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The reproductive ecological characteristics of Sinosenecio jishouensis

( Compositae) and its endangerment mechanisms
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Abstract: From a conservation perspective, understanding plant —pollinator interactions and floral biology of endangered
species is critical in a rapidly changing world. Sinosenecio jishouensis D. G. Zhang, Y. Liu & Q. E. Yang is a new
Asteraceous species ( genus Sinosenecio) recently ascertained. According to IUCN Red Species List S. jishouensis ranked as
the Critically Endangered Species (CR) , for its extremely small and rare populations. However, little is known about the
reproductive biology of this endangered species. Our results demonstrated that S. jishouensis occurred only in the Dehang
Geological Park, Jishou City, Hunan Province. S. jishouensis distributed on an altitude of 260—340 m, and the
environmental conditions were mildly warm and relatively humid. The yellow-red soil in its habitat, which was rich in
calcium, has a pH value of about 6. 8. There were totally 2000—3000 individuals distributed in 3 populations in the
Dehang Geological Park, suggesting this species is at risk of becoming extinct. The Canyon Fall population was the largest
one, with nearly 2000 individuals, which is an important population for conservation priorities. Its shoots began to sprout in

Early Februray, and the scape appeared by the end of February or the early March; the flowering season was from mid-
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March to mid-May. S. jishouensis has herkogamy flowers with a 3—5d longevity. For a single capitulum, it could last 18
days. Secondary pollen presentation, a typical phenomenon in Asteraceae, were conspicuous during floret openning. Our
observation suggested that Caliroa sawfly, Apis cerana and syrphid fly were the effective pollinators and visited flowers for
collecting pollen. Our study indicated that floral structures, flowering synchronizatio, and “brush-like mechanism” were
floral adaptations to improve the effective pollination. Furthermore, characteristics of its breeding system, such as small
achenes without pappus and relying mainly on both clone production and sexual production, ensure reproductive success
even when pollinators are scarce in the Canyon Fall special habitat. It may be adaptive strategies to the Canyon Fall special
habitat. On the other hand, the human-made interference, the scarce flower-visiting pollination, low visiting frequency and
efficiency, the small number of seeds with poor quality and dispersal, together with its strict demands on habitat conditions

were the main causes for the rare and endangered status of S. jishouensis.

Key Words: Sinosenecio jishouensis; endemic plants; phenology characteristic; propagation; ecological adaptation;

conservation

T 1 JLAR ( Sinosenecio jishouensis D. G. Zhang, Y. Liu & Q. E. Yang) J&VT4F3R &A% Compositae
Tt JLARJE ( Sinosenecio B. Nord ) Frff , B HZE A mp | i A EDIR S AT T | 1 3180 2% 906, v kPR, 98 2R e
T B SRR Z ORI S R I A I LR R R B R R 1L T WA A A, Ol
TR (U A R A 355 VRl BRI TUCN Wb 47 €044 S 5 SRR e 3. 1 W, HEME sl /e (CR) 7

i LR S A 300 A B M R A AR S I 3 LR MAL %8 Z AR b Al 2 — X RIE
Ty 2 e R LR E Y R 5k B A AR, RIS Rk A S Fh 2 B8 L5 41k
WAL A E AR i T IR AR A A, O HLRE R AR IS I T &, A Rl YR R, A 8 SR il
AL A BB RN St — A A2 2 g, PRI HT JR 4% T B+ 40 T B LA A JE BE

TR ) B L A A T SR AR 2 — | FFAE SRR AR AR 9 R 7 (R 9 OC R DA BT AR ) st A% LAt AN [ SR 16
PSR B () LA B A S AR SO LR A A B A AR ALK R G E
MRS 7 TH T T IARFFY , AT I 22 T 1155 1T 43 VR AT R A A PR3 A I IR | S B 5 ) A R R A 355 40
ol S35 0 5 AL, DA SRR IR A SR W b Z2 R TR RN 2 4 AL o B2 (A6 1 B Ak 4l , FLAE R T4 7R 75 B LR
PG IR IR, A e OR3P SRR LS
1 BA@RSHREGE
1.1 [N

