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Abstract: Flower forms of Pedicularis ( Scrophulariaceae) display one of the greatest diversities within a
particular genus of the flowering plants. The major pollinators of Pedicularis are the bumblebees ( Bom-
bus) . In North America, floral resources of some species of Pedicularis may be shared by bumblebees,
mason bees ( Osmia) and humingbirds ( Selasporus) as pollinators. Pollen grains are transferred by bum-
blebees and mason bees foraging for nectars and /or pollen, and by hummingbirds foraging for nectars. The
different pollination mechanisms require very specific foraging patterns to deposit and release pollen. In
this paper corolla forms and their evolutionary trends are discussed in relation to pollination patterns and
pollen morphology. The foraging behaviors of pollinator selection as a force may have determined floral

structure and function diversity. Floral characters are closely tied to pollinators and their pollination behav-

jors. The functions of all flowers are for sexual reproduction of the plants following pollination and fertiliza-
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tion. Pedicularis plants and pollinators are interdependent in terms of corolla forms, floral function and
phenoclogy of bloom. It seems that the corolla forms are not quite strictly congruent with their pollen mor-
phology . Comparison of pollination patterns in different species from geographically isolated regions of North
America, Japan and the Himalayas, it is evidented that Pedicularis species with same corolla form have
similar pollination syndromes. There exists a high correlation between floral forms and pollination patterns
in Pedicularis .

Key words: Pedicularis; Floral diversity; Pollination patterns; Coevolution

T,5cE B (Pedicularis L.) BRZSRB KK 1 MNE, BE Olmstead Z (2001) EF4F
REFIEE, BHETS 4B (Owbanchaceae) F, TIERE “BHRMWEXSH” BEKA
FIME, ZBRRKERIPEBANE, RS FHEPPRRMEZ — (Wang %, 2002b),
ZBA 600 ~ 800 Ff, Hrh—seR AT T E BT (Extensive geographic disjunctions) HJ¥FAt
B FRSE MO EE SR REMK (Li, 1948; Macior, 1988; Mill, 2001), RE#H
332~ 400 & Fh, HERDEFEMIEH—FLIE (Yang ZF, 1998; Mill, 2001), DEEH N
EAR—FE (B F4E) FFEUEREY ., DABHYEEESEHEEBFERM
e t1ERR, W L (1951) MR, BRS04 MR, DEERYEREE
SRR RESRBEEIENRA (Pemnell, 1943), RFEHERFIE T RER 5 H ARV H
HEMMER, UHERIEE MK TEREMESUER., EHERNERENRDE
EYFhEREARNEZEREZ — (L, 1948, 1949, 1951), Miller (1881), Weed (1884),
Kunth (1898 - 1905) ZFX{BAM AL X DE B R AR SEMEN T TR, EXL
KEHRAKEETREWEZTHER, Macior (1970, 1977) Xt EDSEEHERY M TR KB
73X, B TZEADIENTIE S ERENNITRIZRIKE L EEN, JERIBAEY 5158
EHEAEES ERWEME AN, Limpricht (1924) B EDRHERABHEES.OMIEN L
AP, ARBAMKERERENRFZBX, mEms: SHREHRBE =4 T H
LHME . EWEERE, Bl BAMES NS EEBHEYNEREDFETR (Ma-
cior, 1988, 1991; FLLMZ{EEk, 1998; Macior %5, 2001), XA TItEESHA, EOH
R DR HENENRH Y, EHRERBENRENEERR, BF—-F
Fi R ke, ERENSEHMIEHHLSERE, I RE%R (Bombus Lar.)
EHEEEFENHEENXR, tESHEANDAEFE-HEENOREAXER, FJTREREMN
BEORRIBEE IRV THEmRY, EATFERSEZF (Macior, 1988),

1 EESHESHEEMEBLINX S
eEBRNAEFAKESRIRE, RO, BEFKREBET (Rhizophyllum group) R
AR, B0, EETRSGETEB LSRR F A L T IR, EEMEEHR, TEH
Pihtt. ARMEBBETEE (BhFR, 1955). TEZRR P HFHERABRIEERN LR
£, UETHILREERFERR A FRAECE, XFEX/MIZEHEEL, TaER
A EBHEE N T4E RENERIE (L, 1951, RBEEELT 25, RBEEN
Bit, LEEFANKEHEREERTKGRER, WikER, 4 NS ERERR
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, TMEREEANLERE, SLEMmALEs; ABEM. THEEM, B
(HEZA/ME); Al DB MRS RREKY, B hEMAMESH X, TRAIN, HH
BE IR 2 MURAERR, AL BUEZSEESE; a8 RHAERSsM;
Rk, TERES, BEae. g, at. HeftEe, =26, TE
Bk (Macior, 1991),

