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Abstract
ReprodL(tirrn and polhration ot Ccntaured dtlLL\u. C. ndtrloe!. Acroptilan repens. ard C v*rrriotr ilere .xamjned. Bawl ,,n
cont r r l1edpo| ina t ion .CenfLka. l i | l i 6d '
p rored  to  bc  l i cuhr t i re l r  r |nogamous.  Th .  imt 'u r r .  n lp  . l  f lo r . ,  \  - , r ! r  \ . -  ,1 ,  ,  rn r rne , l  I , r  v is i ra r jon  l reouer rv  u lons  es tab t ishr r l
l - : 1 , - p , l . J , , l  n .  p o l J . r  l , , r , r . , ' ' 1 . - p -  l ' r i , . . , , . . t  , . r  r l , r p - . .  r t , , .  , , , ,  - r " , ' , ,  " , . . .  g . * , t , u .  - r , r ,  1 " , 1 , o r 1 , , , . ,  . r , .
Ap; ne iJlnr. \nJ llegnrhile sp. None ol thr irnpotonr llorcr yisirors of C /rlro iliscrinrirarll bet$een $hilc rnd pu;]. ni,v,J
heads '1 . i | i ! ]o ldard idnr l t s ign i l i can t lvnr fucncer
| ! raDa l rs . j ssho i ! . ]dsucros .a | ! l l ' ru . loSe i t ra taL i l )o | .ppror j l !aL l .h2 : l tobe

glu(ose ilas also rresent (str.n)n,: Irucrose: gl,(1,s.: 2:l:l). th. ofor recombirario,, sysrems oi C.ak!?ra d;ftsa. C. nucutaa.
a n l l , ' 1 ' | . p c n J P r l , t o | . s g e n e l i . d i ! ( ] t s i l ' l [ o s n i g i l l u s i r r n o t n a t u r a | h a i [ o l s ' T h e a n n l | a |

C n* r ; r i . . / i i  con t r ibu t . .s  ro  i rs  mccess  !s  a  ro \ ious  \ . :a r l .  . lp i t  nc t l l fe tu  r r r r  inoease rhc  r  t ,u . , l  , ,  r r \ "  ,  J l ,  r  , r , " ,  , , t  i  , .1 , " ,  , . t r .

Introduction

The knapneeds lrhree Cenhurett species and
Acrtrytilon i.epenr) examined in rhis studv are of
grcat imp{)rtance in \ ,esttrn North Arncrica be-
causc of thei|  sLalus as Do\ioLrs \rceds. The,v htr.e
expandcd rapidly on rangelancls of the Northcrn
lntermountain Region since their introduction from
llurasia during the earl_-v 1900's (Cranston I980.
Itoch6 er ol.  1986. Roch6 and Talborr 1986). The
knapweeds arc competi l ivr and ol ien Lriggcr eco-
- r : t ,  r r r  r Jes rcd . r t i , , n  h r  , l i - p l . r ,  i r r r :  r r t i \ c  r .EF r r r i un .
clecreasing biodiversiLv. conh.iburing lo soil erosion
(Maddor I979. Cranston 1980. Tyser and Key
l9B8). reducing the econorric value of ranges
(Strang et al. 1979) trnd decrcasinpi recreat;on and
propcrtv values (Tdbott Rochi '  and l loch6 l98B).

As is true ol othcr sucr:essfrrl t'ceds. the knap-
leeds combine manv morphological nnd physio-
iogical charattcristics rhich allot'them to quickly
occupv and persist in distrrr lrd habirats. Such
charactcristics incluclc high serd production (Wat-
-.on and Rcnnev 1974. Schirman l98l.  Ror:h6 er
n1. 1986. Call ihan et aL. )989); surr:essful seed
dispcrsal (Watsor and Renrrc.v 1974. Roch€
1992); discrrnt inuous seed germinarion and ger-
minalion over a br{rad ran€(e of Lernpcr.atures (Viat-
son and Renncv 1974. Sratson l9l i0. Call ihan el
41. 1989. Ta;- lor and Halrod, unpublishecl srudv):
and al lclopath,v (Watson ancl Rcnney 1974. Muir
and \ ' lajak 1983).

Othel characterist ics ofknapteeds *hich mav
or rnav not relate lo their slx'cess as l,eecls fall in
thc gener-al catcgory oI reproductir.e and pollina-
tion biology. The knapwceds ar.e discussed fre-
quenllv in the l i terature. brrr thcir pol l ination
biology has rcccived l i t t le altcntion. Watson and
Renney (1974) noted thnt the knap*eeds arc cn-
tomophilous and self-comp.rt ible. hut thcv did not
go into l  r lher dctai l  aboul spccif ic I loral r ' is i tors
nor did they provide sufportin€i dala. ['roctor and
Yeo (1 979. and relercnces cited rhcrein) refer to
r i . i t r t i on  o f . . r . r r l  i  - ed .  t t ,  C .n tau rcn  ,V . , . i p ,
but prol ide no quanti taLir.c data.

