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Fig. 1 Seasonal dynamics of Diplostomum spathaceum in Gymnocypris selincuoensis
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Fig.2 Spatial dynamics of Diplostomum spathaceum in Gymnocypris selincuoensis
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Tab. 1 Parasitic profile of Diplostomum spathaceum in left or

right eye of Gymnocypris selincuoensis
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S 343 Mean abundance 1.542.6 1.6+3.2
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Tab. 2 Parasitic profile of Diplostomum spathaceum in different

parts of eyes of Gymnocypris selincuoensis
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AT X7 i £ Total
number 47 68
JHYLZ Prevalence 43.0 8.0
YL FE Intensity 1—17 1—18
357 F Mean abundance 1.442.5 0.2+1.3

R3 RERNABRBEREEERERETNFEFR
Tab. 3 Parasitic profile of Diplostomum spathaceum in different
sex of Gymnocypris selincuoensis

S biIndex i ‘Tri?‘c:FSeZmal kﬁii:lg/;ale
J& YL Prevalence 64.0 55.0
J& YL ¥ Intensity 1—25 1—31
“F-¥J 5= Mean abundance 3.1£5.1 3.1+5.2

202147 F T 1R B G R AN 35 = i 108 S UCRAE
KR, HR A AT RE 2T AR E D, W
H R A AF K TR S e ) R T SO R o
A5k, . 20204F10 ), RETE WU HUt £ bR R A )
SR RN SF- 18 2 B BARELT A A B %, (HARK SRR
FEE R IR, FT RS A2 R O IS 5 1458 B AR 22 1 HE
50, BT RN T g3 —s A AR, Ak, st
10 H9—11H15:0075 T4l 5 &b T35 /K i N14.6C,
A UL, 7—10 F 18)38E B 7K IR A2 B2 R e v B e
REEFN . 4HLEE OB ERGR R T
B, HEMIE 5 RS 9 (1 HE A KR AR LA G . BK4
Z, B9 9 BT, HEUREE o, (R KR AR IR T R 1%,
UKIZFFSE LA H AR, ATRE S BT BT,
AT T H R X A B [A] b T 5 C iR,
SR E PAMERREIET Y. 4 E R
TSR B X R IRE . A, KR AR AN
Al EHEAE T8 0 U R G RIAE, JE nT i 5
Wi FLAh PR 25, G0 B 0 S /K R 3= 1 ZERE A
$OE:, UL S U R B4, Tl A e K

