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Abstract: Wuling cave leeches (Sinospelaeobdella wulingensis), the type species of Sinospelaeobdella as well
as a kind of troglobites, live with cave—dwelling bats in some karstic caves of relatively stable environmental
conditions. They feeds on the blood of cave—dwelling bats, and live in the roof of the caves at all their lives.
To explore the exclusively—batblood—sucking of the leeches, from August 2022 to August 2023, appropriate
samples and relevant data of micro—habitat characteristics were collected by conventional ways in six caves
of S. wulingensis in Xiangxi Tujiazu and Miaozu Autonomous Prefecture, Hunan Province, and a total of 106
host bloodmeal samples of S. wulingensis were identified by iDNA technology. The results showed that: 1)
The cave leeches usually inhabited some wet and rough cave ceilings, which have a 0.2~0.4 c¢m thick layer
of rock/mud debris, and the population distribution of the leeches was closely related to the roost sites of
cave—dwelling bats; 2) The hosts of the cave leeches included 11 species from 5 genera and 5 families of
Chiroptera, among which Rhinolophus sinicus, Hipposideros armiger and Myotis altarium were the main
blood supplier; 3) The food diversity index and niche breadth of each S. wulingensis population were lower

than the overall levels, while these characteristic indicators in winter were higher than those in other sea—
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sons. In conclusion, Wuling cave leeches are mainly distributed in the cave roof near where bats often roost.

Due to long—term adaptation to cave life, they have evolved a specialized feeding habit and ecological beha—

vior, that is, exclusively—batblood—sucking. Further studying the bat blood—sucking nature of the leeches will

help to explore the evolutionary path of leech food diversity and reveal the behavioral ecological mechanism

of haematophagous leech feeding habits.
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SRR THZEREIR 7K AR 24 7T 50 FRE il R 4R, [A]
A AR 2 | 25 el A 4 XS R A R 2 2 R

SPAN T AR, ST S%AR 7 A g X (F
A WG AT R D AR RS B4R B, g TR i AR



%31

AR : BT M4E iDNA BN I i i L W M A SE 249

A 22 A THURE B4 S5 ML L T T K (R T K
BR) SR MM EAL. K DIL-18 BRI =S
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W22 19% B NG HE BRI FL VKA I 5, 326 B2 5 1 Wb
WI5E Y PCR ) 3536 2828 T AW TR () e f
AR R AT AL F I o
1.3 HiEsi
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BLAST 737, #5456 B AMH A IR 7 b i 4¢3
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Table 1 Primers used for iDNA extraction and length of amplified products from the bloodmeal of S. wulingensis

FEH 2K EIR/ B2 519751 iR/ E N
Gene name Primer name Primer sequence (5'— 3') Length of amplified products/bp
HHESY) 128 12SA CTGGGATTAGATACCCCACTAT 100~122
Vertebrate 12 1250 GTCGATTATAGGACAGGTTCCTCTA
LY 168 16Smaml1 CGGTTGGGGTGACCTCGGA 90~119
Mammal 168 16Smam2 GCTGTTATCCCTAGGGTAACT
WiEshY cor MZAttF AGATATTGGAACWTTATATTTTATTTTTGG 0
Arthropod COI MZArtR WACTAATCAATTWCCAAATCCTCC
ToEMESIY cor LCO1490 GGTCAACAAATCATAAAGATATTGG 665~679
Invertebrate COI HC02198 TAAACTTCAGGGTGACCAAAAAATCA
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IR EYEBN r,, ZF1H 100%.

i Shannon—Wiener F8%X(H') .Pielou 5]
FEE () B AL TEEEFE B (niche breadth index, B)
RS Y E WM Z AR 1 SRR B YR
MR AR, HIBOR, R BRI 2%, 15
BYRERFE AR, JER, B
T8 B TR YRRT R A SO, A8 400
B, R R AR ] B B YA, R
JEBUN, 3 MRETHRE AT

s

H'== 2 p.lnp,

=1

]’ :H’/Hmaxv Hmalens
BZ”ZPL-Z

Krh, p FoREFEY  FTEFA Wb
WL, s 2o BAHE S I A APy Sk

P AR SE T 3T SR EETE Excel \SPSS
F1 GraphPad #AFH 58 o

2 HRE5HM

2.1 HEERER S

6 /M 7 IR AR (0255 AT 4 AL s
TEAEX, 25 SR A (18.01+3.34) °C, TR/IRE A
(15.28+3.14) °C, &5 SIRJE H(85.58+4.78)%, &5 H

*2

CO, FIARFSIH0H (949.024420.30) wl/m® (Zppm),
KA H (966.65+25.96) hPa, HHEE K (18.09+
3.50) °C, JEHEER R 0, I T BE i K A9 pH {EA
6.8+0.2.

