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3. P EBERERYE, JEaT 100049
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11 FHEEREFEMRE

FESLREE T 2019 4F 5—8 A 7EP i A 1A X 4
OBl 22 BE 7K 7= R 2R W 5 o G5 AT VT 360 9 U %
B NIEAT, BB K K, It
e %, RIEHHE KB s I, HFAR I
BUNZAYIE T 10 cmx10 cm i3 st h e, 36
FHFER /NI B AR, RV J57E 8 DO HG880323
o 4 A ) B T AT SR, S5 A AR R 2,
FFic B 5 R B 25 o 2 A R B B
12 HFHEEHRBLABENNES

V25 A T PR BE D kT b Y g b A A i LY
B E NNBIRHES, Gert A i e Bl B
F1E EREL, AR AR,
13 FHEERMBESHALIMNAE

A A Il R Y o A SRR T ¥ ke, R
25N E M DR . VT X <1, YA,
VI X =1, NBEHLAME: VI X >1, REENSGED, 3
HREFEEL C NP EE », H,
Cl=VI X -1, m'=X +(V1 X -1)1®,
1.4 FHE R E KBRS

IR RIRI Z A R AR, =
N(ad=bc)?l(a+b)(c+d)(a+c)(b+d), H, a Fy¥PFh
A 595 B [AlEF L BLAS1E B8, b AR A L
M B AN B 18 F 40, ¢ HPFh B B4
A R ETE B8R, d MPIR A 55 B 1Y
R E FECEE . B8 AE)E, & /41 P=
0.05 B 5K F, M HME dE=L w2 #ig
. ZFESRN AERTZEieM, WP
VIR R BOCHK . LA a5 a MRV, 57 a'<a, TI
DR IERER; A a>a, BIDPIFN R T OCHER,
H, a'=(a+b)(a+c)IN, N J915 EREA M 20510, 56
WRR B ) KON O HE 20 1 #E 7, & H
Ochiai $5%: 1= alJa+bva+c 59,

2 HBRE5HH

21 ERESHEUEFTEFROME
TEffw ) 383 SR BEIEMEIN MLl b, R4
) 7 Mpar A g Horp, Zrd 28, 23008 kA8 B

(Bothriocephalidea) — 4 £ #} (Triaenophoridae) ¥
1 2% WU J& (Bathybothrium) & & Ff Al J& Sk H
(Proteocephalidea) it 3k %} (Proteocephalidae) Jit =k
2% B g (Proteocephalus) K M, ZHEMW H 1 F,
k5 AR (Allocreadiidae) 5 AW HUE (Allocreadium)
RTEF, BB 2 B, 235l 2 46k 14K (Eoar
canthocephal a) #r i3k Ht H (Neoacanthocephal a) #r il
%) %} (Neoechinorhynchidae) r Jif ¥ I J& (Neoech-
inorhynchus) 7 & Fh Al Pl Sk H 4X (Pal aeacantho-
cephala) #i ) H (Echinorhynchidea) §i ) £} (Echino-
rhynchidae) V) 1 J& (Echinorhynchus) i) #4 B B Sk
H(Echinorhynchus gymnocyprii); 265 2 Fi, 435
il H (Ascaridida) 5 42 F} (Anisakidae) XJ 5 4 £k 1t
J& (Contracaecum)i¥) Contracaecum eudyptulae FIJiE
E& H (Spirurida) #T- 1 £} (Rhabdochonidae) £ 1l £& H
J& (Rhabdochona) A & Fhl4
22 ERESUEUEFEFERBRLHENIIE
S i

MR L ATLUE Y, X 7 B3 A 0% 8 DR &
JeifE FAR R R . RGO, DUSRSY 1 4%
A T R, U SRHORE M B
W) HUK € PRI Contracaecum eudyptulae T£—115
FhAFA 2~3 KRR, —ME B A
It 5 AR SR RN o Horh, B R
AEFPEEA 1AM E EAUEAT 14974 0L
23 BEREBUHLEFTERHMBENSMER

R Ak T b3 A% A AR 0 HUR R Y 7 Y 1
VIX . REEFEE CL AT YIME B m* 3k 2 B
IRNo TRRELR MU ER | ISk 28 HOR 8 FioRIAT IR 42
HOREM BT ¥IH 735008 0.14, 0.80 A1 0.33,
INT L, BSOS EURE R BT B
RAEM . BEREL BFT Contracaecum eudyptulae
T B R T 1, BRE

