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AD3rR^cr: t 'nveris.red fi..fl.cs of ho't plant distrit'ulion on 'h' hqt.pl'nt
.hoic. ol flowr.vnitins iM.t. in m'xcd ltandr ot rh' haere"'dt tl t'tantn outdnnu!4

l.-iii'i. ai',^it,i, All Thc wr) in which pollin''or div-'de rh'ir vin.. dong
jmul tan .ous |vb loom'nsp lJnL5pf ie rde ' .d in6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
Dollindror!. shich mrv aflcd .onmunitv nructu'e Allhoush th' haw*s'dr ar' apG
;i.k. rhae i.nd. are.impl. iommulni.r rhar .mbod' minv ol th' 4sunptront d

oubliJr.d nod.lr (on..rning 'h. .ff".r3 ot iand conpourbn on 'n*' ora3'ns ExBuna
iheon tuere.l. rhat vnnarion on on. or llo t.mp.lrnq tp€rrcs shodd rmr'd'.wrn-$
Drc;rrid-in th. nand Vnnau"n on H .t4nth' tn folluw' rhi! rrldtbnrhrp but
ii''i;;;;;';;. ;4",i;,' mor. visiti wirh H a a,,a.tn pr*nt.rhan wh'n ir.br@m'
alonp. Exr.ftion ol rhir ,.sult ro oth.r. nun apomrl'. tprt 15 'mpxs rnrt 2 sp(rr mav
u(casionallv be brn'6't'd bv rh' p'esen" oI�n Jpparenr tump'lri"' r popor a Fn'
rarn. .xplan,tion b*d on Fllinctor in,oh{an.v and loras'nq h'b(:r $r"sun ano
russ€$ s;m€ posibl. €flectr oI thes. ph.noD€na on co

INrioDUcT'oN
ln  recent  vcaB.  rvcE l  ua l f ,B  h . re  i l )F r red  in  a  mther  ncw 6e ld . ,ommuniq-

le \e l  Do l l in i t ; ;n  eco losy .  1 'h ; i r  aurho 's  luve  in  tener i l  fo l lowed Codv 's  I1974)

dicturi, thit lhc sorf ol ecoloqy ir ro luoridc explindl'on. thit account for rh_

occur rencc  o f  naru ia l  oar rem" , '  n rodu i ts  o f  n i tu ta l  . . le . t ion , ' Jnd  hav .  in  rhe

urm.s. besun ro as*m6h a bodv oi rh.oq. ln Patri.ulJr, rhe idea rhrt Plant! oft'n

lomoete 16r rhe rrui.es ol rblliir.'toB hrs btrn lnvoked ro e\Phin borh rnorphol"g-

ic i l  rnd  DhFno loFca l  a r r r ibures  o t  p ln rs  by  *v . rJ l  aurhoB (?s .  Ho(k in8 .  lq68 i

Mosou in . '1971,  
-Cent ry .  

1974;  Th ; rn5n,  i975 j  He inr i .h ,  1974 i  .nd  Mold 'n l ie .

1975j, ind fomJlized in the grnnral modFl3 of Levin rnd AndeBon r1970) a'd

Srraw-( 1972). This competid; rhcory, as it now exists, d€P€nds on the asumPtion

rh 

 

rhc number ol Dollinarionc reccived bv a spe.ie, in.ravs wirh its relalivc abun-
din(e lrenned 

"frcir"encr" in thc abovc modeh'. This brsi. contenoon hs nor
b.en properly demo;lrrar"d rn rhe held duc ro dim(uh simpling Problenrs By csri'
mat ing  po l l inaror  ad iv i ty  in  ( i re ln l l y  .h .scn .  s ;mp le  P l rn r  communi t iFs .  how-vcr .
I hate obtained 3ome ddl.r Fhvrnl ro th;s quesrion.

SruDy SrrBs ^ND GENEi^L lvlErsol's
The Levin-Andcrson and Slraw nodels nake the simplifying assumption that

the slst.tn cornpri*r only two compFring pl.nl species. which a'c biolosi.ally similar'
Few narural riluations apprcich this condirioni howev.r, in Vilas Ca.. wis.onsin,
I found numercu, roadsi<ie or other disru.bed anas which suppon€d large srands
ol two hawkweed srrecier. the orrnsr-flo\v.tcd H'.ta.iud autantia.um L. and the
ye l lo r -Rowercd  H.  /o rnr i , ,m A l l .  I  sorkcd  on  rhe* . r . rnds  dur ing  1973-1976.  In
late Jun. and early July it is casy to find patch€s in lhich 99% or mora o( rhe oPcn
entomophilous floweB (or hea&) b€long to these species- Fu.ihcnnore, these stands
range from ncarly pure orange, through mixtures of the two in various proportioB,
to n€arly pur€ yellow.