XFOEEBAREESEHMEL, L (1951) HHEEAMN 4 Ff ke, B: 1)
SABIWERY; 2) SKBA TR, 3) EEARKRENEK; 4) KEABE, HPXEX
. BRI RENRAKN, MEEERAURN TIRSKEARRKPEEE, K
B BRI BB A —FEER . RYE Prain (1890) X F TFEERAM X F], Bonati
(1918) X FZ& LM EAERM Li (1951) XN TFERMEBERNLS G T, bk (1955;
1956 a,b ) ##HTE5” #EER" AR “HEAEER", KPRAHENER,
B HEER, N Capitata B ; EEEEEWAHFIRE, MTEBSERMEREZLUEM
15K, K Flammea B, ETHEES, S GEHYRBFAILYE, Macior (1991) ¥ 55
BRI N 1) EELK, AER; 2) EXW, TER; 3) 5%, TER; 4
KERBBLTER.

2 EBESERTAMENDIE

bE . AAME SRESEEREREYERRRY, EAHEEIES, S%E
B EMFFERRKER RS REHNER (BRIAI P. hirsute 7EHTIT 2% HI /R
REED LR BEZY) (Macior, 1983), BRHRETEREEMRI (R) £F, BISH
BUHELIMEMMERN. WNER1PATLEY, R, ESRHEMILEDEENERERE
EREEE, B (Osmia) EFNR—HRMOEH BB R (Macior, 1983), HT P.se-
mibarbata FEFEE OMZE, REMREEHA () HERNHME, MEBE /N Osmis tris-
tells 0B REMEREEIBIA Bt A A TEEE, VA BMENE., DAENEEEEMRT 5%
MEAEENMFIE, P.gray MEIETEE ST AL, X—RKRIIEKKSERR
BENHBAK, HEAHZE (H1~1.5m) MERNERF, UEREESEHNAAEEENIE
%, S5 (Selasporus platycercus) BAEIRMIWT! 1, % 5553 KW & L EHHEMIER
TifEHy; FIEHEFEFARM ABAN A SERE TS S 4K (Macior, 1982), &4
2 (MR P. densiflora F P . rainierensis) A 88 AHALH . TP AULE h—FhEE
il dt; RIBTREM AR EE E R —REY L REEMIMEE, L (1951) A TIEE K
KRN ERBRBRLUTERAT N, ESRAEXAHAMNE RTINS EER”RER
SRR E M AHRE, BERHTEMNEHNE (Macior, 1988, 1991), Pennell (1943) #E
AR EEF MK ERRLER, REEHBEEENSIH BE R15H, Sprague
(1962) XX —BAE, HEA LFRITEFSFREL, Macior (1990) . F 4T (1998). F LM
ZE{EEE (1998) . Macior % (2001) B3 X} SeA K /R M =BG AL IR A M) | A RgHE B K B
BARIFR R A Y F IR R, X—EERREAE R B H R B AR, REHRR
BIEH ) REEEE B SA%H)  (Buzz pollination) o
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Table 1  Pedicularis species and their pollination syndromes
(#E%% Bumblebees: B; ¥ Hummingbird: H; 73X, Nototribic: NT; Rfih3X Stemotribic: ST;
¥} Pollen: P; AR Nectar: N)
Species Corolla types Pollinators NT or ST Foraging  Distributions  Authors
P. alaschanica Rostrate, nectariferous B {worker) NT P/N Sichuan Macior et al, 2001
P. apodochila Erostrate, necteriferous B (worker) NT P/N Japan Macior, 1988
P. attollens Rostrate, nectarless B (queen/worker) NT P California Magcior, 1977
P. bidentata Rostrate, long-tubed B (worker) ST P Sichuan Macior et al, 2001
nectarless
P. bractessa Erostrate, nectarifous B (queen/worker)  NT/ST P/N Colorado Macior, 1975
P. canadensis Erostrate, nectarifous B (queen) NT P/N Iowa Macior, 1968b
P. capiata Erostrate, nectarifous B (queen/worker)  NI/ST P/N Canada Macior, 1978
P. charrussonis Rostrate, nectarless B (worker) ST P Japan Macior, 1988
P. contorta Rostrate, nectarless B (worker/queen) ST P Washing-ton ~ Macior, 1978
State
P. cranolopha Rostrate, long-tubed, B (worker) ST P Sichuan Macior et al, 2001
nectarless
P. creudata Erostrate, nectarifous B (worker) NT P/N Colorado Macior, 1970b
P.cystopteridiifolia  Erostrate, nectarifous B (queen/worker)  NT/ST P/N N America Macior, 1983
P. densiflora Erostrate, nectarifous B (worker) /H NT P/N Califormia Macior, 1977
P. densispica Erostrate, nectarifous B (worker) NT P/N NW Yunnan Wang and Li, 1998
P. furbishiae Erostrate, nectarifous B (worker/queen) NT P/N N America Macior, 1978
