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Abstract Fish community responses to long-term
mass removal of planktivorous fish from eutrophicated
Lake Tuusulanjérvi were examined during 1996-2018
by gill net test fishing, hydroacoustics with simulta-
neous trawling, virtual population analysis (VPA) and
fish growth measurements. The gillnet catches of
white bream and roach increased first while bream and
bleak decreased but recovered in the early 2000s.
Perch and pikeperch increased but ruffe decreased and
remained low. According to hydroacoustics, pelagic
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fish biomass decreased. Smelt was the most abundant
species at the beginning and the end of the monitoring
period but bream dominated the fish biomass in most
years. VPA calculations indicated a five- and threefold
increase in the biomass of bream and white bream,
respectively, during 2005-2011. Significant increases
appeared in the growth of perch, bream and roach.
Overall, the responses in the fish community structure
and fish abundance to the food web management were
slight and mostly masked by changes in reproduction
and growth of fish and annual variability in environ-
mental conditions such as temperature and water
turbidity. Gillnet test fishing and echo sounding
complemented each other well in monitoring the
effects of management fishing. Where bream is one of
the dominant species VPA is also recommended.

Keywords Biomanipulation - Lake restoration -
Gillnet test fishing - Hydroacoustics - VPA - Fish
growth

Introduction

Eutrophication due to scattered or diffuse loading of
nutrients, in particular from agriculture and forestry, is
now considered the most severe environmental distu-
turbance to Finnish lakes. Biomanipulation by means
of mass removal of planktivorous fish has been a major
tool for restoring eutrophicated lakes in Europe and
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North America during the last decades (Carpenter
et al., 1985; Benndorf, 1990; Horppila et al., 1998;
Peltonen et al., 1999a; Sammalkorpi, 2000; Sarvala
et al., 2000; Ruuhijirvi et al., 2005; Olin et al., 2006;
Sendergaard et al., 2007; Gulati et al., 2008; Bernes
et al.,, 2015).

Lake Tuusulanjirvi is the largest lake of the River
Vantaa drainage basin, located in the densely popu-
lated area of southernmost Finland, 30 km north of
Helsinki. The surface area of the lake is 6 kmz, mean
depth 3.2 m and maximum depth 10 m. The drainage
area (92 kmz) consists of forest (40%), arable land
(35%) and urban area (20%). Clay soil makes up 65%
of the drainage area. Symptoms of eutrophication of
this originally slightly dystrophic lake were already
recorded in the 1930s (Jarnefelt, 1937) and from the
mid 1950s rapid eutrophication took place due to
increased nutrient loading from settlements and agri-
culture. Sewage discharge from purification plants was
stopped in 1979 but the lake remained hypertrophic
due to high nutrient load from agriculture and forestry
and the high internal loading (Pekkarinen, 1990). The
first efforts to restore the lake were intiated in the early
1970s, including aeration of the water column.

The recent joint restoration project of Lake Tuusu-
lanjédrvi was organized in 1999 under the lead of The
Mid-Uusimaa Board for Water Protection Control
(KUVES). Activities in the lake catchment included
support and advice for water protection measures to
local farmers and construction of water protection
wetlands and sedimentation pools to the brooks and
rivers to decrease the nutrient load from the drainage
area to the lake. In the lake, biomanipulation by
removing planktivorous cyprinid fish and aeration of
the water column with Mixox pumps (Saarijiarvi &
Lappalainen, 2004) were regular measures to coun-
teract the harmful effects of eutrophication (Hietala &
Pekkarinen, 2017). Although the ecological status of
Lake Tuusulanjirvi is still poor in the classification of
the EU Water Framework Directive (WFD), and the
external and internal nutrient load still clearly exceed
the critical limits for reduction of the level of
eutrophication (Luodeslampi et al., 2017), positive
development in water quality has taken place since the
1970s as indicated by decreased total phosphorus
concentration and phytoplankton biomass. The high
late summer phytoplankton biomasses of 20-80 mg
17! WM (wet mass) that were common from the 1970s
to the mid 1990s (Jarvinen & Lepistd, 2017) have been
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replaced by biomasses continuously < 20 mg 17" and
annual mean values < 10 mg1~" (Jirvinen & Lepisto,
2017; KUVES, unpublished), which indicate success
in the restoration program.