Ahhough both species are apomicti., th€y attract a considerable number and
\ariety of 'pollinitinB ins(ls. fhc sa'u. intecr rpr.ics vis;r bolh plrn|.r. and
allhough the plants arr nor depend.nt on the insecls, the dFprndcn.. of rh. in*crs
on the planb rendeF the systen almost idcal fo. investigating the €ffects of phnt
community composition on the behivior of pollinatoF. My primary int€rest is not
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in rhether an afromict gek "pollinated," but in lhe di3rribution r,auems of flower
viiitors.and.the way rhele. pittems would affecl planr luces in instances wherc
conFnr|on ror ponrnatoE r rmponanr.

Desribins th.!€ pattems entaih eltimalinc the amounr of foEcinE each recier
's.iv.r in diFerDt iarche! of rnown compoiition. Since ir i3 ndesiry to dUoin
alt data \;thin a 3hofl time to rduce 'he;ffeck of changing cddir;ons: and lince
nL,merou3 parchB mu3r t€ sampled. a rapid field method tu imrrarive. SimDh
watching ciumpr of flowr! i! far'roo dow. ;nd alrhotrgh indincr nirhodr using dlei
or nuorcscnt powders {Thombn, 1975) may rdu; fr.ld time. rhey ar rfoi;u,
to usc on a large sale and eive no indicarion of the insects involved. Con!€ntional
rwrep umples cstimate relative abundances of ins€ct!. but thc* cannot vi€ld th€
iumber of visitoF per flower or visitation intensity which L rcally the desir€d
iDformadon{r ewn the abiolure abundancc of ine.ts. which .ould be converted
lo visirarion inteniity. I $ied catirutina !;s;ririon intrnsirv direcrtv bv a(a.hins a
tnife-edged srecl rim to a heavy-dury iweep net wirh a ;ne*hai 'tiorrened b;s.
A rM.p through a haulwerd p^t.h wirh such J ner sve^ rhe fhcile scrDFs. rnd
uith praetiee I could sct borh fiowen and rhcir inscct visiron inro rie nct.'

when $mpl;nA two-species popubrions, I mad. rprEre coltecrioft of yetto{
and orang. flower h..d!. Although the two specier inreminsle rirh.r frerty; rhpF
is rnough smill-3cJle parch;nesi 30 that carcful sw.epins cin achieve quiie nun
smples. I d;$ird.d.ny sarnples which contained moie iian 3% inconeir noien.
I usu.lly walled rhrce or fotrr rrinKrs..rci! rhc flower par.h, did nor samr,te nFar
rhc edses, ind rri.d ro aloid rsamplina aFrs which I had disrurbed As the nel
filhd. I cmptied its contcnrs inro i pl.siic bag conrainins a p'pcr rowet salFd in
.thyl a.etat.. ln rhe laborarory I der.niin.d rhe rorrt f;esh wilhr of the samDle-
rhen stiSfiFd a subsample and counred rhF numbrr of oFn Ro;er heads in ir: I
could lhrn compute th€ estimated total number of open dwer heads. I hand-srred
flow€r"visitins insects frcn thc noweB and debris.'To 

$timare flower head density I used a wire hoop to dclinir 0.3 mr cir.ular
quadrit!. I placed the quadrr13 ar five-srep inreruals along *\erat rEn$ct3 chtrn
e as ro samph rh€ 3rand frirly erenly, and counred rhe;Fn florr he.& wnhin

Thc radically diffeRnr foragina rar* of differcnt in*.rs demand thar cdiusr-
,'Enk be made befor. comparinq diffmnr colle.rions. To estabhh 3tandard; for
, omprrircn. I 6rsr followed iorasi;s inrtrrs from Rower ro flow.r, rim;ns rheir rnote!
Mlh r llopwat.h. Th. reuking ctrimJtF3 of foraging rale, cxpresd ae lh. number
"f Rowen vi.ircd prr uni ime, are shown in TabF I for I I coivenienr erouDs which
I could dirtin8lilh in the field. aonbu. queens *ee rhe fasrelr molrrs, ; I eipftrd
other rnscfs rates in rerms ot rhee quRnr, in Aonr'rr Queen Equnahnr! (BeEl.