Ouf study $,as designed to ansr,".cr the follor'-
ing rluestions: Are these four l,:napr,,eecl species
self-compatible. and if so. ean thev be scH-
pol l inated in the absence of insect visi tors? WhaL
are the impo ant insect visi tors? What is the visi-
lation constancv of the represcntative insccts'/ ls
insect r ' is i tat ion inf luenced bv t irne oI da.l  (see
McCall and Primack 1992)? Sihat floral rerlards
are being col lccted by thc various inscct visi tors?
S'hat are the tvpcs and ratio of supJars prcscnt in
nectar rewarcls oi lhe sJrccies and docs there ap-
pear to be a relat ionship bet$een these sugars urd
inscct \.isitor-q along the iines suggestecl by I)erciv:rl
1960. Bakcr and Baker 1975. Faegri and van der
P r j l  1979?

llower color vrries in somc Centozrea specre-s.
especially C dilJisa trhich has both white antl
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purple 1brms. I 'ol l inaLor p|eierencc lor a part icu-

lal colrr morph could lcad lo gfeaLer reproduc-
Li le success of that lolrn (Ka1 1978. Stanton
I 987). Thus. in the contcxt of lhe questions stntcd
i lbove. t 'e \{anlcd to Lnow i l  l lowcr visi tors dis-

climinate bel$'een t'hitc- and p u rple-llorr'ered

lorrns ol C. diffiLsa.

Methods

Study Sites

The study sitcs ucre Lxated in Oktnogan NaLional
!olcst. near Winthrop, Washington (dif fuse krap-

\\c(\l Centnurea diffusa Lam1: in Lolo \ation:rl
ForesL. near \'lissoula. Vlontana (spottecl knapr,eed
C. rnaculostL T,:rrn.); on pilatc ldrrd near La

GranrJe. Oregon (-"*elloru stanhisLle (C. soktitiaLi^s
L.)):  and on private land near Haincs, Oregon

{Russian Lnapt'eed (Atntpt i lor re.pent (L.) DC.)).
For more prccisc local ions. see ! ' igurc l .  At each
stud_v sitc, the species studied r\,as the dominant

plant. The popLrlations lclc crtensire. although thc

afeas studied t 'crc approximatelv 2500 rn'.

Po I nation Studies and Ferti lty Ana yses

Al each site. I x I r I m cages \rere Lrscd to e\-
clude insects from selected plants. Thc cagcs con

sistecl of looden l iames covcrcd bv 1 x I  mm

mcsh vi indow screens. At thc TIaines. La Crandc.

and N'lis-"oula sitcs. frrur cages rlere sct up. cach
enclosing a single plant. Critcr ia used in selecting

Jrlants includecl: ( l)  plant -<ize large cnough to

have nurncrou-" he:rds but small  cnough to f i t  in

the cage: (2i location - r, 'el1 t i thin thc populat ion.
avoiding ' 'cdgc cifecL": ( i l )  pre-anthcsis der,elop-
mentiil stage-opened heads. ifanv, were removed:

and (4) sufl icient spatial scparal ion l iom othcr

cagecl plants to cnsurc independent samplcs. At

thc \\ ashingLo[ \C. dil:fusa) site. eight white nnd
eight pLrrplc-floucr-e.l pl rts lrelc randornlv

sclcctcd end r:aged prior to opening of llot'cr
hcads. The i ield t 'ork $as carr ied out f lom mid

Jone through August, 1989. at thc Oregon and
\lont:rna sitcs, and lrom mid Junc through Sep-
I '  m l ' e r .  I ' r ( r { 1 .  J l  l l r ,  U : , - h i ' r g l . r ,  . i l c .

-4.t the L)rcgon (A. reTrerr.,i and C soAritioli.s) and

Nlonlana (f,'. '/na.'rtlosaj sitcs. all controlled polli-
nations involvcd caged pl:rnts. ln cach of three
cages. ten hcads r,rere sel led via gcitonogamr (pol

I ination of l lowers on thc sarne planl) and ten out-

crossed (xenogamr'1. bv picLing llor,rering hcacls ol

non-caged plants and gently rubbing these o,'er the
flolets of selectcd hcarJs o[ caged plants. l o avoid
pollcn clontamination. geitonogamt- and rienogamv
\{crc carr ied out on di l lerent dals. A11 pol l inated
head-" r,".ere appropriaLely tagged.'fhe lburth cagc
at cach of Lhe three sitcs. in aclcl i t ion lo unlreated
heads on the othcr lhree caged plants. $as uscd
to tcst autogamy (pol l ination in thc same f lorer).
; .c. the plants or hcads r lcre left  untouchecl.

