE 1999), thc degree of 
landscape fragmentati on (AIZEN & FEINS INGER 1994, BERGE ct a!. 1998) and landscape 
complexi ty (STEI'F/\N-DEWENTER et al. 2001). Regional differences in the plants preferred by 
po lylect ic bee specics have been reported (1-IAESELER 1972). Simi larly, th e collect ing 
behaviour ofbumblebees is assumed to be sile-specific (TER ÄS 19 76, KEVAN & BAKER 1983, 
Ball'E]{s 1985, KII'AK et al. 1991). 

Landscape leve l monitoring of poll inator diversity critically depcnds on a tllOrough 
cxaminalion of regional differences in host plant preference. ThllS, the major a im of thc 
s tuely rcporled here was to analyse the spccific associations between plants and fl ower 
visitors in a mosaic agricultural landscape of thc Lahn-Dil l- Bergland - a low mountain 
range in Hesse (Germany). This reg ion was invesl iga ted in thc context cf a large-scale 
stlldy on thc impact of land-use change on insecI comtlluni li cs (WOLTE I{S el al. 1999). By 
focusi ng on 22 Oowering plants anel their in scct visito rs we addressed the follow ing 
questions: (i) are there region-speci fic patterns in the associat ion bctwccll Ilower visitors 
ami potential host plants, allel (ii) are ecrtain plant species part icularly suited for Illonitoring 
selccted groups of Oower visito rs? Moreovcr, data were ga thcrccl by Oower observat ion 
10 overcomc the weakncsscs 01' al ternative appreaclles such as the laborious handling of 
non-targc t taxa associatcd with coloured traps 01' the sitc-spcc ifi c bias assoc iated with 
dip nets (AIZEN & FEINSI NGER 1994, HAESELER 1995 , STEI'FAN-DEWENTER et a\. 200 I anel 
2002). In addition , unnecessary killing 01' insccts cou ld be avoicJed. Though Oower 
observation is a welI -established tecllniquc für collec ting quali tali ve data Oll flowc r vis itors, 
standardi sed approaches allowing qualitative alld quant itative comparisons of different 
observat ion results are sti ll rare ami purely tested (e.g. AIZEN & FEINS tNGER 1994, STEFFAN
DEwENTER et a\. 200 l and 2002). Therefore an add it ional quest ion 01' our study was (i ii ) are 
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standardiscd observrltion tcc hniqucs a rc liable 1l1cthod for comparat ivc s tu d ies 0 11 flo\Vcr 

vis ito rs? 

Ta b. 1 Rcsults of thc Tukcy·I ISD·tesl Oll thc prcferenee 01' flower vi silors for ce rtain hosl plants_ 
Figures indicate the number of plant species Ihat were significant ly less visit ed by the insect 
laxon li sted in hcading of ille co lumn than thc target plant (p < 0.05; bold figures indica te high 
preference for Ilte target plant) . Plan t determinati on fo llows W 1SSKlItCHEN & H ,'EUI'LEH ( 1998). 

n" = !lumber of' observation un ils fo r each plant spccies (flowcr, fl ower heads, umbe ls) 

Plant spccics n:l 

COIII/XIJI II/a spp. (e. I'Olllndijo/io L. alld C. patll/a L.) 10 

Cell/Ollreo j oceo L. 

Knoll/ia arvensi.\' L. 

8 

8 

20 14 

20 14 

11 12 2 

1\ 2 6 

11 8 

Allfhelllis orvellsis L. l li·ip/eIlI'OSperllllllll 
per/omt/IIII (Merat) 

10 3 1-' 2 2 2 

' ic'-a spp. (I : sOlim al/g l/sli/o/ia ( L. ) ßat!. 
and I: CI'{/CCo L.) 

li'ijo/ill/ll spp. (T. I'epe/ls L. and T pralellse L) 

I ~ypericlIlII pelforawlII L. 

Rllbus frllrico.ws L. 

Celllo llrea cyal/lls L. 

171,\'II/IIS spp. (T. pulegioides L. ;:md T. serpy/lll/ll L.) 

-/(lI'aXOClflll officillale agg. Weber 

C/'ataeglls spec. 

Pilllp illella snrifi'oga L. 

!?mIlIllC/I /u.\· ac,.,-s L. 

CJ":V!WlIlltellllllll leucoll/ltellllllll L 

ßrass'-ca naplIs L. 

Leolllodoll spec. 

AlllltrisclIs sY/l'eslris (L.) Hof Tm . 

Saxifraga grmlll/aw L. 

S,el/o /, '-a graminea L. 

Sal'O/JuII/IIIUS scopori/fs L. 