Tsr! l. For.cinr ratB ol variour iM(G in. h.wl(.d tt.nd. n = th. rumh.r ot
How.r h.ad ro nosr. hcrd moF! r..ordcd. Thr ruonoDic (at.si.. in.lu.t. 'ln.

1 , 0
o.7 l
0_{6
0.38
0.24
0,06,1
0.005
0.003
0,35
0.52
0.39

Thus an inr.t which vilited half a3 rh.ny flowrr. Drr trrinure ar a aue.n woul.r r-
ranled as 0.5 BQE. Of cor. rh;r corrRtion n pairi.l: ahhough ..mF,.ati,s fo,
difrernccs in rhe number of flowrs visired, it ioes nor rcflcci aireftnce in" rrrr
rmount of pollen (aried. to irigmatic sudaccs. Thid w@ld vary -ith the ur{aci
area ot the In*.t, rts harnn.s, .r.., and its behavior on rh. flower. h woutd b€ in_
ua.t'cal ro rry ro corre.t for._ll of.rhek facroB..specially sinc. ce.rain imponrnt
orra (..9.i wnerner a bce wa! torag'ng tor polten or n..rar at rh. tine of caorure)
lr i'npossible to 8Ft. The valuer I urd. rhcn, tend ro over(imare rhe eff€crivencs
ot rmill. str@rh and indol.nr pollin.loB, bur rhis bias,houtd nor affect rhe rcsutrs
grarly as thFk ins.ts arc rarher uni'nportant no ma er how rhe dar2 are rnared.
fhe rarg"r txn. enFct tty ltombut !pp., ar .. ainty rhe mcr a.riw visito,3 in

, 
I calcularFd rhF viiirarion inrensity on a ptanr tpe.ies by summine ihe BeE

In*c|3 m Ine 3weep 3Jmpte ind.lividing by rhe err;mred nuhbrr
o' h.rds rn the smpte_ t.t@t rhis to bc a pra(ti.rl estiDrare ot lhe succ€s ot th€
srfcre In attrJchns Metalmn

ME^suREs or Vrsn^rpN INrENsrry
I wish-ed to compar the visitatioh rrres of rrands wirh diffeFnt prcE{nions of

orange and.)enow. Atl such "naturat expcrim.nrs depend on an ,.evervrhins et!.
Frng rquar prc\4$lhtch a nevcr qujtp tutfilted. In rhl.a*, rh.re was stant_ro_.rano vanaoon 'n such mrtterus lrrnd size and Rower densiry. pretiminary samoting
did not  turn_up any dramal ic  .hanscs in  r is i rar ion n; r t r  - r t " ' .  t r .s"  " t^" ; ; ; rc i
{r or densrry Atrhough theF wer. harked chJnse! wirh r;m; of dat, tisiiarion
.nanged trttte.trcm tate morning {0930, lo early .f,ern@n (1430) on Jnnv davs.

.r .hk sx si.i lor Dt€n'vF empting dur;ng rhe summ.r of t975. Alt we; on
u.s. Hwy. 5t .hd counry highwaF M aDd N, r.r€ bet\een 1000

rnd ezu,  m.  'n  aEa.  had rota l  m.rn densi r iB f ron 77.8 ro l lg .5 h.a&/m' .  and
$.F.to(ated ctos4 enoush b thal I.outd smpl. rheD, a[ we 

 

wir]rin rhe 5 middav
hr r had cho*n as ac_.ept.bte. On. sire was ..pure. yc w, one ..pu.e.. ooncF. "ni

o' vanoN prcporrions (Fig. I,. I d.rem;nea viliratjon inten-
rry tor €cn 3pfcres ar .ach rjre on 3 .tear. hor days, havinA ceNusd oDen h€ads at
m.h srte the day b.torc. Visirarion inten3iriB on .ach sp..i$ a3 fu;cdonr of jrl
trquen.y 'n thc uand are displayed gr.phicalty in Figurc t.