M7 22 K ME L FER AR ET LA ), 7E R4
OIATHY A R b, R SR AR TR e IR K
N Contracaecum eudyptulae. 5 RW AR EFH
BRI R E FPATRR B Sk By, 7 Ay ARG HUAY
Tl - X 40 B N 5 BRI Contracaecum
eudyptulae . BRI | S PRI R GE P L BB
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Tab. 1 Frequency distribution of gastrointestinal helminth infection numbersin Glyptosternum maculatum
Yy 4R I UL B number of infecting helminth

species 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
| 358 24 1
1 353 21 2 1 1
Il 364 12 2 1 1 1
v 314 40 13 8 2 4 1 1
\ 381 1 1
VI 291 69 12 4 3 1 1 1 1
VIl 374 7 1 1

el WA AR @R, 1L RS RRER, 1L R AR AR E R IV BB JURE RN Ve R BRI X R L
Contracaecum eudyptulae; V1. FFRHLE A EFN. 2SI RTAR N 0.

Note: |. Bathybothrium sp.; |l.Proteocephalus sp.; |ll. Allocreadium Sp.; |V. Neoechinorhynchus sp.; V. Echinorhynchus gymnocyprii; V1.
Contracaecum eudyptulae; V1. Rhabdochon sp. The space represents a frequency of 0.

%2 BBIEBLHELES EIE B S R R Wy ek S R AR BTS2 S R Rl L RTR Z H  E
Tab. 2 Distribution patterns of gastrointestinal helminth FIVRAE 25 tht e 52 i
B R o

populations of Glyptosternum maculatum

Tyt RARE CFIHEE

24 EREHUEUETEFRIEFNMEX R

Firss species pX  EC e 240 SHEURBKE LN 05 BB ORI X B
VM 2 s R S 014 08 022 Ko PR D e 1 7 A 5 R A e o A AT S BB A
Bathybothrium sp. 2 LA A Mz N N ST
S e 080 —0.20 L36 3BT, 7 A W A e ) 2 7 A A SR,
Proteocephalus sSp. if%ﬁﬁ‘ﬁﬂa‘ E/‘J ZZ{ED_J_‘%@ 3,P=0.05, Q HZIE df=1 Hd’,
AT R 260 164 395 W AR 2B 384, iR
Allocreadium sp. 2 w STy
S 106 0.6 201 2 1E>3.84 1), AP/ MYIRA E G N FE 31T L,
Neoechinorhynchus sp. %@%%ﬂﬁ”@ﬁ'ﬁ 4 ﬁ‘%iﬂ%ﬂ%ﬁlﬂﬁﬁ%ﬂ%,
BRI 179 079 429 SR SE TS 2 ey A R () A7

Echinorhynchus gymnocyprii

W) SRR RE Bl S TR R 2% R OR E B

Contracaecum eudyptulae 3.62 2.62 4.42 )
FFIALZ Lk s 033 067 067 a'=4.50, a=11, a'<a, PIPFPIESCHK, GBS £
Rhabdochona p. 1=0.26; Frikm) HoR i F -5 DSk g Bk E

®3 BEHESCHUEFTEFRMBENRE E

Tab.3 j*values of gastrointestinal helminth populations of Glyptosternum maculatum

Fh#¥ population I [l 1" v \Y Vi il

[

I 2.27

1" 0.05 1.75

v 12.23 9.15 21.59

Y, 1.40 0.17 9.47 1.39

Vi 2.10 0.29 3.58 2.85 0.63

\l 0.32 0.78 0.74 8.79 0.05 291

Tl MG RORE RN 1 UGG HORERD N SRR HCRGE R, IV BT SRR E R Ve BRELEEL L VI X E Rl
Contracaecum eudyptulae; VII: FFIHZE dCRER. MR TERR KT 3.84 89 214,