25 

20 

8 

25 3 

8 

15 

15 2 

30 

8 3 

15 3 

8 12 

15 19 

15 19 17 

8 12 

8 

15 

30 3 

l 'eroll ic:o spp. (V ChaIllOe(/! :I's L. and I: an'ell.l'i.~ L.) 15 

14 18 

11 

10 

14 11 

14 12 

2 IJ 

4 11 

18 11 

12 2 

12 2 

11 

14 

3 2 

4 2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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2. M'ltcrials und mcthods 

Thc study was carried out al live periods cf time dur ing 1998 and 1999 on thc slope cf 
rour hill s situated in thc rural dist riel of Erela (Lahn-Dill-Bergland, Hesse, Germany). Each 
s tope encompassed an area ofapp. 35 000 1112 und was covcred by a region-specific l110saic 
of grassland, arable land, abandoned land with scrubby vegetat ion, and forcSl cdgcs. Soil 
types vmied between sandy loam and loamy sand. 22 plants (or plant groups) wcre incJuded 
in the sLUdy (Tab. I). 

Mon iloring was con fined 10 per iods meeting the conditions c f ))standardiscd pollinator 
climatc« as defincd by WtTS,\CK (1975), POLl .ARLJ cl a l. (1975), TERÄS (1976) and SCIlWEN

N1NGE1{ ( 1992). At each o f thc five observation periods wc focused on plants (01' plant 
groups) that were frequent on a1 least Olle 01' the slopes (> I 0 % oi' the flowers blooming at 
that time) (Tab. 2). Within each slopc li ve units of these plallts were randomly chosen. 
Each un it consisted 01' a delined number 01' flowe rs, fl ower heads o r ulllbcls, with the 
number being adjusted 10 the morphology of each plant species (Tab. I). Each unit was 
observed fo r 10 minutcs (cf. A IZEN & FEINSINGER 1994). In addition 10 the usual qualitative 
in formation this approach allowed a quali tat ive and quantitative comparison between 
different observation results. The density 01' the fol lowing insect taxa was determined: 
Colcoptcra, Syrphidac, other Diptera, Lepidoptera, Apis melli/ern, Bombus spp. , other 
Apoidea, other Hymcnoplera, alld ))o lher taxa«. 

Tab.2 Plant spec ies Oll which nowcr vis itors wcrc rcgistered during fivc observation pcriods that wc re 
carricd out in 1998/99 on rour slopcs locatcd in the Lahn·Dill·ßcrg land (n = llumber or 
observatioll lln its per plnllt specics) 

I}eriod or 
observation 

Start 01' 
Sam/hall/ lIl/S 
bloomin g 

End 01' 
SOI'O/!WIIIIIIIS 
blooming 

blooming 01' 
Rllblls 

blooming of 
Cenraurea 

blooming or 
Campallula 

obscr\'cd at :111 slopcs (n = 20) ohsen'cd at onl)' I - J s lopcs 

S. sco/xlI'iIlS, R. acris, 
S. gmmillea. T officillale agg .. 
S. gI'OIw/(//(J 

S. sco/xlrill.~ 

C. cyal/lls. 
t? ji-ulicoslIs 

C. jacea. K. al"l'ellsis, 
A. arvensisf I: pe/fora/lIl11 , 
T repens/p /"alense 

C. I'ofulldifolia/patllla, 
P saxifraga 

V. chamae(!t:Vs/ Val'vellsis (11 = 5), 
!~ .mrifmga (n = 5). Cmfaeglls spcc. (0 = 5). 
ß. lIapllS (n = 5). 

A. arvensisf !: pe/foraf!llll (n = 15). 
C. /eucwuhellllllll (n = 10), T repens/prafense (n = 5). 
R. jrllficos lis (n = 15), S. graminea (n = 5). 
A. si/l'estris (11 = 10) 

A. arvellsisl !: perjiJmllllll (n = 5), 
7." I'epells/p rmem'e (n = 5). ß. lIaplls (n = 10). 

LeOllfodoll spcc. (n = 15). H pe/jo/"afll/1/ (n = 5). 
T p lI/egioides/serpyllllm (11 = 10). 
I~ smim allgusl ijolia/cracca (n = 5) 
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The impact 01' the fae tor ~) pl a nt « on !1owcr visitors (dependent va riab les) was tested by 
means 01' onc· way ANOVAs. Dependcnt variables were: (i) the l1umber 01' taxa, (i i) thc 
density of the ind ividual taxa, and (iii) dens ity of all taxa. Data sets not fulfil ling the 
critcri on o f va riance homogenc ity (Sen and Puri 's non·parametric test) were log-trans· 
formed. Dinerc l1ccs between mcans were test cd with Tukey 's HSD test (p < 0.05). Plants 
were elass ified aecording Io their flowe r visitors us ing a principal eomponent analysis 
(peA) with indi vidual numbers o f Coleoplcra, Lepidoptera, Syrphidae, other Diptera, Apis 
mellifera. Bombus and ot her Apo idea as act ive var iab les. Pl ant spec ics we re lI sed as 
suppl cmcll lary va riables. i.e. werc no t uscd for class ifi ea tion, but werc plotted il1lo the 
graph with respect to thc ac ti vc variables. All stat ist ical analyses were carried out lI sing 
STATISTICA fo r Windows 5.0 (SlalSoli, Inc. 1995). 

