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Abstract
We conducted acoustical surveys with a horizontal beam transducer to detect ﬁsh and with
a vertical beam transducer to detect depth and macrophytes in two typical shallow lakes along the middle
and lower reaches of the Changjiang (Yangtze) River in November 2013. Both lakes are subject to active
ﬁsh management with annual stocking and removal of large ﬁsh. The purpose of the study was to compare
hydroacoustic horizontal beam estimates with ﬁsh landings. The preliminary results show that the ﬁsh
distribution patterns diﬀered in the two lakes and were aﬀected by water depth and macrophyte coverage.
The hydroacoustically estimated ﬁsh biomass matched the commercial catch very well in Niushan Lake,
but it was two times higher in Kuilei Lake. However, acoustic estimates included all ﬁsh, whereas the catch
included only ﬁsh >45 cm (smaller ones were released). We were unable to determine the proper regression
between acoustic target strength and ﬁsh length for the dominant ﬁsh species in the two lakes.
Keyword: horizontal hydroacoustics; assessment of ﬁsh abundance; ﬁsheries management; Chinese shallow
lakes; spatial distribution

1 INTRODUCTION
Shallow lakes are usually abundant with ﬁsh and
provide plenty of ﬁsh production. However, ﬁsh
resources in lakes are seriously threatened by
environmental pollution, overﬁshing, and obstacles
between rivers and lakes (Allan and Castillo, 2007;
Antonio et al., 2007). Therefore, assessing ﬁsheries
resources is very important to protect and utilize the
ﬁsh stocks in lakes. Traditional ﬁsheries assessment
methods are time consuming and laborious
(Doroszczyk et al., 2007). Hydroacoustics is an
innovative method to investigate and estimate ﬁsh
stocks, which is quick, able to sample a large volume,
and is non-intrusive (Misund, 1997; Simmonds and
MacLennan, 2005). Hydroacoustics are commonly
used to estimate ﬁsh biomass at sea and in deep
inland waters (Godlewska et al., 2004, 2009, 2011;

Simmonds and MacLennan, 2005; Taylor et al.,
2005; Kubečka et al., 2009); however, hydroacoustics
are rarely used in shallow waters because sampling
volume is too small when sounding vertically at
shallow depths (Burczynski and Johnson, 1986).
Sounding can be done horizontally in shallow
waters, but sound reﬂecting from the water surface
and the bottom introduces noise when sounding
horizontally (Kubečka et al., 1994; Mous, 1996;
Kubečka, 1996; Thorne, 1998). However, modern
hydroacoustic devices provide very narrow beams,
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Fig.1 Map of study lakes and acoustic transects
Map drawing No. GS(2008)1312 from National Administration of Surveying, Mapping and Geoinformation of China.

which increase the range, and software (such as
BioSonics Visual Analyzer, and Sonar 5, Echoview)
deletes unwanted noise. So it seems current
hydroacoustic devices can provide reliable estimates
of ﬁsh biomass in shallow waters.
In fact, horizontal hydroacoustics have been
applied to estimate ﬁsh abundance for some time
(Kubečka, 1996; Yule, 2000; Knudsen and Sægrov,
2002; Godlewska et al., 2012; Hightower et al., 2013).
However, little is known about the accuracy of
acoustic evaluation, as it is diﬃcult to count all of the
ﬁsh in the experimental body of water for veriﬁcation.
Only a few experiments have compared the acoustic
evaluation and direct statistics of all ﬁsh (Cadic et al.,
1998; Godlewska et al., 2012) and their results looked
very promising. Many shallow lakes occur along the
middle and lower reaches of the Changjiang River,
where commercial ﬁsheries and winter ﬁshing are
carried out. The United Fishing Method has high
ﬁshing eﬃciency for target-size cyprinids in shallow
lakes, which is called “driving, blocking, gill netting,
and trapping” (Li and Xu, 1995). Winter ﬁshing
provides a good chance to test the accuracy of ﬁsh
abundance assessments using hydroacoustics. We
carried out a hydroacoustic assessment in two lakes
before winter ﬁshing started and compared the results
evaluated by hydroacoustics with catch by ﬁshermen.