T LR BT AE A7 75 XU DX HILAR R0 P YA M 35 i 9 A JRUBAL A R oy — L A2 Ak i A5 11 5K
N B, 28°15'—28°43'N Fi1 109°30'—109°45'E [ fH 164 km® , &35 4% B XUEL AR ITE X, 12 b A4 v g v [
IRE AR R TE WA 3R, M PE AR Z L THR S h b, 55 ) ZBEY I RE | 2 AR T aE R LA, ok
P« VT4 TRIA A K, B 52 4, Sy LA g 8 i ke T e 23 50U, AR 4R 16—17 C, 24F H IR
1400 h 247 AERERT & 1200—1600 mm,, 38220 A1 K A B 0BG AY LU kb B 2T 458 s 28 10 32 By v ks
HER R AR, BEPEE AR B AT AR, ERE X R BRI X AL T E AR R B AR 3 a2 — )]
ARV P R B L X A A% O s 7 DRLELAT SR A M PR B MR AR A 2B AR ERBE AR 1 BN 2
BHHGAT T E Y 2R
1.2 BRIk
1.2.1 ARG A ST A

X P b S5 2 Tl PN 75 i ) LA B RO 0 A 1 00 R T R A, GPS U SRR g4k, B IR RS v () A
PRES, I M AL 30 M SRR R I o 2 B SROP I, PR 8 O e B (S 0 A SR B AR, AR
i LM AE TR 43 A (0 VI8 A AR RE X BEHL R 4E 0—20 em HJERES 5 0, B HORA S T2 44T pH {8
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AU A KRR | S A= B B8 A ARG G0 T 2006 4F 2 F & 2007 AF 2 3] T E S0
58, B BRMUIR ZE FABRRAH R 1 R B 5 Ak HUIR 25/ Nl 8 3 TOARR ZE AR AR P 750 A, F il
RHII 1 S 1R R R A3 d SR 1K, HETFAE , IC RS M B AR IR, 5 5 20 Bk 1 U] 3k BUEL A AR
ARZE HLAONZE B A MR AT SR A5 3 d WSS 1 YR, TRABIC M 284 K RS
1.2.3  ZFHFHAEULM

FEAEYMET 2006 4F 3 A FFURIEAT  BAERET ATV i3 A o I e, A LS B REHLIE S T 5 N2 m x 2 m
FIRETT , A IFAE Y H R, i W80 S A KSE R K SE L iR A6 A RN T A B (A H IR A6 L A9 = 0 1l N
1 H I AEE A M N AL S8 0< 100% ) , HEMER2) 50 d., [RIET, BEHLERIC 30 #R AT R AFAREIE , 3% 20000 I id
SERAETF G FE | FRAE T BCRFSE T ], BRI T O A 1 A IR AL A IR AR 20 A4 I S AE A, AL A il
WEEL AR T 2 A2 1w LR AR h A A W I VDB A, BEALIEE 2 B 2 m x 2 m (OREH 78 AR A ) AU
P 0 SR b N T A B O A B e AL TP s B s ] DA T LA B4 . AR 8:00—18:00 47 W1
DU, A/ NN 20 min,  FH(E4E 2R 0 B A W D PR BERR R  seAh , KRR A B Ui 5 1, HERRSE A
TG HIVEFEIERR A F TR 28 % IF T WA T R A HOZ B4 16
1.2.4 FproEITR

SRAET B LAR B GFR T , SR AME  GEit R T I ARH R , HF 2008 4 6 A 7E IR IG IR A N T &
B OERRETE] 12 h, DRSS R XTI o KZF3 GR(% )= (n/N)x100 % 2, n 2GR B IE R
REFRIE N AR T

RS ER I FH SPSS 13,0 Fil EXCEL 2007 # 4 Ab #4347
2 ER551
2.1 B4

R BF AR 2 7 8 v LARAN AR5 b T A el V4R R 268—384 m IR RRIRAE SR N30 A7 3 SRR RE, 3L
2000—3000 ¥k, HHr, 204 T3 VR WA PR 20 AT T KI5 7K VA BBl 0 s A L P Rh ARG S5, AN AR 0 A
B BRI T LIZAEY) A E N i ROAREYIRET ; 7340 T 5 SR BT RN 55 W B R A3 i R /N I A1
PR AT VBRI A AR (3R 1) o AR I V0 3 A FRE (0 B A0 W RN S 56 5 B v JLAR 4 AR 1 85
o HOR AR B A MRS E AT 12—23 C 200,340 17 °C 5 TR, 35 94% —96% 5 - HEM| R 41 1,
pHE N 6.8 it
SRE R, 5 B LR 0 DX o3 A8 AN AR FIRP R B R B 2D LA A S5 SR R a7 2, ik L X
A R IR A S R A 3 A TR R B AR SR b, RSB W IR M R B Y A KA B T A L

