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Abstract

A large scale biomanipulation of pelagic fish by trawling was started in the eutrophic Enonselka basin (26 km 2 )
of Lake Vesijdrvi to improve the water quality which had remained poor in spite of the termination of nutrient
loading. The distribution and density of the fish were studied by hydroacoustics before and during the removal .
The initial annual fish density varied between 13 000-21 000 fish ha - ' in the study area in August 1984-89 . The
mass-removal of the fish by pelagic trawling took place in 1989-1992 . The catch varied annually between 64 and
92 kg ha -1 . Roach (Rutilus rutilus (L.)) and smelt (Osmerus eperlanus (L .)) accounted for c . 85% of the weight
of the catch . The mass-removal decreased the pelagic fish density in the Enonselka basin during the trawling . An
increase in the density was observed after the trawling ceased in these years, and the initial density level was
reached within one month . The density level after mass-removal remained high compared with oligotrophic lakes .
The pelagic fish had a diurnal ascending trend with the decreasing light intensity in August, and the fish were
significantly (p < 0 .01) higher in the water mass in temperature non-stratified water in autumn than in stratified
water in summer. The fish were somewhat deeper in the years of mass-removal than before it . Mass-removal did
not affect the individual length of the echosurveyed fish . Fish smaller than c . 15 cm (TS < -44 dB ; mainly smelt)
were numerically dominant throughout the whole study period .

Introduction

Eutrophication increases the standing crop and changes
the species composition of lacustrine fish communities
(Hartmann, 1977 ; Hanson & Leggett, 1982). The high
density of small planktivorous and benthivorous fish
may be of great importance for the water quality of
eutrophic lakes (c .f. Hrbacek et al ., 1961 ; Andersson
et al ., 1978; Reinertsen & Olsen, 1984 ; Keto & Sam-
malkorpi, 1988, several case studies in Gulati et al.,
1990 ; Gliwicz, 1992), Reduction of these fish has con-
sequently become an important method in lake man-
agement. For their mass-removal, information on den-
sities and migrations is of crucial importance . Effects
of large scale fishing on lacustrine fish populations
have been studied either by depletion methods (Helmi-
nen et al., 1992; Backx & Grimm, 1994) or by an appli-
cation of virtual population analysis (VPA) (Peltonen

& Horppila, 1992) . Monitoring with hydroacoustics
has so far been infrequent.

The pelagic fish stock in the Enonselka basin of
Lake Vesijarvi has been echosurveyed since 1984. This
paper deals with the effects of an intensive trawling on
fish distribution and density in the Enonselka basin .
The length distribution, seasonal and diurnal migra-
tions of pelagic fish were also studied .

Material and methods

Research area

The center (10 km 2 , depth > 10 m) of the Enonselka
basin in Lake Vesijarvi was the research area (Fig . 1) .
The Paimelanlahti bay was a shallower and a more
eutrophic part of the area (Table 1) . Lake Vesijarvi was
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Table 1 . Hydrological properties and water quality in the Enonselka basin (A) and the
Paimelanlahti bay (B) of Lake Vesijarvi in the 1980's (I) and the 1990's (II) (Keto &
Sammalkorpi, 1988 and 1993) .

Fig. 1 . The Enonselka basin and the Paimelanlahti bay of L .
Vesijarvi .

	

= trawling and echosurvey area.

fertilized with municipal sewage until 1976 . It became
the largest heavily eutrophicated lake basin in Finland .
Blooms of blue-green algae, poor stocks of preda-
tory fish and a replacement of valuable fish species
with coarse fish e .g. roach (Rutilus rutilus (L .)), small
perch (Perca fluviatilis L .), ruffe (Cymnocephalus cer-
nua (L .)), smelt (Osmerus eperlanus (L .)) and stunted
bream (Abramis brama (L .)) characterized the lake . As
a result of these changes commercial and recreation-
al fishing had almost ceased (Keto & Sammalkorpi,
1988) .

Table 2 . Trawl catch (kg ha t a 1 ) calculated for the whole area
of Enonselka basin in 1987-1992 (J. Keto, unpubl ., Peltonen &
Horppila, 1992) .

The management of the lake shifted after 1984 from
hypolimnetic aeration and stocking of planktivorous
whitefish to biomanipulation, stocking with predato-
ry fish and attempts at selective fishing of roach. The
Enonselka basin was annually stocked with 50 year-
lings of zander (Stizostedion lucioperca (L .)) ha-1 in
1987-91 .

