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ABSTRACT

Karjalainen, Juha, Keskinen, Tapio, Ruokonen, Timo J. & Marjomadki, Timo J.
Roach and perch stocks recovered rapidly from 3-year removal fishing: long-
term multi-mesh gill net monitoring in small humic lakes

Jyvaskyla: University of Jyvadskyld, 2023, 41 p. + 8 appendices.

Proceedings of the department of biological and environmental science,
University of Jyvaskylad 1/2023

ISSN 2669-8986

ISBN 978-951-39-9539-3 (PDF)

Knowledge about the fish abundance and community composition is important in
fisheries management, assessment of the exploitation potential, ecological state of
lake ecosystems and impact of intensive fishing in lake restoration. In small, shallow
lakes with no commercial fishing, estimating the fish stocks is challenging. Catch
data are usually not collected, and direct counting of fish, e.g. by echo sounding is
imprecise. Standardized test gill net fishing is widely used in Europe in assessment
of ecological status in water management work. In this study, the changes in the fish
communities of four central Finnish lakes (Jyvds-, Tuomio-, Alva- and Patajdrvi)
were monitored for more than 20 years by test gill net fishing. Fishing was done with
standard multi-mesh gill nets, and the catches were sampled for age and growth
determinations. In 2004-2006, a biomanipulation campaign with fyke nets was
carried out in Jyvdsjdrvi, enabling the estimation of the roach and perch population
size using cohort analysis. In every lake, the dominant species in the gill net catches
were roach and perch. The average share of perch was the highest in the brownish
Patajarvi and roach in Tuomio- and Alvajdrvi. The share of perch increased in
Tuomio-, Alva- and Patajdrvi during the monitoring period. In total, 16 species were
caught from the four lakes. The gill net catch per unit effort (CPUE) was regularly
the highest in Tuomiojarvi, where net fishing is prohibited. The three-year intensive
fyke net fishing catch of Jyvésjdrvi was 104 tons (308 kg ha'), mostly bream, roach
and perch. Intensive fishing targeted 2-year-old and older fish, and based on the
cohort analysis, the roach and perch abundance decreased to less than 10 % of the
original. The share of old and large perch and roach decreased. The gill net CPUE of
perch and roach varied strongly between-years in all lakes. In Jyvasjdrvi, the gill net
CPUE of roach decreased during the intensive fishing period, but not statistically
significantly. With the abundant year-classes hatching during that period, the roach
and perch populations quickly recovered after the intensive fishing ended, and the
gill net CPUE of the roach returned to the pre-intensive fishing level. With the
applied gill net fishing effort, the CPUE provided an index of the abundance of fish
stocks and the proportions of the most abundant species. The selectivity of the fyke
nets and gillnet made it difficult to use uncorrected CPUE as a comparable index of
abundance, fyke nets targeting older age groups.

