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hydroacoustic survey line in Erhai Lake
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fif . PHER A, EMER A, L SRy e sE
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Tab.2 The fish assemblage structure in Erhai Lake
B/l Wik - Ou%fjriff)ﬁ% MIXERE MR CPHek R E
Family/Species Abbr oquency _abundance (%) biomass (b)  length (em) _ weight (&
quency _abundance (% o g ght (g
#F}Cyprinidae
& Hemiculter leucisculus Hle 204.8 0.19 5.47 5.34 13.52 19.48
it Hypophthalmichthys molitrix Hmo 490.12 0.12 1.04 41.44 36.42 718.94
i Aristichthys nobilis Ano 10.87 0.03 0.17 5.47 28.29 364.38
8 Cyprinus carpio Cca 4.35 0.02 0.08 2.02 22 450.87
T EE 8 Cyprinus carpio chilia Ccac  50.66 0.1 0.74 4.3 15.07 104.87
F 8 Cyprinus longipectoralis Clon 0.19 0.01 0.07 0.06 7.54 14.58
lll Carassius auratus Cau  818.64 0.33 4.67 19.82 14.74 76.41
F Ff Pseudorasbora parva Ppa  196.61 0.34 4.78 1 7.23 3.7
WAt i Abbottina rivularis Ari 0.54 0.03 0.13 0.08 10.41 10.98
MY Acheilognathus chankaensis Acha 2127 0.11 1.41 0.49 8.1 6.23
HRAEER 0 Rhodeus sinensis Rsi 0.03 0.01 0.03 0 4.63 1.04
HeJERNE fa.Schizothorax lissolabiatus Slis 0.18 0.01 0.03 0.16 21.57 85.55
5 FA B4 f4 Schizothorax yunnanensis Syu  0.03 0 0.01 0.08 25.1 126.77
IRZNG 0 Schizothorax griseus Sgr 1.18 0.02 0.07 0.59 27.47 154.37
i Bl Salangidae
Wk IR H74R £ Neosalanx taihuensis Na  7.99 0.06 1.29 0.06 7.03 0.96
)N 1 F}Osmeridae
KA 8 Hypomesus nipponensis Hni  233.19 0.33 4.56 2.6 11.57 10.27
#fF} Cobitidae
Vel Misgurnus anguillicaudatus Man 345 0.07 0.29 0.24 13.01 15.1
il FlSiluridae
65 Silurus asotus Sas 0.1 0.01 0.02 0.14 17.8 111.97
25} Bagridae
T U8 Pelteobagrus fulvidraco Pfu  637.41 0.34 5.07 13.5 15.69 48.37
Vb IES R Odontobutidae
/NSE ) 4 Micropercops swinhonis Msw  3.37 0.06 0.55 0.02 3.75 0.52
U % £ 7 Gobiidae
TR WIHE F& 8 Rhinogobius giurinus Rgi  2595.91 0.36 68 451 4.75 1.2
W% ECWIR J& £ Rhinogobius cliffordpopei Rcli 16.06 0.1 1.51 0.04 3.7 0.5

e IR RIRIRI > 100, Jy FE EFP R H P

Note: Bold font indicates /R/ >100, which is an important or dominant species
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Tab.3 Spatial and temporal comparison and pairwise comparison of fish community in Erhai Lake

T H Item J75 7Sum of square  $75(7%)Mean square  F4iil B F.Model 77 %5tk Variation (R) PP value
JtNorth vs. F§South 0.2775 0.2775 3.8675 0.1769 0.0240
JtNorth vs. ' Middle 0.2576 0.2576 3.6129 0.1672 0.0170
FiSouth vs. H'Middle 0.0425 0.0425 0.7171 0.0383 0.5684
% Spring vs. & Winter 2.2238 2.2238 14.1018 0.1956 0.0010
# Spring vs. FkAutumn 1.2514 1.2514 7.3978 0.1131 0.0010
% Spring vs. 2 Summer 1.7772 1.7772 14.4169 0.1991 0.0010
A Winter vs. K Autumn 2.7880 2.7880 15.7880 0.2140 0.0010
A Winter vs. & Summer 0.7994 0.7994 6.1163 0.0954 0.0030
#K Autumn vs. 5 Summer 3.0759 3.0759 21.6365 0.2717 0.0010