Mass-removal offish

The start of the fish removal was laborious since fisher-
men and their gear were not `adjusted' to the fishing of
unwanted roach and smelt . The first attempts made in
1987 and 1988 thus gave poor results . Intensive fishing
with pair trawling started in 1989 and trawling was the
most important method employed in the mass-removal
of fish in this study (Table 2). The annual roach catch
varied between 900 and 1700 fish ha- ' in 1990-92
(J. Horppila, unpubl.). The corresponding figure was
about 11 000 for smelt (T. Turunen, unpubl.) . There
were usually 2-3 pair trawlers fishing in the Enonselka
basin at the same time . The vertical trawl opening var-
ied between 6 and 12 m and the mesh size of the cod
end was from 8 to 10 mm depending on the trawl .
The trawling began annually in May-June and it end-
ed by September. Only water areas deeper than 10 m

Area
(km2 )

Depth Tot . P
(µg/1)

Tot. N

(µg/l)

Transparency

(m)max . mean
1 II I II I II

A.26 33 6 .8 45 35 650 600 1 .6 2 .1
B. 4 14 6 45 45 650 650 1 .5 1 .5

Species 1987 1988 1989 1990 1991 1992

Smelt 2.3 1 .7 23 .4 22.9 17 .2 18 .4
Roach 5 .4 1 .6 29 .1 33.3 59.3 43 .5
Others 1 .1 1 .8 3 .0 7.7 27.2 19 .1
Total 8.8 5.1 64.4 63.9 103 .7 81 .0



were trawled in 1989-90 (Fig . 1). The corresponding
depth was 7 m in 1991-92 . Mainly surface hauls were
used .

Echocounting

The acoustic data were collected with a Simrad EY M
echosounder. The data were later analysed by HADAS
PC program to get a target strength (TS) distribution
and the areal density (fish ha -') of the echoes . The
technical properties of the echosounder and the trans-
ducer (70 kHz) are described by Bayona (1984) and the
echocounting method by Lindem (1983) and Jurvelius
(1991) .

The target strengths (TS) obtained in this study
ranged from -56 to -38 dB . The length of individual
fish (L) in centimetres was estimated with log L= (TS +
67)/20 (e.g . Bagenal et al ., 1982). The TS-distribution
of the echoes obtained provided the basis for fish length
estimates. All single-fish echoes greater than -38 dB
were truncated and shifted into the -38 dB size group .
Thus the minimum estimated fish size was about 4 cm,
and the maximum 28 cm .

Echocounting was started c . 2 m from the surface
and stopped one metre above the bottom . For the ver-
tical analysis of fish distribution, the water mass was
divided into 2 or 5 m depth layers . For TS distribution
and areal fish density estimates, the fish were analysed
in one depth layer.

The precision - defined as the difference from the
mean between two successive 15 min runs over the
same area - for the estimates of areal fish density
has varied between 1 and 10% in several studies with
this method (Jurvelius, 1991). The precision of the
TS-distribution has been c . 1% (Jurvelius & Auvinen,
1989) .

Methane bubbling from the sediments of the lake
occurred during summer stratification in limited areas .
We assumed that the bubble density in the oxygenat-
ed epilimnion was the same as the one observed in
the anoxic hypolimnion . Strictly speaking this was not
the case. However, the error caused by the splitting
or dissolving of methane bubbles in surface layers has
no practical importance in this study . In the fish den-
sity estimates, the number of hypolimnetic bubbles
was thus subtracted from the echo number of the epil-
imnion .

Echosurveys

To study the effects of trawling on the vertical fish dis-
tribution we first tested the significance of diurnal verti-
cal fish migrations in August . An echosurvey was com-
pleted over the same area at 12, 18 and 22 h . Secondly,
seasonal variation between July, August, September
and October was studied. The time for density esti-
mation surveys was based on vertical fish migration
results .

The boat speed was 5 knots (3 ms -1 ) in the sur-
veys. Because of the small boat, the wind conditions
had to be taken into account in the survey design . In
the estimates of the areal fish density we surveyed
one transect through the middle of the study area from
north to south, and then we zig-zaged the same area
from south to north. Hansson (1993) found no consis-
tent differencies between these types of transects . The
degree of coverage was 3 in our study .

To estimate the density variation (95% CL) the
survey was segmented into horizontal samples . The
variance of the samples was usually greater than their
aritmethic mean, i .e . the fish had an aggregated distri-
bution. In such cases a logarithmic transformation can
be used (Elliott, 1983) . This transformation stabilises
the mean .

The number of single fish echoes was always more
than 100 in each sample, and the percentage of single
fish echoes was usually more than 75% . Echosurveys
were not done in areas shallower than 10 m and the
surveys concentrated on the central pelagic area, which
was approximately the same as the trawling area (Fig .
1) .

