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Tab. 1 The ability and the handling method on the echo sounder for shallow lakes

. BAgA EHHA
Horizontal echo sounding Vertical echa sounding
1. %5 % (KHz) 200 200
1 Transmiting fregueucy
2. R B GR B 2D 750 1500.
2 Trausmiting times (time/min)
3k A 30 30
3 Halving half-angle
4. BERER - B) 13 6.5
4 Resolving pocler (mm sec)
5. RHERCE 3 3
5 Transmiting distence (m)
6. DR R BB (X /4D 0.8 , 0.3
6 Speed of chartpaper (cm/min)
7 BB BEECR) 0.067—0.085 0.067—0.085
7 Depth of echa souder (m)
8. B R (5) 10 10
8 Receiving sensitivity (s)
9. M HME (ATT, —dB) 30 30
9 Variable resistance attenuator
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Fig. 1 A morphological map of lake Dong-hu and 2 standard cruising
course for an echo survey. (modified partially from the map ed. by
Geological group, No. 4 section, Hydrobiological Institute of Hubei province; 1963)
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F2 EHEENMEHOENME (2. 19835 10 §; b. 19843 A)
Tab. 2 Estimation of Fish Population in Lake Dong-Hu (a. Oct., 1983; b. Mar., 1984)
a
Morning Research
Distance Depth Area Density Density Density No.
(Km) (m) (Km?) (Dh/Km?) | (Dv/Km?®) | (D/Km?) Fish
A—1 1.66 2.963 1.136 11474 103037 114512 130085
1—H 1.07 3.695 0.472 1780 78964 80744 38111
‘H—Q 3.37 4.158 4.686 1201 32028 33229 155710
Q—P 2.68 3.787 2.963 1333 14816 16148 47847
P—R 1.60 4.066 1.056 1637 38573 40209 42461
R—S 1.29 3.546 0.686 4430 38113 42543 29184
Total 11.67 11.000 443399
Afternoon Research
Distance Depth Area Density Density Density No.
(Km) (m) (Km?) (Dh/Km?) | (Dv/Km?) | (D[Km?) Fish
A—1 1.66 3.022 1.136 16638 66100 82738 93991
I—H 1.07 3.875 0.472 3783 33182 36965 17448
H—Q 3.37 4,080 4.686 3321 27401 30722 143962
Q—P 2.68 3.906 2.963 2488 17124 19611 58109
P—R 1.60 3.875 1.056 2679 39943 42622 45009
R—S 1.29 3.533 0.686 3507 79363 82869 56848
Total 11.67 11.000 415366
b
Morning Research
Distance Depth Area Ednsity Density Density No.
(Km) (m) . (Km?) (Dh/Km?) | (Dv[Km?) | (D/Km?) Fish
A—1 1.66 2.431 1.136 14630 119906 134536 152833
I—H 1.07 3.130 0.472 39163 188756 227919 107578
H—Q 3.37 3.556 4.686 23739 57122 80861 378913
Q—P 2.68 3.135 2.963 2843 49163 52005 154092
P—R 1.60 3.303 1.056 13690 126650 140341 148200
R—S 1.29 3.042 0.686 6460 22800 29260 20072
Total 11.67 11.000 961688
Afternoon Research
Distance Depth Area Density Density Density No.
(Km) (m) (Km®) | (Dh/Km?) | (Dv/Km®) | (D/Km®) | Fish
A—1 1.66 2.456 1.136 5450 37779 43229 49108
I—H 1.07 3.415 0.472 5785 134265 140051 66104
H—Q 3.37 3.439 4.686 3745 107777 111522 522592
Q—P 2.68 3.09 2.963 1333 113252 114584 339513
P—R 1.60 3.316 1.056 2381 185748 188129 198664
R—S 1.29 3.008 0.686 4061 78760 82821 56815
Total 11.67 11.000 1232800
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Dyi = (0ai/ Vi) X 1.5 (4)
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Fig. ? TFcho traces of fish individuals by the vertical echo sounder for shallow lakes
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Fig., 3 Echo traces of fish individuals by the horizontal echo sounder for shallow lakes
(Oct, 12, 1983, Morning, Water temperature 17.5°C, Dong-hu Lake)
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Fig. 4 A time Series graph of n, Echo trace counts of fish individuals
per 100m unit distance, by the vertical echo sounder
Symbol X means n, value; a broken line graph represents three
points-moving averages of n, Alphabets; A to S represent station points
on a standard cruising course for an echo survey
a Morning, Oct., 1983 b Afternoon, Oct., 1983