AHIF 5T AE I T M ¢ B i B S 1 929 2%
(CHEH A — Sl A PR e 2 JBE — YO T 22 YK o
SAHEL), EATE E S AE SR 1 12~100 m A9
1 ML Ho 8 (30088 JE BN 0.2~0.4 em BT
TR, B AT BE A 1.00~15.90 mo —EEA IEIX
1) S P B T A KA, YA PN AT L TR R R /N B R
AN K SRR E I #oK YT, TEERCA K
AT T ) T 300 35 A PR 7 0 AR 1) Wi 8 S S 36
e, 175 g 2% (5 PR R g b T A X 7 ) TR
SRR MR, BV AL (common roosting
point), [RIFHIERBIAE SR LR, HE
HITa], G TR 0 TR PN P 43 A A G A3, Bk A B
SOIART SR A . e R AR A rp o A (4T TOURE K
Nl T R A L S N 3 R A N TR E R SR N B
AL U ARTh RO PR, Thl | OE A S AT S,
(# 2),

TE 6 MHREIR AL HEAT T 15 ISR, 7EA 1%
XAEEE] 9 B 3 203 FLbf il (CH A —LL i i K]
R — OS2 R B 11, Hoh ey
3k W8 (Rhinolophus sinicus) F1 K B B8 (Hipposideros
armiger) T PEFNER 3)o WA TR i ) AP 2SN

AP N I P SR B B i SR AR

Table 2 Microhabitat characteristics of S. wulingensis in Xiangxi Prefecture

HzEA RBEIE A AR AKX AR SRR iE s B Ao sb i dg ] Y sh i An 2
Cave Number of ~ Ground conditions Height of Closest distance Distribution of Species of other animals
name S. wulingensis® of leech area leech area/m to the bats/m S. wulingensis around S. wulingensis
AR 651 K e IR 2.10~15.90 0.80 B B LN N LV TN
Tangle cave MRS HE R BHE: B Ty
KA 569 ST Tk o 1.24~3.57 0.50 & A Wi AT R TR
Shuiniu cave £/ & HER: B =10 IR L
IHZEHR 180 b A LT B 5 1.24~1.90 0.05 & REE W AT TR T
Jiuzhaiping cave FEHE AT R B ER: B
&R 278 A1 G T B 1.00~12.25 0.02 B RAETEAG  BRIE LSRG
Jinji cave FEHME AT SR
SN 12 LISCIEES LT 1.00~3.50 20.00 & A BBk RS A
Jigong cave
sl 239 ST Tk o 1.50~5.50 0.01 A Hofi LIRS AN
Huangni cave BRI HERL
FEST) 1929 USCRUZENE] 1.00~15.90 0.01~20.00  RETEA Wi e T B

e et IR

Total

R

E:CISARUBRE G AL, AP oA —RBERREEE - KB MK S RE LT,

Note: " refers to the total number of leeches counted in each observation. Some of the leeches were repeatedly included due to

the quarterly observation.
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BT, A58 Sk 08 A K I i A1 s 22 T Ho A g
Pt B ARIANRTE S 4%, Whls 21k 8 Fh, Jorfrffess
SKUE K IR AN VY RS SCEAR (Myoris altarium) R

WL, REREE—EA IR P AEgg L g ] £k
1000 RUA L. 5 AW, TEB)eii g3 ek

W R IIR AT 4 PP o e K AT R EELRR
S g R e AR A SR A o 21 Y i AL DL,
I W B TG S 7R TR 1B, B 500~700
PR SR AT BRI 7 ORAL, FiE 100~200H .