Echosurveys made in August 1984, 86, 88-90, 92,
in April and October 1990, and in September and Octo-
ber 1992 were used in this study . The diurnal vertical
fish migrations were studied in August 1989 . Echosur-
veys in August 1985, 1987 and 1991 were excluded
because of technical problems . Only one recording
from the end of July was available in 1991 . It was
made during a very intensive trawling period .

The variation in the vertical migrations and in
the TS-distribution of fish was tested with the
Kolmogorov-Smirnov-test .
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Results

The vertical distribution offish

The pelagic fish were significantly (Da, = 0.02, p <
0.001) higher in the water mass at night than at noon
in August . About 20% of the fish were always found
below 14 m depth. The total density of echosurveyed
fish was smallest in the darkness . This together with
the ascending trend indicates that a considerable pro-
portion of the fish may have migrated into the surface
layer where their echosounding was not possible. An
increase (from 55 to 70) in the percentage of single
fish echoes showed that fish schools dispersed some-
what during the night. According to these diurnal fish
migrations, early evening was the most suitable time
for the hydroacoustic estimation of pelagic fish . It was
also obvious that the time of the day should not affect
the surface trawl-catches in August .

The pelagic fish were significantly (D a, = 0.03, p
< 0.001) higher in the water mass in October than
in the beginning of August . About 20% of the echo-
surveyed fish were between 3 and 7 m depth in the
thermally stratified water in summer . The correspond-
ing figure was more than 50% in unstratified water in
autumn. This, in addition to the increased fish density,
indicates that the catch per unit of effort in surface and
midwater trawling could be higher in late autumn than
in summer .
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Fig. 2 . The August vertical fish distribution before (1984-88) and during (1989-92) the mass-removal of fish by trawling in the Enonselka
basin. Depth layers are 3-5, 5-10, 10-15, 15-20 and 20-25 m .

Before the mass-removal of fish in the years 1984-
88 the maximum fish density was between 5 and 10 m
depth (Fig . 2) . A very distinct peak in this depth layer
was found in 1988. The maximum density was between
10 and 15 m in 1990-92. The first year of trawling
(1989) was a year of transition in this respect. The
vertical fish distribution differed very highly (Da, =
0.002, p < 0.00 1) between all these years . However, a
descending trend in the fish distribution could be seen
after the beginning of the trawling .

Areal density and length of the echosurveyed fish

The largest and densest fish aggregation - 45 000 fish
ha-1 - was 3 .5 km long between 5 and 9 m depth
in August 1984 . The lowest fish density in the study
area, less than 300 fish ha 1 , was observed on July
27th 1991 when 180 tons (69 kg ha 1 ) of fish had been
removed in the preceding four weeks . In the densest
areas in August there were about 21000 fish ha-1 in
the years before the trawling, the respective figure was
12 000 during the trawling .

The average density estimate of pelagic fish in the
research area in August was highest in 1984 (Fig . 3) . In
the other studied years the corresponding estimate was
about 45% lower. The trawling took place in 1989-
92 and it seemed to have no effect on these densities .
However, the density was very low during the trawl-
ing season in June-July in the years of mass-removal .
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Fig. 3 . The relative density (geometric mean and its 95%CL) of pelagic fish in the deepest area of Enonselka basin in August 1984, 1986,
1988-1990 and 1992. Echosurveys in 1985, 1987 and 1991 were excluded because of technical problems .
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After the trawling period the density increased eg.it
nearly doubled from 7500 to 13 300 fish ha ' in one
month in 1992. Thus a replacement of the trawled fish
took place from the littoral into the central area of
the Enonselka basin . After becoming aware of these
migrations attention was also paid to trawling in the
shallower (< 10 m) areas of the Enonselka basin .

Large fish schools and a high number of single-fish
echoes were echosurveyed in a restricted area (c . 15
ha) close to the spawning areas in the Paimelanlahti
bay after the thaw at the end of April . The fish density
in this area decreased from 30 000 to 2 000 fish ha t

in one month after the spawning. An increase to 5 000
fish ha-' took place by September.

According to the TS distributions, the percentage
of fish under 10 cm (< -47 dB) length were dominant
in all surveys except in Paimelanlahti bay in spring
(Fig. 4). Fish longer than 15 cm (> -44 dB) were
rare in the Enonselka basin . Since the trawl catch in
the Enonselka basin area has mainly consisted of adult
roach (length 14-20 cm) and smelt (length 5-9 cm) it
is evident that the echosurvey has concentrated mainly
on smelt.