R MNP (<0.05) LA AR IR
Note: Significant P-values (<0.05) are indicated in bold
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Fig. 3 Total length distribution of fish in Erhai lake in four quarters based on hydroacoustics and catch sampling
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5 (Kruskal-Wallis test, P<0.01), & Z= fl fk 2= a1 25
T2 T & ZE MR 2 (Kruskal-Wallis test, P<
0.01). MEFREGE 4), EFmRE LR, T
{8 H(23851.61+889.30) ind./ha, 43 iyl 42.90—
632975.72 ind./ha; K Z= IR 2, V21 J9(14185.69+
1106.54) ind./ha, 73 AVERIN126.37—476144.70 ind./
ha; % ZEFN3 25 (1) #0285 FE P ME 43 70 (2423.19+
179.54) F1(3382.16+440.71) ind./ha, 43 i 3 Fl 43 5
H(19.01—128195.57) F1(22.43—258473.69) ind./ha.

R 7K P SRS 2 1 VE g 0 2R3 (- 70 dB<<

x4 KEFREGEREEEELXEENFHENL
Tab. 4 Estimation of seasonal variation of fish density in Erhai
Lake by hydroacoustic method

TS<-28 dB)/K~F- 74 J Z= T A RAE (B 4), K
ST R, BRI 0 2 S TR A
4 5 [X 2k (Kruskal-Wallis test, P<0.05), .25 15 %%
J&¥ 9(27861.52+1586.10) ind./ha; Kk Z= M & Z=ALE L
R e S X 3 £ 2 A A BN A A, K
3 IE AR 2R 38 B FE 53900 9(12085.29+1115.98)
(16833.344+2126.29)F1(12669.03+2221.77) ind./ha; &
ZE3N X3 1 2T 3% B 9 i) D (2292.67+371.56)
(2599.14+220.82)F11(5469.19+2277.60) ind./ha; &%
b 6 DX 38R 7 S X4 A A 3K 22 7 PE (Kruskal-
Wallis test, P<0.05), 5135 %5 FZ 5373l (4258.89+
634.92)F11(2584.75+1695.83) ind./ha (¥ 5). FFHAE
SR T3 XA AN Z AT ) 2R TS, B &L
0 DX 5k #8 JETS I 25 K T v 5 70 B 8 X 35(P<0.05),
1 P TSI 5 A N AL (-52.65+0.20) dB [(9.16+

. Y- - N
F = e mjj:{‘;h density (‘“dga) 0.22) cm]+ HEH(-60.87+0.13) dB [(3.56+0.20) cm]+
cason H/MEMin B Max “F#J{EMeantSE - N
A # (-61.40+0.11) dB [(3.35+£0.19) cm]; kK Z&
5 7 Summer 4290 63297572 23851.61+889.30 H ”BS N ) [L o ) eml; A M s
(20224E6 ) 50 R I A 3 2 R (P<0.05), K8
o T n N .
g;;;g‘ggl 12637 47614470 14185.69+1106.54 TSIE S 3 9L EH(=60.9620.25) dB [(3.52+0.17) cm].
% ZFEWinter 19.01 128195.57  2423.19£179.54 HHRC57.55+0.21) dB [(5.22+0.14) cm]+  FFf-60.56+
(20234F1 1) e > A~
%ési%ring 22.43 258473.69  3382.16+440.71 0.24) dB [(3.69+0.13) cm]; &= £ R TSLE 3 [X 1k
(2023%3H) ANAEAE B3 22 5 (P>0.05); 7 2= VH g b6 56 (1 26
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Fig. 4 Horizontal distribution of fish density during four seasons in Erhai Lake
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Tab. 5 Spatial and seasonal variation of fish density estimated by hydroacoustic method in Erhai Lake
X 35 SERA K #1249 FE Fish density (ind./ha, mean+SE)
Distribution Average water depth (m) = Summer F Autumn A Winter #Spring
163 North 791 27861.52+1586.10 12085.29+1115.98 2292.67+371.56 4258.89+634.92
138 Middle 13.2 23985.47+1383.46 16833.34+2126.29 2599.14+220.82 3162.82+2096.42
F33 South 7.98 22345.71+3413.35 12669.03+2221.77 5469.19+2277.60 2584.75+1695.83
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TS 3 K T & A Fg &6 [X 35 (P<0.05) 1 251 1
TSE 73 5 9 4k &5 (-58.9240.24) dB [(4.46+0.21)
cm]. 1 #B(-62.60+0.39) dB [(2.92+0.24) cm].
#B(—64.21+0.36) dB [(2.42+0.27) cm; 3 6],
23 BAEEND