25 LR, RETE WU RO K 2T B A,
55k 5 (T A A TE) . MR FR A7 A8 R /K IR 25 3R 85 [
KE BRI,

3.2 REFERNIR AR A RS IR BN T B
EABF T, 540 cm<<TL<45 cm4 K44, BE
5 E PR AR K PR 38, U XU, R S e
AP AR . — B 7T R, RETE XL
R /K ST I T AR A i 1 >,
NAE EAERSER R, SR, IRERAEIE N, i
AHCRE 2R O AN, BT
W, ot 7E f A A7 I )R] Kl — R B EPY, s
Tk 44D KA B A B SR B H T
B s KAt b, T LLUR BUR YR A7 18 3
JEE25 cm<T<30 cmE KA, £30 cm<
TL<35 cm+ 35 cm<<TL<40 cm#140 cm<TL<45 cm
KBTI, 745 em<X TL<50 cm4: K40
BT BRI BT, KRR IR B R —
TEEWS E, SE I BT A U A T R AR,
TS BT m AT R, AR, R ARIAR
REERIREA, AU ZEE L RN,
Al BB TE — B FE P A R T bR R 5 7 A T 4
IR G KT AR FFAEAT, I AR R B 2 (R TE XL
TR L
33 REERNREI EREREN T E R
FRUTE X7t %of € bR R R P J e, PR A )
SEIE 32 T AR S I, 51 E 1 22 A IR AN A
TP, BT Stk AR B 3 A rh A7 7 B S 1) (i 2 1
LA TR . X 5365 R et
(PRI 50285 AN ), o it 95 380 S5 s 2 1 0 R e
AR TR, UONTT BE R BB AR R A7 T E 1
BV, AT IR K A A SRS R AR s,
BEAR, A RS S SRR AR RN BE AR I RN EE R . 1
T G g A A Ak BT S 0%, IX R HR
BRAN AL 27 A O A (1) 22 5, P RE & BT AN R Fh 2
(1) 52 11 HROXS P 353 AN A 32 A 700 3 I A 8 217 7=
. TEARMIH, 16515 3 34 H LT DU
ds15H, o kFEENRNDRA/E, FHEEIRER,
ATF1.0—53H/E. EXMICERIELT, N
TR LR BT AL, BT X B AT BE SR T —
TR R 1 25 5 5B SRS, P b 1 KGR MR AT RS
A LR T MRS R 1 R A, AR X 2840 77 1)
SO . A TC N, R (1) 6 5 B ) s I AR B
B IR S s M, e g A
FK T 45 B PO IR 1) BB I, TR N 7 4 iy Lo,
U S 1 o 3 ot 5 O 0 AR AR AR BBER 1) 4 S A T I
FIRIERG &k Py, PASE A A R 3 o 3 o 25 2 daoxf
16 EAT NI SN AARERME R,
FT-252E A 415 ), hah, 7E—semi g ch, B
) 2 £ 0 S A A IR R I AR LS, B



928

KR R

47 %

FNIIX AT AR I e xt i AR, LY/ i
fFETo . TAEARE R, RT3

L SR g 41, T BE

5 G -7 1 = UK,

Xt IS AR AT BRAH % o

ZR L PTIR, RETEXUR AE E bR R o

B 27 AR R G, 2 1 A B T R I A — b AR i
Srfems, HH AN TG ORBER R AR R A AT .

S 3k

(1]

(2]

(31

(4]

(5]

(6]

(7]

(8]

(9]

Qinghai-Tibet Plateau Comprehensive Scientific Investi-
gation Team, Chinese Academy of Sciences. Rivers and
Lakes in Tibet [M]. Beijing: Science Press, 1984: 182-
189. [H [E o} 2 5 i 9k v JoR 25 Bk 25 285 52 A 78 ST ¥
5w (M]. dba: B2 R, 1984: 182-189.]

Wang S M, Dou H S. Lakes of China [M]. Beijing: Sci-
ence Press, 1998: 399. [EA IR, EMG. FEMME
M]. Jb 5T B2 AR, 1998:399.]

Wu Y F, Wu C Z. The Fishes of the Qinghai-Xizang Pla-
teau [M]. Chengdu: Sichuan Science and Technology
Press, 1992: 506-510. [Rz &, REE. Fikm R Ak
[M]. BB PO R R, 1992: 506-510.]
Bureau of Water Production in Tibet Autonomous Regio.
Fishes and Fish Resources in Xizang, in China [M].
Beijing: China Agriculture Press, 1995: 110-111. [P5j H
0 DK R PR B (M. Abgt: o E R
At 1995: 110-111.]

He D K, Chen Y F, Chen Z M, et al. Histological studies
on the gonadal development of Gymnocypris selincuoen-
sis [J]. Journal of Fisheries of China, 2001, 25(2): 97-
102,188. [fi {2, By, BRE W, 55, (pRes e i i
KB EL T [I]. KF=24R, 2001, 25(2): 97-
102,188.]

Chen Y F, He D K, Cao W X, et al. Growth of Slincuo
Schizothoracini (Gymnocypris selincuoensis) in Selincuo
Lake, Tibeten Plateau [J]. Acta Zoologica Sinica, 2002,
48(5): 667-676. [R%RVE, (B2, I, 55, MR
SRR A [J]. BP5AR, 2002, 48(5): 667-676.]