The echosurveyed fish in the Paimelanlahti bay
were significantly (Da = 0.02, p < 0 .001) larger in
spring than in summer (Fig . 4). These fish preparing
for spawning in the bay were also significantly larg-
er (Da = 0.02, p < 0.001) than the ones living in
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the central basin. This difference between the areas
was smaller in August. The relative frequency of TS-
groups -56 and -54 dB increased in both areas by
August. This indicated a higher abundance of small
fish in comparison to April . The species in Enonselka
was almost entirely smelt according to the trawl catches
in August (Peltonen & Horppila, 1992) . Small roach,
bream (Abramis brama L.) and bleak (Alburnus albur-
nus L .) were numerically dominant according to seine
catches in the Paimelanlahti area in winter (I. Sam-
malkorpi, unpubl .) .

Discussion

It is generally known that certain pelagic fish ascend
and disperse in the darkness (e.g. Dembinski, 1971 ;
Hamrin, 1986 ; Jurvelius et al., 1988). Obviously the
low oxygen concentration in the hypolimnion togeth-
er with the species composition caused the vertical
migration pattern in the Enonselka basin to differ from
that of more oligotrophic lakes . For instance, we never
saw fish rising from the lake bottom, which is often
the case in shallow oligotrophic lakes . The slight ver-
tical descent which occurred after the mass-removal
could have some connection with the increased water
transparency .
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The majority of the published hydroacoustic densi-
ty estimates are from lakes with commercially exploit-
ed coregonid stocks. The estimates in these oligotroph-
ic lakes are roughly an order of magnitude lower than
in the Enonselka basin (Jurvelius et al., 1984, 1988 ;
Rudstam et al ., 1987) . The density of 1-year-old ven-
dace in L . Pyhajarvi - the most productive Finnish
vendace lake - has never been higher than 2 000 fish
ha- ' (Helminen et al ., 1992) .

In eutrophic lakes the species composition and fish
density differ from that in oligotrophic lakes . In a
hydroacoustic study in two eutrophic Norwegian lakes
dominated by roach, the density was up to 11 000-
20 000 fish ha-1 (Bjerkeng et al ., 1991) . Hansson &
Rudstam (1990) estimated that the fish density could
even amount to 40 000 fish ha - ' in a eutrophic bay of
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Fig . 4. The target strength distribution offish in the pelagic area of the Enonselka basin and near the littoral spawning areas in the Paimelanlahti
bay in spring (A) and summer (B) 1990 .

the Baltic Sea. This was almost an order of magnitude
higher than in the nearby reference area .

In July-August 1988 there were thousands of
surface-feeding gulls and terns (Laridae) in the Enon-
selka basin . Their fish consumption in July-August
was estimated at 16 tonnes (Sammalkorpi & Lammi,
1995) . Such high numbers of gulls were not found in
any other year . This suggests that yearlings of smelt
etc . were particularly abundant in 1988 which was a
very favorable year for spring spawning fish species
e.g. perch (Bohling et al ., 1991) .

The large sedimentation caused by the eutrophi-
cation may favor the spring spawning fish species at
the expense of autumn spawning species (Nissinen,
1972 ; Miiller, 1992) . In the Enonselka basin the annu-
al sedimentation rate has been c . 1 .5 cm (Liukkonen et



al ., 1993) . This is obviously one very important rea-
son for high smelt, roach and perch density, and low
vendace (Coregonus albula (L.)) and whitefish (Core-
gonus lavaretus (L .) s .l.) density in the study area .

The bottom-up and top-down regulation

Increased productivity caused by the moderately high
nutrient concentration and supported by internal phos-
phorus loading in the growing season (Keto & Sam-
malkorpi, 1988 ; Horppila & Kairesalo, 1990) raises
the densities of crustacean zooplankton (cf. Hrbacek
& Hrbackova, 1966 ; Langeland, 1982 ; Mills & Sci-
avone, 1982 ; Hanson & Peters, 1984) and proba-
bly explains a major share of the positive correla-
tion observed between the phosphorus concentration
of water and fish biomass (Hanson & Leggett, 1982 ;
Pavlov et al ., 1986). The concentration of crustacean
zooplankton in the epilimnion varied between 50 and
200 ind .l -1 in L . Vesijarvi in summer 1985 and 1989 (I .
Sammalkorpi, unpubl .) . The densities of cladocerans
have gradually decreased in the 1990's (E . Luokka-
nen, unpubl .) . This is a very abundant food supply for
smelt, the numerically dominating pelagic fish species .
Crustacean densities in the neighbouring oligotroph-
ic Lake Paijanne have been an order of magnitude
lower (Hakkari, 1978). The abundant food supply has
increased the survival of smelt fry in the Enonselka
basin from average conditions . This explains partly
the very high density of the species .