Keywords: fish biomass; fisheries; management; perch; roach; size distribution; test
gill net fishing; unit catch.
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Kalatiheyden, -biomassan ja -yhteison koostumuksen tunteminen on tdrkedd
kalastuksen ohjauksessa, kalataloudellisen hyédyntamispotentiaalin arvioinnissa,
jarviekosysteemien ekologisen tilan maédrityksessd sekd hoitokalastuksen
vaikutuksien arvioinnissa. Pienissd, matalissa jdrvissd, joissa ei harjoiteta
laajamittaista kaupallista kalastusta, kalakantojen arvioiminen on haasteellista.
Saalistietoja ei yleensd kerétd, ja kalatiheyden suora mittaus esim. kaikuluotaimella
on epdtarkkaa ja epatdsmallistda. Standardoitua koeverkkokalastusta kaytetdan
laajasti Euroopassa ekologisen tilan arviointiin vesien hoitotyossda. Téssd
tutkimuksessa seurattiin yli 20 vuoden ajan koeverkkokalastuksin neljan
keskisuomalaisen jarven (Jyvds-, Tuomio-, Alva- ja Patajdarvi) kalayhteisojen
muutoksia. Koeverkkokalastukset tehtiin usean solmuvilin tutkimusverkoilla
kerdten samalla saaliista ndytteitd ikd- ja kasvumaédrityksiin. Vuosina 2004-2006
Jyvésjdrvelld toteutettiin rysdpyyntind hoitokalastus, mikd mahdollisti sdrki- ja
ahvenpopulaation koon arvioinnin kohorttianalyysilld. Kaikilla tutkimusjdrvilla
verkkosaaliin valtalajeja olivat sédrki ja ahven. Keskimddrdinen ahvenen osuus oli
suurin ruskeavetisessd Patajdrvessd ja sdrjen Tuomio- ja Alvajdrvessd. Ahvenen
osuus kasvoi Tuomio-, Alva- ja Patajarvelld seurantajakson aikana. Kaikkiaan
saaliiksi neljdlta jarvelta saatiin 16 kalalajia. Yksikkosaalis oli sdannollisesti korkein
Tuomiojdrvelld, jossa verkkokalastus on kiellettyd. Jyvésjirven kolmen vuoden
hoitokalastuksen saalis oli 104 tonnia (308 kg ha). Eniten saaliissa oli lahnaa, sdrkea
ja ahventa. Hoitokalastus kohdentui 2-vuotiaisiin ja vanhempiin kaloihin, ja sdrjen
ja ahvenen populaatiot pienenivét kohorttianalyysin perusteella alle 10 %:iin
alkuperdisestd. Vanhojen ja suurten ahventen ja sdrkien osuus vaheni. Ahvenen ja
sdrjen koeverkkoyksikkosaaliin vuosien vilinen vaihtelu oli kaikilla jarvilld suurta.
Jyvésjdarvella sdrjen verkkoyksikkosaalis pieneni rysdhoitokalastusjakson aikana,
mutta ei tilastollisesti merkitsevésti. Jaksolla syntyneiden runsaiden vuosiluokkien
myotd sdrki- ja ahvenkannat toipuivat nopeasti hoitokalastuksen padtyttya ja sarjen
verkkoyksikkosaalis palautui tehopyyntid edeltdaville tasolle. Toteutetulla
pyyntiponnistuksella verkkoyksikkosaalis antoi indeksin kalakantojen runsaudesta
ja runsaslukuisimpien lajien lajisuhteista. Koeverkon ja rysdn valikoivuus
hankaloitti korjaamattomien yksikkosaaliiden kayttod kalakannan indeksina.
Rysakalastus kohdistui vanhempiin ikdryhmiin.

Hakusanat: ahven; hoitokalastus; kalabiomassa; kalasto; koeverkkokalastus;
kokojakauma; sarki; yksikkosaalis.
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1 INTRODUCTION

Science-based information about freshwater fish communities and population abundance is
an essential part of many environmental monitoring programmes (Radinger et al. 2019). The
fish communities in lakes and rivers produce versatile ecosystem services, sensitively reflect
multifactorial environmental stressors and are an essential component of biodiversity.
Naturally, the monitoring of fish stocks is required in the assessment and governance of
recreational and commercial fishing in order to avoid over-exploitation of the most desirable
species. Monitoring approaches and methods vary depending on the questions asked
(Radinger et al. 2019), but in general, lake fish monitoring usually requires catch per unit
effort (CPUE) data from recreational and/or commercial fishing and standardised test
fishing organized by managers or researchers. Test fishing with multi-mesh gill nets, fyke
nets, seines, trawls, and electrofishing provides information on the species and size
composition of the fish community, although the catches of different gear always provide
information on only a certain part of the fish community (Olin et al. 2009, Jurvelius et al.
2011, Rask et al. 2020).

Biomanipulation of fish communities has been used to improve the water quality of
eutrophicated lakes (Carpenter et al. 1985, Mehner et al. 2002). Typically, in biomanipulation
projects, the main objective is to extensively reduce the abundance of planktivorous fish
populations (often especially cyprinids) to create a top-down cascading effect via
zooplankton predation to phytoplankton. The results of biomanipulation have been
variable and often temporary (Drenner and Hambright 1999, Mehner et al. 2002). Short-term
changes in fish populations and water quality usually have been seen if the mass removal
has been effective enough, 70-90 % removal of the stocks of cyprinids. However, in many
cases fish populations can compensate for temporary intensive fishing by increasing their
growth, reproduction and survival after the fishing period (Mehner et al. 2002). The long-
term 22-year mass removal of cyprinids in Lake Tuusulanjdrvi, Southern Finland, did not
cause long-term changes in fish abundance and species relations (Rask et al., 2020). The total
catch of mainly bream (Abramis brama), white bream (Blicca bjoerkna) and roach (Rutilus
rutilus) varied between 30 and 180 kg hal, 22-year total catch being 1616 kg ha? in
Tuusulanjarvi.