In this paper, we present results from 20 year
studies of the responses of fish populations to the mass
removal of cyprinid fish. We hypothesized that
biomanipulation decreases the fish biomass of the
lake and result in (1) smaller biomass catches of gillnet
test fishing and (2) lower hydroacoustic fish biomass
estimates, while targeting cyprinid species in the
management fishing (3) increases the proportion of
percids and predatory species in the conditions of no
changes in fishing pressure. Furthermore, simultane-
ous application of different methods in monitoring the
development of the fish community during the study
period provided an improved opportunity to evaluate
the reliability of the results.

Materials and methods
Management fishing

Management fishing in Lake Tuusulanjdrvi was
started in 1997 to decrease the occurrence of algal
blooms in the lake. The main method in fish removal
was autumn seining of cyprinid fish. In the years 1998,
1999, 2003 and 2007, seining was conducted also in
winter and spring. Fykenets were used for fishing
during spawning of cyprinids in spring during
1997-2005. Subsequently, the fish removal was con-
ducted solely by autumn seining in September—
November. Target catch was set to WM of
200 kg ha™' in 3 years according to the successful
biomanipulation of L. Vesijarvi (Horppila et al.,
1998). For seining, the fish shoals were localized by
hydroacoustics and seining conducted by professional
fishermen hired by KUVES. The mass of removed fish
was measured volumetrically as number of specific
barrels with known weight full of fish. The species
composition was determined from subsamples of 10 to
30 kg. For technical details of the fishing operations
and gear, see Sammalkorpi (2000).

Gillnet sampling

Gillnet monitoring of the fish community in Lake
Tuusulanjirvi was started in 1996. In 1998-2009 test
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fishing was carried out annually and later every third
year (2012, 2015, 2018) as a part of the monitoring
programme of WFD. Sampling was conducted five
times per year during July—August, 11 nets each time.
NORDIC multimesh survey nets (Appelberg et al.
1995) were used and stratified random sampling was
applied proportional to the area of the depth zones
(CEN, 2005; Olin et al., 2006). The annual number of
gillnet nights (from ca. 8 pm to 8§ am) was 46 in 1996
and 55 in the other years. The numbers of benthic,
pelagic and metalimnetic gillnets were 40, 10 and 5,
respectively, but 38 benthic and 8 pelagic nets in 1996.
The between-year differences in gillnet total BPUE
(WM per unit effort = kg fish per gillnet night) and the
BPUE of individual fish species were tested with a
generalized mixed linear model (McCullagh &
Nelder, 1989). In the model, year (1996-2018) and
depth zone (0-3 m bottom, 3—6 m bottom and surface,
6—-10 m bottom, metalimnion and surface) were fixed
factors and fishing date (nested in year) was a random
factor. The link function was logarithmic and the
probability distribution was negative binomial.
Tukey—Kramer’s test was used for pairwise compar-
isons. The yearly trends in the estimated BPUEs were
tested with linear regression. For comparison of gillnet
BPUE and hydroacoustic biomass estimates, only
catches from nets placed in depth zones > 3 m were
included to increase the comparability of the areal
coverage in the two methods.

Hydroacoustic fish stock assessment

The pelagic fish biomass was assessed with yearly
echo-surveys from the beginning of the mass removal.
From 1999 simultaneous trawling was conducted in
order to determine species composition and length
distribution of each species, and to estimate fish
biomass at the surface blind zone of the echo sounder.
During the first years, the surveys were conducted in
late autumn. From 2004 the surveys were carried out
in late August—early September, when the young-of-
the-year fish have achieved sizes allowing their
detection, and usually the weather conditions are
more suitable for echo sounding than in late autumn.

Hydroacoustic sampling was done during the
daytime along nine equidistant transects at intervals
of 200 m covering > 5 m deep areas (Malinen, 2018).
The location of the first transect was randomized. The
acoustic equipment consisted of a SIMRAD EY-500

echo sounder equipped with a split-beam transducer
ES120-7C (operating frequency 120 kHz and beam
opening angle 7° at — 3 dB level). Pulse duration was
set to 0.3 ms and minimum target strength to
— 65 dB. The transducer was calibrated using a
standard copper sphere with SIMRAD LOBE-pro-
gram. The trawling was conducted with two boats in
high-density areas and in randomized sites (surface
trawling). The two trawls that were used had a height
of 2 and 4 meters and width of 5 and 8 meters,
respectively, and the cod-end mesh size was 3 mm.
From each haul, either the whole catch or a random
sample was taken for analysis.