REsuLrs ^ND DrscussroN-l
._ 

Ir k an intuid$ty .omforrable noiion rhar a ptana 3Fcie3 lhoutd Fcei!€ moEatenuon.rrom poltrnaror3 when it ir common than whan ir ir raF. Thi3 idea i!
oeveioped at some.t.ngrh by Letin and AndeMn  970); Srraw.3 ( t972) Fwortinq
o oe _$rne rdrer ag.eet In substance, and rhe reluhs of early fietd siudie tu.pi
5rttt. lezui Bntrain and Newron. t933) are.l lealt.d3isrent iyirh rhis hvoorhcsisvrsrlatton Inteff(y on rhe orange hawkw€ed 3p.cie, 3hows rhe rxp€rkd Do6iriv.rerauonsnrp.w'th-that sp.cies' Flariw frequency in mixed srandsl ho ver. rhJ ve *

,/@.r visiB per flower when it m6t dominarB th. srand tFis. lr.
though rhe .1)urc ye or'' uand had th. highest mean airo;w

1,,!.J nvm.'j and wat rh€ Kond larFsr (3900 m', of alt siandr. In ,nv DE'-,,mrnarf 
.srudre3.@cr J summ.rs. ye ow srand! atwavc had low virirarion inte;rita:he $and d8cnbed in this srudy k nor a unique abffmnl.

no! apomicrr. and it po inaroB rcre in lhort ruDDlv. rh€
)e,'ow sp€c'.s wdld br in th. paradoxicat po.itioD of doinE berter whei.a,cm_
Fqrcr rs prc*nt.. lt may b. argued, of.our$, thar -.omDeriio,J, is rhe sTons word,tr mB $ruarrcn, nur th. orang. spe.i.! dfr3 dmw insects awav froln rhe wiiow inoransF-oomrnat.d 3tands. and s h ar l.asr a porenriit or parrni;e .mpcdior. Thk

612
t80
l8 l
263
56
2A
l5
t1
5

t60
57

0_332
0,236
0, t53
0.126
0,080
0.021
0.0017
0.0010
0 . 1 I 6
0. t73
0.129



434 TqE AMEtuc^N MrDL^ND N^rur Lrsr

o.2 o.4 o.6 o.8
P R O P O R T I O N  I N  T H E  S T A N D

Fig. l..'--�vli3itation int.n.ity on Hi.teita &runtiacrm ( . ) t td Ei.d.itd
fot.ntian I L ) ar fu.ction! or rhrir prcrsrioN in oi,.d 3r.ndr

obi€rvalion.. however. it sms certain that constancv-at the lewl of the uholc
mllinaror fruna-ir nion comolicated than thc simole ieoresenrarion3 of the Dodels.
TherE ar€ gleat differenccs in ionsuncy between sliri$;nd g!€at individul difer-

T}IorsoN: lNsEcr Vrsn^TloN f,FrEcrs

o.2 o.4
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efl€.t, a product oJ inlect b€havio., des not deFnd on any teatures p.cutiar ro
apomiclic plants: rhur on. would arFcr rhar ouacBiDs pt;nk mv !h;w simitar
pauems of visibrion undcr limilar cirtum3unc.!. Examtt; of rhis ;r aF at odds
with rhe kvin-AndeMn and Srraw modelr, which racirly asume rhal rotal visitatid
in. a stand Fmins constanr regadl$s of stand compGirion. Fi8!F 2 show! that

Both of the mathemati.al modeh arc couch.d in rerm of ..conrtancv... ..tbe
tend.ncy of individual pollinatoB ro forase wirhin a sinqte spe.ies in rhe ;;e€cnce-
ol other 3uirable ip€ci.i' (l,evin and Andercn, t970) i bothihen 80 on rd sp.cify
prcbabilisti. definitioB of constancy whor corrcspondme ro th; mor s;ner;i
rrbar dehnitnn is un..nain (Thomson, t975). In my experimenrs I sidesieprrd
the.probFm ot .oNtancy to .xaminr the ovemtl parrem of visirarion insread. Niver_

Instrt rrhavtor,'n.tuding .onsrancl, ..rrainly det.min$ rhe Danerns
r have desnb.d. and since I have a fcw appticabte dah, sre dis{usio; of rhe
reaenr lor lhok Datt€ms i! in ord.r