At the Washington (C. rl(Jisa) site. autogitmv.
gcitonogamv and xenogamv \\ 'ere compared by
randomly selecling eight t'hite-flovcrcd p)ants and

cighL purple florvered plants for each reproductilc
r r F c l m e n l .  T u  l - s l  I n r  a u l o g J m \ .  e r , l u s i u n , r F . -

lvcrc placed around the sixtccn selected plants. a-s
r o t c d  r l , o \ , .  : r n , l  l . t t  r r r r t , , r r c h e d .  L r ,  l r r . i " n ,  r g . -
\ \ ,  r c  r n l  u - cd  i r r  u l h ,  r  l r : t - .  T , ,  t ' - t  l " r  g " i t " n . , g -
amv, small  rotkrn bags 1\,e1c placcd over lrro uno-
pened but similarll- dereloped lloter hcads oleach

of thc sixteen selected plants. Rags rtere briel l l
removed to hand pol l inaLe 1lo$ers rrhcn anthcrs
rrerc dchiscing and st igmas l ' 'crc presrrmed to be
receptive. i .e. thc heads rere gentl-v rubbcd to-
gcthcr. Bags rere lelt  on unti l  :r f ter the heads had
closecl rnd the crrrollas had becomc scncsccnt. Twtr
nonJragged opcn pol l inaLecl heads lere sclcctcd
and tagged f lom each o{ the adcl i t ional sixteen
plants. providing lhe ol lportunitv for xcnogarnv.

IIeads from all trcatmcnts ncre collected \\,hen
matlr lc and the seeds \\ere countcd, Fronr each
of the C nracuirra. ,4. reTrens, and C. solstitialis
populal;ons. 120 heacls *crc col lecled: 3(J
reprcscnting geitonogrmv: 60 rcpresenting
renogamy (30 from cagccl plants and live ranclolnll
col lcctcd from each oI sin non-cagcd plants); and

30 representing autogamy (15 from the sinp/e. "au

togamous" cagcd plant. :rnd f ir 'e non-manipulaled
hcuds frorn each of thc othcr lhfee caged plants.
al l  ranclomly col lected). Seed counl clata ol each

fopulation $crc subjected to a I x,1 factorial anal-
\ - i -  , , 1  \ . r r i a r . c  r  \ \O \  \ t -  f . r ,  t , , r  I  he ins  -pec i c -

and the four lelels of factor 2 bcing autogarry.
gcitonoganv. open-pol l ination. and \enogamy
(bagged heads). Tf thc probabilitv ol a 

'fvpc T cr-
ro|was 50l) or less. the rcsul l  \ !as considered to
be signilicunt.

!rorn thc C'- ly ' frsa populat ion.96 sced heacls
were chosen dt r ndom. two froln each of thc 48

plants sclccted for autogamy. opcn pollination. and
geitonogamv (1(r plus l6 plus 16). The 132 opcn-
pol l inated bcads $ere selected randomlt pf iof k)

(,8 Harr"d end f. l  l , ,L
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Figun,  l  Lo . r t ion  o l  s r , rd i  s i tes  ( * ) .  Thc  t l i f fuse '  s i r , ,  i s  lo .a ted  o .  l i , r csL  -qer ice  land B tn i les  nor rh  o l  N in th roP.  Sa l ,n )s ton .

on \ !esr  Chcruch Roar l .  Ihc  *macu losr "  s iL r . i s locare( l  on  s l l te  laDd nor thcas t  o f  l l i l l to rn .  N lon taDa-  on  H ish \a l  83

appror in , ! r , t \  2  mi tes  nor rh  o f  H igh$r !  200.  lLe" repens 's i r r . i s locore i lonpr i ra te landbvh l l , ,$nrs3rdSrRr i t ;m i les

easr  o t  I i r ins .  Oregon.  T l , . : , , l s t i t i r l i s  s i r |  i s  l r ta ted  on  | rnare  land br  l i r l l o rdng Booth  l .anr :1nr iLes  cus t  o f  I s land

( i t - r -  Orcgon.  r . ,  Lo$e.  C l^ ( i  H . !d

poll inari0n. Secd counL data l iom this populdt ion To test lor the possibi l i t --v of anemophilv (rvind