The fish density of each transect was computed by
echo integration. The integrator threshold was set to
— 60 dB. The total backscattering coefficient (s,
MacLennan et al., 2002) was calculated by EP500
software and the mean cross-section (o) was deter-
mined either (1) using the length-distribution of trawl
catches and a relationship between fish length and
target strength (Peltonen et al., 2006; Malinen, 2018),
or (2) using the target strength distribution obtained
with the echo sounder. The fish density was computed
as s,/o (Simmonds & MacLennan, 2005). The density
was divided into species-specific estimates based on
species distributions of trawl catches and these were
converted to biomass estimates based on the wet
masses of each species. The mean density and biomass
in the study area were computed using transect lengths
as weights (Shotton & Bazigos, 1984) and their 95%
confidence limits were estimated based on Poisson-
distribution (Jolly & Hampton, 1990). Due to the lack
of unbiased method for combining the variances of
trawling and acoustic estimates, the confidence inter-
vals were computed only for those surveys where the
fish biomass at the surface blind zone was negligible.

Virtual population analysis

In the VPA cohort analysis approach (Pope, 1972) was
applied. It assumes that catches were taken during a
short period annually. The method was used for the
stocks of the three most abundant cyprinid species,
bream (Abramis brama L.), white bream (Abramis
bjorkna L.) and roach (Rutilus rutilus L.), during the
years 2005-2011. The numerical catch of each age-
group was estimated using the statistics for the total
seine yield and random samples from seine catches.
Random samples with a frame of 1 m? square were
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taken from more than 90% of hauls (Malinen et al.,
2017). The ages of fish were determined mainly from
scales but confirmed from cleithra in uncertain cases.
During the years 2005-2009, ages were determined
yearly from ca. 1000 bream, 450-1000 white bream
and 400-1000 roach. During the years 2010-2011, the
age-length key (Ricker, 1975) was applied and the
number of age determinations was reduced to 150-300
for each species and year. To determine the age
structure of the catches, the age-length key was
applied to samples consisting of 300-3700 length
measurements for each species and year (Malinen
et al., 2017).

The youngest fish were excluded from the cohort
analysis, because their low catches indicated very low
catchability and also the natural mortality rates in
young age groups are poorly known. The analyses
were started from the age two for bream, three for
white bream and one for roach. Instantaneous natural
mortality rates were assumed to be 0.15 for bream, 0.2
for white bream and 0.3 for roach (Horppila &
Peltonen, 1994). The age-specific terminal fishing
mortality rates (fishing mortality during the last year of
the analysis) for year 2011 were estimated as an
average over the years 2005-2010 for roach. However,
exceptionally high bream and white bream catches in
2011 suggested that fishing mortality (and hence the
catchability) must have been appreciably higher than
the average, so for these species the terminal fishing
mortalities were estimated based on the assumption of
similar catchabilities as in the year 2009 when very
high catches were also obtained. Thus, the terminal
fishing mortalities were presented as a product of
catchability and effort (the count of seine hauls).
These equations were included in the analysis, and the
solutions for age-specific stock sizes were sought
iteratively (Malinen et al., 2017). Finally, the bio-
masses of stocks were calculated based on yearly and
age-specific stock sizes and mean wet masses of fish.

Growth of fish

To evaluate possible responses in fish growth to the
food web manipulation, samples for age determination
of four important and abundant species were collected
from year-classes born before (1988-1997) and after
(1998-2008) the onset of the biomanipulation. These
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included perch (Perca fluviatilis L.) (n = 234 born
before and 492 born after the onset of manipulation,
pikeperch (Sander lucioperca L.) (n = 256 and 371),
roach (n = 339 and 476) and bream (n = 67 and 203,
respectively). The age of roach and pikeperch was
determined from scales and growth back-calculated
according to the method of Fraser and Lee (Bagenal &
Tesch, 1978) with the length of fish at scale formation
19 mm for roach and 44 mm for pikeperch. The age
determination and growth back-calculation of perch
was done from the opercular bone and those of bream
from the cleithrum (Bagenal & Tesch, 1978; Rai-
taniemi et al., 1988; Ruuhijérvi et al., 1996; Horppila
& Nyberg, 1999). The significance of differences in
mean annual length increments of fish born before and
after onset of the management fishing were assessed
with ¢ tests.