The fish community of four boreal lakes in Central Finland have been monitored for
more than 20 years and this report summarizes the main results of the monitoring
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programme. All study lakes, Jyvdasjdrvi, Tuomiojarvi, Alvajarvi, and Patajérvi, are located
in the municipality of Jyvdskyld. Their catchment areas have been subject to intensive
anthropogenic land use. Jyvésjdrvi has been in poor condition in the 1960s and 1970s due to
municipal and industrial wastewater but has since recovered thanks to a prominent
reduction in external loading and human-assisted hypolimnetic oxygenation (Salonen et al.
2005, Kuha et al. 2016). In the biomanipulation project in Jyvésjarvi in 2004-2006, intensive
tishing of cyprinids and perch was practiced with fyke nets. Recreational fishing with
angling, trolling and lure fishing is allowed in all study lakes. In Jyvésjdrvi, Alvajarvi and
Patajdrvi, gill net fishing is allowed for commercial and recreational fishers. Gill net fishing
is prohibited in Tuomiojdrvi. Fishing in Jyvésjdrvi is currently mainly recreational gill
netting and trolling targeting pikeperch, in addition to winter and summer angling. Fishing
in Alvajdrvi and Patajdrvi is mainly recreational. The impact of recreational fishing focusing
on roach and perch is negligible in the study lakes.

The aim of this study is to monitor the changes in the abundance and composition of
the fish community in the lakes and to analyze how multi-mesh gill net test fishing reflects
these changes. In Jyvésjdrvi, Pope’s (1972) cohort analysis was applied, on the basis of fyke
net catches obtained in biomanipulation, to estimate the abundance and biomass of roach
(Rutilus rutilus) and perch (Perca fluviatilis) populations, the two dominant species in all
lakes. In particular, it was investigated how the catch per unit effort of multi-mesh gill net
tishing corresponded to large changes in population density and biomass in Jyvasjdrvi.



2 MATERIAL AND METHODS

2.1 Study lakes

The fish communities of lakes Jyvdsjdrvi, Tuomiojdrvi and Alvajdrvi were monitored in the
years 2001-2021 and Patajdarvi 2001-2015. Tuomiojarvi and Alvajdrvi are located in the
catchment area of the River Tourujoki, which flows into Jyvasjarvi (Fig. 1). Lake Patajérvi is
located in the Lake Muuratjdrvi catchment. All lakes are mesotrophic (Table 1). In Finnish
lake typology (Anon. 2013), they belong to category 2, small humic lakes, with the exception
of Patajdrvi, which belongs to category 6, humus-rich lakes. These two categories of lakes
make up 22.5 % of all lakes in Finland (9 % of the lake surface area).
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FIGURE1 Location of the study lakes in Central Finland.
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TABLE 1 Characteristics of the study lakes Jyvésjarvi, Tuomiojdrvi, Alvajdrvi and Patajarvi. The
mean (min-max) phosphorous and nitrogen concentrations and colour in epilimnion in
July-August in  2001-2018 are represented. Data from SYKE’s databases
(https:/ /www.syke.fi/fi-FI/ Avoin_tieto/ Ymparistotietojarjestelmat).

Jyvisjarvi Tuomiojarvi Alvajarvi Patajérvi

Location N 62°14'16” 62°15'45” 62°18' 58~ 62°09' 237

E 25°46' 557 25°43' 08” 25°43' 04~ 25°26' 56”
Area (km?) 3.37 2.98 2.09 1.28
Maximum depth (m) 26 13 17 18
Mean depth (m) 7 4 4 6
Total phosphorus (ug 17) 27 (16-41) 17 (12-21) 31 (24-41) 18 (15-23)
Total nitrogen (ug 1) 646 (460-900) 431 (380-500) 628 (470-950) 544 (470-630)
Colour (Pt mg 1) 60 (40-80) 43 (35-50) 84 (70-100) 97 (80-130)