1!crc -qubjectcd to a 2 r i l  i i rctorial INOVA ri th pol l ination). a pol len samplcr $as operrtcd f{)f  si i

subsarnpl ing (a = .05). Thc tro levels oi fador I  hours ( irom 0900 ro 1500) for each ol three days

r,rere llower head color. rvhite. :rnd ptrrple. The thrcc during peak llo*cring (late Jull, eaflY August) in

le,,els offactor 2 \,\ ere r'cpr(xlLrcrive treatmenLs. :ru- Lhe c difAa population. The pollen sarnplel was

bgamv. geitonoganv. and opcn pol l ination. [ l tached to a lacLlutn pump $hich t 'as cal ibrated
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at 486.5 L ol air ' /hour. Pol lcn was cleposited on
a clear fel.oleum grcrse coated microscr4rc sl ide
'which aclvanced everv hour. At cach hour, ldnd
- 1 ' , , 1  r ' r -  r c c o r d e , l  : r r  , . r n , ' 1 , r  l r ,  i g h t  r - i n g  a  l u r -
bine digital anrmomctcl and t'as ar.eraged for a
f ive rninutc pcriod.

Determination of Flower Visitor Frequency

Frcqucncv ol insect r isi ts *as measured alrng a
50m transe(,1 rorrghl,-v through the center of cach
popLrlat ion. 

' lhe 
transects uerc lravcrsed once in

thc morninpJ (ca. 0900) and once in the af iernoon
(ca. I500j for three conseculi le clar,s in the C
rnur:nktsa. A. repenr, ancJ C. solsritialis populations,
and fof total o{ ten times al f.iu-ious dates (late

Jul,v, earl,r August) cluring llot'ering in the C
dy'jriln population. One nrinute rras spcnt at each
mdcr dlon€i the lransecl. counting the number of
visi ts to capitula (hcads) bv insett species. Visits
wer-c counted onl,v ii lher ocrurrcd rrithin an area
appro\imalel\ '  200 x 20 crn, centered on and pcr-
pcncl icular to the transcd l ine. A visi t  inrol, 'ecl
phvsical contact b,v the insect u,ith anv llor,rer of
thc capitulum. For C /rfirsa. numbels ol visiLs per
mcter per minule, morning and after-noon. r lcrc
analvzcd using a 2 x 9 (C dLJfwn, C. maculosa.
C. solstiti is) and a 2 x 12 (4. repens) facLorial
ANOVA (o : .05). Mornirrg and aflernoon vere
thc tvo levels of factol I and the nine or Lwrlvc
l e r - l -  , , i  i r ,  l u r  2  rep re . - r r t ' r l  J i f i  r " r r t  i n - " c t
species.

A represental ive sanrplc of insects l isi t ing thc
respecl ire knap*cr:d species tas r:ol lertcd from
eadr population. 'l'he 

insects rerc killcd using ethvJ
acctate an.l allowccl to dry. The pollen rvas latcr
scr-apcd from the head. abdomcn, and legs, and
placed on e rnicroscope sl ide in a srnal l  amount
ol 30 pcrccnt gl,vcerol in rJistillccl rr.ater, rvith Lwo
crr staLs of Lh,vmol ifolltx,".ing Pu setn1. I964). S c
counted up to 100 pol len grains at l00x or 400x
frorn r fct ' random Lrcations on the sl ide: or u,hen
ierter Lhan 100 grains rrere l l resent" al l  were
counted. Pol len grains rrcrc identi f ied using per-
rnanenl refcrcnce pollen mounLs of knaplreed and
. r - - u ,  i . r t ed  . 1 ' e ,  i e - .  I t i f f '  r ,  nee -  am"ng  r i - i r , , r -
basecl on pol lcn load purit_v for each spccres rere
analvzed using a cornplete ranrlomized design.
ANO!A  (a  : . 0 ,> ) .

In the C. ddJiua popuiation. r,e determincd if
in-.ec{s discriminated between rrhitc- and purple-
flonered planLs. Tcn cquallv spacecl (c,a. I m apart)

100 Harrod and Tavlor

combinations ol t*o *hitc-f lowered plants and onc
purple-flrxr.r:rcd plant. and ten combinations of two
purplcJlowered plants and one t'hite-flou,crcd
plant $,ere selected ior a total of 20 e:tperimcntal
sets. For each crperimental seL, onc plant. r,".hite-
ol purplcJlowered, serred as a "subject" plant and
t\ro planls. onc of each f lower color tvpe. served
as ''choice" planls. Color prclerence rvas recordcd
onlv \rhcn an insect would r. isi t  the subject plant
and then select one ofthc choice plants. Inse<t ob-
servations werc made for one hour both in the
morning (ca. 0900) and afiernoon {cr. 1500).
Differences among inscds based on color prclcr-
ence and t ime of dav $'ere anal,vzcd using a 2 r
2 x 2 x 2 facrorial A\OVA (o : .05). Thc lcvels
of factor I  vere colol oi thc "subject" plant (wh i tc
or puqrie).levels of firttot 2 tere r:olrrs of"choice''
planh (whitc or purple), levr:ls of factor 3 rere
morning and aflemoon. ancl lcvcls ofiictor 4 wert:

Nectar Ana ysrs

The sugar consti tuenls of ne(tar 'n'cre delermined
bv paper chrornatographv. lJight malufe plants ol
each species and flor,".er colrr (C'. difirsa) lere
seleclcd at random ancl lour to six llowering head
of cach plant uere used pcr nectar sanple. To ac-
cess lhc ncctar'. the upper part oI thc corolla tr.rbes,
along with thc anthcrs and st,vles. werc cut away
rlith a sharp knile. Thc nectar t'as then squeezed
out into a spot on Vhatman #1 chromatography
paper. Spotting rr.as done both in thc morning (ca.
0900) and afternoon (ca. 1500) of the same dav
lb r  J  I n ta l  , , 1  l o  n r ,  t r r  . . rmp le -  f r om . x ,  I  p ,p ' , 1 " -
tion and floral color. Standarcls of approrimatol-v
20lo glucose. fructosc. and sucrose were ldter spol-
tcd alongside nectar samples. Asr:ending chro-
malogr-aphy was used to separate sugars (Slar.kham
l9B2). Nectar sugars rrer-c idcntfied b1- cornpar-
ing spot colo|s (follolring tleatmenl r,!ith a rcagent
(Markham 1982)) and rate of {bw to thc standard
su€iars. Color intensi l ies Iere used 1o determine
the relat ivc concentral ion of thc ncctar sugars.

Results

W nd-borne Polen

A mean of 22 (sd, + I5.9) pol lcn grains of C
d,Llfuso 'l.as fixed on Lhe sliclcs ol the pollen sam-
pler per hour of operation. There l,".as no appar-
ent conelat ion belween rr ind speed or- t ime ofdav
and pol lcn numbers.
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Seed Production

Based on scccl production in fesponsc k) the, 'af i-
ous pol l ination trentments, C. dif f ico. C. naculosa.
and,{. repen! ulc obligatelr xenogarnous (Talrle 1).
' lhe 

fcl , ;  sccrls that were produccd aLrLogamouslv
and geiLonogarnouslr could have resultcd fronr
anemophil ,v since the plesencc ofr, ; ind-blotn pol
len rras conl irmcd. The feler seeds prodLrced in

bagged rs. caged capitula of C'. rly'firsa also sug-
gc - r -  t h i : -  J l r l , , ' ugh  t l r e  J i l l e r ,  r r , , .  s . " '  r r o t  - i s -

nif icant. hr C. nu:Lu ota and .4. rcpe r. open
pollinatcd hcads produced signficantlv more seeds

than caged. crosscd hci l( ls. probablv becdusc
hand-pol l inatr:rJ planls rrere pol l inated once.

lherea-s open polJinatcd plarrts rtuld have rcccir.cd
I IUmCTOLTS \  rSr tS .

Cata urea solstitialis produced signilicantl--v
more secds b] \enogamY than bt othcr treatments.
but i l  must be concludcd that the specie-" is facul-
tal i ,relv autogdmous. and the f ireatel number ol

scccls set br gei ionogamr than by at lLogamY can
prohablv bc at lr ibuted to more pol lcn dtposited
on Lhe -stigmas and thus grcatef opponunit-y for. sclf-
conrpatibi l i rr  (Table 1).

Opcn pol l inated purplc-f lonclecl plants ol C

tldJiLso set significantly r ore seed than r,hite-
ilowcrccl plants. e,'en though thitc-flo$ered plants
oul-numbeled prlr-plc-llo$erecl plants b--v a r.rtio of

3.2: l anrl rnajol insect visitors rlirl not discriminate
accorcung to crrbr (see belol).

Floral Visitation

The larious insecls.ol leded f iom tht f louers oi

thc four knaprleed spccics arc l isLed in Table 2

rr, i th the puritv of pol len loads proviclcd- The pu-
ritv of pollen carried bv hone,- bees (Aprs nrellilenr).
a spccies of . l igger bet lAnthophora sp. 1). bum-
lrle bees (Bombn' ltilirritts nectrcticus dnd B. 1)(!

t i .dental i :) .41d n -spccics of lcafcuLting betr
('lle-garlile sp.) rtas significanLh gfeater than othcf
specics. Houevef. there $,as a consiclcrable arnount
of orerLap in thc multiple range tests and scvcral
spccics rrfBolrbus, Anthophore sl- 2. various bees
ol the familics N'legar:hilidae ancl Halicticlae. and

sone ol the svrphid flics also carried relatir.clv purc
Ioads o{ knaJlreed pol len. Othcr jnsecls \ ' !ere in-

fr-cquenl visitors ol carricd rcry little Lnapt'eed pol-
len. as l 'as thr case o[ lepidoptcrids. Most of the
irnpoftant l loral visi tors cxh;bited a high de€rlec ol
constrncv as nr)Led b,y purc pollcn 1oads. although
Lhere \rere erccpl ir)ns. sLrch as,UelJacAile sp. (Ta-

b l c  2 ) .