2 MATERIAL AND METHOD
2.1 Study area
Niushan Lake is a shallow mesotrophic lake along
the middle reaches of the Changjiang River (l14°27′–
l14°38′E, 30°16′–30°22′N) (Fig.1), with a surface
area of 4.0 km2. The bottom of Niushan Lake is quite
ﬂat with a mean depth of 3.0 m and a maximum depth
of 5.1 m. The main function of this lake is aquaculture
and nearly no macrophytes are present. Kuilei Lake is
located in the lower reaches of the Changjiang River
(l20°39′–l20°51′E, 31°21′–31°30′N) (Fig.1), with a
surface area of 6.7 km2. The bottom of Kuilei Lake
varies with a mean depth of 2.7 m and a maximum
depth of 8.8 m. The main function of this lake is water
supply, and aquaculture plays a supporting role. The
bottom of the lake during the hydroacoustic study was
covered with macrophytes. Some diﬀerences existed
in the physical and chemical characteristics of the two
lakes (Table 1), but the dominant ﬁsh species in
Niushan Lake and Kuilei Lake were quite similar and
were as follows: Silver Carp (Hypophthalmichthys
molitrix), Bighead Carp (Aristichthys nobilis), Grass
Carp (Ctenopharyngodon idellus), Black Carp
(Mylopharyngodon piceus), Yellowcheck Carp
(Elopichthys bambusa), Sneakhead (Ophiocephalus
argus), Carp (Cyprinus carpio), Crucian Carp
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Table 1 Physicochemical water quality parameters in
Niushan Lake and Kuilei Lake
Parameter

Niushan Lake
(20131120)

Kuilei Lake
(20131122)

Chlorophyll a (mg/m3)

9.7–47.2

2.8–9.4

Secchi disk depth (cm)

48–82

80–140

Ntotal (mg/L)

0.47–0.64

0.67–1.15

Ptotal (mg/L)

0.01–0.07

0.02–0.04

pH

7.8–8.3

8.1–8.5

Secchi disk depth, chlorophyll a, and pH were measured with a Secchi
disk and YSI 6600V2 during the acoustic survey, whereas Ntotal and Ptotal
were analyzed in the laboratory.