R E M RERYN, . AFERLLL
2.5—6.5 m/K JZ 1 25 5 H i m (B 5), 40 N
32.99%-. 30.65%F162.78%, faH1EIX—/K)Z )Py
5 43 99 O (11358.76+613.35),  (7871.08+712.42)
A1(5115.10£675.38) ind./ha. %Z=LL14.5—18.5 m/K
ER A LR &, N34.05%, BRCP YN
(2259.99+218.37) ind./ha (£ 7).

S b, CRETERE KR 7K AN 10.5 m
), FKARLL6.S miE NEEEH FEKZEEHR T
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Tab. 6 Spatial and seasonal variation of fish mean TS by hydroa-

coustic method in Erhai Lake

X 45 7K 75 2% TSHJ{Emean+SE (dB)
Distribution  ZFSymmer #kAutumn & Winter ~ #Spring
JtNorth  —57.56+0.20 —60.96+0.25 —55.30+0.31 —58.92+0.24

FMiddle —60.87+0.13 —57.55+0.21 —57.01+0.21 —62.60+0.39

FgSouth —61.40+0.11 —60.56+0.24 61.97+0.30 —64.21+0.36
4 EkPercentage (%)
0 20 40 60 80100 0 20 40 60 80 100
25651 2565
6.5—10.5 6.5—10.5
2 105145 10.5—14.5
= 145185 14.5—18.51
81852250  ESummer 18522501  FkAutumn
g 0 20 40 60 80100 0 20 40 60 80 100
i 2565 25651
® 651050 6.5—10.5 [
10.5—14.5[ 10.5—14.5 1
145185 — 145—18.50
1852250  AWinter g5 995 4 Spring

Kl 5 IR ZE A Rl K S fh S 5 B AT RFAE
Fig. 5 Vertical distribution characteristics of fish density in

different layers of Erhai Lake in different seasons
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A F I AT VP AR 22 43 fif R ) 36 455 0 4k
KIR(WT). ZE(NH;-N). % W] (SD)AI = 4R B
HEL(CODyy, )41 23 5200 K -2 TRDA 73 HT(Monte
Carlo, P<0.05). RDAZ SR, 7K AN & f g 2h ¥
55— R B AU O, A 4 0 S -0.87F1
—0.46; 2 EFE B 5 58 —HE P Rl S ME K, 1)
BAARKR, MM 9-0.95F1-0.57 . & (Hle)
2 F 11 (Ppa) -5 7K AN 1 2 T 3h 48 Bl 2 TE A OG5
A, il (Cau) I IR IR JE L (Rel) 5 & A B
BIEMKKRE 7).
3 iTig
3.1 GEEFEHEMEEHE

BN, S REN IRy Sy VP Tt
1R T, A MRy T B W) UF jE £, B A
RKAFEONE ., B, X 5RT IS RO — 3,
1 9 B A VEL Ui SR AR IR R o T e BT
T 0 DX V& AN /N B A A T 3R R B, R IV AT
A o DX 3K 7 b A 7 8 A P R AN B 2 e 3
DLAR SR /N TR 1 28 o pR AL % 22 I e B, 7
VELIE 5 S ) /N TR i K28 A A SR ™ o R /N TR
18 AR A B SRR, — 5 TH AT R A R D v S i v
(1 X8 P R D, KRR S RASAIE 2,
545 0 MR IR B ] 56 S 50 /0N, 135 # 2RH R AR
1788 7R E 59 o ™, RSP 48 )
IR F At R I, B B A A e 4 ST R A fl s
Xof b 25 A0 MR BSCECOR SR, T AR R 2R PR A
PR AR TR G I DX R SRR IR A O
S /N B 8 2 O T L A SRR ) 5 — SR RAE T,
TREWpR R, A, RS S MK A S
PEAR . MR B ) S AR R, BBIE T
33X e SRR B FR B E A DY, EE RIS
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Tab. 7 Seasonal variation of fish density between different water layers estmaited by hydroacoustic method in Erhai Lake (mean+SE)