Results
Management fishing

Altogether, 1616 kg ha~' of planktivorous fish was
removed from the lake during the 22 year biomanip-
ulation 1997-2018. Annual catches varied between 30
and 180 kg ha~'. The highest catches of > 100 kg
ha™! occurred in 1997-1999, 2003 and 2009 (Fig. 1).
The mean catch per haul was 2500 kg in 1997 and
fluctuated between 300 and 1100 kg since then.
After the high removal catches in 1997-1999, two
to four-year periods of lower (30 to 50 kg ha™') and
higher catches (50-140 kg ha™"') alternated. Cyprinid
species dominated the catches throughout the study
period with an annual proportion of 59 to 91%. Bream
and roach were the most abundant species (29 and
28% of total yields in 1997-2018) followed by white
bream, smelt (Osmerus eperlanus L.) and perch with
biomass proportion of 8-9% each. Management
fishing appeared to have no direct effect on the water
quality (unpublished data from KUVES) in Tuusu-
lanjdarvi as no significant correlations were found
between the removal catches and chlorophyll a, total
phytoplankton biomass or the biomass of blue green
algae of next growing season. Instead, the turbidity of
water correlated negatively with the autumn seining
catches of roach (r2 =0.33, P <0.01) and perch
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Fig. 1 Annual catches from management fishing in Lake Tuusulanjirvi during 1997-2018. The category Others mainly comprised of

bleak and rudd

(r2 =0.19, P < 0.05), but not the catches of bream,
white bream, pikeperch and smelt.

Gillnet fishing

The gillnet catches (BPUE) were around 1-2 kg in the
first years of the project (Fig. 2). Despite high removal
catches of planktivorous fish (> 100 kg ha™') in the
years of 1997-1999, there was an increasing trend in
the total BPUE from 1996 until the years 2002 and
2003 (linear regression: F ¢ = 36.68, slope = 36.68,
* = 0.88, P = 0.001) with mean BPUE of 4 kg per net
(geometric means). From 2004 onwards, the total
BPUE varied between 2 and 3 kg with no clear trend.
The low catches in 2008 were apparently related to the
cold and rainy summer and turbid water. The propor-
tion of cyprinids in gillnet catches was 70-80% and
that of percids 15-25% in most years of the research
period. The proportion of predatory fishes (pike,
pikeperch and perch > 15 cm in total length) was in
most years 10-18% of the BPUE without any trend
during the 1996-2018. The most abundant species in
gillnet catches were roach (mean annual BPUE
0.2-1.2 kg) and white bream (BPUE 0.2-1.1 kg),
followed by perch (BPUE 0.1-0.5 kg), pikeperch
(BPUE 0.1-0.5 kg), bream (BPUE 0.04-0.3 kg) and

rudd (Scardinius erythropthalmus L.), BPUE 0-0.6 kg
(Fig. 2).

There were species-specific differences in the mean
BPUESs during the project (Fig. 3). The BPUE of white
bream and perch had an increasing trend during
1996-2002 and then fluctuated irregularly (linear
regression, white bream: F; ¢ = 11.61, slope = 0.30,
P = 0.70, P =0.019, and linear regression, perch:
Fi6=94.60, slope = 0.32, *=0.95, P <0.001).
Roach BPUE fluctuated irregularly. Bream BPUE
first decreased, then increased, and was highest in
2003 and 2004 being higher than the BPUE of any of
the previous years (Tukey—Kramer: P < 0.01 in all
comparisons). Pikeperch BPUE increased and in 2002
was higher than in any of the previous years (Tukey—
Kramer: P < 0.05 in all comparisons), and thereafter
fluctuated irregularly. The BPUE of bleak (Alburnus
alburnus L.) first decreased and in 2000-2002 was
lower than in the previous years (Tukey—Kramer:
P < 0.01 in all comparisons), but recovered in 2003
(Tukey—Kramer: P < 0.01 in all comparisons). Ruffe
(Gymnocephalus cernuus L.) decreased after the first
year of management fishing and remained at lower
levels after that. The gillnet catches suggested a
decreased smelt abundance in 2003-2008 but a
recovery in recent years. The catch of smelt in 2018
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Fig. 2 Proportion of different fish species in annual total BPUE
(geometric mean + 95% confidence limits) from NORDIC
gillnets in Lake Tuusulanjérvi during 1996-2018. The category
Others comprised of pike (Esox lucius L.), tench (Tinca tinca L.)