Chen Y F, He D K, Chen Y Y. Age discrimination of
Selincuo Schizothoracini (Gymnocypris selincuoensis) in
Selincuo Lake, Tibeten Plateau [J]. Acta Zoologica Sini-
ca, 2002, 48(4): 527-533. [MR3 0, 42, MREH. Bk
R AR 28 [T]. B3k, 2002, 48(4): 527-
533.]

Chen Y F, He D K, Duan Z H. Annuli characters of Selin-
cuo Schizothoracine fish (Gymnocypris selincuoensis) in
Selincuo Lake, Qinghai-Tibetan Plateau [J]. Acta Zoolo-
gica Sinica, 2002, 48(3): 384-392. [k, (mitEds, Borh
e, MRS R RO SRR AT (D). IR, 2002, 48(3):
384-392.]

You Y, Zhou Y F, He W H, et al. An analysis of the nu-
tritive compositions in the muscle of Gymnocypris selin-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

cuoensis [J]. Journal of Shanghai Ocean University,
2009, 18(2): 2187-2192. [Jui, F ZH, 0%, &. 78
o C AR BR B YL PAVE % it B BT (0], BRI R
%, 2009, 18(2): 2187-2192.]

Liu J. Fuzzy clustering analysis of life history types of
Gymnocypris selincuoensis [J]. Reservoir Fisheries, 2006,
26(2): 17-18. [XI%. (bR 1 0 A 5% sh 2K 70 f B 3%
R [71. KA, 2006, 26(2): 17-18.]

Lee Y I, Seo Mi, Chai J Y. Intestinal flukes recovered
from a Herring Gull, Larus argentatus, in the Republic of
Korea [J]. The Korean Journal of Parasitology, 2020,
58(1): 81-86.

Zhu M Y, Jia S A, Wang N, et al. Progress on Dip-
lostomum in fish [J]. Progress in Veterinary Medicine,
2013, 34(5): 103-106. [KA5%, TidF22, LUK, . a2k
A DV R SR R (D). iR R, 2013, 34(5):
103-106.]

Sun J. Diplostomum and its progress in advance on eco-
logy [1]. Ecologic Science, 2005, 24(2): 168-172. [#MZ.
B ORI E [7]. £SRE, 2005, 24(2): 168-
172.]

Wang G T, Li W X, Zou H, et al. Diagnostic Handbook
of Important Parasitic Diseases of Freshwater Fish [M].
Beijing: Science Press, 2017: 48-50. [ FFESE, 25 30HE, 45
4T, . oK R E B A JUR ST (M]. Jb5: B
2R, 2017: 48-50.]

LiJ X. Key Technologies and Practical Atlas of Fish Di-
sease Control [M]. Beijing: China Agricultural Uni-
versity Press, 2014: 69-70. [ZE4k i), 9 5 v6 g B R
e SEF B (M. AbgE: A EROE RS2 H R, 2014: 69-
70.]

Wang K'Y, Geng Y, Huang J L. Color Atlas of Fish Di-
sease Diagnosis and Treatment [M]. Beijing: China Agri-
culture Press, 2012: 107-108. [VEFH i, Bk%k, =Ry, M
Wizia R A M. dust S BRI B Rk, 2012:
107-108.]

Wang J G. Ichthyopathology [M]. Beijing: China Agricul-
ture Press, 2013. [VEZ&E. %% [M]. dbat: P EHKL
HRAE, 2013.]

Faltynkova A, Sures B, Kostadinova A. Biodiversity of
trematodes in their intermediate mollusc and fish hosts in
the freshwater ecosystems of Europe [J]. Systematic
Parasitology, 2016, 93(3): 283-293.

Ma J X. Study on the classification and community eco-
logy of Diplostomidae of Cobitidae in Irtysh River [D].
Urumgqi: Xinjiang Agricultural University, 2018. [ VT,
BURFE i SR} .28 5 VR R 73 S R eI A A AT 7T
[D]. ZE&ARF: Frgifll K+, 2018.]

Zhu M Y. Research of Diplostomum in the Percidae of the
Ergis River [D]. Urumgqi: Xinjiang Agricultural Uni-
versity, 2014, [RE = . FUR S B ik} #2857 1R &
WEFE [D]. SEATE: Frafil K, 2014.]