2.2 Gill net test fishing

The fish communities of the four study lakes have been monitored by gill net test fishing
annually from 2001 to 2013 and every other year thereafter until 2021, except in Patajdrvi,
where the last test fishing was carried out in 2015. Spatially, fishing was carried out using
stratified random sampling based on depth strata (Fig. 2, Table 2). Lakes were divided into
50x50 meters squares, and the nets in each stratum were placed in randomly selected
squares. The orientation of each of the littoral nets (parallel or perpendicular to the
shoreline) was also randomized. The total fishing effort was 12-30 gill net days per lake per
year. Test fishing was mainly carried out in August (Appendix 1). The nets were set before
noon and lifted the next morning (soak time 20-24 h).

In 2001-2009, YK-type multi-mesh nets (30 m x 1.5 m, 9 panels with mesh sizes 10, 12,
15, 20, 25, 30, 35, 45 and 55 mm from knot to knot) were used, and in 2010-2021 Nordic
multi-mesh survey nets (30 m x 1.5 m, 12 panels with mesh sizes 5, 6.25, 8, 10, 12.5, 15.5,
19.5, 24, 29, 35, 43 ja 55 mm from knot to knot, European Standard EN 14757:2005). To ensure
the comparability of data throughout the study period, catches were intercalibrated
between the net-types used: 5, 6.25 and 8 mm mesh size catches from Nordic nets were
excluded, as these mesh sizes do not exist in YK-type gillnets. Furthermore, since the areas
of the panel areas differ between the net types used, the catches of the > 10 mm panels of
the Nordic-nets were adjusted to match the area of a YK-net panel (5 m?) by multiplying
them by a factor of 1.333 (Voutilainen and Huuskonen 2006). The abundance index, catch
per unit effort (CPUE), was measured for each species as wet mass (g net! day!) and
number (individuals net! day-). Unless otherwise noted in the text, all CPUE-estimates are
expressed as a stratum volume (Table 2) -weighted average of the stratum-specific averages.
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FIGURE 2  Gill net test fishing strata in Jyvésjarvi, Tuomiojdrvi, Alvajarvi and Patajédrvi. Only
Jyvésjarvi had an intermediate sublittoral stratum of 3-6 m.

TABLE 2 The proportional water volumes of test fishing strata and the number of nets in each
stratum per fishing day in Jyvésjarvi, Tuomiojarvi, Alvajarvi and Patajarvi. There were 4
strata in Jyvésjarvi and only 3 in Tuomiojarvi, Alvajarvi and Patajarvi (cf., Fig. 2): in these
lakes the boundary between the pelagic bottom and surface layers was 3 m, while in
Jyviésjdrvi it was 6 m.

Stratum Jyvisjarvi Tuomiojarvi Alvajarvi Patajdrvi
< 3 m littoral zone 0.081 0.275 0.239 0.11
3-6 m sublittoral zone 0.264 - - -
Bottom layer 0.328 0.338 0.458 0.700
Surface layer 0.327 0.387 0.239 0.190
Gill nets stratum™ day! ~ 7-12 4-5 4-5 4-5

2.3 Biomanipulation in Jyvisjarvi

In the biomanipulation period 2004-2006, intensive fyke net fishing by commercial fishers
targeted potentially planktivorous cyprinids and small perch. The fishing season started
every year immediately after the ice-out in late April-early May and continued for 1.5-2
months. The mass of the total catch was recorded on each fishing day and the species
composition was estimated from random catch samples (approx. 30 kg per sample) taken
once a week.
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In 2004, intensive fishing was carried out from 3 May to 2 July. From 8 to 21 fyke nets
were used daily by 3 fishers and the nets were emptied on 48 days, a total of 661 fyke net
catches during the fishing season. In 2005, intensive fishing was carried out from 27 April
to 14 June. Three fishers were fishing with 8-20 fyke nets per day. The nets were emptied
on 38 days, totalling 533 fyke net catches. In 2006, one fisher fished with 12 fyke nets from 6
May to 13 June. The fyke nets were emptied 420 times on 35 days. The catch per unit effort
was calculated as the number and wet mass of each species per fyke net day (24 h).

