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Abstract 

Three seine nets (TSN method) laid simultaneously from the bank to form concentric semicircles (enclosing an area of 
350 m2) and hauled one after the other were employed for the removal fishing technique in littoral zones with reduced 
velocity in the Parana River catchment. Fish density was estimated using the Zippin maximum likelihood method. The 
efftciency of this TSN method, estimated by two different indexes was not diminished by the size of the populations, but 
was limited by the kind and amount of obstacles on the bottom (submerged macrophytes, branches, mud) and the habitat 
preferences of the fish taxa. TSN was found to give best results for pelagic fishes, slightly less good for bentho-pelagic, and 
less good again for benthic ones, although it was not altogether unsatisfactory for quantitative research on fish populations. 
0 1997 Elsevier Science B.V. 
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1. Introduction 

One sampling method applied in a large river 
cannot provide credible density estimates, or even 
assessments of fish species richness (Pardue and 
Huish, 1981; Cassehnan et al., 1990). Bayley and 
Dowling (1993) suggest that ‘along with fish size, 
various habitat features strongly affect efficiency, but 
in different ways, depending on sampling methods 
and species groups’. The efficiency of a given sam- 

* Corresponding author. Department of Ecology and Vertebrate 

Zoology, University of L&&Z, 12/16 Banacha Sk, Poland. 

pling method decreases with the increase in number 
of separate habitats in large rivers. In the profile of 
the Parana River, in which we also used other sam- 

pling methods, their number was very high (Bonetto, 
19751, as in other parts of the catchment studied. 

Electrofishing, commonly used in temperate zone 
rivers, will never be fully useful in Latin America 
due to the frequent low water conductivity 
(Welcomme, 1985; Zalewski and Cowx, 1990; 
Penczak and Rodriguez, 1990; Cordiviola de Yuan, 
1992; Lasso and Castroviejo, 1992; Menni et al., 
1992; Penczak et al., 1994). Conductivity is a conve- 

nient measure of the quality of water for electrical 
transmission. Restrictions in using this method may 
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Table 1 

Description of three sampling areas at the time of collection. The lower part of the table shows type and amount of obstacles at sites of 

sampling. - : none; + : little; + + : common; + + + : abundant; ’ annual mean 

Parameters /Area Ivai (Tactuara) Parana 

Baia River Cortado Channel 

Bed width (ml 

Littoral depth (ml 

maximum 

mean 

Bottom structure 

(Proportion) 

Velocity in littoral 

(m s-r) 

Conductivity 

(PS cm-‘) 

Transparency (cm) 

Adjacent area 

Obstacles/Sites 

Pieces of wood 

Clumps of macrophytes 

Mud 

200 

1.5 

0.7 

Sand:mud 

(9:l) 

0.2 

30.0 

25.0 

Pastures 

hai 

1 2 3 4 
- + ++ + 
- + + + 

300 

1.3 1.8 

0.4 0.7 

Sandzmud Sandzmud 

(2:l) (1:2) 

0.12 

0.74 a 1.01 a 
Pastures Arable land 

Baia Ch. Cortado Ch. 

80 

0.06 

5 6 7 
- - - 

+ - 

- + + 

8 

- 
++ 

occur at 100 pS cm-’ according to Reynolds (19831, 
and below 60 pS cm- ’ according to Fisher and 
Brown (1993). Alabaster and Hartley (1962) claim 
that for the latter value fishing efficiency is already 
close to nil. In small tropical rivers of low discharge 
this problem may be overcome by salting the water 
and continuously monitoring with an automatic con- 
ductometer with an electrode to check if the water 
conductivity is sufficient for electrofishing. In large 

rivers this approach would be difficult, and even if 
possible it would be expensive, because tons of salt 
would have to be used. Further, the possibility of 
damage to the fauna prevents the use of such meth- 
ods. 