Duan C R. Study on the epidemic characteristics and clas-


https://doi.org/10.3321/j.issn:0001-7302.2002.05.013
https://doi.org/10.3969/j.issn.1674-5507.2002.04.014
https://doi.org/10.3321/j.issn:0001-7302.2002.03.014
https://doi.org/10.3969/j.issn.1003-1278.2006.02.008
https://doi.org/10.3969/j.issn.1007-5038.2013.05.024
https://doi.org/10.3969/j.issn.1008-8873.2005.02.018

6 3

BT MR RR R R

AT

XU, H KA 5 25 A0 2 2 i

929

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

sification of Diplostomidae of ferocious fish in Irtysh
River [D]. Urumgqi: Xinjiang Agricultural University,
2018, [BAE. BU/R T H DA 028 5 10 d it A T R
RLIYRBEIT [D]. BB AT Bl K, 2018.]
Parengul, Jiao L, Dang R, et al. Epidemiology of Dip-
lostomum in the eyes of Esox lucius in the Ergis River [J].
Journal of Hydroecology, 2016, 37(2): 96-100. [y
- PR, AR, SEE, 45, BURF I 3 B 284 1
W O RAT R R A [T]. KA 44K, 2016, 37(2):
96-100.]

Tang M, Liao J H, Qin H F, ef al. On the avifauna and di-
versity of the Selinko national nature reserve in Tibet [J].
Journal of Mianyang Teachers’ College, 2021, 40(8): 57-
63. [JHH, B, BEiEly, & WM e E XL AR
PRI X B2 X RS AR E[T]. 47 FRITTE 2 B 3R, 2021,
40(8): 57-63.]

Chen Y F, Chen Z M, He D K, et al. Hydrographic fea-
tures of Serling Co, north Tibetan Plateau [J]. Journal of
Lake Sciences, 2001, 13(1): 21-28. [FREt0E, [ HE B,
s, 45 UL ARSI K SCRAE [J]. WIAER,
2001, 13(1): 21-28.]

Waadu G D, Chappell L H. Effect of water temperature
on the ability of Diplostomum spathaceum miracidia to
establish in lymnaeid snails [J]. Journal of Helmintho-
logy, 1991, 65(3): 179-185.

Lyholt H C K, Buchmann K. Diplostomum spathaceum:
effects of temperature and light on cercarial shedding and
infection of rainbow trout [J]. Diseases of Aquatic Orga-
nisms, 1996, 25(3): 169-173.

Stables J N, Chappell L H. The epidemiology of diplosto-
miasis in farmed rainbow trout from north-east Scotland
[J]. Parasitology, 1986, 92(Pt 3): 699-710.

Stables J N. Studies on the speciation, epidemiology and
immunology of Diplostomum spathaceum in fish [D]. Abe-
rdeen: University of Aberdeen, 1984.

Karvonen A, Savolainen M, Seppéld O, ef al. Dynamics
of Diplostomum spathaceum infection in snail hosts at a fish
farm [J]. Parasitology Research, 2006, 99(4): 341-345.
Hakalahti T, Karvonen A, Valtonen E T. Climate warm-
ing and disease risks in temperate regions-Argulus core-
goni and Diplostomum spathaceum as case studies [J].
Journal of Helminthology, 2006, 80(2): 93-98.

Karvonen A, Seppéld O, Valtonen E T. Parasite resis-
tance and avoidance behaviour in preventing eye fluke in-
fections in fish [J]. Parasitology, 2004(129): 159-164.
Sandland G J, Goater C P, Danylchuk A J, ef al. Popula-
tion dynamics of Ornithodiplostomum ptychocheilus me-
tacercariae in fathead minnows (Pimephales promelas)
from four northern-Alberta lakes [J]. The Journal of
Parasitology, 2001, 87(4): 744-748.