(Carassius auratus), Perch (Siniperca chuatsi),
Topmouth Culter (Culter alburnus), and Mongolian
Redﬁn (Culter mongolicus mongolicus) (Ye, 2007;
Zhang, 2011).
2.2 Fish sampling
The United Fishing Method, such as “driving,
blocking, gill netting, and trapping” in winter, was
applied to the ﬁsheries in Niushan Lake and Kuilei
Lake (Li and Xu, 1995). First, the ﬁshermen drive the
ﬁsh away from their previous habitat on one side of
the lake using noise or other methods, then they block
the water path with a gillnet (500 m×10 m, 2a=8 cm).
This process is repeated over several days or weeks
until most of the ﬁsh are concentrated in a trap net
(500 m×10 m, 2a=6 cm), which is set on the other side
of the lake.
Fish in the trap net were divided into large ﬁsh,
which met the target-size criterion and were kept, and
small ﬁsh, which were released back into the lake.
The target size of Silvercarp and Bighead Carp in
Niushan Lake and Kuilei Lake was about 45 cm. The
United Fishing Method has a very high capture
eﬃciency in large ﬁsheries, and >80% of target-size
cyprinids are caught in shallow lakes (Li and Xu,
1995). Random sampling was conducted to identify
catch composition, and 251 and 560 ﬁsh were sampled
in Niushan Lake and Kuilei Lake, respectively. All
samples were identiﬁed to species, measured to the
nearest mm, and weighed to the nearest 0.1 g.
2.3 Acoustic sampling
The hydroacoustic survey was performed on
Niushan Lake on 20 November 2013 and on Kuilei
Lake on 22 November 2013 before all ﬁshing
activities commenced. The acoustic estimates were
carried out at night, 1 h after sunset, because ﬁsh
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disperse more evenly at night than during the day,
which was conﬁrmed by our previous study (Ye et al.,
2013) and other data (Duncan and Kubecka, 1993;
Guillard et al., 1994; Ptak and Appenzeller, 1998;
Lyons, 1998), The density and biomass of the ﬁsh
resources were estimated using a Simrad EY60, with
a 120 kHz split beam elliptical transducer, beam angle
of 4°×10° at the 3 dB level. The transducer was
mounted on a stainless-steel bracket located on the
starboard about one-third the distance to the bow, and
0.8 m below the water surface. The transducer beamed
perpendicular to the vessel, with an inclination angle
of 2°–3° toward the horizontal. These two lakes are
very shallow, so the detection range was 10–20 m.
Pulse duration was 128 μs, and repetition rate was
5 pings/s, with a 32-μs sample interval. Boat speed
was maintained at 5–6 km/h. The echosounder was
connected to a portable computer, which provided a
real-time display and data storage. A global positioning
system (Garmin 60CSx) was used to determine the
geographical coordinates. The equipment was
calibrated before the surveys using a 23-mm diameter
copper sphere, following the standard method (Foote
et al., 1987). The survey transects were parallel to the
short axis of the lake (Fig.1). The degree of coverage
values was calculated for each survey using the
formula: Λ=D/√A (Aglen, 1983), which ranged from
4.7 to 8.3. These coverage values were higher than the
minimum level recommended in the literature (Aglen,
1983; Guillard and Vergès, 2007; Godlewska et al.,
2009).
We also determined depth and detected
macrophytes with a Biosonics MX. The Biosonics
MX has a 200-kHz single beam circle transducer
with a beam angle of 8.5°×8.5° at the 3 dB level. The
transducer was mounted on a stainless-steel bracket
on the port about one-third the distance to the bow
and 0.3 m below the water surface. The transducer
beamed vertical; pulse duration was 400 μs, and
repetition rate was 5 pings/s. The echosounder was
controlled by another computer, which provided a
real-time display and data storage.
2.4 Data analysis
The hydroacoustic data were analyzed using
Sonar5-pro ver. 6.0.1 software (Balk and Lindem,
2006). Before analyses, the raw data were converted
using time varied gain (TVG)=40 lgR. To set the
range, we applied a maximum range detection
algorithm with the following parameters: smooth
height was 21, width was 3, and threshold was -60 dB;
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Table 2 Overview of the regressions using target strength (TS)=alogTL+b for the side or dorsal aspect and TS=clogTL+d
for the head/tail aspect
Regression

Method

TS-TL relationship

a

b

c

d

Total length

Regression 1

Deconvolution

Frouzova et al., 2005

24.7

-89.6

19.1

-101.1

mm

Regression 2

Deconvolution

Frouzova et al., 2005

23.9

-87.1

26.3

-114.7

mm

Regression 3

Dorsal

Love, 1971

19.1

-63.8

cm

Table 3 Depth and plant analysis settings for the Bisonics Visual Habitat MX
Bottom detection settings