While searching for solutions to such problems 
during fish sampling in the habitats of large, low 
conductivity rivers of the Parana (littoral zone with 
small velocity, lagoons, old river arms, oxbow lakes 

Fig. 1. Seine net with a bag. For net’s dimensions see ‘Methods’. 
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Fig. 2. Three seine nets method employed in the littoral zone of the Ivai River. The first net is just being hauled. 

and others with low velocity), we tested the use of 
three seine nets (TSN) laid simultaneously from the 
bank to form concentric semicircles and hauled one 
after the other (Penczak and O’Hara, 1983). Three 
nets are required, because that number is the mini- 
mum for any accurate estimate of density employing 
a removal technique (Raleigh and Short, 1981). 

2. Study area, materials and methods 

2.1. Study area 

Sampling was carried out in the littoral zone of: 
(1) the Ivai River; (2) Baia River; and (3) Cortado 
Channel, which is one part of the braided channel of 

Fig. 3. Setting tbe seine nets in a deeper part of the hi River with a boat. 
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the Paran& All of these sites are situated in the 
Paranl River catchment in north-western comer of 
State Parana. 

The Ivai River, 695 km long, is a left bank 
tributary of the ParanL River, entering the main river 
505 km along its course. The sites are located 611 
km downstream of its sources (Table l), near the 
mouth of its tributary, the Taquara. They were sam- 
pled on 18 November 1994. 

The Baia River, located on the right side of the 

Parani River floodplain, is 75 km long and runs 
parallel to the main channel. It flows into the Parand 

at the 430 km of the latter’s course. The river is 
highly sinuous and is connected with many lagoons. 
The upper stretch (17 km) was intercepted by the 

Port0 Primavera dam. The site sampling was in a 

‘baia’ (enlargement of the channel) 65 km down its 
course (Table 1); the sampling date was 26 Novem- 
ber 1994. 

The Cortado Channel is part of a typically braided 
channel of the Parana River, with a large number of 
islands and sandy bars. The Pam&i River has 810 km 
within Brazilian territory, excluding the Paranaiba 
River (1070 km), its natural prolongation. The sam- 
pling sites were 435 km down its course, near the 
confluence of the Cortado Channel. The date of 

collection was 26 November 1994, and the site 
description is given in Table 1, which also contains a 

qualitative and quantitative description of obstacles 
to nets. 

Table 4 

Results of three removal catches in the Ivai River at Site 1 and 2. SIN: species identification number according to Tables 2-3. C, and B, 

are total number and total weight of fish caught, repectively. N is estimated density value with 95%CL. B is estimated standing crop. R is 

statistic which tests the validity of the Zippin model, p is capture efficiency, e fishing efficiency index, * Zippin method not applicable; 

a absolute estimate; p: pelagic, b: benthic, pb: pelagic-bentbic (see text for explanations) 

SIN 

Site 1 

lb 

2P 

3pb 

4b 

5 

7b 

8pb 

9b 

lob 

1lP 

12pb 

13 

14b 

15P 

17P 

18b 

Total 

cs 4 (8) N 

179 72.8 185 

114 97.7 115 

37 139.0 37 

199 83.8 206 

3 1.9 3a 

1 458.1 la 

1 0.4 la 

3 2.0 3a 

1 3.5 1” 

30 21.0 30 a 

1 26.1 la 

7 2.8 7a 

24 32.4 26 ’ 

1 16.8 1” 

15 49.6 16 

148 1715.2 152 

764 2723.1 785 

95%CL 

7 

2 

0 

7 

3 

5 

B (g) 

75.2 

98.6 

139.0 

86.7 

1.9 

458.1 

0.4 

2.0 

3.5 

21.0 

26.1 

2.8 

35.1 

16.8 

52.9 

1761.2 

2781.3 

R P e 

0.34 0.70 3.8 

0.16 0.85 1.7 

0.08 0.92 0.0 

0.34 0.70 3.4 

0.47 0.60 18.8 

0.29 0.74 3.3 

N ha-’ B kgha-’ 

5286 2.15 

3286 2.82 

1057 3.97 

5886 2.48 

86 0.05 

29 13.09 

29 0.01 

86 0.06 

29 0.10 

857 0.60 

29 0.75 

200 0.08 

743 1.00 

29 0.48 

457 1.51 

4343 50.32 

22432 79.47 

Site 2 

lb 28 9.4 29 3 

2P 3 2.6 3a 

3pb 6 48.6 7’ 