3. Resul ls 

A tota l 0 1' 102 18 fl ower vis ito rs werc recorded (see attachment). According 10 the results 
01' the ANOVAs all dependent variab les were s ignificantly affected the factor ~~p l ant« 

(p < .000 1; all indi viduals F = 9.6, Lcpidoptcra F = 55.0, Coleoptera F = 16.2, Syrphi dae 
F = 15.4, other Diptcra F = 17. 1. Apis mellifera F = 26.0, Bombus F = 18.4 , other Apoidea 
F = 5.6, number 01" taxa F = 5.73). Thc eomparison 01' means revea lcd that e.jacea and 
K. arvel/s is were vis ited by mos t insce t taxa (Tab . I). These two pla nt spec ies were 
s igni fi cantly pre fcrred by blltlerfli es, hover fl ics and wild bees (incl. bumblebees). 

Hos t plant se lect ion of the honeybee Apis lI1ellifera was very variable (Tab. I ). Thi s 
spcc ies pre l"erred R.frllricosus. e. cyaulls. 13. l1opus. T plllegioides/serpylll/l11, Craraegl/s 
spec. as we il as T. off/eina/e. Bumb lebccs favo ured Vieia spp., while other w ild bees 
pre lcrred Campanula spp. In addi tion to e.jaceo and K. arvellsis, Syrph idae frequently 
occurred on A. arvellsis and T pel/orar/f/II as wcH as on Vieia spp. Other Diptera preferred 
Craraegl/s spee., P. saxifraga and R. acris. Coleoptcra favoured B. lIapus. C. leucall
rhelllUIII. Leonrodoll spee. and A. sylvesrris. C. j acea. K. arvellsis and Leol1lodon spec. 
werc the preferred host plan ts of butterfl ies (Tab. I). 

The results of the PCA wit h fl ower visi to rs as active and pla l1 ts as supp lemcntary 
variables are sUlllmarised in Fig. I . The eUlll ulative variance explanati on is 40 % and the 
cUlllu lat ive cigenvalue is 2.8. The exccp ti onal position of A. lIIellifera is clcarly shown. 
Somc vcry loose s imilarities of (his species to ot ller taxa are confined to bUlllblebees and 
wild bces. Taxa exe lus ive ly inc luding pollinat ing spee ies are plotlcd on thc right of thc 
PCA diagralll ; less clearl y defi ncd taxa are ploucd on the lefl. The taxa with the elosest 
assoeiation to C. jacea and K. arvellsis are plolted in the upper right. Based on these 
results and on the comparison of means (Tlikey test; Tab. I) cight part ly overl apping 
plant gro llps can be estab lished according to the host preference 0 1' fl owcr vi si tors (Fig. 2): 
(A) »un ivcrsa l(( p lant s (c. jaceo, K. arvell :)/·.~). (ß) wild bcc plellllS (Campanula spp.) . 
(C) bUlllblcbee p1anls (Vicia spp., Trifolilllll spp., I-I. pelforarum), (D) bumblebee/honcybcc 
plants (e. cymll/s. R. f rucficosus), (E) honcybcc plants (T ojJieinole, CrCllaegus spcc., 
T p uleg ioides/ serpy // um. B. naplls), (F) hover n y pl a nts (Vi cia spp .. 11. arvensis. 
T pelforarllm) , (G) Diptcra plants (Craraeglls spee., P saxifraga. R. acris. e. lel/call· 
rhe11111111), and (1-1 ) Coleoptera plants (e. le llCCl11rh e111U111, B. napus. Leollrodoll spec., 
A. sylvesrris). 
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Fig. I Diagrarn of thc peA wüh Oower visitors as activc and plants as supplcmclllary va riabl es . 

I = Campanula srp. (C rollllldi(olia and C. !Jalllla), 2 = Cellfallrea j acea, 3 = Knallfia 
arvClIsis. 4 = AII/hemis lIrvclIsis/ Tripleu/"Ospermlllll pelfo rallllll , 5 = Vic ia spp. ( f!. salillQ 
(/Ilgust({ofia and fI. clYlcca), 6 = TrifoliulII spp. (7: repens and T. prml!lIse), 7 "" /·f }'PericlIlII 

per!O/"(lIIlIll , 8 "" Rllblls!rlllicoslIs" 9 "" Celllallrea CYWIlIS, 10 "" ThYIIIII.\" spp. (T p lliegioides 
and T. serpyllulII ), 11 "" Taraxacl/III oßicillale agg ., 12 "" Crawegus spcc., 13 "" Pil1lpinelfa 
saxifr aga, 14 "" RC/lII/I/(: lIlus acds, 15 "" CIII:vsawhemlllJl lellcalllhelll lflll , 16 "" Bra.l'sica nap/lS, 
17 "" Leolllodol/ spcc., 18 = AlllhriSCIiS sill'eslris, 19 = Saxtfi·aga grC/l lllhua, 20 = Srellaria 
gmlllillea, 2 1 = Sorot/wlIIlIlI .'; scoparills, 22 = Veronica spp. (V. chamae(b)'.\' and V. arl'ensis) 