was significantly higher (Tukey—Kramer: P < 0.01 in
all comparisons) than the catch in 2003-2008 (Fig. 3).

The annual mean total BPUE of littoral nets
(depth < 3 m) were significantly larger than those of
pelagic nets (depth > 3 m), 5.7 kg and 2.3 kg, respec-
tively (Table 1). Consequently, catches of almost all
species were significantly larger in littoral nets. Ruffe
catches were similar in littoral and pelagic nets and
smelt was the only completely pelagic species
(Table 1).

The mean WM of fish in the total gillnet catches
fluctuated irregularly and so did the mean WM of
perch, pikeperch and bream. The mean WM of rudd,
white bream, bleak and smelt increased whereas that
of ruffe and roach decreased (Fig. 4). Statistically
significant increasing trend for white bream
(* =0.69, P <0.001) and significant decreasing
trend for ruffe (©* = 0.67, P < 0.001) is expressed as
grey line in Fig. 4b, c, respectively.

Hydroacoustic assessment of fish biomass
Unlike gillnet monitoring which covered the whole
lake area, results of late autumn pelagic echosounding

suggested decreasing pelagic fish biomasses during
1997-1999 (Fig. 5) coinciding with the high mass
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and Crucian carp (Carassius carassius L.). In addition, some
individuals of introduced species whitefish (Coregonus lavare-
tus L.), asp (Aspius aspius L.) and common carp (Cyprinus
carpio L.) were caught

removals of fish in those years. In years with the total
biomass estimates of 200-300 kg ha™" at the highest,
smelt was the most abundant species in the pelagic
zone by biomass until there was a clear collapse of the
stock in 2002 (Fig. 6, Malinen, 2017), apparently due
to unfavorable thermal conditions. Thereafter, total
fish biomass estimates in August—September varied
between 65 and 150 kg ha~' and showed no clear
trend (Fig. 6). During 2004—2018, bream was the most
abundant species by biomass in seven years with a
mean proportion of 27% followed by smelt, pikeperch,
white bream, perch and roach (8—16%). In the latest
years of the study a clear recovery of the smelt stock
took place up to a contribution of 40% of the total fish
biomass. In terms of densities, the most abundant
species throughout the study period were smelt,
0 + pikeperch and small Abramis sp. (small abra-
mis = sum of bream and white bream of < 80 mm
total length, Malinen et al., 2017). A positive
(r2 = 0.30) but non-significant relation was found
between the hydroacoustic total fish biomass estimates
and total BPUE from NORDIC nets in the pelagic
zone. At the species level, significant relations were
found for smelt and perch (Fig. 7).
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Fig. 3 BPUE (geometric mean + 95% confidence limits) of eight fish species from NORDIC gillnet catches during 1996-2018

Table 1 Total and species- Species Littoral 95% conf. limits Pelagial 95% conf. limits P

specific average BPUE (kg

fish per gillnet night, WM) Total 5.7 5.3-6.1 2.2 2.1-2.4 < 0.001

in the littoral (< 3 m) and Perch 0.60 0.51-0.71 0.19 0.16-0.22 <0.001

pelagic (> 3 m) gillnets; P:

P values of generalized Pikeperch 0.44 0.39-0.51 0.33 0.28-0.38 0.004

mixed linear model tests Ruffe 0.049 0.041-0.059 0.047 0.038-0.057 0.609
Smelt 0.001 0.001-0.002 0.068 0.055-0.085 < 0.001
Roach 2.1 1.8-2.5 0.25 0.21-0.30 < 0.001
White bream 1.3 1.2-1.5 0.78 0.70-0.87 < 0.001
Bream 0.42 0.35-0.50 0.15 0.12-0.18 < 0.001
Rudd 0.16 0.11-0.24 0.10 0.063-0.47 0.002
Bleak 0.083 0.067-0.10 0.061 0.048-0.077 0.017
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VPA estimates for the dominant cyprinids