4b 72 52.8 84 * 

14b 3 2.9 3a 

17P 6 21.6 7 2 

18b 1 6.5 la 

Total 119 144.4 134 

9.7 0.32 0.71 10.3 829 0.28 
2.6 86 0.07 

56.7 200 1.62 
61.6 2400 1.76 

2.9 86 0.08 
25.2 0.50 0.57 28.6 200 0.72 

6.5 29 0.19 

3830 4.72 



T. Penczak et al. /Fisheries Research 31 (1997) 93-106 99 

Table 5 

Results of three removal catches in the Ivai River at Site 3 and 4 (see Table 4 for symbols’ explanations) 

SIN C, B,(g) N 958CL B(g) R B e N ha-’ B kg ha-’ 

Site 3 

lb 

2P 
3pb 
4b 
6 

1lP 
14b 

15P 
17P 
Total 

Site 4 
lb 

2P 
3pb 
4b 
5 

9b 

1lP 
13 
14b 

16~ 
17P 
18b 
Total 

24 9.4 35 32 13.7 
14 12.7 17 9 15.4 
1 5.7 la 5.7 

35 10.8 37 5 11.4 
1 0.5 1” 0.5 
2 0.6 2a 0.6 
8 29.3 8 0 29.3 
1 23.2 la 23.2 
1 2.2 la 2.2 

87 94.4 103 102 

88 22.1 113 ” 28.4 
63 52.0 67 6 55.3 
17 41.1 18 4 43.5 
96 28.3 97 2 28.6 

9 4.2 9” 4.2 
1 0.6 1” 0.6 
2 1.5 2” 1.5 
9 3.2 9 1 3.2 
7 8.7 9 9 11.2 
1 2.6 la 2.6 
7 16.3 Ia 16.3 

16 191.1 16 1 191.1 
316 371.7 349 386.5 

0.75 0.32 91.4 
0.64 0.43 52.9 

0.46 0.60 13.5 

0.13 

0.43 
0.47 
0.17 

0.22 
0.71 

0.19 

0.88 0.0 

0.63 9.0 
0.59 22.2 
0.85 2.1 

0.80 11.1 
0.36 100.0 

0.83 6.3 

1000 0.39 
486 0.44 
29 0.16 

1057 0.33 
29 0.01 
57 0.02 

229 0.84 
29 0.66 
29 0.06 

2945 2.91 

3229 0.81 
1914 1.58 
514 1.42 

2771 0.82 

257 0.12 
9 0.02 

57 0.04 
257 0.09 
257 0.32 

29 0.07 
200 0.47 
457 5.46 

9971 11.22 

2.2. Material 

A total of 28261 fish comprising 41 taxa were 
caught (Tables 2 and 3). Scientific names of fish in 
many cases were restricted to genera, or numbered 
within a given genus because the taxonomic affmity 
of certain captured fish has not yet been determined, 
and descriptions of new species are expected. 

2.3. Methods 

Sampling was carried out using seine nets with a 
bag (Hayes, 1983). Each net had the same dimen- 
sions, 50 m in length, 2.8 m in depth, and 3.5 m in 
the length of bag (Fig. 1). The wall of the net was 
made of 8 mm mesh knot to knot multifilament 
material, and the bag was 4 mm mesh. Plastic floats 
had been mounted on the floatline and bottom line 
incorporated lead weights to prevent it lifting on 
submerged weeds or other fine obstacles. 

After laying all three nets together on the bank 
they were drawn simultaneously into the water to 
form closed semicircular areas of ca 350 m*. This 
was done by either using a boat or by wading, 
depending on the depth of the water. When a boat 
was used nets were connected by means of long 
ropes to prevent the boat engine scaring the fish. 
(Figs. 2 and 3) Each net was then alternately hauled 
back, onto the bank. The nets were thus hauled to 
carry out a removal technique in the following order: 
inner (C 1 >, middle CC,), and outer (C s) and the fish 
collected in each net were investigated separately. 
They were preserved in formalin and taken to the 
laboratory for identification, counting and weighing. 