P.gray Erostrate, nectarifous B (queen/worker)  NT/ST P/N Colorado Macior, 1970b
P. groenlandica Rostrate, nectarless B (queen/worker) ST P California Macior, 1968b
P. howellii Rostrate, nectarless B (queen/worker)  NT/ST P N America Macior, 1986
P. integrifolia Rostrate, long-tubed, B (worker) ST P NW Yunnan Wang and Li, 1998
nectarless
P. kane Erostrate, nectarifous B (queen/worker)  NT/ST P/N Canada Macior, 1982
P. kansuensis Erostrate, nectarifous B (worker) NT P/N Sichuan Macior et al, 2001
P. lanceolate Erostrate, nectarless B (worker) ST P Ohio Macior, 1969
P. langsdorfii Erostrate, nectarifous B (queen/worker)  NT/ST P/N Canada Macior, 1978
P. longiflora Rostrate, long-tubed, B (worker) ST P NW Yunnan Wang and Li, 1998
nectarless
P. lutescens Erostrate, nectarifous B (worker) NT P/N NW Yunnan Wang and Li, 1998
P . oederi Erostrate, nectarifous B (queen/worker)  NT/ST P/N Japan Macior, 1988
P.omithorhyncha  Rostrate, nectarless B (worker/queen) ST P Washing-ton ~ Macior, 1982
State
P. parryi Erostrate, nectarifous B (worker) NT P/N Colorado Macior, 1970b
P. pulchella Erostrate, nectarifous B (worker) ST N N America Macior, 1986¢
P. punciata Rostrate, long-tubed, B (worker) ST N Himachal Macior, 1990
nectarless Himalaya :
P. racemosa Rostrate, nectarless B (worker) ST P Colorado Macior, 1970b
P. rainierensis Erostrate, nectarifous B (worker) /H NT/ST P/N Washing-ton  Macior, 1982
State
P. resupinata Rostrate, nectarless B (worker) ST P Japan Macior, 1988
P.rex Erostrate, nectarless B (worker) NT/ST P NW Yunnan Wang, 1998
P. rhinanthoides Rostrate, nectarless B (worker) ST P Sichuan Macior et al, 2001
P. roylei Erostrate, nectarless B (worker) NT P NW Yunnan Wang ard Li, 1998
P. semibarbata Erostrate, nectarifous Osmia tristella NT P/N Califormia Macior, 1977
P. siphonantha Rostrate, long-tubed, B (worker) ST P NW Yunnan Wang and Li, 1998
nectarless
P. sudetica Erostrate, nectarifous B (males/worker)  NT/ST P/N Colorado Macior, 1970b
P. tricolor Rostrate, long-tubed, B (worker) ST P NW Yunnan Wang and Li, 1998
nectarless
P. tsekouensis Erostrate, nectarless B (worker) NT P NW Yunnan  Wang ard Li, 1998
P. verticillata Erostrate, nectarifous B (worker) NT P/N Japan Macior, 1988
P. yezoensis Rostrate, nectarless B ( worker) ST P Japan Macior, 1988
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fEifE MR AR TR S DA EBEHEY IR RAEXE, BfEnTX5E&
BEEBKNEEYIRELR (Macior, 1982), —BEFAT, —ME5xE, BA—FFERNRE
ERE, E£R—FEF, NRMPYERTRRER - DEEHEYNER, SUVRRFIE
R RF R D HED T ; ﬁ—ﬁ%%mﬁ%*%ﬁ&gﬁlﬁﬁﬁﬁTﬁﬁi%ﬂ{%ﬁ?ﬁ%o
REREE A b R E T T A, WELR — R Y EE M m AW EBER (Macior,
1986), EARER. LEEEEME L, Ak, KEWEKETY, ASKELH L
R ERELENEY,; EdBENEENANES, Bk, AN ETFRSEELET
Wi SEZ M SR, WA LB, EHEEERENER, BUEAHENNERS
i AR BEMTTAZMER N B R, X—EH AN EEMIERX (Nototribic) £H#.
KiRE/D, EEWTE, UAEEENAX, EdEMRANES, SIRith; e
AR, EHEERANE, SEEE MM EMNS 8 sscim b e kS m L
B, X—EB AR TFEmEAAER (Stemotribic) 8, MEATEEHNRER . BHE, &
RIS ) R T 5E o A T B A AT, IR AR B A %ES . R
— MO EEY AT R R AR DT M M E A R R S (E4, 1998),
R EHR, AANFIFE (P. siphonantha var. delavayi) TETEE WA B IR B E M w14 2
BITEM (Macior, 1988; F 4L FMIZ=1EEk, 1998), FHRIMERKEZRETH IE, EII1M
“BE T HRAEIEERMERMER,