25 

o 

" 20 o 

2 5 

" 
o 

Hast plant preference of 1l0\Vcr visitors 

plant grollI' : DA Oll oe l.:ID IIE 111' i'llG 111-1 

Lcpidoplcm Syrphi dac o ther Diplera Apis /Jom bus other 
Apoidca 

Taxa 

17 

Fig.2 Compari son 01' f10wer vis itors per 10 min on the cight groups 0 1' f10wcring plants that are 
ronncd with respect to pn:fc rcnce o f f10wcr visitors to these pl::lI1l s (A: »un iversal H plant s. 
13: wi ld bcc p lants, C: bumblebcc plants. D: bumblcbce/boncy bcc planl s. E: honcybee planl s. 
F: hovcr f1y p lants, G : Diptera plants, H: Colcoptera plants: sec text fo r explanati ons) 

4. Discuss ion 

CelllCillres jClceCl <md KnCllllia arvells is obviausly are imporlanl hosls 10 many nawcr
vis itors in the small-scale landscape mosa ic 01' Erda. Thc Cl ltraction 01' bUllcrflies by thc 
nectar pravided by these two plants was particu larly strang. However, even hover n ies 
that are genera ll y known to prcf'cr other plant spccies were predominantly found on 
C. jacea and K. arvellsis. Thc ract timt thc domcsti c spccics Apis mellifera docs not fit to 
th is pattern is consistcI1l wi th thc observation that honcybccs tend 10 prcf'er other hos t 
plants than nat ive poll inators (GI NSIJ EI{G 1983, AIZEN & FI]NSIN(iER 1994). Thi s suggests 
that A. lI1elli/era does not develop region-spec ilie associations 10 certain Ilowcring plants, 
but rat her rapidly shi fts bctween thc most pro ti lable neelar sourees. 

ßlIlllblebees, s imilar 10 Apis mellifera, visited an cxeeptionally broad spcctrllm of hosl 
pla rll s. Thi s is duc to thc pro ll oullced poly lcc ti c beha viour of th is tax on a llowi ng 
bumbl ebccs 10 l'oc ll s on the most profi tab le l'ood sources available (cl'. I-l EINRICII 1976, 
PYK E 1979, VI SSCI!EI{ & SEELEY 1982). Our rcsults also conlirm that bumbl ebces are among 
the most important pol1 inalOrs 01' Trifolil//JI prateJlse (LAGERLÖF ct al. 1992, FREE 1993) CIS 
weil as 01' /licia cracca, C. jacea. 1-lypericlI/JI spec . and R/lbl/s spec. (DRM.·IST,\D & FRY 
1995 ). The eonclusion that bUlllbl ebees prefer pcrennial plants (F USSEL & COIWET 1991 anel 
1992, DIV\ I'vrsTAD & FRY 1995) SCCJ11S to bc supported by our results, since live orthe seven 
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species catcgoris ed as )bull1blebee p[an ls« or »bumb lehee/honey bee pJanl s« are 
perennials. Ho",cvcr, the most <1ltrac li ve host plams were the annual spec ies Vicia spp. 
anel Cellfalfr ea cyaJl/ls. This is consistent wi th rVIÄND CI 31. (2002), who fepon an incrcasing 
attraction of bumb lcbces 10 ann ual and bicn nial planls in agriculturnl landscapes. We 
hypothcsise thaI Ihis apparenl conlradicliol1 cun be expla incd by a I11clhodologica l bias . 
Studics on flo\Vcr visitors gellerally foe us Oll arcas that are dominalcd by pcrcnnia l plants 
such celge habitats, meadows, pasturcs anel abandoncd land and thus da not al law a 
compamlive analysis of the impact of a plant 's lire eyclc on bumbJebees. Our results are 
not alTcctcd by this bias ami support thc vicw that thc preference 01' bumblebees for 
certain food plants is primarily determined by the energy gain (W ADDINGTÜN & H EI NI~I CH 

19 79). Energy gain depcnds on factors s uch as p la nt morphology ( H ARDER 1985), 
produc ti vity ar acccssibi lity (R ICIIAIUJS 200 1) rather than on the duration of the lir"c cycle. 

Thc preference 01' wild bees lor Campal/ula spp. is probably due to the dom inance of 
Chelos/oma spccics and Me/illo hoelllorrhoida/is, i.c . taxa that are knowil to be oligolectic 
on bellflowcrs (WESTRIC I-1 1990). Bellflowers al so are highly attractive to many other 
o ligolectic ami polylectic bees (WESTRICIl 1989). KE V/\ N ( 1999) has dClllonstratcd that 
A. arvcnsis is the preferred pollen source for Syrphidae. The attractiol1 of hover flics by 
Al1Ihemis orvellsi/ Tripieurosperllllflll pe/fora/lI/li ami c.jacco found in our study corro
borates the important role of Asteraceae for thi s taxon (L\GERLÖF ct al. 1992). The oftcn
reported preference o f Syrphidae far ye llow flowers ( PESCI IKEN 1965, SSn-lANK 1991 , 
S UTlIEKLAND et al. 1999) seclllS to bc transicnt ( KEVAN 1978). The high abundance of hover 
flies on thc plant spec ies li sted above thus suggcsts that hover fli es are ab le to adapt to 
regiona l di fferences in the avai lability of host plams. The rnarked preference of beetles lor 
Brass i ca lIapus ami L eolllodoll spec. is largely due to the high share of Me/il1ge/hes 

aellell.') and ether Me/il/ge/hes species ( L ETII,\ IAYER et al. 1997). This genus responds very 
pos itivcly to thc CO IOUf »yel low« (NOLTE 1955). Chcrv il and marg ucritc atlract beetles 
beeause po ll en and nec tar o r these plants is cnsily aceessib le (K UGLE I{ 1970). Thc compa
ri son 01' our result s with the litcra ture shows that some 01' the host plant prcrcrcnces of 
flower visitors a re CO lllmon, whereas others scem to be region-speci fic. 