The Zippin (1956) maximum likelihood estimate 
method was used for density calculation. Density 
(N) and variance (V,) were obtained from the equa- 
tion: 

N= C, + l/(1 -a”), 
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Table 6 
Results of three removal catches in the Baia Channel at Site 5 (see Table 4 for symbols’ explanation) 

SIN c, B, (8) h’ 95%CL B (g> R B e N ha-’ B kg ha-’ 

lb 180 77.1 288 * 

2P 159 116.8 159 

3pb 238 546.2 255 

Sb 430 219.5 436 
lb 2 0.7 2a 

8pb 648 303.3 648 
9 22 4.9 22 

10 5122 1765.6 5122 
12b 1 12.1 la 

13b 1 3.5 la 

16~ 3 1.5 3a 
17 502 99.1 544 
18pb 5 2.5 8 

19 4 1.3 4a 

20b 32 1029.5 34 

23pb 2 106.3 2a 

24b 4 126.6 6’ 

25P 6 16.4 6 
26pb 7 5.1 7 

27P 6 4.3 6 

28~ 1 3.5 la 
29b 2 10.9 2” 

3op 5 13.8 5 

32b 2 1.9 2” 
33pb 11 7.8 11 

34pb 7 175.0 7 

35b 1206 6476.2 1825 

Total 8608 11 131.4 9407 

1 
13 
6 

0 
1 
0 

22 
125 

4 

0 
2 
0 

1 

2 
1 

294 

123.4 
116.8 
585.2 
222.6 

0.7 
303.3 

4.9 
1765.6 

12.1 
3.5 
1.5 

107.4 
4.0 
1.3 

1093.8 
106.3 
202.6 

16.4 
5.1 
4.3 
3.5 

10.9 
13.8 

1.9 
7.8 

175.0 
9800.2 
14 693.7 

0.11 
0.46 
0.22 

0.09 
0.18 
0.05 

0.49 
0.80 

0.44 

0.17 
0.43 
0.17 

0.20 

0.36 
0.29 
0.76 

0.89 0.6 
0.60 5.1 
0.80 1.4 

0.91 0.0 
0.84 4.5 
0.95 0.0 

0.58 4.0 
0.27 > 50 b 

0.62 11.8 

0.85 0.0 
0.63 28.6 
0.85 0.0 

0.82 20.0 

0.68 18.2 
0.74 14.3 
0.31 16.1 

8229 3.53 
4543 3.34 
7286 16.72 

12457 6.36 
57 0.02 

18514 8.67 
629 0.14 

146 343 50.45 
29 0.35 
29 0.10 
86 0.04 

15 543 3.07 
229 0.11 
114 0.04 
971 31.25 

57 3.04 
171 5.79 
171 0.47 
200 0.15 
171 0.12 
29 0.10 
57 0.31 

143 0.39 
57 0.05 

314 0.22 
200 5.00 

52 143 280.01 
268 772 419.84 

and 

v, = 
N(l - a”>(1 - [l -4^s]) 

(l-Qs)*-(fis)*(l- [l-@1)/(1-s> 

where C, is the total number of fish in s catches, 
I - 4’ and j? are determined from the Zippin (1956) 
graphs for R value (Seber, 1973): 

R= k (i-l)Cr = c2+2c, 

ix1 c,+1 c, + c* + c, 

The 95% confidence limits (95%CL) for N are 
f 1.96,/V,. Standing crop (B) (estimated biomass on 
defined area and time> was calculated from the equa- 
tion (Mahon et al., 1979): 

B = B, N/C, 

where B, in the total weight and C, total number of 
fish caught. 

When the number of fish caught in three catches 
was I 3, or if all fish were collected by the first net 
(the inner) it was assumed that C, = N, and was 
considered an ‘absolute estimate’ of fish density and 
standing crop. 