2.4 Cohort analysis of roach and perch

Abundances of 2 years old and older roach and perch during the biomanipulation period,
May 2004 - July 2006, were estimated using cohort analysis (Pope 1972), a simplified
approximation of Virtual Population Analysis (Gulland 1965).

Recorded total daily (d) fyke net catch mass for both species (s) was first converted to
individuals (C). These were then divided into catches of different cohorts (c) (Cs.cd). This
was done on the basis of estimates of mean mass and age distribution obtained from the
catch samples. Age distributions were estimated based on the length distribution of the
catch samples and the age-length key. One key was used throughout the annual fishing
season, as fish growth was low during the season.

The abundance of each cohort (Nsd,) was estimated by Pope’s (1972) formula:

NS/C,d = Ns,c;dﬂ eMs + Cs,c,d e PMs ’

where Ms = instantaneous other (natural + other fishing) mortality for the species s. The
most likely estimate of M was considered to be 0.5 yr-! for both species, 0.00137 d-1. For
simplicity, a constant value was used for every cohort at different ages. The parameter that
schedules the effect of fishing, , was set to 0.5. However, it has practically no effect on
population size estimation when using the Pope’s method on daily basis.

Terminal (= end of fyke net biomanipulation fishing season in 2006) fishing mortality
(Fs1) was estimated by

Fsr=frqsr,

where fr = terminal fishing effort (fyke net days) during the terminal period, the last 7 days
of fishing and gs = estimate of terminal catchability (proportion of cohort caught with one
fyke net per day). Perch qs was estimated based on the removal method (Leslie & Davis
1939, Braaten’s 1969 modification) in the second half of the fishing season, May 16-June 13,
2006, after the spawning season. Catches of perch aged at least two years were combined. A
gs estimate of 0.0047 per fyke net day was considered an overestimate because fish are likely
not moving in the lake fast enough to compensate for the daily decrease in fish density at
fyke net sites. A value of 0.003 was considered the most probable value for perch gs. For
roach, q could not be estimated using the removal method, as no clear relationship between
CPUE and cumulative catch was observed. The most likely value was a slightly lower value
compared to perch, 0,002.
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The terminal Nt at the beginning of the last fishing week was then estimated using
Baranov’s (1918) catch equation

Ns,c,T = Cs,c,T (Ms * 7/365 + Fs,T) / (Fs,T * (1'eXp(Ms * 7/365 + Fs,T)),

where Cs 1= fyke nets catch of cohort c of species s during the terminal fishing period = the
last 7 days. The Pope’s equation was used from that backwards in time.

The impact of uncertainty in Ms and gson Ns,4,c estimates was assessed using @RISK
(Palisade). Daily N, d,c estimates were recalculated 10 000 times with random constant values
of Ms and gs;r drawn from triangular density function distributions (minimum, most likely,
maximum) with parameters describing our expert judgement of the uncertainty in their
values. The statistical distribution of the 10 000 values of Ns 4. was then used to indicate
uncertainty about cohort abundances.

The most likely Ms value of roach, including both natural mortality and mortality
cause by fishing other than the intensive fishing, was set to 0.5 a’! and its minimum to 0.25
and maximum to 1.0 based on Peltonen & Horppila (1992), Horppila & Peltonen (1994),
Sairanen (2006). Similar values were used for perch, based on Nyberg (1976), Thorpe (1977),
Rask & Arvola (1985), Heibo et al. (2005), Sairanen (2006), Kokkonen et al. (2019).

The values that were the considered the minimum, most probable and maximum for
gs, of roach were 0.0005, 0.002 and 0.005 per fyke net day, respectively. The corresponding
values for perch were 0.001, 0.003 and 0.007 per fyke net day.

2.5 Comparison between gill net CPUEs and fish biomass estimates

The CPUE of multi-mesh gill nets (g net! day-') and cohort analysis-based estimates of total
biomass (kg ha) of roach and perch in Jyvasjarvi were compared during the period of
intensive fishing in 2004-2006. In this comparison, both estimates included only fish older
than 2 years: for gill net catches, only roach larger than 9 cm and perch larger than 11 cm
were included in the analysis. Multi-mesh gill net fishing was carried out in August 2003,
2004, and 2005, while fish biomass estimates represented the beginning of the fyke net
fishing season in the following spring 2004, 2005 and 2006. Additional data were collected
from the literature (Karjalainen et al. 1999, Ruuhijdrvi et al. 2017) to the analysis of the
association between roach CPUE from multi-mesh gill net fishing and biomass of roach in
lakes.