[
HBLLHE

F1 HEHIREFREEFHIHHR

Table 1  Distribution features of Si io jish sis among different habitats
R G s 7 b lace 4 i 1R /m L7344 R
Sample code Locality Habitat Longitude Latitude Altitude Number Mean height
DT001 MYE TRAT ST KRR 109°35'49" 28°21'58" 285 2000 53.92
DT002 FIRE AU 109°5323" 28°49'53" 384 50—100 49.04
DT003 PR BT 109°29'49" 28°37'07" 268 50—100 52.17

2.2 EWEFRHIE
2.2.1 YMERFIE
(1) Wi
FRYGEFIMRER , 5 1 T LAR Ry 2 AR AR AR HoRp 7 i 5 A 3 4, T34F 3 A FF iR & ; R, B —
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SERERR T 2 AWIHZEIT IR BT s FIT shi AE 25 RZR AR 2 AR 2R 3 HWIEREIT IR Wi % 3 A A T IR IR AE,
25 AHAAERE,6 H LA ZEAE M BHTA AL, I 5 AR © 8558, WIAEZE IR S 4k 8 k| = b T ), B2
TR A AN ZE IR AL B R R 2R BEAE SRR, N 6 AT R ARCIR B2 2
TFAR Bl BT BB (4 70k 2 100 A ok o [T A A I 200 B A ARLRR A 2847 2 )RR AR 25
THaREE sl , bl Ja SO TR AR SR A e g 36 (B 1 A—E) .

e =

1) A@ y )

B1 FEFIREKAENMEES(A—E) RAEITEREFES(F—)) ERERS(K—O0)

Fig.1 The inflorescence ( F—J) and disc floret ( K—O ) morphological characteristics observed during flowering and the individual

morphological characteristics (A—E) during life cycle of Si io jish

(2) S

80

AT 2 R 2 M & Bl LIRAENI A 3 AZRS 2
A BT | AR TR TR s E s 2%
R0 26 d ZAT B RUR— A EREOY 50 d 4T, B4
NI JEOER A, 163 A B §
B ETURI 2 IRAET TR AL, BWE R B e &
XA 9 18—23 d(E 1 F—H) . 4 A< 0 2 o S s
TERE T AP S5 SR P RS K, Stk 23333 8

AEFF I A P ph o i Tt i) DO J) T2 R, B84 s A

SR A T 4 17 d (1 1—) . 4 A LA H2 HEHIURFENENE
E*@%‘ﬁ\ﬁ%ﬁ/\%%%‘ﬂo 4 A Fﬁﬂ:ﬁﬁﬁ%%%? Fig. 2 Flowering phenology curve for Si io jish sis
BikiZE W, = 5 AR ARIER]
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SRAEFF MR IR N R AT TRI O 17 d Ze47, 1 502 R DA v 1] i Y ] S AR IR RO, 85t HES 2K
WRVEIRAEFMBCTIRAE , U PR R L9 2ERS 4—7 d, BEH BCTIRAE T A, SRS R IT AR AL e B (0 2 7 2
RER D IRER (O, IR S0 N TR T CEI 1 1) o ANERITFROB S SRR AE 7 e Sb— J2 32 i 1wl
ORI T o R R IPIO S8 B BT ARAET TR M v | 2E T ARAEAE SR i v, B SR P i 2=