106 Z5 2B R W AL L PR AT 1M iDNA J3 B, HiHp,

TS col 51YI(MZAF/MZArR)FAY 1 H 4%
i TTEMESIY) Col 5 1¥)(LCO1490/HCO2198)™
a5 R RIRNIEA B cor B FHEsh P12
1 (12SA/1280) Fii FL 34 16S 514 (16Smam1/
16Smam2)7 4 H T IR0 DNA o St X $idig it 17
ST R B R E e —, H
L (Mammalia) ¥ F- H (Chiroptera) 3l 47 (W) (14 1L
W A R T H DAMY HAL S R

22 HEEEIZEME iDNA WM EESEWAERK
AWFFEHE 6 AFHHERAE 15 1K, &

IR

£3 o MHERMNAERAMEZNFEERIEHSHERL

Table 3 Distribution of cave—dwelling bats observed in the 6 sample caves of the leech areas

iDNA iEHE . 7RIS AY M4 iDNA H, 3
SRS JE 11 R RIS A bR IO N (R 4).

ARG

i pUE 23/ ¢ e WA T LEEUES LY ety Ui A7 PRFAF
Cave Observation Number of Species of Number Roost Dominant species
name times bat species cave—dwelling bats of bats” site of bats of bats
IR 4 8 Al, B, Cl, A4, A2, 1766 7 B, Al B
Tangle cave A3, C2, A5 NEeAI N
7K 4=l 4 6 B, Al, A3, A2, 830 7 B, B, Al
Shuiniu cave Cl1, C3 TR
IHZELHIR 4 4 B, Al, A4, A2 234 7 B, B
Jiuzhaiping cave OV S
E LA 1 4 B, Al, A4, A2 75 7 B, B
Jinji cave OV S
PEUNT! 1 5 Al, A4, A2, 9 R yCEAL Al
Jigong cave AS, Cl1
B 1 4 Al, B, A4, A5 289 R yCEAL Al, B
Huangni cave
JEsT 15 9 Al, B, Cl, A3, A4, 3203 7 B, AL B
Total A5, A2, C2, C3 AR

ECHSRNBE RIS, P A SR REEE —

Rk % REBZITH. AL, PP KIS, A2, k58,

A3, ST H) kkg; A4, K kda: AS, K B3 k%8; B, K3F%@; C1, ®d R HH; C2, £ R F4e; C3, PR T, L1
S8 P K BRI MmN E S Y RATHES

Notes:

“ refers to the total number of bats counted in each observation. Some of the bats were repeatedly included due to the

quarterly observation. A1, Rhinolophus sinicus; A2, R. pusillus; A3, R. rex; A4, R. pearsoni; AS, R. macrotis; B, Hipposideros

armiger; C1, Myotis altarium; C2, M. laniger; C3, M. chinensis. The bat species and dominant species in the table are sorted ac—

cording to the number of the species.

Table 4 Dietary sources of S. wulingensis based on bloodmeal iDNA analysis

&4 ETMmE iDNA ARSI RE REZH 2 YRR

Bk = Fh PG DNA 555K
Family Genus Species Number of amplified DNA strips
353% 558} Rhinolophidae 35K IR 8 Rhinolophus FP A2 SLIE Rhinolophus sinicus 204
St M AG LI Rhinolophus rex 12
/NS IUR Rhinolophus pusillus 4
13k U8 Rhinolophus affinis 16
= M4K R Rhinolophus yunnanensis 4
BRIEER} Vespertilionidae FLHER 8 Miyotis V4R BREE Myois altarium 64
K TEEIE Myotis davidii 28
KEEIE Myotis myotis 8
F5E R} Hipposideridae BFURJE Hipposideros KGR Hipposideros armiger 72
KIIER Miniopteridae KR Miniopterus < EL Miniopterus fuliginosus 8

1 LR AE Megadermatidae

B 1L 45 )8 Megaderma

E[ AR I Me gaderma lyra
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PRI b, BRI A8 IR I 0 523 5F)
FIAT AR B SR AR | 7 e BRUER IR A 11
W TE 1S YR rh, 2% Fh ey 32 A B 2R
R (1) FAR PP = (r) A0 5 B 3 10
WLA BRI 1R, 130 5~10 REAT 2 F, A 4
FIXAE 2~4 YR h 3R, 53 4 FMUAE 1 kK
Wb B R ARG Sk R Y IR AR R 51
53510 93.33% K11 48.11%, V4 7 B H- 1 11 43531
N 40.00%F1 15.09%, KEF 88 (19535314 40.009% H1
16.98% I UL, HRHE3 Sk i |4 g Bl A R
JEr B g i) E YRR, 205 SR YRIER
80.18%, FErCBIRMERY ALY o 7351, B TRIE
TH/R AT B 2R DR ER Myotis davidii; f;: 26.67%,
It 6.61%) 438 (Rhinolophus affinis; f;: 6.67%,
ru: 3.77%) 5N BSL IR (R hinolophus rex; f: 20.00%,
r 2.84%) LMK B (Minioprerus fuliginosus; f;:
13.33%, r,: 1.89%) KEEI&EMyotis myotis; f; 13.33%,
ro: 1.89%) INESKIE(Rhinolophus pusillus; f: 6.67%,
ro: 0.94%) ENEE R I 9T (Me gaderma lyra; £ 6.67%,

