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Obf igate Insect Pollination of a Rare Plant, Lupinus su/phureus ssp.
kincaidii

Fender's bluc bulterfly (,f.r.rri( i.r i&trioides ssp.
/c/?dcri Macy) u as presumed extinct unti l i ts re
discovcry in 1989 near Con'all is, Orcgon (Cham-
bers I990. Hammond l99l). This remarkablc tind
has lbcused attention on the biology of its host
plant, Lultittu.t sulph&r?n ssp. &incaidil [Smith]
P h i l l i p ' r K i n c r i d .  l u p i n e r .  B u t t e r t l l  r r r i p , r : i t r o n
r r n J  l r r r r r l d c r c l ' p m c n l  i n  I h c  u i l d  o c c u r p t i m a -
dly on this rare pJant. Occrsionally, bulledly

ryrpulations are also associated with L. Ltrhustu.\
Dougl. (spur lupine) and L. albicaulis Dottgl.
(sickJe-keeled lupine). but onll when l. srlpftrrrzas
ssp. frilcaldil is also present (Hammold andWil-
son, 1993). Populations of L. sulphureus ssp.
ihr:aldll rrc primaril)' resfficted to grassland rem-
nants ir the Willamette Valley. Both the bultelfly
and thc lupine are proposed fol threatened or en-
dangered species status by the U.S. Fish and Wild
lile Service (Oregon Natural Heritage Program
l99lJ). To dcvclop consen'ation stl.ategies 1or both
organisms, research on the restoration ol native
prairie remnants and the biology ofthe lupine and
rhe buttefly is underrvay (Schultz 1997. 1998:
Wi lson  c t  a l .  1997) .
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Excrvations of caudiccs and root-systcnrs sug-
gest that lr?i/iirJ ri,lphureus ssp. kintuidii. ape-
rennial. may sprcad vegetatively over l inlited dis-
tances (M.V Wilson. pers. comm.). but sexual
reproduction i\ nece\\!rr) lbr p,,pulatiun r\pirn-
sion and colonization of ncw sitcs. Any l imit to
seed production lnay restrict lupine population
growth and. in turn, buttert ' ly population success.
If this lupine does not actively selt--pollirate ald
selt '-fenil izc. poll inating insects wil l be crucial
fol seed production. AIso, seed production and
dispersal may be l imited by seed predators. The
objective of this study was to dctcrrninc if l .
sulpltureus ssp. l:ir..iidii flowers set seed in the
lbsence of insect poll inators and. secondarily.
ascefiain if seeds arc killed by insects betbre seed
dispersal.

Inspection of f lowers (Kaye, personal obscr-
vation) revealed a pump (or piston) arrangenent
1br cross-poll ination (as described by Knuth
[19081). in which a string of pollen is pushccl
tluough the tip of the keel by the stigma when
lhc  p i \ l i l  ( , ' rnc \  un t le r  p re . .u rc , . l r r r in ;  l r t  i r r . ce t
visit. Tn this system, which is common in lupines.
thc sligma is protected from autonatic self-pol-
lination by a peristigmatic ring of hairs and pos
sibly by protandry (Juncosa and Webster i989).
Most lupine flowcrs do not producc ncclar, and
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insect visitors, normally bees. gather pollen (Knuth
1908). Flowers mature sequentially from the bot-
tom to the top ofeach infloresccncc. passing l irst
through male then female phases. Lupine pdli-
nators (such as bumblebecs) often lbrage from
bottom to top within an inflorescence (Haynes
and Mess le r  l98 ,1) .  Th is  sys tem promotes
outcrossing because insects laden with polten from
another plant contact female phase flowers be-
lbre traveling up to male-phase tlowcrs where they
collect pollen and depafi.

The study population ofapproxinrately 75 plants
was located in 1.5 ha ofnative prairie on a south
facing slope al Oregon State University's
McDonald Forest, near Corvall is. Oregon. On 15
May 1990, single uncxpandcd racemes (allf lo*
ers in bud) were tagged on 30 individuals (plants
typically produced 5-20 racemes). Fifteen racemes
were selected at random and covered with a ny-
ion mesh (0.5 rnm) bag to exclude pollinators.
The remaining l5 r'acemes were not covered and
sen'ed as controls. The plants were checkcd bi-
weekly during thc coursc of the blooming season
to observe pollinators (2-hr survey periods) and
ensurc that the racemes elongated nomrally in the
bags. AJI marked rrcemes were gathcred on 2rl
July 1990 rvhen fruits were mature. The number
of flowers and truits per raceme were counted
and truits uere inspected to determine ovule num-
ber and production of mature and damaged seed.
Flo*er numbel was obtained fiom the number
of pediccl scars on each racene. Mean ovule and
seed production per raceme werc uscd tbr calcu-
lating mean aDd standard erol (SE) lbl each treat-
ment  (n=15) .