If the Zippin method was not applicable (i.e. no 
progressive decline in successive catches) the esti- 
mated density (N) was obtained by multiplying C, 
by the proportion N/C, for a species characterized 
by a lower value of catch efficiency ( j> at a given 
site. 

The fishing efficiency and accuracy of density 
estimates were assessed using two indexes: (1) - fi 
the efficiency of first catch read out from the Zippin 
(1956) model; and (2) e = 95%CL X 100/N. The 
fishing efficiency with TSN using B and e were 
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assessed on a 4-point scale (Penczak and Romero, 

1990): 

fi e 
Very good 2 0.8 I 10% 
Good 0.79 - 0.60 11 - 25% 
Adequate 0.59 - 0.40 26 - 50% 
Bad IO.39 > 50% 

Two indices of fishing efficiency were employed 
because 3 is stimulated by the efficiency of the first 
net (catch), and e is weighted by the range of 

95%CL. 

3. Results 

Tables 4-9 present data on total number, and total 
standing crop (SC) of fish caught by TSN, estimated 

Table 7 
Results of three removal catches in the Baia Channel at Site 6 (see Table 4 for symbols’ explanation) 

SIN CS B, (g) N 95%CL B (g) R B e N ha-’ B kg ha-’ 

0.61 0.46 8.1 3000 1.45 lb 

2P 
3pb 
4 
Sb 
6b 
7b 

8pb 
9 
10 

16~ 
17 
18pb 
20b 
21 
22pb 
24b 

25~ 
26pb 

27~ 
29b 

3op 
32b 
33pb 
34pb 
35b 
Total 

89 
127 

34 
2 

50 
1 
6 

323 
5 

1486 
2 

39 
1 
4 
1 
1 
6 
1 

37 
2 
2 
3 
1 
1 
2 

97 
2323 

42.9 
90.3 
57.0 

3.9 
14.0 

8.2 
2.9 

155.0 
1.2 

474.2 
1.0 

10.5 
0.4 

87.2 
0.4 

49.6 
44.8 

2.5 
31.3 

1.4 
11.6 
9.1 
0.1 
0.3 
1.1 

589.7 
1690.6 

105 
127 
34 

2a 
54 
la 

7’ 
323 

5 
1486 

2” 
44 
la 
4a 
1” 
la 

7* 
la 

44’ 
2” 
2a 
3a 
la 
la 
2a 
99 

2359 

19 50.6 
1 90.3 
1 57.0 

3.9 
7 15.1 

8.2 
3.4 

0 155.0 
2 1.2 
0 474.2 

1.0 
9 11.8 

0.4 
87.2 

0.4 
49.6 
52.9 

2.5 
36.9 

1.4 
1.6 
9.1 
0.1 
0.3 
1.1 

4 661.9 

density with 95%CL, estimated SC, statistic which 

tests the validity of Zippin method CR> and two 

fishing efficiency indexes (3, e) at the eight sites in 
the Parana River catchment. 

A total of 140 estimates of density and SC were 
made for given taxa. It is noticeable that ‘absolute 
estimates’ (59) constituted 42.1% of all estimates, of 
which in 36 cases a given taxon was captured in the 
first net (C,), which constitutes 25.7%, while in 23 
cases (16.4%) only I 3 individuals1 were captured, 
but with more than one net. 

Particular attention was paid to those taxa that 
occurred in the first and also in subsequent nets, 
when their total number was 2 4 specimens. A total 

of 81 such cases were recorded and for them the 
Zippin method for estimating density was applicable. 
In 18 (12.9%) of the 81 cases the Zippin method was 

not applicable. It was applicable in 63 (45%) and this 

group was further analyzed. 