DiEERYMBESF, EEMEAER T HERILHERE SIS, TAXENHEHNS
ZH AR HEXNAEY SIEEYHRERNIMEIER (Co-ordination) HEVIHX, ZEBHRK
HT, DEEEIRAAVLE RSN EERY . ERTIE5SETHNELE —ERE
B, SLEHNEFREREFEHERBRRKWIPES, FABDHEE (P.oederi) Mt
o8 (P.verticillata ) TEALSER H A<y [FI0F 8 BE A IR AR1L, R EA1EL T S5 EA
(Geographic dispersion) FRTEREHIZE R (Genetic divergence) BI4r4LiI R 2ZH (Macior,
1988), FEERBAINEN T ST TR EBNTAREEENMN, HEX
BE ., HERNPMERSERENL, KENEETREEE, FEEMELNTRER
(Macior, 1982); EXEIRFEH, MEEBMA LSRN (P. bracteosa ). ¥ F FI T 98 H BLH R
MR, FENETEER; WEFLRME, HE K., EEHN ST MR RN
B, BE/MRER TEREEENLEY, THRANRY, TERNME, KERELT
EFRBNIEN, BEEMEE R (P. lanceolata ) ; BA RBEALTE R /DB FI 2 (P. labradorica,
P.rex) FIR7R7ERGEE THEAIPR A RGN (O MM, 1998), A%, SEN. X%
MREOFPE, BEMTHERLELMOME, LEHEPIBRESHE, G TEERNE
¥, HEAEESN (40 P. groenlandica) SUEEIAAETS (20 P. racemosa) 54, KEAM. I
ERRHIFR2E (P.megalantha, P.siphonantha) KEEWMEMIKETE, FERBETEHE
W LB M. EDXERPHRANEEER, RRERESNTRNRHEER,
R ESERHTRAFEERENDRENA XA (Co-adaptive evolution) ,

3 EBmESEERAR
SEERNAER R BER, RILI_-EW. ZWM=Z5WER, 3RS
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(1965) . Beug (1961) . Dutta & Chanda (1979) AL R EAAXF#|, FL L, BEXTH
EEAFRMEERNREOSUFOMREAREHBHOX T, RELRAI/NER. X
LR R EL, ZEERHE 3 MR 7 M TERR (Wang %, 2002a) ., Wodehouse
(1935) #£i, —BmE, ERESS5EHESERITAIZAE -EHNEKR; ERHHRE
g, MR BRI HE (. ARG EMEEDRIOH#HIE R (Fergusonand & Skvar-
la, 1982; Grayum, 1986; Pacini, 1997). SEEBIEM BTG ZHIL, BAMAREREES
(InEREEERANME), WHEFARPRELUN, K2R, R, EEETILK
(i) BERKERE®RRIN LD, BN EFHRINEmLUNR, ERESS5HEER
B2 EFEA SRR RR, WEZBLIFRAEREN ——WNBKR, ©REER Tay-
lor % (1975) B, AR RESUH SR BT X8 A R B3 8LH &R, K
Grayum (1986) 18 HiK), ZEMRESUGAN R B AIFFE, M EHREH HEEBEESTW K
B, XEFEETEH PR,

4 HEHHNHER

s REY LR LR SEREERITIREAEEMS . —BINY, FrE0EEE
RS REZ L H . BB kAR, XMEARHEREE MR RTMESE
B, F—EFETEIEXRR, L (1951) AN, ZRAERRMOBHERE: Tk (X
WA R) BENFEHHOELY; BEARENTERHRKEAGRZ AN ERR, PR
RAX RN IEBRTE SRR AR LN (Wang %, 2002a); M EEBWAERE B R #L
Ho Macior (1982) I\, WIRER REHRIRE XK, HEH R R 52 B B Rk
(P .cristatella, P.croizatiana, P.garnieri, P.cranolopha and P . cranolopha longicornuta)} J&1&
R R EE S AR CNBREESHEEN; METEHXNHR (M) 8 P. scepum-
carolinum WITEEYZE P . kialensis (J& T Lasioglossa 1) MR MEE R, LIXFE Cyathophora £
FNEETLEE P.rex BIRKE B%RH P. cyathophylla TEF BOFELE I, X8R 2 093Z 2
AR BER]; RINER B RANF LR ATREE), XFHTERFITTREH AR R L HHH
HIERS,

B XHE Akron KFEAYR Macior, L. W. BEEMIH; XEZTRLZMEYE Mill, R. R. H+H
1 T,
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