Plant detection settings

Domain

30logR

Domain

30logR

Rising edge threshold

-30 dB

Plant detection threshold

-70 dB

Rising edge length criterion

10 cm

Plant detection length criterion

10 cm

Rising edge search window

100

Max plant depth

10 m

Rising edge min detection range

0m

Rising edge max detection range

10 m

targets <40 pings were removed, and the search began
at 3 m. Then, the maximum range was corrected, ﬁsh
were distinguished from plants manually, which was
based on macrophyte detection by the Biosonics MX.
Fish abundance was estimated by echo-integration
using the Sv/target strength (TS) scaling method
based on single echo detection (SED). The target
threshold was ﬁxed at -50 dB based on the recorded
ﬁsh TS distribution. The species size-TS relationships
of the ﬁsh populations in the two lakes have not been
studied, so we applied diﬀerent regressions available
in the literature (Table 2). Species in regression 1,
regression 2 and regression 3 were a mixture of
typical European freshwater ﬁsh species, European
carp and diﬀerent species pooled from 16 families
and 8 orders, respectively (Love, 1971; Frouzova et
al., 2005).
The applied threshold of -50 dB allowed detection
of ﬁsh targets >4 cm in total length (TL). Although
there were several species of ﬁsh in the two lakes, the
most important commercial ﬁsh were Silver Carp and
Bighead Carp, and they had a similar length-weight
relationship, so we chose the regression for Bighead
Carp, which was dominant in the ﬁshermen’s catch,
i.e., W=0.0061×TL3.167, where W is weight in g, TL is
total length in cm (Ye et al., 2007).
Due to the small number of SED, we set a big
length for the elementary sampling distance unit
(ESDU); the ESDU in Niushan Lake and Kuilei Lake
was 400 pings. Then, we calculated the arithmetic
mean ﬁsh density (ind./ha) and ﬁsh biomass estimates
(kg/ha) for each transect. Total ﬁsh biomass of the
entire lake was calculated as the weighted average of

all transects (Simmonds and MacLennan, 2005):
i n

B

 B V
i 1

i

i n

Vsi

si

,

i 1

where B is the weighted mean biomass, n is the
number of transects in the lake, Bi is the biomass
along transect I, and Vsi is the sampled volume of
transect i.
We only calculated biomass corresponding to ﬁsh
length >45 cm for comparison with the catch data,
which was based on the ﬁsh size distribution and
abundance received acoustically (in case of Frouzova
we used deconvoluted ﬁsh size).
Depth and macrophyte coverage were analyzed
with Bisonics Visual Habitat MX, and the parameter
settings shown in Table 3. The results were exported
after the bottom line and outline of the plants were
corrected manually.
We calculated the biomass and deﬁned the
coordinates for the center of the ESDU to represent
the GPS of biomass for mapping. Then, we applied
the inverse-distance weighting method to map the
spatial distribution of ﬁsh with the GPS and ﬁsh
biomass using Arcmap 10.2 software. Depth and
macrophyte coverage in the two lakes were mapped
with the same method.
We matched the coordinates of ﬁsh abundance and
water depth. Therefore, we could study the relationship
between ﬁsh abundance and water depth after the
depth information for abundance or biomass was
obtained.
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Table 4 Fisheries composition in Niushan Lake and Kuilei
Lake in 2013

Niushan Lake
n=251
Kuilei Lake
n=560

Species

Niushan Lake (kg)

Kuilei Lake (kg)

Hypophthalmichthys molitrix

10 000

42 990

Aristichthys nobilis

90 000

63 959

Cyprinus carpio

3 000

5 682

15

Others

20 000

14 781

Total

105 000

116 418

10

Biomass (kg/ha)

262.5

174.5

25

20
n (%)

591

5

0
43

47

51

55

59 63 67
Total length (cm)

71

75

79

83

Fig.2 Distribution of ﬁsh total length from catches in
Niushan Lake and Kuilei Lake
30
Niushan Lake
Kuilei Lake

25

3.2 Fish abundance and biomass

n (%)

20

15

10

5

0

Lake were similar (Fig.3). For example,
-50 dB<TS<-40 dB in Niushan Lake was about 81.2%
and for Kuilei Lake it was about 84.0%, so ﬁsh in
Niushan Lake tended to have bigger TS on average
((-36.1±3.7) dB vs. (-34.6±4.6) dB).
When the diﬀerent TS-TL regressions were applied
to convert TS to TL, there were diﬀerences among the
three regressions. Love’s regression produced a
higher proportion of small ﬁsh, whereas the regression
for typical European species by Frouzova et al. (2005)
resulted in a higher proportion of large ﬁsh (Fig.4).