Sweeting R A. Investigations into natural and experimen-
tal infections of freshwater fish by the common eye-fluke
Diplostomum spathaceum Rud [J]. Parasitology, 1974,

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

69(3): 291-300.

Burrough R J. The population biology of two species of
eyefluke, Diplostomum spathaceum and Tylodelphys
clavata, in roach and rudd [J]. Journal of Fish Biology,
1978, 13(1): 19-32.

Betterton C. Studies on the host specificity of the eye-
fluke, Diplostomum spathaceum, in brown and rainbow
trout [J]. Parasitology, 1974, 69(1): 11-29.

Chappell L H. The parasites of the three - spined stickle-
back Gasterosteus aculeatus L. from a Yorkshire pond I.
seasonal variation of parasite fauna [J]. Journal of Fish
Biology, 1969, 1(2): 137-152.

Shigin A A. The life-span of Diplostomum spathaceum in
the intermediate host [J]. Trudy Gelmintologicheskoi
Laboratorii Akademiya Nauk SSSR, 1964(14): 262-272.
Guo A M, Kadierding A, Hao C L, et al. Spatial distribu-
tion of Diplostomum baeri in Oncorhynchus mykiss in
Xinjiang Province [J]. Journal of Hydroecology, 2020,
41(4): 102-107. [F8% B, Wil /R T 3R, AR, 4.
IR DL QR IR R S R 0 A [T, KA,
2020, 41(4): 102-107.]

Dang R, Hao C L, Jiao L, et al. Spatial distribution of
Diplostomum in Perca fluviatilis in Ergis River [J].
Journal of Hydroecology, 2016, 37(3): 102-106. [ %f,
HOERZE, AT, &, BUR STy 8 52 0 de i A 1] 23
FREFE [T]. K& SE, 2016, 37(3): 102-106.]
Seppéld O, Karvonen A, Valtonen E T. Impaired crypsis
of fish infected with a trophically transmitted parasite [J].
Animal Behaviour, 2005, 70(4): 895-900.

Seppéld O, Karvonen A, Valtonen E T. Manipulation of
fish host by eye flukes in relation to cataract formation
and parasite infectivity [J]. Animal Behaviour, 2005,
70(4): 889-894.

Seppild O, Karvonen A, Valtonen E T. Parasite-induced
change in host behaviour and susceptibility to predation
in an eye fluke-fish interaction [J]. Animal Behaviour,
2004, 68(2): 257-263.

Crowden A E, Broom D M. Effects of the eyefluke, Dip-
lostomum spathaceum, on the behaviour of dace (Leucis-
cus leuciscus) [J]. Animal Behaviour, 1980, 28(1): 287-
294.

Seppild O, Karvonen A, Valtonen E T. Host manipula-
tion by parasites and risk of non-host predation: is manipu-
lation costly in an eye fluke-fish interaction [J]? Evolu-
tionary Ecology Research, 2006, 8(5): 871-879.

Moore J. Parasites and the Behavior of Animals [M]. New
York: Oxford University Press, 2002.

Wayland M T, Chubb J C. A new R package and web ap-
plication for detecting bilateral asymmetry in parasitic in-
fections [J]. Folia Parasitologica, 2016(63): 2016.039.
Graczyk T. Cases of bilateral asymmetry of Diplostomum
pseudospathaceum Niewiadomska, 1984 metacercariae
infections (Trematoda: Diplostomidae) in the eye lens of


https://doi.org/10.3321/j.issn:1003-5427.2001.01.004
https://doi.org/10.15928/j.1674-3075.2020.04.014
https://doi.org/10.15928/j.1674-3075.2016.03.015

930 K& A& Y ¥ 47 &

fish [J]. Acta Parasitologica Polonica, 1991(36): 131- plerocercoids (Cestoda: Diphyllobothriidea) on the occur-

134. rence of eyeflukes in roach (Rutilus rutilus) from a lake in
[48] Rau M E, Gordon D M, Curtis M A. Bilateral asymmetry south-east England [J]. Journal of Helminthology, 2019,

of Diplostomum infections in the eyes of lake whitefish 93(1): 66-70.