.. Ob"aa.tio oi .on!tar.y. -ln tq74. I to ow.d individual ins.ri in a stand
Mrh n.arly equat proponioft of oransr and ye ow 8owen. rc(o,dins their flowr
choi.er. ot. toral of 4460 ecorded florer-ro-flower r,rnriiion3, t43"{3.27. ) weF
het rospe.inc. _68 of rh€* b.ing from y" ow to omngF, 75 from omngr rl yelto*
{ | nonrson. ryl)). _t h. apprcxrmatelv equat nunb.,s of rh. two ryFs ot r;n3teB
wouro b" expected rt the pro(es! w.r ar equitib,ium (in Straw.3 s.;r). Frcm mv
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. n(es wnhin a speciB. omn" Bonbut t.tri.ola q.uern, for examr'lr. visired I t4 orans.
floseB in a row. while rnorher chansed spec;es l8 rimes in 183 flowen. In a fe"s
ca*s. ihsts apFartd ro'change rhFir.minds. foraginF with .onstancy on one

iwl(n'ng and roragrng srrh Fqual constanc) on another. Heinrich
r rvlo) drsur$ at tengrh the fa.rors prcmoting 3uch swir.her.

Kno$lcd8e of thc inhanJnd beharior of floweFvis;t;nE insecr! necd not deD.nd
sole ly  on ob*rv. r ionr  oI  thei r  nDremFnls;  nnalys is  of  a IF\ ,orb i .ut . r  toad.an
re_conttrucr d foraging bout. Hkru.ium autartia.um pottFn is y.llow-oranr white
11. ll@.nttnum pollen 's rllow. In J"\ 1976 I cott.cred Aou r&( 3Dp. wort(eA in a
mfxed r tand (orangc -  28.3. ; .  ye l low -  l t .7 t /a)  and comDire i i  rh . i r  I@d! ro
rererenc. loJdr taken in pure sran& ol er.h rype. Srvcrat toids, atrhoueh homo_
qcneous. appe.rd intemedilre in.olor brtween rhe r$o exrr.Ir.\i ,n rlies ars
I p_resumed- thal the bec had forased incoDstantly, aDd termed these-toads.lnixed.,'
A fe\ be{ polhn pcllers wprc "ygFqJred. ' foilowins Be s (1q20, teminotor\:
h  rheq,  dBr incr  zonFi  of  o 'an8e ind y" j loq ind; . . , rFd '  swirch in  host  p lant ,hoice.
raDc z su[rmafizes the$ rerults

REsuLrs ^ND DrscussroN-2
.  Al rhough uhin. ' r . ly  a HUlr  of  forJging .ncrSer ic3 {Hcinr i rh and O.rer ,  l9?6J,

rrom one sFr 'es ro .norher .'n. pr.sumed to b. fJritiraied bv mor_
I 'holos icJ l  s imi l . ' r i ry  o l  th .  f loweF invotvcd.  Mosquin {  t97l  ) .  Srraw r  1972r.  bcnrv
/19741 ind Heinr i .h  r l r )74r  hrv.  r l t  3uggc.rcd th. i .or"  or  unarr ,acrr re f lo* . . i
r,Jy bcner't by contersch.. rowa'd mor irrrr(rive specic<. or rh.r ,are lDecies
ccnvergrns rowardr each orh.r crn arrracr n,o,6 visi6rs. Bob;lud rnd N;haN
{1975,  .nd Thomson { t975J u ipd modi f icr r ions of  Srraw3 modet  r "  d. - " . . , . ; i ;
condrrons uDder hh;ch .onvc 'sen. .  h  i  IJ \orFd srrJ(eq\ .  For  such i  \ t rarea ml_
l rnJroB lusr  be re i rher  rora l ly  consr inr  nor  rora )  mndom in 'he;r  choice bui  ;usr
o'spray a t.n ux,rrve .otr{Jncy, i./.. show a witlincneii ro chJnpe suecies bur rerrin
enouqh re\idual fideliry rhar swirchps are more tit;ly ,o be ro si;ihr stFcier. I have
some evidencc that bumblehg do rhis in smrianifiiiat choice exp€rnlieDrs (t.hom_
sn.  1975).