1787.1 

0.12 0.89 0.8 
0.18 0.84 2.9 

0.48 0.59 13.0 

0.07 0.94 0.0 
0.40 0.65 40.0 
0.10 0.90 0.0 

0.54 0.53 20.5 

0.29 0.74 4.0 

3629 2.58 
971 1.63 

57 0.11 
1543 0.43 

29 0.23 
200 0.10 

9229 4.43 
143 0.03 

42457 13.55 
57 0.03 

1257 0.34 
29 0.01 

114 2.49 
29 0.01 
29 1.42 

200 0.51 
29 0.07 

1257 1.05 
57 0.04 
57 0.33 
86 0.26 
29 0.00 
29 0.01 
57 0.03 

2829 17.20 
67 403 49.34 
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Table 8 
Results of three removal catches in the Baia Channel at Site 7 (see Table 4 for symbols’ explanation) 

SIN C, B, <g> N 95%CL B(g) R B e N ha-’ B kgha-’ 

lb 29 21.5 32 7 23.7 

2P 50 35.7 50 1 35.7 

3pb 36 36.5 37 4 37.5 
5b 34 14.4 35 3 14.8 

7b 4 3.9 4 2 3.9 

8pb 99 46.2 99 1 46.2 

9 1 0.3 la 0.3 
10 2911 909.6 2917 5 911.5 
12b 1 11.9 la 11.9 
15 2 1.6 2a 1.6 

16~ 2 1.1 2a 1.1 

17 81 23.0 86 7 24.4 

llpb 42 19.6 42 1 19.6 

20b 17 396.6 17 1 396.6 

23pb 5 335.5 5 1 335.5 
24b 3 60.4 3a 60.4 
26pb 14 11.8 18 * 14.8 

27~ 3 2.0 3a 2.0 

3op 6 18.4 6 0 18.4 
32b 8 92.3 10 6 115.4 

33pb 2 1.1 2a 1.1 

34pb 4 1.3 4 2 1.3 
35b 19 101.1 24 * 126.4 
Total 3373 2145.8 3400 2204.1 

0.52 0.55 21.9 
0.16 0.85 2.0 

0.36 0.68 10.8 
0.35 0.69 8.6 
0.50 0.57 50.0 
0.12 0.88 1.0 

0.12 0.88 0.2 

0.46 0.61 8.1 
0.17 0.85 2.4 
0.18 0.84 5.9 
0.20 0.82 20.0 

0.17 0.85 0.0 
0.63 0.45 60.0 

0.50 0.57 

914 0.68 
1429 1.02 
1057 1.07 

1000 0.42 
114 0.11 

2829 1.32 
29 0.01 

83 343 26.04 
29 0.34 
57 0.05 
57 0.03 

2457 0.70 
1200 0.56 
486 11.33 
143 9.59 
86 1.72 

514 0.42 
86 0.06 

171 0.52 
286 3.30 
57 0.03 

114 0.04 
686 3.61 

97 144 62.97 

Table 9 

Results of three removal catches in the Baia Channel at Site 7 (see Table 4 for symbols’s explanation) 

SIN C, B, (g> N 95ZCL B (g) R B e N ha-’ B kgha-’ 

lb 140 33.5 175 ’ 41.9 5000 1.20 

2P 24 17.1 30 12 21.4 0.67 0.40 40.0 857 0.61 

3pb 17 129.8 18 l 162.3 514 4.64 

5b 2374 586.5 2725 86 673.2 0.56 0.51 3.2 77 857 19.23 

6b 2 52.0 2a 52.0 57 1.49 

8pb 55 25.1 56 3 25.6 0.27 0.75 5.4 1600 0.73 

10 9660 2503.0 9743 22 2524.5 0.19 0.83 0.2 278 371 72.13 

llpb 1 0.6 la 0.6 29 0.02 

14b 1 20.9 la 20.9 29 0.60 

16~ 113 49.7 113 2 49.7 0.14 0.87 1.8 3229 1.42 

17 23 4.6 29 * 5.8 829 0.17 

20b 9 169.2 11 * 211.5 314 6.04 

24b 34 15.4 43 l 19.3 1229 0.55 

25~ 2 0.9 2a 0.9 57 0.03 

27~ 33 24.1 33 1 24.1 0.12 0.88 4.3 943 0.69 

3op 2 5.8 2” 5.8 57 0.17 

31P 1 0.3 la 0.3 29 0.01 

32b 34 17.2 43 * 21.5 1229 0.61 

34pb 1 14.6 la 14.6 29 0.42 

35b 145 998.6 181 * 1248.3 5171 35.67 

Total 12671 4468.9 13210 5124.2 377 430 146.43 
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Table 10 