Note: |: Bathybothrium sp.; |1 Proteocephalus sp.; |11 Allocreadium sp.; 1\V: Neoechinorhynchus sp.; V: Echinorhynchus gymnocyprii, V1:
Contracaecum eudyptulae; V1. Rhabdochona sp.. Bold numbers in tab. 3 represent »* values greater than 3.84.
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a'=7.20, a=14, a'<a, Wi R IEREL, 1=0.27; #
) R A S S A R R E ], a'=4.56, a=13,
a'<a, W/NFOMIECEE, T=0.31; FFIRZR R E R/
Sy ok EFPIR], a'=1.62, a=5, a'<a, WiFh
RIECHK, T=0.20; #REDEESL B5 5 A 0 3R E
FhiEl, a'=0.10, a=0, a’>a, WKL, 1=0,
R TR B S5 e I S R R B ) R e R S
PRI o o, SR IR B Fe IR 1 Sy Rk sl
S R R E

HAt 2 22 05 U RR I 478 <3.84, DA BIAS

PR IRIASAE AR A L OCHE

242 BUIESCELES S REBEEMNTRS
o ONEE 4 NI, BRIk A 8 A AR R
W, BRABURG A1 EA6, LLL AN e B g AR
A A HUBRGE R B 32, 24 BlUR A 3 R B
63.10%, FE [ YL i1 Dl SR AP AR (ER RN R, 4
T P IE R AR R 1, HS Bl s A
17 0.60%; 3 Fpaf AL i e L[] R YL AR 14,
29 5 PR TE T BT 8.33%; 2 Fil [ Bk 1 4
RN AT, R A R 27.98%.

x4 BHRBUENETERREBRENTES S

Tab. 4 Frequency distribution of gastrointestinal helminths' co-infection in Glyptosternum maculatum

f&hr item

R 44 Fh %L numbers of co-infected species number

0 1 2 3 4
LR YL ()45 % 43 4l frequency distribution of co-infection 215 106 47 14 1
FLIR YA A 43 H /% percentage of co-infection frequencies - 63.10 27.98 8.33 0.60

3 iTig
31 X(XTFTHFERMBNSMED

AL T PR SRk b Y S PR R E A
BBV R e AP BRI SL R Contracaecum
eudyptulae ERE/3AT, XEWE LRI FF4E

Ay SRR P 0 48 RS 2 AR A T i A AR,

St 1 1 N R R R AR A
A (A R SR T S S B AR BE T,
(E X LR RER AR, L3 AT Lz g
3R 2 AR U5 K 30 U IR A LR,
A7 A 2 2 BRI X i AR 1 £ T 5
BEAh, AT, R B B A, A A
T2 A o S A B AR T AR 1 LR AR B
A3 A E 5 A A A HURRE h gl 12 0 ) 1926,
BN N 2 A g R AR O SR R A
GALPE LS A AR R S T e AT,
T AR i ) 50 3 Ao 2 b 4 2 S (158
I fi 0 36 i 2 A4 b Je e A L B i S ) 12529-20)
iAo BEAL, i 3 s e I 5 I I T K
HE B /NN 2R A R R R P B R
S R | A B A A A i PR 12

S A R R L B R E A A

Sk AN Contracaecum eudyptulae TE/4: FRAIA: 1y J&]
WAE H B R T A 2 =, e e A ) By s
[B) A [ A e 27 A T AR TR0 g =R, i HL2
P A R o0 A 288, X $27R 45 Al RE 5 1E A G
MR R AR R R R T O AR . HX
4 P AR b ) R A 20, X RYIRE
T2 1 R/IN AT RE A2 5 37 A R DG PR 3R 19 5% ) B
K o Matthee 2523 BIF 5 45 5 S 15 LRI, AN
AR 1Y 22 508 (T AR 25 2 e g A 30 sl re

SRR {2 Lestertil i 43> M il v £ 2% 38 4>
A LE HUY R, IR AR TR Y A — R R
A A 0w R, AR SR R T A
Yo TR M EAE ;. Poulint 5T % BLE—
S R R R R TE ERFEA R, 8 ERHE
AR, A AERREMNBRERB S, SFER
ST AR LT B B DL R R i A W 25
. T Do Amarante 2:12%f 73 A a2y fhdtit
3746 Mg E A A RHET T 5087, RIMIRAK MK
AR SR F A R R AR B Ay, LRI
W2 A B R RN ], ek, i 3 A 2k
KBy RN A AR rh gl g ny 2 /0 5 R A
FRREE R EASC, AT UL, 25 A s m) SRR A2 3R T
15 35 A dURh 28 K A B AR AR 2 R IR R 5
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Wi, o2 PR VF 22 5 1 SRR A AR IR G RO D R 3
[P 1) . Crofton™ i iy, Hr2E L 18 11 3 42 ] fig
W7 VR bR, DAY R A S, FFA
SHE A BIFEFWE BT T A BT
1 RAE AR B AR, Al S 4 1 37 A A AR
W SARME, AT FHE R SA0