In conclusion, our findings conllrm the potential impac t 01' regional conditions on host 
plant sc lection by Ilower vis itin g insccts . Thc criter ia ror sel ect ing target plants for 
Illonitor ing flower vis itors should dcfinitcly include thc rcgion-specili c preferences 01' the 
fauna I taxa under cOlls ideration. We sugges t that stllClies aiming at s urveying a broad 
spec trulll of flower visitors in mosaic landscapes shOtlId focus on Cellfollrea jaceo and 
Kllolflia arvensis. CampolIl/fo spp. shotild be included wh eil wild becs timt are o ligo lcctic 
on bellil owers are of major concern. Vicia spp. are part icularly suited lür thc simu ltaneous 
invcs tiga tion of' blllllbiebees a llel !lover nies. Me/igethes-specics (Coleoptera) and many 
butternies can be survcyed by observing LeolllOdoll spcc . C/II )'sall/hel1lul1I feucolllhel1luJ/1 

allows to broaden the scope from bectles 10 Diptera. And finally, we rccom mend Pilllpillello 

sax{(rago. ROIIl/IICl/flls acris 0 1' Cra/aegus spce. as target plants for investigaling Diptcra. 
The compari son with data from thc literaturc also shows that the standardised observat ion 
technique is a reliablc method for comparativc studies on Ilower visitors . 
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Atlach mcnt Ml.!an indiv idual nUlllbcr (0) and stan(!:lrd deviation (SO) ofcach fl owcr-visitor grollI' 
per obscrvm ion uni! of thc 22 plam spccics 

Plant LcpidoptcnI CO[coplcra Syrphi d<lc Olhcr Diph.:ra ;/pis mellifem Bombus sI'. othcr Apoidca 