Evaluation of the efficiency with the TSN method according to stock density using indexes e (above) and fi (below) 

Population size Zippin not applicable Bad estimates Adequate estimatesGood estimates Very good estimatesTotal 

n % n % il % n % n % n % 

I 20 

21-100 

101-400 

>400 

I 20 7 24.1 2 6.9 6 20.7 5 17.2 9 31.0 29 100 
21-100 7 24.1 1 3.5 4 13.8 9 31.0 8 27.6 29 100 
101-400 4 28.6 1 7.1 4 28.6 5 35.7 14 100 
>400 1 11.1 2 22.2 6 66.7 9 100 

I 24.1 4 13.8 5 17.2 7 24.1 6 20.7 29 100 

7 24.1 1 3.5 1 3.5 7 24.1 13 44.8 29 100 

4 28.6 2 14.3 8 57.1 14 100 

1 11.1 8 88.9 9 100 

Estimates of which e = 0 (because 95%CL = 0) 
and C, = N also were considered ‘very good’ (Ta- 
bles 4-9). There were nine such density estimates, 
including three at the highest density values (Table 
6, Table 71, while estimates at e > 0, but with 
C, = N were 18, which indicates a high and propor- 
tional decrease in the number of fish of a given 
population in successive seine nets. For density val- 
ues with e = 0 the value of b was always high with 
a narrow range (K f SD = 0.89 f 0.04, range: 0.85- 
0.95). In contrast, for cases when C, = N, but e > 0, 
j was lower and amounted to 0.78 f 0.11 at a wide 
range: 0.57-0.89. 

Accuracy of fishing efficiency (3, e), estimated 
with TSN and taking into account the population 
size, is presented in Table 10. When the Zippin 
method was apllicable, ‘very good estimates’ for all 
four categories of population size for two indexes 
constituted the highest percentage of estimates, the 
next lower being ‘good estimates’ (Table 10). ‘Bad 
estimates’ constituted the lowest percent of all esti- 
mates and appeared most frequently in the case when 
population size 5 20 individuals. 

An evaluation of the efficiency of the TSN method 
for species from different habitats (Table 11) showed 
that the best results were obtained for pelagic taxa; 
the Zippin method was also always applicable. 
Slightly worse results were found for pelagic-benthic 
taxa and the worst for benthic species. It should be 
noted that the highest number of ‘absolute estimates’ 
was recorded for benthic species (Table 11). 

A contribution to the knowledge of fish density 
and standing crop of fish populations in some littoral 
zones of the Paranl River catchment is included in 
Tables 4-9. In the reduced velocity sites of the 
littoral zone of the Ivai River all fish population 
density is considerable and expressed in thousands 
per ha, and once in tens of thousands per ha (Tables 
4 and 5), but standing crop was low because of the 
domination of small individuals, l-3 g in weight. A 
similar situation but with an even greater number of 
fish was found in the littoral zones of the Parana 
River. 

The sites in the Parand River floodplain were 
dominated by Cheirodon sp,, which were found at 
densities of 83 343, 146 343 and 278 371 indiv. ha-’ 
in Sites 7, 5 and 8, respectively, while it was rare at 
sites on the Ivai River. Other species that occurred in 

Table 11 

Evaluation of the TSN method efficiency for taxons from different 

babitas within a river. p: pelagic, b: bentbic, p-b: pelagic and 

benthic; a number of estimates; for B and e mean f SD values are 

calculated; in brackets estimates for j? and e% are included (see 

text for explanation) 

P p-b b 

Absolute 20 11 21 

estimates a 

Zippin not 0 3 12 

applicable a 

B 0.75 f0.17 0.73 *0.17 0.63kO.18 

e 12.03 f 16.71 17.56 f 25.82 29.93 * 29.21 

(15) (16) (21) 
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high density were Bryconamericus straminensis 

(77 857 indiv. ha-‘, Site 8) and Steindachneria in- 

sculpta (52 143 indiv. ha-‘, Site 5). 