Basrd on lransecl samples (l'ublc 3), Apls rnel

lilerzr rJominated the r.i,.itor launas of all knaprteed
-species exccpt A. r"e,Derls $,hich was Inost freqrrentlt
visitr:d by ,l1e.gac,4ile. Thc second. signilicantly
most l icqucnt visi tors lere BomDur Dfrr izs (at the

C, mar:ulostt sirtl. B. huuii (at tbe A. rcpcnr srte).
B. ot:citlentalis (at thc C solstiliolir site). and ,4n-
thophora sp. I at thr C tliJfustL site. Among the

important r isi tors. only Anthophorc sp. I  and
Bonbus huntii dilfL'.rcd signilicantl,v in thc timc of
their visi ts. both far.oring morning over aftemoon.

Onlv ,4pi.r rneLli-fertL anLl Anthophora syt. I
\isited C. diffi6a in suflicient nurnber-s lo ssess
their color discl imination. Rasecl on nurnocr or
risit-s per hour. nrilher showed a signilicant prefer-
cncc for l loner color, nor did t irne oldav inl luencc

color choice. Bascd on ohselrat ions madc in lhc

Knapweed Reproduction ancl Pol l ination l0l



T\BLE 1-  l . sec ts  co l l r t t r t l  l ro rn  heads o f  kup iveed sp . ,  n rs  {nd  pur i r r  . l  po len toads .  l }a rn  repres{ar r  hqn nurnb. j6  t l sed  oD
, rDnrs  up  to  l t )0  g r ln rs  f ronr . r ( j l r  o l  ren  n  n i , luu ts .  o r  fe$r , r  in  cases  rher  sDecnnens \c . , . t in i ted .

ORDER -fanily-sp.

K r . ' p s - , , 1  , , , , 1 ,  I  t o r p e ,  , " , 1 . , ,  - p ,  -

HYIIIENOPTIiR t-Api&e

ll o nt It tts o c c ilen r o I is

Banbus 16nr\.n\kii

lllcgac}i ridae

- Haln: tiilae

-Co l le r idue

DIIYIERA Syryhidac
Erisu is urbustonon

-Rombvliidae

-Tachinitlae

LEPIDOPTBR{-Ile6peridae
().hIa.h5 ttL,dno;tu'

-Satvridac

97' l i l r  L0
66ti  1r l0

88*r L2r05
SiJr t2/02
5(i. i2105

t  00 . i  l ] 10
B6.!/2r08
8.1-rI i t0

9lr0r03
.1i l i52r0l

1Ai22iOL

0010i 0

00i0i  0 l
l i1r0 i0 l

l 3 r2 i 02

l:t"/2r0.)

25d/t/10

100"/2i t  0
81i I  /04)
5Br2i05

l l r 0 ' !  1 o ' z

100'r8i 05

0113 /01

03i0i0t

100 /7 /01

t 00"/iti 05

8 7 i ;  u 8

100"1:Jr05
100"/2i02

100 'n r l 0

ii2 5 oll

65/l  r02

16i15i02'

L 8 i  t i  0 1
2 5 r 5 / 0 1

'1: i  t ; i  0: t

t00/t 2102

75133i015

0(l'10/0;

63i 38/0.1"

0'1'r3i 06

03i lr05

100"i I  / t  0
9:l"r I  i  06
62 i l i 05

uui 2r01

I (n)i 0i 0 L

BB' i2.1 i  054

t 00"i 9i 0il1

5  l r l ; ( ) 1 '
0 2 i  0 i  0 1

6:Jit103
281;103

25r0r02

20i 3i 02

00/iJr03
0f3i2t02

t3i 12()2s

0.1/0/02

0:1r i i  0 l

' r . b . c . d | . i l r c a c h k n a p l r r r l s p e c i e s . n l ' a n s a r e z o l s i g n ; n l d . l i ! d i f e r e n t J | o m e a c h o t h . . ' | . . ' . d i ' i l . d e I | 4 p i l d l j \ l \ f I 1 n

'zOne sptinrn had a largc lord of llierarnrn sp. pollcr-
'I\1,, specimers harl large loads of ai^n,n rzlgr" potteD.
.so,ne sl,.(imens had lurge loads .l c l.olLuu: oank fulerl_
sSorne sper:inr.rs hud largc l,arls ol Chn:othuntnus r;.irl,a,j potten.
"Both sl,ccirnens hld llfge lords rl I .tutn sctritto vrten.
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b! rariors insects. The nurnber of risirs represelts inportance ralues of the toiential pollilakrs.