o SD o SD o SD o SD o SD o SD o SD 

0.00 0.00 1.65 1.3 1 0.85 0.93 1.30 1.03 0.45 0.83 3.65 3.88 7. 15 5.69 

2 12.65 8.28 1.00 1.65 9.05 9.85 0.80 0.95 4.45 6.89 2.50 2.42 9.05 8.29 

3 11.95 6.40 1.65 2.03 8.45 9.66 2.00 2.03 3.65 5.17 2.95 3.05 8.80 6.89 

~ 0.33 0.53 5.08 3.44 14.08 13.67 4.70 4.60 2.08 4.03 0.13 0.33 4.68 4.86 

5 [.60 1.52 0.20 0.45 10.20 3.35 0.80 0.84 3.60 5.32 20.40 [[ .30 24.20 13.55 

6 0.67 1.09 0. 17 0.46 2.67 3.92 0.97 1.71 15.67 10.04 2.93 3.56 19.37 12.54 

7 0.00 0.00 0.40 0.55 3.20 4. 15 3.40 3.36 0.40 0.55 3.80 1.92 5.00 3. 16 

8 0.43 1.24 2.7 1 2.30 1.37 2.61 4.54 [2. [2 2 1.7[ 20.59 3.00 4.24 25.29 2 [.47 

9 0. 15 0.49 0.00 0.00 0.70 0.98 0.50 0.83 21.00 11.95 2.80 1.96 24.80 12.50 

10 I AO 0.97 0.20 0.63 4.50 3.37 5.70 3.68 15.90 13.50 .l.70 4.03 20.40 16.77 

IJ 0.05 0.22 2.85 2.30 0.50 0.83 5.80 6.28 5.25 3.06 0.20 0.52 0.00 0.00 

12 0.40 0.89 2.00 0.00 3.00 5.20 29.20 11.56 19.80 18.35 1.40 1.52 24.6020.37 

/3 2.20 3.35 9.00 4.53 6.40 7.64 5.00 4.95 OAO 0.89 0.00 0.00 3.80 3.70 

I~ 0.55 0.89 4.05 4.55 1.60 1.73 15.95 15.850.00 0.00 0.00 0.00 1.1 0 1.45 

15 0.50 0.85 7.00 6.57 2. 10 1.9 1 11.409. 14 2.1 0 5.95 0.00 0.00 3.00 5.9 1 

16 0.40 0.63 0.67 0.90 2.73 3.56 1.80 1.70 23.00 16.21 0.33 0.49 23.47 16.06 

17 2.47 2.47 14.67 12.42 10.27 7.23 0.60 0.99 1. 13 2.88 1.80 3.32 3.80 3.97 

18 0.20 OA I 5.60 4.37 1.1 3 1.77 10.53 3.66 0.33 0.82 0.00 0.00 1.67 1.99 

19 0. 10 0.3 1 1.25 1.77 0.00 0.00 7.30 5.29 0.05 0.22 0.05 0.22 0.00 0.00 

20 0.1 6 0.37 1.40 1.78 0.48 0.65 10.32 7.53 0.60 1.78 0.24 0.44 1.80 2.58 

2/ 0. 17 0.53 2.63 2.62 0.93 1.33 3.37 3.98 3.75 5.09 0.25 0.54 1.85 3.95 

22 0.00 0.00 0.00 0.00 0.20 0.45 1.60 2.07 0.00 0.00 0.00 0.00 2.40 2.88 

I := Ca/llpal/ula spp. (c. /"Oll/I/(Ii/o/ia ;md C. pal/'/a), 2 := Cemaurc(/ jacea, 3 := Klloul;a 

arvensis. 4 := Aml/clI/i.\' arvensis I Trip/c//l'Osper/ll//1II pe/Jorall/III, 5 := Vicia spp. (l( sa/iva 

allRllsrijiJ/ia and V. c/'acca), 6 "" Tri(o /iulII sr p. (l: repell.5 ami T pm/eI/se), 7 "" Hyperic/l/1/ 

pe/Jora/llm, 8 = Rlibusjl-lIIico.ms. 9 "" CellIaurea cyalilis. 10"" ThYlIIlIS spp. (r. pulegioides 
and T. serpyllu/II), 11 = Ta/"{lxacuIII o.lJicil/o/e agg., 12 "" C/'(lweg/ls spCC., 13 = P;mpillella 

saxifraga , 14 "" Um/lilleu/lls acris, 15 "" C//lysallIhelllllll/ lellcali lhelllll lll, 16 = Bras.I'ica 

I/apus, J 7 = Leollfodoll spec .. 18"" AlIlhrisclIs si/vesfrh;, I C) "" SC/xili'aga gralll/lata, 
20 = Ste//aria grall/illea. 21 = Sa/'OllwlI/lIIlS scoparius, 22 "" Verullica spp. (V chall/acd/Ts 

Hnd V. arl'ellsis) 
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5. Aclmowlcdgcm cnts 

Thc Germa n Researc h Foundation (DFG) SU PPOrlcc! Ihe s tudy. These e xpe riments wo uld 
not have bee il poss ible wi thout thc inva luablc ass isla nce 0 1' Oori s NOlha ft (Depa rll11 cnt 
of A nima l Eco logy, G iesscn). Ditmar Simmcring (Dcpart me nt 01' La ndsca pe Ecol ogy, 
Gicsscn) coullsellcd llS with regard 10 thc plan ts allel plant data. Ditmar Si1l11l1cring alld 
Tobias Purtauf (Dcpartmcm of An imal Ecology, Gicsscn) commentcc! on earl icr vers ions 
cf this Illanllsc ript. 

6. Rcfcrcllccs 

AG REN, J. (1996): Popul a tion sizc, pollimHor li mitati on, ami sccd s!.![ in th c sc lf-inco illpatib lc he rb 
Lilll/'lllll salicaria. - Ecology 77 : \779 - 1790 

AU:EN, M. A . & P. FEtNSINGER (1994) : Ilab itat rragmc ll tat ion, nat ivc inscct polli nato rs, amI feral honey 
becs in A rgentinc »Clla cO Serrano<(. - Eco!. App l. 4: 378 - 392 

A U.lSON. T. 1). (1990): Po llen produclion and plant dcnsi lY alleci poll inm ion and sced produClioll in 
Taxus c{/l/adc lIs;.I'. - Eco logy 71: 516 - 522 

BERGE, G, I. NORD"!. & G. H ESn,I ,\RK ( 1998): Thc ellec t ofb reed in g systems and po lli nation vcclors on 
Ihe gcnetic var iat ion of smal l p lanl popula tions w ilhin an agricu hural landsca pe. - Oikos 8 1: 
17 - 29 

BOWE Rs. M. A ( 1985): Bumblcbec colon ization, cxtinc lion. and re production in subalpine mcadows in 
No rlhcaslcrn Utah. - Eco logy 17: 9 14 - 927 

DRAMST"D, W. & G FRY ( 1995): Fo ra g ing ae li v it y 01" bu mblcbees (BoII/IJ/I .\') in re lat ion to flo\\'c r 
rcsources on arab le land . - Agric ultu rc, Eeosyslems and Env ironmcnt 53 : 123 - 135 

EBERT, G & E. RENNW,\ W ( 1991): Die Schm cllcrlinge ß aden- Wi'lntelll bcrgs . - Ulme r-Verlag, St ut lgart, 
542 pp. 

FRE!:. J. ß. ( 1993): In scct Pollination 01' Crops . - Acadcmic Press, London. 684 pp. 