-49 -47 -45 -43 -41 -39 -37 -35 -33 -31 -29 -27 -25 -23 -21 -19
Target strength (dB)

Fig.3 Target strength distribution in Niushan Lake and
Kuilei Lake

3 RESULT
3.1 Fish size distribution
Rough ﬁsheries production and composition are
shown in Table 4. We randomly sampled 251 ﬁsh in
Niushan Lake and 560 ﬁsh in Kuilei Lake from the
harvest. The smallest ﬁsh was 43.6 cm in Niushan
Lake and 45.2 cm in Kuilei Lake. Mean total length
and weight of ﬁsh in Niushan Lake were
(61.39±5.69) cm and (2.62±0.75) kg and those in
Kuilei Lake were (65.5±9.48) cm and (2.92±2.47) kg.
The ﬁsh in Kuilei Lake were slightly larger than those
in Niushan Lake (Fig.2).
The TS distributions in Niushan Lake and Kuilei

The distribution of ﬁsh abundance in Niushan Lake
was quite even, with a mean of (584.4±141.2) ind./ha
(threshold=-50 dB). We applied the diﬀerent TS-TL
regressions to evaluate biomass, and the biomass from
the transects was more variable: (320.0±242.6) kg/ha
(regression 1), (350.7±249.7) kg/ha (regression 2),
and (259.1±94.9) kg/ha (regression 3) (Fig.5), which
was attributed to diﬀerent ﬁsh sizes among transects.
We evaluated the biomass of ﬁsh >45 cm in
Niushan Lake using four diﬀerent methods, and mean
biomass was 196.6–327.9 kg/ha (Table 5), whereas
mean biomass calculated from ﬁshermen’s catch was
262.5 kg/ha (Table 4). Thus, the method of multiplying
mean abundance and average weight matched the
ﬁshermen’s catch best.
The distribution of ﬁsh abundance in Kuilei Lake
was quite variable; the mean was (905.7±640.2) ind./ha
(threshold=-50 dB). When the three diﬀerent TS-TL
regressions were applied to evaluate biomass, the
biomass from the transects also varied: (456.0±
437.5) kg/ha (regression 1), (536.4±500.3) kg/ha
(regression 2), and (614.2±594.4) kg/ha (regression
5) (Fig.6).
Mean biomass of ﬁsh >45 cm in Kuilei Lake
evaluated with the diﬀerent methods was 344.9–
454.9 kg/ha (Table 6), whereas the mean biomass
from the ﬁshermen’s catch was 174.5 kg/ha (Table 4),
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Fig.4 Total length of ﬁsh according to diﬀerent target strength-total length regressions in Niushan Lake and Kuilei Lake
Table 5 Fish (total length >45 cm) biomass evaluated by diﬀerent methods and ﬁshermen’s catch in Niushan Lake in 2013
Method

TS/TL relationship

Abundance (ind./ha)

Biomass (kg/ha)

Total biomass (kg)

Acoustic only

Regression 1

59.3

289.3

115 724

Acoustic only

Regression 2

45.8

327.9

131 152

Acoustic only

Regression 3

72.8

196.6

78 640

Density by acousticaverage weight by catches

-

98.9

259.1

103 622

Catches by ﬁshermen

-

-

-

105 000

showing a large gap between the assessment results
and the ﬁshermen’s catch.
3.3 Fish spatial distribution
Fish in Niushan Lake were distributed quite
evenly, and ﬁsh abundance was 530–720 ind./ha in
most of the lake (threshold=-50 dB) (Fig.7). This
pattern may be attributed to low habitat heterogeneity
and that the bottom of Niushan Lake is quite ﬂat
(Fig.7) with few macrophytes. The higher density
appeared in the southwest and northeast parts of the
lake where depth was >3.6 m, and the highest density
appeared in the center and eastern parts of the lake. It