ru: 0.94%)F1 2 5 24 L W8 (Rhinolophus yunnanensis;
fi: 6.67%, r.,: 0.94%)PI I, % L2 i 2 2 e i g
Ao T 3

2.3 KEZREEN Y S EES

231 REIRR T KRR S A%

SITER B, AR 6 IR, B IR I Y
172 A 2 26 3k B8 B (Rhinolophidae) 58 Sk 1
J& (Rhinolophus) . ¥ & £t (Hipposideridae) i 18 J&
(Hipposideros) . Wi B} (Vespertilionidae) Fl H- 17 J&
(Myotis) . £ 32 8 B} (Miniopteridae) £ 3 1 J& (Mi -
niopterus) [ W 1L & FH(Megadermatidae) i U IfiL 15
J& (Megaderma) 2L A (BT 1), Horbr, 21k ¢ K%

x5

SRR, BRI W B R0 R A 3 Sk
WA} 3 Sk W o AR X 5 22 5 2 (P<0.01) o B3k
WA 3 Sk W S K AR < X B e e ]
PR R BRI R, b R B 1 R 2 T H ZE
I A e ) SR B R, T s R B
Ja R AR XA B A A T B

100+

g 804

S 601

g otis

o 407 2mwlophus
Z == Hipposideros
= 207 = Miniopterus
= 0 == Me gaderma

] N o A ‘@q"‘ @q"‘ @q\’/ A&QC

Q\\(\\{\\\\ N\ o a\ﬂ‘\‘\ \\%OWC \\‘\\ \\?‘\

i W

1 AEENKEEZDE iDNA ZFERB/KTE LMHET S

B
Fig.1 Relative content of bloodmeal iDNA of S. wulin—-
gensis in different caves at the genus level

AHIFFEAGE I H 2 T L 11 el R A
M, a2 rd8E @ )R 0.705, Y51 5
()M 0.284, AEANLTEEFREN(B) A 3.440, 451
{7 R B T W b R () B ) 2 RE MR R () R AE S
7 5 BE 8 KU (B) AR T SR (3R 6). AR
I 7K ATl AT P 28 B TR AR AR A 1 T 5
PR, AR LIRS B A 2 Rl X9
IR B T A B ) S 2L (H') 270,636,
KISJEERR B ()R 0.395, A7 58 FE PR EU(B) A
3.857, ViR AT m B I s AP A 2R Rl
e, PR, KB RER A EY
it 2, YO & a R s T e AR, e
Y Z FEVEFR B (H' =0.506) F34 &) JEH8 51 (' =0.315)

KERAZEME iDNA HRFHNFEMEITLERH=15)

Table 5 Analysis of host species based on the bloodmeal iDNA samples of S. wulingensis (n=15)

A EWR TE 15 WA HT 25 R0 BT HE B TR B PR XS R

Host species Number of occurrence of host species in the analysis of 15 times Jol(%) Tl (%)
TGS Rhinolophus sinicus 14 93.33 48.11
VU BREFE Myotis altarium 6 40.00 15.09
KGR Hipposideros armiger 6 40.00 16.98
KBEEIE Myotis davidii 4 26.67 6.61
SN AG LU Rhinolophus rex 3 20.00 2.84
W IEE Miniopterus fuliginosus 2 13.33 1.89
KRB Myotis myotis 2 13.33 1.89
EEE B 1L Me gaderma lyra 1 6.67 0.94
/N3G SR8 Rhinolophus pusillus 1 6.67 0.94
134 3K Rhinolophus affinis 1 6.67 3.77
B4 Rhinolophus yunnanensis 1 6.67 0.94
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R, B AL T B R (B=2.483) . & X5
BB T e AR () B 1) 2 48 BRI (H7=0.268),
A=A e FEFE B AR (B=1.742), Tk A4 TR kE
I e A 114 3850 B 8 55 (1 =0.223) AR A0 9
FREU(B=1.641)EB AR, 1a B PGS FREERE R FH %)
R ERT
232 RREFFXIAREG LW S AR