FUSSEl., M. & S. A. CORIIET ( 1991 ): Foragc fü r bU llI blc becs ami honl.!ybces in filnl1land: A ca sc s tudy. 
- J . Apic. Res. 30: 87 - 97 

- & - (1992) : Flowcr usagc by bu mblebces: A basis 1'01' l'oragc p lant manage ment. - J. Appl. Eco1. 29: 
4; 1 - 46; 

Gt NS IiERG, ! I. S . (1 983): Foraging ecology ol"becs in an old field. - Eco logy 64 : 165 - 175 

l' I AEsuER, V. (1972 ): Ivlan-made ha bitats (dcl'orested arca, grave l-pi l, eil Y gardcns and parks) as rertl gcs 
tor tn sec ls. excm plif'icd by thl.! hym. Acu lcata. - Zoolog isches Jah rbuch für Sys lcmali \.: 99: 
133 - 212 

- ( 1995): Bic ncn al s Indi ka to rcn zu r Be urt eil ung vo n Ei ngr iffc n. - Fo rsc hun g S tra ße nball lind 
Verkch rstec hn ik 636: 197 - 205 

!·L\RJ)EI(. L. D. ( 1985): Morphology as a prediclOr of n owcr cho ice by bumblcbees. - Ecology 66: 
I n - 2 10 

!'!EINIUCI!, ß. ( 1976): Thc l'or:lging spccial isati ons 01" ind ividua l btlmblcbccs. - [col. ivlonogr. 42; 
105 - 128 

K EVAN. P.G ( 1978) : Flo ra l eolo rat io n, its co lori mctric ana lys is and sig ll i ficanec in An th eco logy. 
- In RtCHARDS. A. J. (cd.) : Poll il1a\ion of Flowcrs by Insects. Linnc:lll SocielY Sympos ium Series 
No. 6 . Acadc mic Press, London, 5178 pp . 

- ( 1999) : Po llinators as bio ind icato rs 0 1' the s talc 0 1" environm ent: spec ies, ac ti vity an e! e! ivers ity. 
- Agriculturc . ECOSYSICIllS and Enviro nmcnt 7~ : 373 - 393 



I-Ios l plant pre ference or flowe r visi lo rs 21 

- & 11. J3. ßAKI:I{ (1983): Insects as flom:r visi tors and pollin~lIors. Ann. Re\'. Em. 28: -107 - -t5-l 

Kt GI.FI{ . 11. (1970): I3Hill:nökologie. - Gust:lv-Fischcr-Vcrlag. Stuttgart. 3-l5 pp. 

KUNIN. W. (1996): Pollimllor foraging stnl tl:gil.:s in mixed floral arrays: Dl.:l1sity I:fli:cls ami Iloral 
cons tancy. - TllI,;or. Populations ßiology 49: 232 - 263 

KWAK, M. M. , P. KRI:)'.·!E!t. E. 130EltRICIlTER & C. V,\N DEN Blt/\ND ( 1991 ): Pollinalion 01' thc rarl: spec ies 
PhyrclIIII(I I/igrlllll (Campanulaceae): l1i ght dislanccs ofblll11 blcbl:l.!s. - Proceedi ngs 01' Experimental 
and Applied Entorn ology 2: 13 I - 136 

L,\GI·.RI.ÖF. J. , .I . Sr"", & B. SV ENSSO;"" (1992): fvlargins ofagricul tura l ticlds as ha bitats für po llinaling 
insec ts. - Agric ultun:. Ecosystcms ami Environment 40 : t 17 - 12-1 

Lu II.\I'\"ER. C .. W. NI N'1 \\'1(; & T. FR;\:-IK (1997): EITeeis of wCl:d strips on the occurl:JlCI: 01' noxiol1s 
cok oplcran spccics (Niridulidae. C/IITSO/llelidae. Cli /'cliliollidac). - Z. pflKrankheilen PIlSchutz 
104 : 75 - 92 

MÄND. M. , R. MM."IJ & J. I I. WI1. l.1A~lS (2002): Bumblebees in agricullural landscape 01' ESlOnia. 
- Agrieuhurc. Ecosyslems and Environment 89: 69 - 76 

NOl.'l h II.-W. (1955): Die Verwendung \'on Gclbschalen nach ;vlörickl: Ilir Sammler und angl:\\'andte 
Entomologen. - In S,\('IIIII BE'. 11. (cd.): l3t.:riclullbl:r die 7. Wanders:lrnrnlung Deutscher Entomologen. 
Deutsche Akadernil: der Land\\' inschaftswisscllschafiell (ßcrlin ). 201 pp. 

r ESCl lKEN, D. (1965): Untersuchungen zur ürienlil:flmg ap hidophager Schweb l1kgen (Diptera. 
Syrphidac). - Z. :mg. Ent. 55: 201 - 235 

POU.;\RD, E., D. O. FI.II\s. M. J. SKELI'O:-.z & J. A. TllmlAs (1975): A rnelhod ofassessing thl: abundance 
of' bUll crflies in Monks Wood Natura l Nal url: Reserve in 1973. - E il \. Gaz. 26: 79 - 88 

PYKE, G. H. ( 1979): Optima l foragi ng in bumbkbecs: ru1c 01' mO\'l: llll:nt bct\\'ccn fl o\\'l:rs wi thin 
inl1orcscenecs. - Anim. Behav. 27: 1167 - 11 81 