¢ Morning, Mar., 1984
d Afternoon, Mar., 1984
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Fig. 5 A time series graph of ny; Echo trace counts of fish individuals
per 100m unit distance, by the horizontal echo sounder.
Symbol X means n; value.
a broken line graph represents three points-moving average of np.
Alphabets A to S represeat station points on a standard cruising course for an echo survey.
a. Morning, Oct., 1983; b. Afternoon, Oct., 1983;
c. Morning, Mar., 1984; d. Morning, Mar., 1984
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#3 EEGKGH, HOHTHEITE (o 1983410 A3 b. 198453 A)
Tab. 3 A two way analysis of variance for fi, values by vertical echo Sounder.
Factor A means a time (morning and after noon), and factor B a lake-division.
a3 Oct., 1983, b; Mar., 1984.
a
Factor B Al H HQ QP PR RS
Factor A
Morning 2.500 2,300 0.970 0.432 1.125 1.083
Afterncon 1.625 1.000 0.818 0.500 1.125 2.250
Analysis of variance

Factors DF SS MS 13 P

Factor A 1 0.10 0.10 0.2725 >0.05,NS

Factor B 5 3.46 0.69 1.8961 >0.05,NS

Error 5 1.82 0.36
Total 11 5.38
b
Factor B Al 15! HQ QrP PR RS
Factor A
Mornjng 2.563 4,900 1.545 1.231 3.188 0.583
Afternoon 0.875 3.700 2.848 2.808 4.688 2.000
Analysis of variance

Factors DF SSs MS F P

Factor A 1 0.71 0.71 0.6229 >0.05,NS

Factor B 3 15.33 3.07 2.7082 >0.05,NS

Error 5 5.66 1.13

Total 11 21.70

(1) 6, BHFEIR
10 AR o, BZE(LTERES 0.43 B 2.50 (& 32), Hh 41 0.43 2 2.50, 46 0.50
F 2.25, AL B9 0, {HE, QP &Ko HEMMERNER DEMEAMEN 5 %, MKHRD
XK, o, BREBENE. 3 AN o, WAELTEEN 058 F 4.69 (& 3b)o 14
M 0.58 21 4.90, T4+ 0.88 3 4.69,
Mo #0110 A AL R —RE, R R AT X HBOE s BEE o

WX, TH Z[AK 6, ER X, RS ZHKER



322 X £ £ #B Z #® 10 %
¥4 WEALE D, WEHZTHEINE (2 1983410 H; b 198443 A)
Tab. 4 A two way analysis of variance for fiy values by horizontal echo sounder.
Factor A means a time (morning and aftornoon), and factor B a lake-division.
a; Oct., 1983, b; Mar., 1984,
a
Factor B Al IH HQ QP PR RS
Factor A
Morning 5.000 0.800 0.520 0.580 0.6%0 2.000
Afternoon 7.250 1.700 1.420 1.080 1.130 1.580
Analysis of variance

Factors DF SS Ms F P

Factor- A 1 1.74 1.74 4.5541 >0.05,NS

Factor B 5 42.48 8.50 22.2287 <0.01

Error 5 1.91 0.38

Total 11 46,13

b
Factor B Al IH HQ QP PR RS
Factor A
Morning 6.380 7.680 10.180 1.230 5.750 2.080
Afternoon 2.380 5.830 1.610 0.580 1.000 1.830
Analysis of variance

Factors DF 58 MS F P

Factor A 1 33.57 33.57 6.8812 <0.05

Factor B 5 50.77 10.15 2.0817 >0.05,NS

Error 5 24.39 4.88

Total 11 108.73

(2) m BFHESH

10 B438 6 M 0.52 B 7.25 JUBNA (L (3K 42)0 LR 6, M 0.52F] 500, T4H
1.08 B 7.25, XIR Al Z[AIRY 6y s, KM EB K. M EFIHERTIA, L T4
B o, EEBEEN, AARRBZANEERE 1%, ZREFRE. 7IA 10 Aia%k
TR BRI ENRK.

3 ARy o, EZELIRK, M 058 5] 10.18 (3 4b)o LAFHY 6 M 1.23 2] 10.18, R4
H 0.58 1 5.83, WX 2E A AFQAM oy EE, QP ZAMER /N T ETITHIERE,
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STUDIES ON ACOUSTIC ESTIMATION OF FISH
POPULATIONS IN LAKE DONG-HU
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Abstract

Fish populations in Lake Dong-hu, Wuhan, China, were estimated by using the echo so-
under for shallow lakes.

The transducer was set vertically or horizontally to receive the fish echoes from all water
layers.

It was recognized that there were differences between fish densities in lake-divisions accor-
ding 10 the results of time series analysis and two-way analysis of variance for the number of
echo traces on 100 m unit distances, fish densities in the searching volumes calculated with the
main beam angle of an ccho.

Fish populations estimated were discussed in connection with catch, numbers of [ish stock-

od and fish distribution in the lake.

Key words Fish population estimation, Echo sounder, Shallow lake