.  lmomrrn, !_Jnd swirching pnni iuy cxptr in  rhe obEened prr tern of  po inaror
dBtnr,ulon. Alhough rhc orange 3p.cies ir pmlerred, rhe behJ!ior of th; bumblc_
rF.s rn pan'cular h such thar cMsers coutd rsuh in a subsr,nlidl imounl of vis;
latrcn for the yellow in mixed lrrnds. e3pe.irtly if rhe rew,rd, ofr.red b, rhe oranaF
noweR had be.n depreted by heav' visiralion. Th. morpholosical simitaritv of rtir
llowers 'riy turrher predisponhe irBe.rs to tisir rhe veilow i,€chs e\en i; srandj
domrnJr€d by oransp. bur ;nconsrahc! of fo,aqinS cinnor expdin rhr overilt di3rri_
bul ion.une o_f  ! ;s i loB ,F;g.  2r .  This  curv.  suggcsr i  rhe iyporhesis that  foraseB
are srronqly Intluenced In thpjr choice of foECing sires by the pre*nce of rhe ora-nre
+rcres. A pure yetlow (and is mu.h les a ra(rive than a srind w;th a fracrion;f
or inqr . f loqers:  on{ .  lured to rhe r r .nd by th.  or .hAe sp.c;es,  howeer.  rhe bees
,orJge InconstJnr ly . rnd pay many ! i3 i rs  to rhe abundrnr  ve o*  src ie! .

A uiitotnt nrcrl.L--:fo *e if rh. above explanarion is adequate, I conltructed
r si',,p|. marh.mar;.al model embodying irs ba.ic asumptions. I us.d Srraw's Mark.
o\;rn formularion to dsribe rhe disrr;bution of v;si'3 wirhin a ltrnd. but added i
correction facto. to ac.ount fo. the din.rences in attr..tiv€nc.s frcm stand to 3tand.

With rhe isurnption rhrt .on3ran.y !a.i.s d;rccrly wirh frquencv which is
tcrrainly orenimplifiecl but.annor b. improvpd upon wiih rhe dara it hand- Straws
rnodel approx',ratA the Foporrion of visir\ on one sp.(;es A (for a lir8" numbrr of

p"
(Equation I )

(Equar;on 2)

l-2pq

ett€re p : thr hequencv of A, q : th. fFquency of B.
To get a factor for str.d rtractivedcs, I simply asuhed thar bees would

r.\pond to rhe rel.rn1 n,q,'.nci.s or rhe flowF's. $;iShred ro .tro$ rh. differcnr
arf^.tiyen(ss of cach one. Total polli.arion (in BQE) on species A jn a stand

p. (Kap + K,q),

n t -2pq

whcre K^ and Ku a.e lhe we;shtins fa.toB (in BQE) for species A and B. The K
lah,es for each sp€cies .an b. derermined by the attra.tiven€s of a pure stand of
thJ l  sppr i " \  Er ,hal in8 the* ! . ,1 , , .s  l ror ,  mr drra.  us ing rhe 3 impl .  rn.an of  the
rhrF.  v i " i r ruon tor  e i ih  t )u '€ srand,  I  comiur"d the ofunc"  K value
Ko = 1.75 RQE and rhc y. l los t . , luF Ky -  0.75 BQD

Plo inA Eq, , r t ;on 2 lor  e i .h  s t rc ies ' rs ins rh.y  r . tues c i \F!  rhe cuNes sho$n
;r '  F iqure 3.  ThJr  rhek .u ' r . \  h ivp o, r  " i ; i tcnN ro rhde der ived f rcd acrur l
d. ' tJ  {F ie.  I '  q ,sg. \ ls  thar  th,  hypol l rs is  nrr r  h, r i  sme exptan,rorv value.  The
mnjor d.\iarion of th. Inodcl I'on' rhr dru, r.r., the deprqyd tefrhand Dorrions of
tDth cuNer.  is  lnobrhly  due ro rh in idrqua.y of  rhe asumnr ion lhat .on3;ncv vdr i6
wirh f r ,g"en.y.  T l , i \  is ' t r , r t ) t ion doe,  not  m;rrcr  EJl i ty  in  rhar  3ome bes remain
in.oD.rrnr  Aen on.pecies r l i , r  nc. , r ly  dom'nare rh.  srah 'd Ofcourse, ,he lew v i rnt
th. ' t . ' rc  'c ,e ived by rarc spcr ie.  m. 'y  b"  r . rhcr  inef fecr ive.  s ince rhe st ray ins bee
may crry I' ie or no proF€r rDlen,