IR 4 285 [ Fish density (ind./ha)

Water depth (m) 5 Summer K Autumn % Winter % Spring
2.5—6.5 11358.76+613.35 7871.08+£712.42 2068.64£174.19 5115.10+675.38
6.5—10.5 9088.55+459.34 7022.65+609.18 1115.07+£129.38 1338.33+283.05
10.5—14.5 6162.42+690.32 5421.32+545.03 1465.15+263.13 730.78+270.20
14.5—18.5 3747.19+£322.90 2532.824915.72 2259.99+£218.37 462.72+236.50
18.5—22.5 2066.50+482.06 2763.42+518.12 907.61£136.69 46.94+0.00
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Abbreviations for fish species can be found in Tab. 1
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SPATIAL-TEMPORAL DISTRIBUTION CHARACTERISTICS OF FISH
RESOURCES IN ERHAI LAKE BASED ON HYDROACOUSTICS
AND CATCH SURVEY METHODS

ZHANG Hang"’, LIANG Zhi-Ce"*, KUANG Chen-Yi"’, ZHOU Ting"’, LIAO Chuan-Song ,
YUAN Jing', GUO Chuan-Bo"? and LIU Jia-Shou"’

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Donghu Lake Ecosystem Experimental Station, Institute of
Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Erhai Lake, the second largest plateau freshwater lake in Yunnan Province, is known for its unique fish
resources. In order to understand the temporal and spatial dynamics of fish resources, we evaluated the community
structure and spatial-temporal distribution of fish in Erhai Lake by using hydroacoustics and catch survey methods from
2022 to 2023 this study. Additionally, the relationship anmong fish community structure, fish distribution characteris-
tics, and environmental factors was analyzed. A total of 22 fish species were identified in the fishery survey, belonging
to 17 genera, 8 families, and 4 orders, with Rhinogobius giurinus being the dominant species. The hydroacoustic survey
results showed that the TS value of fish mainly ranged from —70 to —58 dB (total length 1.2—5.0 cm) in four seasons,
accounting for 88.40%, 83.03%, 84.53%, and 82.92% in summer, autumn, winter, and spring, respectively. The ave-
rage target intensity of fish in summer, autumn, winter, and spring were (—59.08+0.08) dB, (—54.99+0.15) dB,
(—55.90+0.16) dB, and (—58.07+0.18) dB, respectively. Fish densities were as follows: (23851.61+889.30) ind./ha in
summer, (14185.69+1106.54) ind./ha in autumn, (2423.19+179.54) ind./ha in winter, and (3382.16+440.71) ind./ha in
spring. Spatially, fish in summer and spring were primarily concentrated in the northern region. Vertically, a higher
proportion of fish were found in the 2.5—6.5 m water layer during summer, autumn, and spring, accounting for
32.99%, 30.65%, and 62.78%, respectively, whereas in winter, 34.05% of the fish were found in the 14.5—18.5 m
water layer. Significant vertical migration was observed in winter and spring. Redundancy analysis (RDA) showed that
water temperature (WT), ammonia nitrogen (NH;-N), transparency (SD), and high salinity index (COD,,,) signifi-
cantly affected the distribution of small fish in Erhai Lake. This study demonstrates the feasibility of combining acous-
tic surveys with catch surveys to investigate the spatial and temporal distribution of fish resources. The results provide a
scientific basis for the protection and restoration of fish resources in Erhai Lake.

Key words: Hydroacoustics; Community structure; Spatial and temporal distribution; Erhai Lake
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