RlCII,\ItDS, A. J. (2001): DOl:s lo\\' biodiversi l)' resulling I'rom modl:f1I agric ullural practicc alfecI crop 
pollil1alion ami y ield'! - AI1!1als 0 1' 130t<lny 1018 : 165 - 172 

SCllWENNINGEH, 11. R. (1992): Unlcrsuchullgl:ll zum Ei nfluss (k r Ikwi rtschafiungs intcl1si@ auf das 
Vorkommen von 111Sl: kll:I1 in der Agrarlandschati. dargestcllt am Beispiel der Wi ld biclll:n ( I lymenop
lera: Apoidea). - Zoo I. Jb. Sysl. 11 9: 5-l 3 - 561 

SW~l;\SK. A. (1991): Dk Anwendu ng \'on Farhschakn in der Biol.öll ologie am Bcispid cll:r Syrphidcn. 
- Beibeft zu den Verhandlungen der Gesellschaii.111r Ökolog ie 2: 119 - 128 

SnFIA;...' -DE\\ E};'H R. I. 8:. T. TSCII;\R;\TKE (1999): EfTeels 01' habitat isolation on poll inalor communit ies 
:md seed seI. - Ol:cologia 121: 432 - -t40 

- . U. T. MÜNZENBI:ItG & T. TSCH;\RNTKE (2001): Poll il1 <1l iol1 , sced set ami sel:d prcdatioll on alandscape 
sca lc. - Proe. R. Soe. Lond. B 268: 1685 - 1690 

- . U. T. MÜS/.: I:NBI.RG .. C. BtiItGER. C. TII II'S & T. T<;CIIAR\iIKI' (2002): Scalc-dependcnl dl'ect s of 
lal1 dscape eOlltcxI Oll Ihrel: pol1inator guilds. - Eco logy 83: 1-t21 1432 

SUIIII;RI.A:'>lD, J. P .. M. S. SUl.uv,\" 8:. G. r,,1. POI'I'Y (1999): Thc inl1uence 0 1' Iloral clmractl:r on the 
foraging behavior ofhoverlly. EjJis,l'/'phus ba/teal/ls. - Enlolllologia Expl:riment~lis ct Applicata 93: 
157 - 164 

TEltAs, I. ( 1976): Flo \\'(:[' visits 01' bUllIblcbl:es. lJoIIIIJ/lS Lall'. ( Il ymenoplera, Apidac) . du ring Olle 
summer. - Ann. Zoo l. Fcnnici 13: 200 - 232 

V!SSCI!ER, K. P. & T. D. SI:EI.EY (1982): Forag ing strategy 01' hone y bee eo lonics in a temperatc 
deciduo lls fores\. - Ecology 63 : 1790 - 180 1 



22 Michaehl Hirsch & Volk rnar Wollers 

WADDINGTON, K. D.& 13 . 1-IEINlu CII (1979): Tbc foragi ng 1ll0VCIllcnts of bumblcbccs on vcrtical 
Hin non.'scences(c an experimcntal analys is. - J. Comp. Phys iol. 134: 113 - 1 17 

WE5TRIClI , P. (1989/90): Die Wildbicncn 13aden- Würllembcrgs. - ßd. I und 2. Ulmcr. Stuugan, 972 pp. 

WII.I.IA1'>15 , I. I-I. ( 1996): Aspcc ts 0 1' bee divers ilY and erop pollination in thc Euro pean Union. 
- ln i'vIATIIEsoNA. , S. L.l3ucHM,\1"N, C. O' TOOLl:, P. WESTIUCII. 1. 1-1. WILLIAMS, (eds): Thc conscrvat ion 
01' bces. London, Academic Pn:ss: 63 - 80 

W,SSKIRCIIEN, R. & I-I. I-IA"I) I'I.ER ( 1998): Slandardli stc der Farn- und Blülcnpnanzcn Deu tsc hl ands. 
U1mc r, Stlillga rt , 764 pp. 

WITSACK, W. (1975) : Eine quantitati ve Kescherm cthodt.: Zlil' Erfassung der epigüi schcn Anh ropodcn
t:lUna. - Ent. Nachr. Dresden 8: 12 1 - 128 

WOI.TERS, v., J. D AuBER, M. I-I ,RSClI & N. STEIN ER ( 1999): Diversitiit der Fauna im Landnlltztln gsmosa ik 
eine r peripheren Region. - Z. f. Kulturteclmik lind Landentwick lung 40: 253 - 25 7 

Manllscript acccpted: 16 Apr il 2003 

Allthors' addrcss: 

Michaela Hi rsch* / Prof. Dr. Vo lkmar Wolters 
Dcpartmcnt of Animal Ecology 
JlIstus-Liebig-Uni versi ty, IFZ 
Heinrich-Buff-Ring 26-32 
35392 Gicssen, Germany 
E-Mail: M ichacla.H irsch@allzool.bio.lIlli-g icssen.dc 

* to wholll a ll corrcspondcncc should be addrcssed 