Of .ou '* .  rhe (and lura. l ivFnes t r , ror  (K\r r  ,  Krq)  is  at$ derrnnDl i f ied:
it would predi.r rhJr J plor of rotal srand visir:riori $. th;;roDorrion v.ltow in rhe
s ' ,nd (hould he r  s l 'J ighr  l in .  o f  ncgat iv"  3 lope.  ln  Iac l  (F ig.  2/ ,  lhe 'dara show a
mor. .complc\  c fne r9r  r l ' ;s  rLr ion 'h ip.  The r r i l ra ' r i i .  narure of  rh i6.uNe_q;rh
rb rrnrrcry hofl?onlrt m'df,ction suqSesrs tl,ar lhe rda;n vkiroF nay d;s,insuish
rnre r r ' t rs  or  srJn&:  oran$.  r l lo \  ind mixed.  Orhers is ,  i r  k  hrrd ro.xpl . in
,vnv, . '  z)" ,  orrngr .s tJnd is  i tmosr  J3.r ( r . , . r ivc $ one $ i ,h 752 orangF,  and borh
. ' re hss Jtvrct i !e  rh.h prr re oranse.

The .nrhds ol co-rbicul.rr toids (Tibh 2r rends ro rcinfor.e rhir infe,enri,l
rrgurn.nt. I hrrF a'. .lear-.ul differenftq in rh, tordr (arned b) beer .o ecled frcm
oranr: a-ng _!:llow floh.ts Be., hom yF ow floseE srrF more'lilety to havc a ndsrrF.orq ot rnhdeht) than rerc otunge torage6. In ta.i, 25.9% of rhG bees I o i,ed
Ircm Frrow cdn.d \rrruatly JUF orJnge to.d3. Th. ,hree Fsftsarrd load3 a[(nowed yprrow succeed'ng orange Thpe dara aqle with the h\@rhds rhar toraftd
otEerved on yellow;n a mixed sland ma' hrv; bern firn a ;.rcd ro the sranjb!
lhe orangF. At this parri.ubr sire. forJ8inq w,r hea!.y on rhe oranqr as uruat_
.ven rhoush rt wa3 rh€ minoriry 5pe.rFs. Such oowdine,o,,ld hetpimpf,l 3wit.h.s

7 (25.9%)

16 (84.2%)

|  ( 3 . 7 % ) .

0

to (37./")  6 (22.2%t

2 (to.sc.)  |  (5.3%t

3 t t t . tval

0
.Thtu in!.ct c.rri.d an untnom brow. poucn
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from ohngE to the mofe common but l$s attended yellow.
In lhk conoection, it h intercsting lhat, according to th€ model, the 16 att6c-

tive yellow sFcier r.ceiv6 mor Us;t3 $hen ir is raF than do€! rhe orangr when ir is
raF. Th€ yellow is in the* cimunrstances a benefrciary of the orans.'s srcat cdtri-
bution to 3tand attracliv€ne$; however, the rclationship i3 not recipMal. This etrect
doe. not appear in the actual data, vhere the gr€at attEctiveness of the oange
€nlure3 its heavier visitalion €ven at lowered deftities. However, I was unable to
(olltrt data on lp?ciA of very low frequency. s ther mav inde.d be such a deoF&
sion in visiration on orangt in orang.-pooi srands due m a drop in stand atirac-

It should be clear that I am only .onc€med with the number of visits per head
and am ignoring any diff.ren(es in the quality of visir3, which mighr b€;mpdtant
in sFter|! where plants r.qu;re rtu. pollin ins virirs. Levin and Anderson (1970)
and w.sr (1977) suggesr thar hprerorrFcific vnirs an ineflecrual, whil. Srraw
(1972) arSu$ that thry are fully effe.ru.'1. Realiry p'obably IiFs brrween thesf
extrm€s, and the value of such visits depnds on rhe lpecinc cas€. It is true rbat
when the vellow species receircs nost dsns (mixed srands), an unknown fraction

of thoe visils arc heterGp.cific. In this cas€ of aponictic pl.nts, the "value" of sch
visits .annot be determined.

Itnrli.atio dad eon.tusiors. For rh@ who would erplain the sFcies mak€-
up, phenology and specia morphology of pollination sptenN largely or wholly in
rerms of competitive exclusion and cbaEcter displacem€nt (..9., Levin and Ander-
son, 1970; Reader, 1975 ; Pleasnts, 1977 ) , thes€ re$l$ present diffi.ulties. 