VPA estimates for the three most abundant cyprinid
species suggested increasing population biomass esti-
mates for bream and white bream during 2005-2011
(Fig. 8). The estimated increase for the bream stock
was from 14,000 kg (24 kg ha™', WM) in 2005 up to
65,000 kg (110 kg ha™!, WM) in 2011, and for white
bream from 14,000 kg to 33,000 kg (55 kg ha_l,
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2000

2005 2010 2015

WM) during the same period. The roach biomass
estimates fluctuated in these years between 16,000 and
29,000 kg (27-49 kg ha~', WM). The total biomass
of these three species according to the VPA calcula-
tions was 80-200 kg ha™' during 2005-2011, which
clearly exceeded the hydroacoustic biomass estimates
for the pelagic (> 5 m deep) area. By the autumn
seining, 11-37% of bream biomass, 6-22% of white
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Fig. 6 Hydroacoustic fish biomass estimates in > 5 m deep
areas of Lake Tuusulanjérvi during 2000-2018. In the years
2000-2003, the category Others included all species except

bream and 3-63% of roach was removed in these
years.

Growth of fish

The first year growth of roach, bream, perch and
pikeperch born after the onset of the restoration was
slightly faster than growth of those born before the
project. Coinciding with the start of the mass removal,
the growth rates of older than one-year fish increased
(though not significantly for pikeperch), while the
growth of bream showed the most striking increase
(Fig. 9).

Discussion

In the first years of biomanipulation, the target
removal catch 200 kg ha™ ' in three years was reached.
Consequently, late autumn hydroacoustic fish biomass
estimates indicated clear reduction in pelagic fish
abundance but the total gillnet BPUE increased
unexpectedly from 1996 to 2002. The temporal

2010

2012 2014 2016 2018

smelt. In the years 2004 to 2018 the category others comprised
mainly of rudd, bleak, ruffe and eel (Anguilla anguilla L.)

decreases of gillnet BPUE of bream, bleak, ruffe and
smelt in the same time reflected their efficient removal
in the early years of the food web management.
Removal catches of bream totalling more than
100 kg ha™" in 1997-1999 appeared sufficient to
temporarily decrease the gillnet BPUE of bream while
a 50 kg ha~' removal catch of bleak in the same years
(Sammalkorpi, 2000) decreased the bleak catches. The
increase of the BPUE of bream and bleak until 2003
and generally high gillnet catches in the course of the
project since then suggest insufficient efficiency of the
biomanipulation during 2000s.

An apparent explanation for the increased gillnet
BPUE after onset of the removal fishing was the
dramatic increase in reproduction efficiency of the
remaining fish (Hansson et al., 1998; Olin et al., 2006)
accompanied by increased growth rates of fish (Rask
et al., 2005), especially for bream. In an extensive
Finnish biomanipulation study increased YOY fish
production or effective biomass compensation by
cyprinids were recorded in 10 out of 14 eutrophicated
lake ecosystems (Olin et al., 2006). Furthermore,
following an almost complete fish kill in a eutrophic
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Fig. 7 Hydroacoustic-based total biomass estimates and esti-
mates of key species in the pelagic zone of Lake Tuusulanjarvi
since 2004 related to the mean gillnet BPUE values of pelagic

lake the effective reproduction of the remaining fish
resulted in an equal gillnet BPUE in the next summer
compared to the earlier years (Ruuhijirvi et al., 2010).

It is likely that the collapse of smelt in the early
2000s, seen in both the gillnet BPUE and the
hydroacoustic estimates, was a consequence of unfa-
vorable environmental conditions induced by the
warm summer of 2002 and the absence of cool
metalimnetic water due to the hypolimnetic aeration
breaking down the thermal stratification of the lake.
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nets (those held in depth zones > 3 m). For smelt data from
years 2000-2003 were added. An outlier (year 2000) indicated
with a triangle

Identical collapses of smelt stocks were documented
in the same year in two other lakes in Finland
(Ruuhijdrvi et al., 2005; Keskinen et al., 2012). The
appearance of the exceptionally large year-class of
smelt in 2017 may have been promoted by the cool
summer that contributed to the relatively low water
temperatures optimal for the 0 4+ smelt.