3 RESULTS AND DISCUSSION

3.1 Catches of intensive fyke net fishing in Jyvasjarvi

During the Jyvésjdrvi biomanipulation project in 2004-2006, the total catch of intensive fyke
net fishing was 104 tonnes (308 kg ha), of which bream 41 tonnes, roach 24 tonnes, and
perch 27 tonnes (Table 3). The catch of roach varied between 18 and 28 kg ha'! and perch
between 15 and 45 kg ha'! in different years. The bream catch varied from 21 to 68 kg hal.

TABLE 3 Fyke net catches in Jyvisjdrvi in 2004-2006. “Other” consists of silver bream (Blicca
bjoerkna), rudd (Scardinius erythropthalmus), pikeperch (Sander lucioperca), European
whitefish (Coregonus lavaretus), burbot (Lota lota) and European bullhead (Cottus gobio).

Species 2004 2005 2006 Total
tonnes tonnes tonnes tonnes kg ha- %

Roach 94 8.5 6.1 239 71 23
Perch 15.2 5.1 6.9 27.2 81 26
Bream 22.8 10.7 7.2 40.7 121 39
Bleak 0.5 1.3 0.6 7.8 23 7
Ruffe 0.2 0.3 0.4 0.9 3 3
Smelt 0.0 <0.1 0.6 0.6 2 1
Other 1.6 05 0.5 2.6 8 1
Total 55.0 26.4 22.3 103.7 308

Jeppesen and Sammalkorpi (2002) developed an equation based on the phosphorus
concentration of water in Finnish and Scandinavian lakes to estimate how much fish
biomass should be removed from per year, so that removal would have a favorable effect
on water quality or the fish community. Estimated with this equation, the annual catch
requirement of Jyvasjarvi is about 90 kg hal. The annual catch from Jyvésjarvi in the first
year of intensive fishing period was more than 150 kg hal, and over three years averaged
about 100 kg ha? a’l. This removal caused a clear decrease in fish populations. In the
extensive fish removal projects in Finland, in the first fishing years, the largest catches have



15

been 130 to 150 kg ha! a'lin some lakes of the same lake type and nutrient level as Jyvésjdrvi
(Ruokonen et al. 2019). Annual catch from 30 to 80 kg ha! has been a typical catch in the
early years of the projects. Nevertheless, catches per hectare vary greatly depending on
fishing effort, fish community structure and other factors.

Especially in 2005 and 2006, the fyke net roach CPUE in mass decreased significantly
during the intensive fishing season (Fig. 3). Perch CPUE decreased during the fishing
seasons in 2004 and 2006, but not in 2005 (Fig. 3). The peak CPUE for both species during
the first 10 days in 2004 and 2006 is due the spawning season, when mature fish accumulate
in the littoral zone. The daily CPUEs of roach, perch, bream, and bleak are presented in
Appendix 2.

CPUE kg fyke net! day’
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FIGURE3  Catch per unit effort in mass (CPUE, kg fyke net! day-!) of roach (upper panels) and
perch (lower panels) in Jyvésjdrvi during the intensive fishing period 2004-2006. The days
on the x-axis start from the beginning of fishing. Note the logarithmic scale on the y-axis.
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3.2 Species composition of gill net test fishing catches