seemed that deeper water was associated with higher
abundance, but Pearson’s correlation test was not
signiﬁcant (rabundance-depth=0.278, P>0.05). This
tendency was even more obvious in Kuilei Lake
(rabundance-depth=0.587, P<0.05) because of more
variation in depth. Kuilei Lake was quite shallow in
the center, but much deeper near shore, particularly
in the east (Fig.8). The lake was characterized by low
ﬁsh abundance in the center and higher density near
shore, with the highest abundance occurring in the
northeast part of the lake, where water depth was
maximum. Fish abundance and water depth were
high associated (Figs.7 and 8).
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Fig.6 Fish biomass in Kuilei Lake using the diﬀerent total length-length regressions (-50 dB<target strength<-18 dB)
Table 6 Fish (total length >45 cm) biomass evaluated by diﬀerent methods and ﬁshermen’s catch in Kuilei Lake in 2013
Method

TS/TL relationship

Abundance (ind/ha)

Biomass (kg/ha)

Total biomass (kg)

Acoustic only

Regression 1

131.5

370.9

247 404

Acoustic only

Regression 2

118.1

454.9

303 449

Acoustic only

Regression 3

104.7

523.0

348 872

Density by acousticaverage weight by catches

118.1

344.9

230 030

Catches by ﬁshermen

-

-

116 419

3.4 Relationship between lake depth, macrophytes,
and ﬁsh
The ﬁsh abundance and water depth maps (Figs.7
and 8) suggested that the ﬁsh tended to gather in deep

water, so depth may be the key factor aﬀecting ﬁsh
distribution in these shallow lakes. The transects with
high ﬁsh density in Niushan Lake corresponded to a
mean water depth >3.2 m. The deepest water also had
the highest ﬁsh density in Kuilei Lake. The 10 species
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Fig.8 Water depth (a) and ﬁsh abundance (b) (-50 dB<target strength<-18 dB) in Kuilei Lake

of macrophytes in Kuilei Lake were Potamogeton
malaianus, Myriophyllum spicatum, Vallisneria
natans,
Vallisneria
spinulosa,
Potamogeton
pectinatus, Potamogeton recurvatus, Ceratophyllum
demersum, Najas minor, Najas marina, and Hydrilla
verticillata, and mean coverage was 63%. Macrophyte
coverage was negatively related with ﬁsh density, as
lower ﬁsh abundance was observed in water with high
macrophyte coverage (Fig.9).
Water depth and ﬁsh abundance were only weakly
correlated (Figs.10 and 11).

4 DISCUSSION
4.1 Diﬀerent distribution patterns
Fish abundance diﬀered in the two lakes. The ﬁsh
abundance distribution in Niushan Lake was relatively