Transect liritltjdrs per populathr

BonhL\ .li lenk is

Trhnridoe

0chLoda sitanoides

38.4
1 . 9

8 . 1
0_3
0.0
0 . I
0.t)
0 .0

o .0
0 .0
0 .0
0 .3
0 . ;
0.3
0.0

12.1
I (l_7

2 .1
1 1 . 3
1 .1

0 . ;
0 .0
0 .0

0 .0
0 .0
0..1
0.0
0.0
0.0
0.i l

0 . t l
6 .2

21.-)
5 .8

13 .1
5 .7
8..J

0 .0
5 .0
0 .8
0.,1.
0 .2
0 .0
0 .0

25 .3
| . 8
10 .2
,t. ;

t 9 .8
0 .0
3 .9
0.0
3 .0
0 .0
5 .9

0 .3
o .o

0 .0
0 .0

'llern nlLres represent multiple a.n. rnd p.m. transecLs in respecrile popul.rions. In onlv three cases did a.m. ard p.n. valLres
d i l l i : r s i g r r i 1 i t a n t l v : | 1 ) , 1 n t h t l p | u l r u s y ' l l i s i | . d | n o r c l r q u ( n | | r i n | h e a ' n l ' l | l h e l l 1 j d

'liiil.1ts spp.. Sraau pvntttt anl lblophilu! li,tu u\ lrc irch ol in rhi! lumih Froup.

f ic lcl ,  thc samc can bc saicl fol-othcr insrds vrsrt-
ing C dr.7ftr.sa. The general trend for pollinators was
to visi l  scv.- 'ral hcads of thc sanrc plant and thcn
llv to thc ncxt closcst plant, rcg{r'dlcss ofits llo1\cr
color. 

'l'he 
onlv enceptions rvere the Lepidopterids

rrhich visi tccl sJxrracl ical lv.

Nectar Ana ys s
(ihromatographic analv-ses showed the nectar to
consisl of sucRrsc and fruclosc in a 2: l  rat io in
C. tli.ffustt, C. macuktsa, and C. solrririalu. ln A.
/gerlr. gluc,ose \ras detected iir snlall quantities (su-
crose:Iructose:glucose; 2: I :  l ) .  Thc similari t ,v of
sugar lvpe i lnd concentfal ion bel$een morning and
aftcrnoon samples (antl betleen flot'er color in C
dilJitsa) hellts to e\pLain the general lack of r isita-
t ion discrimination br rnajor l is i tors.

Discussion
Aulogarnv mav function lo prom{)le populal ion cs-
tablishment and most u'eeds are obligatell or li:ul-
lativel,r' autogamous (scc Allard 1965, tsakcr 1965.
Stebbins 196.;.  \ ' lLr l l igan and Fincl lav t9T0). Ho*-

ever, inbreeding restricts recombination and, ac
c ordinglv. l imits adaptabi l i tr .  For most lrccds thjs
seerns nol lo be a serious comprornise l tecausc Lhev
have broad ecological tolerances (Baker 1965,
Tavlor 1990) and can erploit  a vari t tv of opcn
habiLats. The knapweeds examincd in lhis stuclv
are -qornewhat exceptional in that thc1, are obl igatr:
or preferential (C. solst i t iaLis) outcrossefs. This
open recombination svstem may limit reproducli,re
success of isolates blrt prornotes genetic diver-.itv
al l txr ' ing invasion of natural habitats.

Although sel{-compatibi l i tv had been reporLed
in Cenrozrea species (Wat,.on and llenne,v I974).
rnanr spccics arc ncarlv completelv self-
incornpatible (Nlarsclen-Jones ard Tutr i l l  1954.
L . re l  I  q76 .  I  qB2 \ .  Ro " l r i  l f . r - . na l  ,  n rn rnu r r i ,  , r -
tior) notr:d that C. d,r,lfusu, C. macuktsa, and A.
/?penr appear to be sell:sterile and C solstilralrr
nearlv so. Thc potcnl ial ior sc)f irg in C. stt lst i t iol i :
suggested bv our sludv. rnay he correlaLed $iLh iLs
annual habit. According to Cralt (1981). autogam,v
is a partiurlarlv common and adaptivc trdit of an
nuals. In anv < ase. thc , 'cr-saLi le Lrerding svstcm
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ol C. -xtlstitiulis musl u)ntribute L{) it-c slrc(iess as
a no\ious $,eed in the ltacilic North!,rcst.