TRRE 2% B Bl L TSk 2% HUR 2 Bl RIAT IR 2
HURE R R 5] 534, Anderson ZEEIY N 7 X
4341 ) 52 e R 3R 32 R A A H ) B R RO 1k,
DA Je 754 545 ERIFET . Luong 252NN Sy
A 3R] oy A ) 3 D DR N A A A
32 XTHHEFTFEHBFEEZENMEXE

X T PR B kT A8 A A R ORE I, ] OC
RAFTEIE BRI A OCHE, AT W) Fh (B AN FE7E i 2
KR, A DAEWESY , AN 1T b I 0 6 (Mugil
cephalus){EALIE T O Ff 25 A 0% HU PR W) AN A7AE i
BRI SRR A R A A A B R R 40k
oAt 73 A U B s e, B AR U2 B AN AE
P EARAEBHE R o i WE 5T 0 T 18 27 A I
& Th 1 25 AR [ sp R G A 3 01 ST AR O RS G
RITTREYEAR K, (A DE T A BA (A B g g
i ERY AT FHT O K BEBE (Cyprinus carpio)
THACE TRy 9 5 Az i HO b [a] A 7E IEOCHK, 4=
A TEOCHR M WA 5 A2 A A ] vl Be A7 7 = Pk
A H A ML A A RS AR P PRk
J#E 5y 11 £ (Opsariichthys bidens) 7 1% dUBE Y5 H 4
AR Fh Z (B 2 AT 2 IR DGR B 1A G HR, AR
A LEREIE YA L T LR B AR L o i
By i, AEATAAAE R () AH B AR Fia] g 1E O
Y038 5 A2 T 1a] %) R B AR B8 P A R T
P B AR ) B AR 0 FE, i R OCERNDE T
FRE A B A . e BB E T, Ar AR HUAR TR
JEUI ) 22 S o 1] BB SR 51 B SE IR A S R 22 — 81

PR Ak A G A A 0 R, TR R e
Fofr 5 AR S e T R[] 2 A T R — 1 R ARE
{EFP ] JCAH BOCHR, 7 ) 0 2 fa S i i
RGN . #E =PI, By kR E
AR Sk o [R] R B W AR B (Gymnocypris
przewalskii) i, B RV HUR 2 FhAE B 0 43 AR
B e, Selm) gy s A 55 8k (Nemachilus

scleropterus)s, BRI HUAR & Ff ) JER L o 1 g 3
TRE. FIUL, XA S A A ) e [ A A A
ME SE gt v, A EIE N BT 8RR i
() OC £, 767 i A S AL b, B R e
Fofr L e A8 25 Az DX 5 U D5 6T T e i e o
a0k, AR AYARXT /N, W B A, AR A
A 1% 23 AR B, BT )t e o iR FH AR
AR A AEREE . — IR S RAE L, 1E
— 15 F i, TR Z A PUE AT DRI E
Fere Fra 2 B RR S, B nT s A 7 =X R AEAE
2 I B AR IAE — A A AR e ] A TE
FHER G . FETE ER T A BB E
PP IR A T R 25T T 22 B0 e R R
Fofr 5 A g Sk H R B o 5 B S A O BN TR
G, INBNILAEM B 1Y, DR 8 bR e Fh 5 I Sk 2%
HUOREFRN . Contracaecum eudyptulae 5FFWHZE H
KRAEFhE], H8cA el 2 A4 T W — 1 E I AkE
LG, X AT RE S R o A [R] b 26 ) 1Y B 4% 55 4
FE BT HRRIE YL 1 R TE ER
BfE o WAk, FrmvRoRERY 4 Ry FhE A
A IECHK, 2 AR Bk fh o 75 A i A I
PR A AE R R 2 D