ML 2 AR, A SRl 2T R T H 28 SR 2B
TR R S AF 1 2 AR T BRI T 44 Sk Rk 2k
UEJE WA LR | R AL R R . P Ak,
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Fig.2 Relative content of bloodmeal iDNA of S. wulin-
gensis in different seasons at the genus level
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x6 AEBANRKEIEHENEVSHERESMAEE
Table 6 Food diversity and niche breadth of S. wulingensis populations in different caves
Pl & AR KA [HZE Bl oA LN # R it
Population Tangle cave  Shuiniu cave  Jiuzhaiping cave  Jinji cave  Jigong cave  Huangni cave Total
FEFRZL Number of samples 24 26 20 13 9 14 106
EHFZE Type of food 5 5 4 2 5 3 11
Shannon-Wiener 84 H’ 0.506 0.359 0.449 0.268 0.636 0.361 0.705
KPP ZREE S H,., 1.609 1.609 1.386 0.693 1.609 1.099 2.398
Pielou 1644 J' 0.315 0.223 0.324 0.387 0.395 0.328 0.284
YA TEE TR B 2.483 1.641 2.299 1.742 3.857 2.000 3.440
£7 AEAETREIEHENEVSHERESMAEE
Table 7 Food diversity and niche breadth of S. wulingensis populations in different seasons
= & "2 778 ZS Bt
Season Spring Summer Autumn Winter Total
FEFE Number of samples 18 16 18 18 70
BT Type of food 5 5 5 6 8
Shannon-Wiener 65X H' 0.590 0.549 0.551 0.659 0.648
SN/ EA i . 1.609 1.609 1.609 1.792 2.079
Pielou 1644 J' 0.367 0.341 0.342 0.368 0.312
YA SE TR B 3.448 2.922 2.893 3.857 3.498
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Fig.3 Bloodmeal iDNA content changes of three populations of S. wulingensis in different seasons
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Table 8 Dietary sources of H. tianmushana based on bloodmeal iDNA analysis
I ] H B J& i FEFEL Number
Phylum Class Order Family Genus Species of samples
BRI [ JTREH IR SR PSS 35
Chordata Amphibia Anura Bufonidae Bufo Bufo bankorensis
gk 3
Bufo gargarizans
A iR JREUE IR FREUE 2
Dicroglossidae Hoplobatrachus Hoplobatrachus rugulosus
TR Tl T T 1
Ranidae Ooeidozyga Ooeidozyga martensii
THFL4Y (1A SR 4Jm A 2
Mammalia Artiodactyla Bovidae Bos Bos taurus
Rk Lagi Lagid 1
Suidae Sus Sus scrofa
RKH N YN A 1
Primates Hominidae Homo Homo sapiens

LN e, T SR T A P RE B B AT A AT
PR R kb S B AN PR AR R, ELHCTE BhAE T 5, ik
FAC, XA S B ARSI D i A O B S 1A
KA, TR OB 22 b, RO S s
A, BRI AR A IR e AT Y B A B AR
Mo BEAN, TN A MABOR A3, an/NEE R
(Leopoldamys edwardsi), T 58 JIVEM, JoikEE)
IR ToUBE R ] e LT AT 42 /i B B AL
2o BZ, BATAS TG b b v I 1 e ]
ME— F BRI
3.3 RBETEE T IRIE i MR iR E E &

ARSCEAL M iDNA ST 2B, HhAEs ki |
DR B o A Y g B R B T i ) 32 R ok
U, ABAEANTRI BT 7 rp, I i) e i A 2 1L Y )
AR AN A P22 5 (8] 1) KA XS TR A B e
{Ie) Bz T e A Y 2 B R ok U P AR 2 Sk i,
(ELIEIZE BPT] g X T e Ao S 2R 0 DR BB % ) I
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TRl R EAY 32 E AR VY R B
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FRER RPN 6 A 22 (8] 338 7), IX
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pearsoni) BRI WL, (BAHFFERT iDNA AL IF
RN 3] g G4 S, G 3 D PN ] RS AE AR 0
H ) SRAE DX IR, 208 A A AR ER D, 58 %
A R AR RN E IR R A 2B TR A .
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W Z, AT ERAGIN B 2 (i E APk

A SRR IR E R R, © oA T
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