Generally, the regular occurrence of pikeperch in
the gillnet catches with BPUE 0.2-0.6 kg, higher
(though not significantly) growth rate and high
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Fig. 8 Total biomasses of bream, white bream and roach in
Lake Tuusulanjarvi during 2005-2011 calculated with VPA
(cohort analysis). Grey section of bars indicates the proportion
of the biomass removed by autumn seining each year

hydroacoustic biomasses of 0 + pikeperch (Malinen,
2017) throughout the research period of two decades
all indicate a good status of pikeperch in Lake
Tuusulanjirvi. This is noticeable, as pikeperch is the
most important target species of recreational fishing in
the lake and certainly affects the acceptability of the
restoration project among local residents. Actually,
the management fishing induced an increase in the

abundance of small individuals of several prey fish
species in the lake which has probably benefitted the
pikeperch population.

The proportion of predatory fish in the gill net
catches of Lake Tuusulanjirvi (10-18% throughout
the study period) apparently remained too low for
predatory control of planktivorous fish (Jeppesen
et al., 1990). There are examples of biomanipulations
with fish community shifts towards more piscivorous
direction in lakes with levels of eutrophication similar
to Lake Tuusulanjidrvi (Reinertsen et al., 1990;
S¢ndergaard et al., 1990). As no statistics of the
catches of recreational fishermen are available, the
potential impact of fishing on the development of the
fish community of Lake Tuusulanjérvi cannot be
estimated. According to irregular interviews by
KUVES, the fishermen often have experienced bioma-
nipulation as a positive activity.

According to European studies, removals of 50 to
75% of planktivorous fish biomass are needed for
successful biomanipulations (Meijer et al., 1999;
S¢ndergaard et al., 2007; Bernes et al., 2015). Such
removals were not reached in Lake Tuusulanjérvi. In
addition, the wide year-to-year variation in the mass
removal catches apparently decreased the efficiency of
biomanipulation. As calculated on the basis of the
VPA analyses for bream, white bream and roach that
annually made 53-86% of removed fish biomass in
Lake Tuusulanjérvi, the mean annual proportion of
removed biomass from the stock varied between 12
and 32% depending on the species. In addition to the
efficiency of fish removal, several other factors can
affect the success in lake biomanipulation. These
include clay and humic turbidity, wind resuspension,
lake area and depth, high nutrient concentrations due
to insufficient external loading reduction or internal
loading and absence of stable submerged macrophyte
communities, high density of cyanobacteria and
presence of invertebrate predators (Jeppesen et al.,
1990; Meijer et al., 1999; Sgndergaard et al., 2007;
Gulati et al., 2008). In Tuusulanjirvi clay turbidity is
limiting the possibilities of aquatic macrophytes to
expand their distribution and stabilize the sediment. It
also affects the schooling behavior of cyprinid fishes,
essential for successful fish removal (Sammalkorpi,
2000) and decreases the predation efficiency of
visually hunting fish such as perch and pike (Diehl,
1988; Olin et al., 2006). Further, the external phos-
phorus load to the lake still exceeds the annual
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phosphorus loss from the lake in most years and
internal nutrient load is also remarkable (Luodeslampi
et al., 2017). However, assuming a 0.8% phosphorus
proportion from the fresh mass of cyprinid fish
(Schreckenbach et al., 2001), 0.2-1.4 kg ha™! of P
was removed annually in the biomanipulation of Lake
Tuusulanjirvi (Luodeslampi et al., 2017). This is
3-40% of the annual total P losses from the lake,
highest proportions in dry years with low total P load
and lowest proportions in rainy years of highest P load
to the lake (See also Pedusaar et al., 2010). Together
with other restoration activities of the project, this has

@ Springer

probably made a beneficial contribution to the general
positive development of the lake.