Lupirtus sulphureus ssp. frlrrrrrrldll did not set
fiuits or viable seed in the abscncc ol poll inrtors.
On average. open pollinated racemes displayed
75 flowers (rtnge: 513-123, n=15), and bagged
inflorescences had 73.2 flowers (range:44-99,
n= 15); there was no signil icant effect of bagging
on flower production (= 0.288. P=0.716'1. The
average lmit on openpollinated racemes contained
,1.5 ovules (range: 4-5). Fruit-sct on open-poll i-
nated (control.) racenes was.l.3% (t 0.6% SE)
and seed-set per tiuit was 30.6qa ft 25% SE).
No fiuits or seeds rvere produced on bagged in-
f'loresccnccs. apparently because mechanical or
temporal baniers prevented selfpollination: ge-
tretic selt-incompatibil i t] '  is unknown in Lr?i/?r.t
(Anoyo 1981). Ovule predation (possibly b.v short
nosed weevil lan'ae) averaged only 6.17. (t 2.4%

SE) per fruit in unbagged inflorescences. Over
all. 46.1t/c of f iuits were occupied by insect lar-
vae. Therefore, predispersal ovule prcdation may
n, , t  l im i t  :eeJ  pr  'duc t ion  or  :ced l ing  leeru  i tmcnt
at this site. At other sites, however, up to 857o of
fiuits can be damaged by insect larvae (K.
Kuykcndall, Oregon State University, pers. conm.).

The punrp arrangement for pollination and thc
lack of fiuit or seed lbrmation in bagged racemes
is strong evidence that insecl pollinators are re-
quied fbr seed prodrction in Lupinus sullrhureu.\
ssp. kinutidii. Studies of the annual l. lr.rnrr, a
facultatively autogamous species. have also shown
that excluding pdlinators can reduce reproduc-
tivc success (Karoly 1992). The present report of
obligate insect pollination of 1". sulphureus ssp.
kirtcaidii docs not cxplore whether or not this
perennial is self-compatible. No garnetic self-in-
compatibility system was found in Z. r?.'lnrr ssp.
1rrlifollirJ (Juncosa and Webster 1989.). however,
and selting rates vary widely among species and
populations of several annual lupines (Horovitz
and Harding 1972; Harding, Mankinen, iud Elliott
1974; Helenurm and Schaal 1996). lnstead, f lo
ral anatomy and pdlinator behavior and avail-
ability appeal to play pivotal roles in promoting
outcrossing in lupines (Juncosa and Webster 1 9139,
Karoly 1992). This rcport documcntcd thc im-
portance of insects as pollinators at only one site
and in one year, and it is clear that the impor-
tance of insccts can dilfer fron site to site, at lcast
in annual lupines (Karoly 1992). A genetic study
(Liston et al. 1995) ol L. strlphureus ssp. kincaidii,
however. documented low inbreeding coefficients
trt several populations of this taxon. which is in-
dicative of an outcrossed breeding system.

Conser-vation of ,ftari tia icurioide s ssp. fentleri
u  i l l  requ i re  mu in ten i rnce  r r l  r  i . rh le  lup ine  popr r -
lations, which may require protection of popula
tions of insect poll inators. Thc only inscct ob-
served visiting the lupine llowers at the study site
was a single bumblebee (Bozbr.r sp.). Average
sccd production wtrs 1.3% ofavailable ovules per
racene. despite a locally wet spring and appar
ently plentit ir l soil moisture. which is well below
values reported for other lupine species (Wiens
1984). The reasons for this arc not clcar Cool
misty days. common in 1990 while t-lowers were
at anthesis. may havc impcdcd poll inator activ-
it),. Climate data from Corvallis, Oregon (Oregon
Climate Service, w w.ocs.orst.edu/) show that
June of 1990 had trbove average precipitation and
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below average maximum temperatures. Altgrna-
tively. native poll inators may be inlrequent at the
study site. If bumblebees or other insects that work
the intlorcsccnces l'rom bottom to top ale the typical
poll inators lbr this species at most populations
ol Lu;tirtu.s .suftltureus ssp. ftir.di./il. their out
crossing is likely to be the dominant brceding
systen-I in this perennial lupine.
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