Coregonm clupeaformis (Mitchill) and a computer simu- [50] Piete T JJ, Koprivnikar J, Orlofske S A, et al. Making the

lation of the observed metacercarial distribution [J]. right choice: testing the drivers of asymmetric infections

Journal of Fish Diseases, 1979, 2(4): 291-297. within hosts and their consequences for pathology [J].
[49] Morley N J, Lewis J] W. Influence of Ligula intestinalis Oikos, 2014, 123(7): 875-885.

POPULATION DYNAMICS OF DIPLOSTOMUM SPATHACEUM AND ITS
PREFERENCE IN INFECTING GYMNOCYPRIS SELINCUOENSIS FROM
SILING LAKE, TIBET AUTONOMOUS REGION, CHINA

PAN Ying-Zi

(Tibet Native Fish Breeding and Utilization Technology Engineering Research Center, Institute of Fishery Sciences, Tibet Academy
of Agricultural and Animal Husbandry Sciences, Lhasa 850032, China)

Abstract: In this paper, the population dynamics of the parasite Diplostomum spathaceum is studied to understand in-
fections in the hosts Gymnocypris selincuoensis from Siling Lake, including seasonal and group differences in infec-
tions and reasons for changes in the population size, identify the parasite’s preferences for male/female hosts, left/right
eyes of hosts, or specific parts of hosts’ eyes, and discuss their life history strategies. The samples were collected in dif-
ferent seasons in two years (2020 and 2021), with their total length, weight and sex and the number of metacercariae
living on them being recorded. The prevalence and mean abundance of infection of different groups and in different
seasons were calculated. To find out whether the parasite exhibits preferences for the hosts, a non-parametric test was
conducted for independent groups to identify any significant difference in the size of parasite population on male/fe-
male hosts, left/right eyes of hosts and different parts of hosts’ eyes. A total of 165 samples [total length: 28.7—49.5 c¢m;
average length: (37.944.0) cm; weight: 196.9—827.2 g; average weight: (473.3+127.9) g], including 82 female samples
and 83 male samples, were dissected, with 515 parasites being found. The maximum number of parasites observed is 32
worms per fish. In terms of seasonal difference, the prevalence and mean abundance of infection peak in the summer of
2020 and drop in the following autumn and spring. In the summer of 2021, the prevalence of infection is on the decline,
while the mean abundance of infection is on the rise. Similar prevalence and mean abundance of infection are observed
in the autumn in both 2020 and 2021. To find out group difference, the samples were divided into 5 groups by their
total length (TL) at the interval of 5 cm. The minimum values of the prevalence and mean abundance of infection are
found in the group of which TL is between 25 c¢cm (inclusive) and 30 cm. Groups of which TL is between 30 cm (inclu-
sive) and 35 cm, between 35 cm (inclusive) and 40 cm, and between 40 cm (inclusive) and 45 cm have similar preva-
lence and mean abundance of infection. The maximum values of the prevalence and mean abundance of infection are
observed in the group of which TL is between 45 c¢cm (inclusive) and 50 cm. The parasite does not exhibit preferences
for male/female hosts or left/right eyes of hosts, but they significantly prefers the crystalline lens to the vitreous body.
Changes in the size of parasite population are closely related to the seasonal changes, water temperature, bird migration,
and snails. The size of parasite population grows with the increase in the total length and eye volume of hosts and fre-
quency of parasite exposure. The reason why the group with TL between 45 cm (inclusive) and 50 cm has higher va-
lues of prevalence and mean abundance may lie in the fact that they have a higher risk of parasite exposure because
they are larger in size, which enables the hosts to survive from severer infection caused by a larger number of parasites.
The preferences exhibited by the parasite in selecting hosts and position of eyes are part of adaptative life history
strategies for better transmission and reproduction.

Key words: Population dynamics; Parasitism preference; Diplostomum spathaceum; Gymnocypris selincuoensis; Siling
Lake; Tibet Autonomous Region
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