l lost r, ;ccds havc a gcncral ist pol l ination
strateg]-. that is. the_y can be succcssfully pollnatcd
br a rarietr '  of insecl types. an adapti le trait  of
colonizing species (Al lard 1965. Bakcr 1965). In
knap$ccd spccics, thc pol len is openl.r- presentecl
ancl readilv acces-"ible to all pollen loraging Ooleop-
tcra, I l iplcr i l ,  and Hvmenoptera. On the other
hand. nectar is concealed in short. narrolr corolla
tubes rrhich also atlracts "specialist'' pollinato$
knor,n for thcir high rJegree of f lor-al constancy.
In their comprehensive treatment .)l Ccnt(nlree.
fr larsden-Jone,. and Turri l l  ( |954) l ist nrrrncrous
floral visi tors from several Orders. including
''generalists" ancl "spccialists." manv of the sarne
genefa collected by us. I'inally. the lirct th.rt knap-
lreed spe(, ies l louer-later in the sumrner than most
associatcd spccics probablv rcduces cromJreti t ion
for pollinators and increases constancy and
reproductive success,

Th ,  i r npn r t . r r r , . , ' f  t l r c  l e .pc l t i r e  i r r - ec l  r i - i l o r -
concentrating on lhe Centaurc(r and Acntptilttn
pofulations of our stud,v can be judged by a com-
bination of: ( l  )  visi tat ion frequenc;- - as rneasLrred
in transect obser-!at ion arcas; rnd (2) conslancv-
as delefrnined by purity ol knapt 'eed pol len. l t
should be noted that oul datr do not proviclc di-
rcct cvidcncc for lhc r-elat ive soccess of f loral visi-
tor- r- fol l ih.r lor-.  l t  i -  Lnt,r 'n th.rt  fr ,  qr"nt r i . i tur-
arc s()melirnes pd)r l)ollinatols (Faegri ancl van der
Pij l  1979). Hot 'cvcr. thc open f lo$'er structure of
the knapweeds Jikel_-v promotes cflcctir.c pollination
bv any visi tor.

ln tlrree of the lbur populations (A. repens r:x-
ciudccl). ,4pis nlel l iy 'ro $as lhe mosl lrequent r isi-
tor b,y all criteria. This species wns prcscnt
thloughout thc f lo1tcring season (al least et the C
d t f i * u  ' i t e t  r nd  e r l r i h i t . , l  s l us .  Jc l i be r . r t ,  m rn i l , r r -
lation and probing oi llorets. This behalior likely
mdkes thc spccics an imporlant pol l inalor. I1
foraged throughout the day. primarilv lbr nectar
but some individuals collcctcd pollcn. Apir nel
lifera is an inrpor-tanL pollinalor oI olher Centaurea
species inclrrding C. jat:ea tnd C. nenLoralil
(l'[arsden-Jones and Turrill I95.1). C. nigra lLack
1976), and C. solst iLialL; (Car1, et a1. I9B0).

(iorrsidering ail Centaurea ̂ \d Acroptilon poprr-
lat ions. bumblebees (&rniDrrs spp.) $'ere Lhe se.-
ond most imporlant f lcqucnt visi tors. Thcsc bccs
lbraged on nectar. apparentlv ericlusivcly. and ex-
h;bi led a high degree olconstancv suggesting that
thev are also important pollinators. I'he nectar ol
thc Centoureo aw) AcrcptiLLtn species was found
to be sucrose dominant, tvpical o1 l lolers visi ted
bv bumblcbcr:s (Rakcl and Bakcr 1975. Faegri
and ran der Pi j l  1979).

Othcr frcclucnt l is i tors, l istccl in appalcnt ()r-

der of imporlance, lrere solitarn' bees lAnthophora,
MegachiLe, ancl colht irJs). hal ict ids and svrphid
flies. all pollen foragers. Butterllies were fiequent
r.isitors. feedinpl on ncctar', but tho' carricd littlc
pol len and were probablv of minor impo ance as
poll inators.

Final l_"-.  there r, 'as the quesLion ofcolor preler-
ence among pollinutors in C. tlilfrua. Obscrvation
and stalislical analysis indicated that at least the
major r.isitors did not discriminatc by color. In thc
absence of favoritisrn [or the white lloter color and
the sipJnficantlv greatel seed production ofthc pur--
pJe [orm. it would seem that the population struc
turc rvould shif t  toward the pufple f lower color.
Perhaps it does but the grcatcr numbcrs of whitc
capitula in this populat ion (3.2 r,hite/1 purple) and
in others obserred but not analyzcd su!(llcsts not.
This apparent anomalt coLrld relaLe Lo al lele fre-
quencv of colonizers; gleater litness o{t'hite floi'i-
ered plants (rvhiLe colrr al leles l inked wilh genes
promoting f i tncss); grr:aler predation oI whitt :
f l o$e r ' -  h r  l h  l c | r r "  r r . t r t i - t i c . r l  . r n . r l r - i . . ugge - t .
not);  or inad\ 'ertent -rampling efrof. Further i1ork
is needecl to distinguish among thcsc possibilities.
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