F2 HEHJLRNEMMEKENFEYE

Table 2 Phenology of Si io jish sis at the individual and population levels
WL H KRBT N ki
Ttems of observation Inflorescence Individual Population
URAERT ] K 25 H B H i 03-23 03-20 03-23
Onset date and flower number RS SYI% 2 7 12
AR 1—4 4—10 1923
AEIIFFLERT ] Duration el /d 21 28 50
AR S 18—24 24—35 39—S55
FEAERIIE] Climax date of flowering H Y 04-13 04-07 04-12
TE%L 117 30 102
75 51 98—136 29—33 95—113
» == ¥y . Y
246 B R HAERL H 04-18 04-25 05-09
End date and flower number PR 98 6 2

INERIAEIA R 3—5 A, A DIRNEE FIFF BT A 4 R, RRECEIRAE T o e R IT 2 5 SR AE
AT BUN S JEAEIRAE 55 P 1 3R A 24 T o 120 A R € ) A A s ME RRUZE A6 24 ) Ty, PR RF 1—2 d, TS
LA BB AR AT Sk TR | A4 T 24 R i ok o, 2 R RSk R AR T S i AT T AR LA R
T2 Bk 0, HAA B0 A FLR A Sk R S FE IR AL SR I o 2 (K11 K—O) , B B J5 A i i 7 R AR
SR BRI 5 HA Sk 3—4 d WEE RN . /INMEALTEE A8 b R TF R T R S ARAE 7 B 2B AL LA

T B LB AT FUMESE B Pt A= KR ], 5ok A PR AR TeE 1T 5 46 24 T ) B | R BIM A6 56 B e 38 ) 4k
253 i TSk DU S FAEZG A JEK i e AR AR s A B AL i Hh SR 2SS 2 A0 AR R HE R T 1L
2jfa s , MBETCEE JE T 28 RHERA BAE R IR SR B 5, 5, A Sk % 8 18 PR (%) ] 52 1o DA S AE 7,
HEAMEPER B, B A FE I B S e S 6 R

(3) FEHH1F

T 3 R R AE X)) LR R e AR ) £ e O =5 1 S LR — A 5—9 ANE R0k AL Tl i 43
MR AT S DB BARE . FERE R (52.58+5.34) cm, ZETHH 10—30 kAMRAEF AR ERIE 194 B AL )Y,
FLAEH(6.21920.7)7 em, SARALT S4TSR E, A2 (5.36+0.15) mm, B SRRAEFH 11—13 DMRERAE
1 38—43 AEPARFELL I, IR FAASRIETF EAZ D (0. 98+0.07) cm; FARAE T A K09 (7.4540.07) mm,
Pi(2.7320. 1) mm; BRATER K (1.70+0. 19) mm, HAZ(0.50. 14) mm, Fid 5 24 M (72+9) 44625 K
R, £ (1.65+0.15) mm, 5 (0.47+0.01) mm, FEFBE; ALK (2.96 £0.02) mm, Ty 3 F 5K (2. 66+
0.02) mm, Ef£(0.62+0.01) mm,

MAEE B, TR AEE B B IR Gk 0, S (n BEZk (0 B (0 B 6 R 51k, B IRAE A e i i
FHR TR SR (0 e 28 B (B L R 0, BT e S AL B A D syt FRARIR B .

2.2.2  fLHEEE

X LR DR R AP 2R T T A SCRE IR 6 Ay E AL, 4 sRIE T4 He BH(FE 3) , B
W H ( Hymenoptera) B3 ( Caliroa sawfly) R ¥ (Apis cerana cerana) FIXH H ( Diptera) B E F I ( syrphid
fly) BB (Bibio sp. ) , LIS RI# H ( Homoptera ) 1. ( Leafhopper ) T3 H ( Lepidoptera) B BEZ M ( Acraea
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violae) , iLXF 30 MR B AR A B B U AEAT M AL ER | e TR £ o g 0 B0 10 7 A A0 o3 e i, o R R 1Y)
35.3% ,HU KB (23.5% ) MM IS (17.6% ) o 1 h P ESIF iR 5 A0 95 2 de 1 1T 5 6 R, 155 BE AR5 AR AE DA
IR EAER) , FREEI BN 15 s ZEA ; HR AR W N e — B 455 BA 7 SR T I A IR AE A 1SR SR AEA ST
W A2, 7 JRAE T A5 B AN K Ol 25—30 s, DTAEREL 0 4 1 3 5 ifiif S B iyl FIBEES st 1 B A v 5
A AR 1—2 WK TEAE LA BRI E A 10—15 s, H A6 = 14 0] H BL7E 13.00—15 .00, 3 BEIS [ia] BH G A8 B4
2 SZ ORI 1 5 1 e JLARRRRE , PRBE IR Ry XY A e i 4