Despite certain shortcomings such as wide random
variation in BPUEs, and underestimation of the
abundance of some species such as bream, smelt,
and generally small (< 10 cm) fish (Olin & Malinen,
2003; Olin et al., 2009), NORDIC gill netting is
considered a useful tool for producing index-type
information on the status of fish community, as well on
the effects of natural variability as of fish stock
manipulations. This view is supported by the signif-
icant correlations between pelagic gillnet BPUEs and
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hydroacoustic biomass estimates for perch and smelt
in the present study. In an earlier study Peltonen et al.
(1999b) reported that gillnet CPUE was not suitable for
analysing the dynamics of smelt stocks. The difference
in the findings of the two studies is mainly that
NORDIC survey nets contain small mesh sizes (5,
6.25, 8 and 10 mm) and thus have higher catching
efficiency for small fish like smelt compared to the
nets used in the study of Peltonen et al. (1999b). In
Lake Tuusulanjirvi, where the abundance of fish is
high, a decrease of gillnet catchability due to fish
accumulation to nets may also affect the catching
efficiency (Olin et al., 2004). This may have leveled
off the highest gillnet catches in the present study.
Moreover, year-to-year variations in water tempera-
ture and water turbidity affect gillnet catches (Olin
et al., 2006).

Echo sounding and experimental trawling are
useful methods for assessing pelagic fish abundance,
especially of smelt, O + pikeperch and small
(< 8 cm) bream and white bream that largely remain
underestimated in gillnet catches. However, hydroa-
coustics are not recommended for larger cyprinids due
to their intermittent tendency to occupy shallow areas
and the bottom dead zone of the echo sounder, which
leads to high variation in estimates and also accounts
for the smaller biomass estimates of bream, white
bream and roach compared to those obtained from
VPA calculations in 2005-2011. The biomass increase
of bream and white bream recorded in VPA analyses
may have been a consequence of low seining catches
in 2005 and 2006. The roach biomass estimates
fluctuated in these years between 15 and 30 tons
suggesting that the removal catches of roach, more
than 50% of the stock biomass in the best years, were
high enough to prevent the increase in biomass.

In Lake Tuusulanjérvi, the high variation in the
catchabilities of bream and white bream are likely to
decrease the quality of the VPA estimates. This is due
to the high between-year variation in advancement of
the autumn, which affects the fish behavior, and more
specifically, the occurrence of large schools which are
optimal targets for effective seine fishing (Sammalko-
rpi, 2000). However, variations in catchability partic-
ularly influence VPA estimates close to the end of the
analysed time period while the estimates for the earlier
years of the study period are more accurate. In spite of
these evident weaknesses, VPA was found to be a
valuable supplement for monitoring the responses of

fish stocks in Lake Tuusulanjérvi. This study suggests
that it was the most suitable of the methods for bream
stock monitoring, and it revealed the clear dominance
of bream compared with other cyprinid species.

Concluding remarks

The mass removal of planktivorous cyprinids from
Lake Tuusulanjirvi over two decades did not result in
long-term changes in fish abundance and species
relations. Despite reaching the target catch of the fish
removal in the first years of the project and consequent
promising signs in responses, the efficiency of the
biomanipulation remained too low in later years of the
study period.

In spite of successful long-term activities to reduce
nutrient loads to the lake, the phosphorus level is still
high enough to allow high overall productivity of the
ecosystem. Consequently, fish production was high
enough to compensate the removals by effective
reproduction and growth. Further, clay turbidity in
rainy years decreased the schooling of cyprinid fish in
the lake limiting the possibilities of effective fish
removal and the predation effect of visually hunting
piscivores.

Despite the lack of long-standing changes in fish
abundance and community structure in Lake Tuusu-
lanjdrvi, the amount of nutrients removed in fish and
those bound to fish biomass due to increased growth of
fish probably have contributed to the positive devel-
opment of the lake as indicated, for example, in
decreased algal blooms during the study period.

In lakes such as Tuusulanjirvi with distinct littoral
and pelagic habitats, a combination of gillnet moni-
toring and hydroacoustics is optimal for assessing the
fish community responses to food web manipulation.
However, for lakes with an abundant bream stock,
these methods should be supplemented with catches-
at-age methods such as VPA. It is essential to apply
fish stock assessment, preferably using more than just
one method, to acquire information about the dynam-
ics of fish stocks providing management guidance in
lake restoration projects, in particular if fishing is
among the management tools.
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