'I har con-
vergence, not div€rgenc€, may be advantageou! is one prcblem; that a "competitor"

may help olber spedes by actiDg as an inrect magnet is anothel
Such phenomena ruy h.ve efftrls on.ommunily stru.tuF. Among slf-incom.

paiible phnt5, pollinaror shortage due to (ompptirion may have a bearing on f'tnes
and the plants' ability to pesist in a cornmunity. Wh€n simple comFtition is the
nain driving force, analysis is conrp.ratively simpl€, bur if such sFcies ar function-
ally interdependent in the nranner of rhe hawkweed *ample, the prcblen is quit€
complex. Certainly one nright sr.e a forcc for rnaintaining community diveNity, given
certain f.equencid of plants. For instanc€, a rye.ies analogous to the yellow hawk-
weed might be prevented from dominating a community becaur of its d€clining
pollination succes as its proportions increased. On the other hand, such a species
might be hard to €linrinate frcm a con)munity thrcugh lack of pollination b€cause
ot ib unexp€ctedly high visitalion rates wh€n rar€. At any rate, enoogh pollination
may take place io that lhe qustion of peBistence shifrs to hatt€r3 of vegerative com-
petition, et.. Bobisud and Neuhaus (1975) rheoretically confim that pollinato. in-
constancy on favored sp€cies may allow longer cocxistence of minority species than
would otheMise b€ csible.

Prcper undentanding of anv particular interaction must deFnd on detailed
fi.ld srudies, not only be.ause of rhe frqu.n.y-d.p.ndrhr narur of ne;shboF
mediared cllct bul ilso b.(.u* cvrry con;unirr wili har a diff.r.nr str ofieish-
bors. For instance, the or^i* H;.tu irm durantiacum, which bumblebees visiied
ividly in my Wison3in extF'i,nenrs, ii rerjortedly nor vish.d bv large lxa" near
FarminSlon. MJine. probably bc,.ru* of ;oF r;wddins neishb;E t-Hein.ich ,nd
Raven,  l9?2, .  D(spi r .  'he;n jqu.  chara. ter  of  an!  pai r ;cu l i r  o* .  hoqever.  rhe
rBults of such invesiigrrions crn'b" crp(rcd ro rum up ome pnnciples whi(h bear
on $nerrlrheories of communiry or8.ni/.,'ion,3u, h as rhe magmr specieC phenom-
enon noted bere. This phenomcnon nEv opFr.re only in hahkweeds and nowhtrF
rlse, but there is no reasin to suppose this; it Dray be;idBpread. Fu.thermore, rhe
Beneral n,.chinis'n of neiehbor-influenced inrericrions is not dcrrndent on mor-
phological s;milarity of Rowqs, nor i. ir resrricted ro pottinarioir. Some Darillel
posibilitiA ro br invetigArcd so ld in.lud. rhe efrccrj ot masnpr 3p€.ies oh the
disrnbution on predarosind se.d disprrsal rqcnt', and rhe locjl;per;usjoN in rh?
magnet sFc'ea communirj.s. Arstr and O Dowd ( 1976J dFrr;b. numerous anrt-
ogow.examphr frorn plant-herbivore inrcfacrionlt pilarable ptants may be prorecred
diFctly b'y no\ious neiqhboF which r.p.t or co;ruf, herdlors, or by ;FishboB
whr.h. t tnct  predrro 's  or  Dl 'as i res of  the herbi torcs

Su.h s)Btams F inheicnr ly  in tersr ins bqause rhp; '  inre ' .cr ive natur .  r .sut rs
in a .losly conn..red corvolurion of rhe srF.;cs involved. The .vsten idJDrarions
of tho.e spcc;ca aF lil.ly ro be pre.i*, r*rh.,rb.!en srnk;ns, u'ia rm-tol" co--
parativcly eJsy to .rplain. To 'hc corlnuni'; (olosisr, ho;ever. therp are other
stimulating f.alures. A Dollinarion or dispers.t o, hirbivon svsrm has a cerrain
heurkr ;c  value for  communiry rnr tvs i \  in  ih i t l I  is  a r raf l i . l tv ; ;deDendenr subcom.
munity which hrs b.en shrp.d b\ rtr. sime fo(c" "liich 3h;l,e *h;te .omnuni,i.r,
our rs noe Drrctrcat to studv

rn this lighr. pollination 3ysr"h( Jr Farti.utarly Drovdnrire becJuy rhev aF
,'niquely su3.epribh ro quanrir'rive an.ty\'a ot .su..i.,".nd be.aur of ,heinJolve_
nte^r ot .omP.hhon filher r.al or .rppir.nr. d.trndinq on rhe lo(at ,Fci.3 bal-
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