ALk TR TS E AN A i s UG T A ]
M EARE, X Fh A8 AR AT DU R Y, dn]
DIER A, — M5, smELAY 58 4 0] fig 5 20ph
(B ) AH B HE R, AR A =, 8 g B S A
X 17 77 2 AR S o g LA RO AR R fek 4 el
WIfEAE s 4, B AEIEAE0, seaobh, W16
WA R R e R I 2R, AF AR R R AR
TR Ml s, R & A O R R Y . BB
Sk T AbE Ay AR i R R, 2 3 R A L AT
IR, SRR LSRRI A I, D B
H AR Pl +Contracaecum  eudyptulae+ 55 R 4K
FE R, BB R 28 Bl +Contracaecum  eudyptu-
lae+TRFEZE MR SERD, ) H oK e Ff+ 5 A I o
AR E PSR G MR E M Y 2 A TR AR AE 1R e e,
A Contracaecum eudyptulae W, TRAEZE HLK 2 Ff
BRI s A S AR E A, Sk 2R
HORE A B R T, X AP A A
OBV R E R, Y 2 Fhar R R, LT
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Jr A 2 A BLARA BBV B E B RN (EX) Contra-
caecum eudyptulae, S RIW HUA RE T FITGAE 2%
R SE b 38 A 5 3 g A A A g A Rk 2 il
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AF, HSFM) ROR E R A R AR B

Hol mes™A 75 X Kk 4t 1 % £ 5 il 43 BT i 45 I
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Distribution patterns and inter specific relationships of gastrointestinal
helminthsin Glyptosternum maculatum from Tibet
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Abstract: Glyptosternum maculatum is a cold-water fish species adapted to plateau environments, belonging to the
family Sisoridae within the order Siluriformes. Comprising only three recognized species, Glyptosternum is the
most primitive genus of sisorid catfishes. G maculatum are uniquely endemic to the Yarlung Tsangpo (Brahmapu-
tra) river system and the surrounding waters in China and India. Based on the investigation and identification of
gastrointestinal helminths in 383 individuals of G maculatum from May to August 2019, a total of seven parasitic
worms were collected, including two species of tapeworms, Bathybothrium sp. and Proteocephalus sp.; two spe-
cies of acanthocephalans, Neoechinorhynchus sp. and Echinorhynchus gymnocyprii; two species of nematodes,
Contracaecum eudyptulae and Rhabdochona sp.; and one species of digenea, an Allocreadium sp. Likewise, the
frequency distribution of the number of gastrointestinal helminths was analyzed; distribution patterns were deter-
mined from the variance mean ratio, and the interspecific relationships were analyzed using °-test and
co-infection frequency statistics, respectively. Our results showed that the frequency of single infection was the
highest among the seven gastrointestinal helminths of G. maculatum, and the frequency of more than five parasites
in one host was greatly reduced. The distribution patterns of Bathybothrium sp., Proteocephalus sp., and Rhabdo-
chona sp. were regular, whereas the distribution of Allocreadium sp., Neoechinorhynchus sp., E. gymnocyprii, and
Contracaecum sp. was aggregated. There was a positive correlation between Neoechinorhynchus sp. and Bathy-
bothrium sp., Neoechinorhynchus sp. and Proteocephalus sp., Neoechinorhynchus sp. and Allocreadium sp., and
Rhabdochona sp. and Neoechinorhynchus sp., as well as a negative correlation between E. gymnocyprii and Al-
locreadium sp. There was no correlation between the two species of other gastrointestinal helminths. The fre-
quency distribution of gastrointestinal helminth co-infection in G maculatum showed that most of the infected
hosts were only infected with one parasite, with hosts infected with more than two kinds of parasites accounting
for only one-third of the infected host group. Among them, the maximum number of co-infection species was four;
however, there was only one such instance, and most hosts were co-infected by two species. The results of this
study help us to further understand the population characteristics and community characteristics of gastrointestinal
helminthsin G maculatum and provide support for the ecological control of helminthiasisin native fishesin Tibet.
Key words. Glyptosternum maculatum; gastrointestinal helminths; frequency distribution; distribution patterns;
interspecific relationship; Tibet
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