R3 HEHIRNFEERMESHEREFESR
Table 3 Taxa, number and visiting characteristics of pollinators for Si io jish
VIAESK 15 FA IS ]
H Order B} Family PFh Species Visiting frequency Handling time
/(/h) /s
JIE5# H Hymenoptera 148} Tenthredinidae 1% Caliroa sawfly 3 30
He BB Apoidea AR BE Apis cerana 4 25
X H Diptera B IFIER} Syrphidae BIFUE Scaeva pyrastri 6 15
EIEL Bibionidae BB Bibio tenebrosus 1 10
[7]3# H Homoptera ML Cicadellidae Mif Cicadella viridis 2 10
4 H Lepidoptera B IRl Fabricius BB Acraea violae 1 15

DL B A B A 1] S50 5 A T 0 SRS, R AN A A s i e f S AR RIS, DA S e e g Sk 3
WA WA, HAR 3 PSRBT A AR . Bt nl WL A AR i | e i I b Sy o e LR 1 R AL
2.2.3  EHRRE

(1) REL5FF

F VR BARARIET A (2523) MER  FHREL 1.5 mm, #B0E ERTGHEE, A RE
JP RO 29 (16=1) A TR T 19 EL B 298 64% ., Fh 717 & S5 3% B HRR 1 kR ARG, 45 LAY
W& 1—2 i, Bf BB N 2% —5% . 7 PEEFINIER , F A SRFEE AR D R 3t Fp 7= A A SE AR 1

(2) HURBZE TR

i A URA S EA REERD 1 S5 A A 58 5 =X T ELH AR A KA MR 2R | i 8 25— M2 S0
Ko ZAY TR HIEE R ZER IR AR, T SR B0, REPA SR, B ARIRE N B LR T E R
B, T LR A E SRR R ZE R L B £ <V I L B A A O X AR R
TEFFIE,

3 g
3.1 T LM AERRAE X T 23 4 A 35 Ao o
3.1.1 HEHIURIE LS BRI XER

g5 Sy —2 B P U B e A Rk AR BT 35 PO IR ] R AR 5N R B AR, H LR
BTV 2 RIS AR RIBEATT , & 7% 22 i MoK LRI /K Z5 R 18 B KA e sy RS | T 52
W) A6 1) 185 A% 36 R A W AR R 6 3l T8 R, A AR R AIE 43 S WA J2 UK, BIVAE 384 1 RN A8 1 I ik =X
BEST ) AEH A B AE G AR AL R S5 H B SR RV T R A5 AN AE B TG R AE 5 46 10 T T R S i — 1]
TERR/NFEAE R B TR T 1 B 25 R HES , o] B VEAGAE RE AR KT T R BU I A RRAE, R AEZERFIR L 3%
B BT O LARAE T B IR T O R AL A (A5 A 105 Bl 78 F A6 i 0 30T Sk DR AE 57 PR B4 11 0 A
PERY B2 e S, (AR R A 7 AN R AR AL AE Y RL DU AR Sk o FE M B2 vb A2 M A (0935 B % 3205 45 52
HA IR SRR A RRIR ISR T WRVR I /K 35 RS S BT E TS ShBR K, P, X by L ALy
B 15 R T LA A T A A ) ) G
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3.1.2 3 E D URAERYIE I PERE

T A LIRZ S ARSIV A e Al BV T2 R0 T R ) AE AL B AE IO ke .
Fr BIAE PP S5 3T B B 5 ) L BB 800 (Y BRI Y B LR 2 A MBS G BCOIRAE 7 R —
AT R BRI 0 BRIRAE Y, XM AL P 28 K T4 5t g B B I 5 R AR A 20 (8] bt o B He A HCRE
B sl iR B 5 . S —Jr i, 35 B LR B A SR s o B MBSy, SO F IR e a
28, AT ARl W 50, s |5 AR B e s BIAE P b o X T ity e R e Bt an Ui 164 e &2
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