4. Discussion 

Readers may feel confused by the number of 
unidentified taxa in this and other studies devoted to 
the ecology of tropical fishes (Watson and Balon, 
1984; Lowe-McConnell, 1991; Cordiviola de Yuan, 
1992; Lasso and Castroviejo, 1992; Menni et al., 
1992). In recent times new fish species are being 
described by the thousand, while taxonomists are on 
the decrease because the ‘taxonomic component is 
not always appreciated by government, and other 
bodies who provide the funds for its execution’ 
(Greenwood, 1992). Under these circumstances 
long-term investigations on the identification of col- 
lected taxa as well as on describing those that are 
new to science, should not constitute a barrier to 
publishing ecological studies connected with sam- 
pling, diversity, community, populations or when a 
holistic approach to investigating nature is assumed. 

Seine netting, included by some fisheries biolo- 
gists amongst older technologies ‘should not be ne- 
glected in the repertoire of techniques, because 
putting aside the fact that it is ‘the more economical 
technique’ (Pygott et al., 1990) one has to remember 
that only ‘a standardized combination of several 
nonlethal techniques appeared to be the most accu- 
rate techniques’ in large ecosystems composed of 
numerous various habitats (Pardue and Huish, 1981). 
To investigate fish populations in the littoral sites we 
have selected the TSN method (Penczak and O’Hara, 
1983) as a highly qualitative and quantitative tool 
(Leslie and Timmins, 19921, because three seine nets 
employed simultaneously are particularly useful in 
obtaining quantitative data. 

While investigating the impact of population size 
in fluvial zones of rivers on electrofishing efficiency 
measured with e (always on the same scale as that 
employed in this paper) ‘good’ and ‘adequate’ esti- 
mates dominated over ‘very good’ and ‘bad’ (Penc- 
zak and Romero, 1990). In reduced velocity English 
navigation canals, where a net technique was also 
applied, 29 of 46 estimates were ‘very good’ and 
there were no ‘bad’ estimates. Moreover, the highest 

, , 8 , , , - 
1 6 7 5 8 4 2 3 Site 

+ + + $ : : 3 Obstacles 

Fig. 4. Efficiency of the first net (inner, C,) measured with the fl 
index, in the investigated sites sequenced according to increasing 

obstacles (see Table 1 and explanations). 

fishing efficiency was measured with fi and e for 
pelagic roach and the lowest for benthic gudgeon 
(Penczak and O’Hara, in press), which is congruent 
with the present research (Table 2). A lower effi- 
ciency for benthic taxons is related to the kind and 
number of obstacles, which was shown for the TSN 
method in Frankiewicz et al. (19861, and also con- 
firmed in our investigations (Fig. 4). 

Summing up, the experience gathered above al- 
lows us to recommend TSN as one of the better 
methods for estimating density, diversity and stand- 
ing crop of fish stock in certain habitats of large 
rivers with reduced velocity. TSN is not, however, 
free of all limitations, nor are any such methods 
(Treasurer, 1978; Leslie and Timmins, 1992). 

Also, as was the case with Cordiviola de Yuan 
(1992), our attention was attracted by a high diver- 
sity of fish populations in lentic environments of the 
Paran& River, and by the fact that most of the fishes 
were small, which is a cause of moderate standing 
crop results, despite a high number of individuals. It 
seemed to us that densities (Cheirodon sp,) of 
146 343 and 278 371 individuals ha- ’ (Tables 6 and 
9) are close to world records of freshwater fish 
density, while Naiman (19761, investigating for a 
year the density of Cyprinidon nevadensis in a warm 
desert stream at measured time intervals (no preda- 
tor, plenty of food), ranged 133 000-1960 000 indiv. 
ha- ‘. Our density measurements were, however, one 
or two orders of magnitude higher than those calcu- 
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lated by Watson and Balon (1984); Cordiviola de 
Yuan (1992) and Lob&r-Cervil et al. (19931, also for 
dominant fishes living in tropical rivers. 
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