The phosphorus concentration in the trophic layer
of the Enoselka basin declined after the first summer
(1989) of effective trawling . The average summer con-
centration since 1990 has been c. 80% of that in the
1980's (Keto & Sammalkorpi, 1988, 1993) . The pre-
dictions of fish biomass calculated from the equation of
Hanson & Leggett (1982) have been 93 kg ha -' for the
latter half of the 1980's and 75 kg for the years 1990-
1992. This indicated that the potential fish biomass
of the 1990's was c . 80% of the value in the 1980's .
This trend could not be seen in the hydroacoustic esti-
mate because a heavy migration happened from the
littoral to the pelagic zone to replace the trawled fish .
A significant positive correlation between epilimnet-
ic phosphorus concentration and the density of perch
and roach in the epilimnion was observed by Jurvelius
et al . (1987) in Lake Paijanne . However, the vary-
ing eutrophication did not affect the fish density in the
hypolimnion .

The top-down regulation in L . Vesijarvi is proba-
bly too weak to exert a considerable influence on smelt .
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Zander was extinct in the lake in the last century (Keto
& Sammalkorpi, 1988), and the proportion of intro-
duced zander and predatory perch was very low in
the trawl catches. The avian predators, although very
abundant, did not consume more than 17 kg ha -1 a-1
in the 1990's (Sammalkorpi & Lammi, 1995) . Fishing
in the basin was very weak before the trawling started ;
the catch was only c . 5 kg ha-' a- ' (Keto & Sam-
malkorpi, 1988). Both natural and fishing mortality
were thus very low in the 1980's .

The role of quantitative echocounting

The nocturnal ascent of fish close to the surface may
result in an underestimate in hydroacoustic fish densi-
ty estimation (Jurvelius, 1991 ; Auvinen & Jurvelius,
1994). A precise echocounting of fish should coincide
with the time of their maximal dispersion but a so far
unknown and probably varying share of the fish targets
may be in the surface layer . Vertically segregated test
fishing in the pelagial area of L. Vesijarvi has shown
that roach and particularly bleak stay in the uppermost
4 metres (J. Ruuhijarvi, unpubl .) which was reported
also by Dembinski (1971) in Polish lakes. The mean
length of roach has been 14-17 cm and that of bleak
12-15 cm in the pelagic trawl catch and gill-net test-
fishing (J. Ruuhijarvi & I . Sammalkorpi, unpubl .) . The
roach and bleak living close to the surface may be the
reason for the continuously rather low share of larg-
er size classes in hydroacoustic fish length estimates
in the Enonselka basin . These size classes were more
abundant in the estimates in the Paimelanlahti bay in
April .

The roach in the trawl catches were age 3+ and
older fish, whereas 2+ were very rare (Peltonen &
Horppila, 1992 ; Horppila & Peltonen, 1994). Anal-
ysis of the trawl data suggests that there has been a
reduction of roach density to c . 30% of the density in
1990 (Horppila & Peltonen, 1994) . We could not con-
firm this since an unknown part of roach has probably
`escaped' the echosurvey to the uppermost two meters
of the epilimnion .

A major proportion of the pelagic fish in the Enon-
selka basin were spring spawners which had their
spawning migration to the littoral areas in April-May .
Many of these fishes migrated to the central and deepest
areas of the Enonselka basin later in spring and sum-
mer. To achieve good results in the mass-removal of
these fish, considerable effort should be made to inter-
vene in their reproduction by catching the fish in winter
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and spring before their spawning . Attention should be
paid also to the catching of subadult yearclasses .

Conclusions

1 . Early evening was the best time for hydroacoustic
assessment of the pelagic fish stock in August .

2. The catch per unit effort of smelt in trawling of
the Enonselka basin should be higher in autumn than
in spring and summer.

3. Fish were slightly deeper in the water mass after
the beginning of the mass-removal than before it .

4. The trawling in summer did not have a permanent
effect on the fish density on the studied pelagic area .
Replacement from shallower areas or surface layers
took place in autumn .

5 . The rather stable level of smelt densities in the
1990's indicated that the mortality of 0+ smelt in the
trawling was low.

6. A decrease of nutrient concentration of the water
took place . Part of the reduction in the fish density
may have been caused by bottom-up regulation since
young (0+ and 1+) smelt respond rapidly to a change
in productivity.

7. Our data was not suitable for analyzing the
effects of trawling on roach .
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