stable, whereas it varied more in Kuilei Lake. The
coeﬃcient of variation was 0.71 for the 16 transects
in Kuilei Lake, whereas it was 0.24 for the nine
transects in Niushan Lake. The reason for this
diﬀerence may be the diﬀerent topography of the two
lakes. The horizontal distribution pattern of ﬁsh is
always correlated with water depth (Brosse et al.,
1999; Prchalová et al., 2009), and ﬁsh abundance
tends to increase with water depth in lakes in the
middle and lower reaches of the Changjiang River
basin (Ye et al., 2013). The bottom topography varied
more in Kuilei Lake than that in Niushan Lake, so ﬁsh
dispersal in Kuilei Lake was uneven, whereas that in
Niushan Lake was quite even.
The ﬁsh distribution pattern could be the result of a
tradeoﬀ among predation risk, foraging opportunities,
and reproduction (Levy, 1990; Scheuerell and
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Schindler, 2003). Predation pressure can aﬀect ﬁsh
distribution to a large extent (Wootton, 1990). The
main piscivorous ﬁsh, such as Yellowcheek Carp,
Mongolian Redﬁn, and Topmouth Culter, in
Changjiang lakes all occupy the upper water layers
(Ni and Zhu, 2005), and forage ﬁsh are forced into
lower and darker layers to avoid visual predators
(Mazur and Beauchamp, 2003). The macrophytes
were patchily distributed in Kuilei Lake, which could
also aﬀect the ﬁsh distribution because macrophytes
provide refuges for ﬁsh.
The distribution of ﬁsh can also be determined by
their behavior. In our study, most of the acoustic
signals came from Silver Carp, Bighead carp,
Yellowcheek Carp, and Topmouth Culter (total weight
proportion >85% of harvest; Table 4), and those ﬁsh
prefer pelagic water to waters covered by macrophytes
(Ni and Zhu, 2005). The distribution of macrophytes
in Kuilei Lake was conﬁned to water <3 m, so the
deep water had a higher density of ﬁsh.
Another reason for such a ﬁsh distribution could be
seasonality. Our observations were made close to
winter, when most species concentrate in deeper areas
as water temperature decreases in winter (Goldspink,
1990; Imbrock et al., 1996).
4.2 Biomass assessment bias
We found that the hydroacoustic estimates matched
commercial ﬁshery production very well in Niushan
Lake, except when the TS-TL regression by Love
(1971) was applied. However, the hydroacoustic
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mean water depth in Kuilei Lake

estimates were much higher than the commercial
ﬁshery production in Kuilei Lake. Several reasons
could explain this diﬀerence.
The United Fishing Method has high ﬁshing
eﬃciency but is aﬀected by lake topography. Generally
speaking, the simpler the topography, the higher the
eﬃciency, and the bottom of Niushan Lake was quite
ﬂat, whereas that of Kuilei Lake was quite variable.
Moreover, the main function of Niushan Lake is
aquaculture, whereas that of Kuilei Lake is water
supply, so ﬁshing eﬃciency in Niushan Lake is higher
than that in Kuilei Lake. For example, the acoustic
evaluation included all ﬁsh, but the catch by ﬁshermen
included only ﬁsh >45 cm, as the smaller ones were
released. However, the lower TS had more of an eﬀect
in Kuilei Lake than in Niushan Lake (Fig.4), and ﬁsh
caught in Kuilei Lake were bigger than those caught in
Niushan Lake (2.92 kg/ind. vs. 2.62 kg/ind.). The third
reason may be the ﬁsh distribution pattern; the spatial
distribution of ﬁsh varied greatly in Kuilei Lake and
there tended to be higher abundance in deeper water
(Fig.8). The horizontal beam spreads farther compared
to that in shallow waters, until it reaches the bottom of
deep water, as with sampling volume. Furthermore,
some shallow water could not be assessed considering
safety, which caused a weight bias neither weighted by
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length nor sampling volume. Finally, an improper TSTL regression may be the most important reason for a
bias, but until now no appropriate regressions for
Chinese species have been developed. We assumed ﬁsh
direction was random when applying regressions 1 and
2, but this may not be the case. Moreover, regression 3
was derived from the dorsal aspect while the transducer
was beaming horizontally in our estimates, which
would also lead to estimation bias.
The assessment applying the TS-TL regression by
Frouzova et al. (2005) seemed to be the closest to the
actual biomass in both lakes compared with the acoustic
estimates of ﬁshing production. The method combining
hydroacoustic abundance and mean ﬁshery weight also
seemed to be reasonable to evaluate total lake biomass.

5 CONCLUSION
It is diﬃcult to apply hydroacoustics to assess
ﬁsheries resources in shallow lakes, but it is not
completely infeasible. Reliable estimates can be
obtained when the natural conditions of the sampled
lake are appropriate. In our studies, the lake with a ﬂat
bottom and low macrophyte coverage was more
suitable for hydroacoustics than the one with a more
variable bottom and more macrophytes.
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