Perch and roach were the most numerous fish species in the multi-mesh gill net catches in
all lakes, and pikeperch and pike were the most abundant predatory species (Fig. 4 and 5).
In Jyvasjdarvi, Tuomiojdrvi, Alvajdrvi and Patajdrvi, 14, 12, 11 and 12 fish species were
caught, respectively. Altogether, the species were perch (Perca fluviatilis), pikeperch, ruffe
(Gymnocephalus cernua), roach (Rutilus rutilus), bream (Abramis brama), silver bream (Blicca
bjoerkna), rudd, bleak (Alburnus alburnus), crucian carp (Carassius carassius), ide (Leuciscus
idus), pike (Esox lucius), burbot (Lota lota), smelt (Osmerus eperlanus), whitefish (Coregonus
lavaretus) and vendace (Coregonus albula). Stocked rainbow trout (Oncorhynchus mykiss) were
caught in Tuomiojarvi occasionally. In Jyvésjdrvi, the relative proportions (%) of dominant
species, roach and perch, were 24 % (SD =7) and 61 % (SD = 12) in number, and 34 % (SD =
6) and 42 % (SD = 11) in mass, respectively. In Tuomiojdrvi, the relative proportion of roach
in number varied from 27 % to 68 % and increased during the study period (correlation
between year and CPUE%, Spearman Rs = 0.681, p = 0.003), while the proportion of perch
in number decreased (max = 68 %, min =27 %, Rs = -0.618, p = 0.008), but increased in mass
(min = 18 %, max n = 51 %, Rs = 0.696, p = 0.002). Similarly, in Alvajdrvi, the relative
proportion of roach in number increased during the study period (min =16 %, max n =76
%, Spearman Rs = 0.620, p = 0.008), while the proportion of perch in mass increased (min =
16 %, maxn =47 %, Rs=0.605, p = 0.010). In the most humic Patajdrvi, which has the smallest
littoral area, the proportion of perch increased bot in number (Spearman Rs= 0.591, p =
0.026) and in mass (Spearman Rs = 0.662, p = 0.010) during the study period, and the mean
CPUE% of perch was greater, 53 % (SD = 16) in number and 51 % (SD = 15) in mass, than in
any other lake. In Jyvésjdrvi, the CPUE% of roach or perch was not significantly correlated
with the sampling year.
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FIGURE4  Species composition of test fishing gill net catches (proportions of number of individuals)
in 2001-2021 in Jyvasjdrvi, Tuomiojarvi, Alvajédrvi and in 2001-2015 in Patajérvi.
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FIGURE5  Species composition of test fishing gill net catches (proportion of catch mass) in 2001-2021
in Jyvasjdrvi, Tuomiojéarvi, Alvajdrvi and in 2001-2015 in Patajérvi.
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3.3 Catch per unit effort of dominant species in gill net fishing

In 2001-2021, the mean roach CPUE in mass (g net! day) in gill net test fishing was 701,
1305 and 637 in Jyvdsjarvi, Tuomiojarvi and Alvajdrvi, respectively (Fig. 6, Appendix 3-6),
and that in 2001-2015 in Patajdrvi 162 g net! day-l. The mean perch CPUE (g net! day!) was
832,1088 and 651 in Jyvdsjarvi, Tuomiojarvi and Alvajdrvi, respectively, and 344 in Patajarvi
in 2001-2015 (Fig. 6). The CPUEs of other species are presented in Appendix 3-6.
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In 2001-2021, the mean gill net roach CPUE in number (individuals net! day-!) was 17, 58
and 30 in Jyvdsjarvi, Tuomiojarvi and Alvajdrvi, respectively (Fig. 7, Appendix 3-6) and 10
in in Patajdrvi in 2001-2015. The mean perch CPUE (individuals net! day-!) was 45, 56 and
23 in Jyvdsjdrvi, Tuomiojdrvi and Alvajdrvi, respectively, and 15 in Patajarvi in 2001-2015
(Fig. 7). The CPUEs of other species are presented in Appendix 3-6.
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In Tuomiojarvi, Alvajarvi and Patajérvi, perch CPUE in mass had a significant positive
correlation with the sampling year during the study period (Spearman correlation between
year and CPUE in mass, Spearman Rs = 0.475, p = 0.054, Rs= 0.490, p = 0.046 and Rs= 0.582,
p = 0.029, respectively). In Tuomiojdrvi, perch CPUE in number of had a significant negative
correlation with the sampling year (Rs=-0.902, p < 0.001), while CPUE in mass in Alvajarvi
correlated negatively with the sampling year ((Rs=-0.801, p <0.001). In Alvajdrvi, a positive
correlation was observed between roach CPUE in number and the sampling year and in
number (Rs= 0.502, p = 0.040) but not in mass CPUE (Rs = 0.279, p = 0.277). In Jyvésjdrvi,
there was no significant correlation between sampling year and CPUE in number or mass
of perch and roach (p > 0.05).

The mean mass (CPUE in mass divided by CPUE in number, Fig. 8) of roach in gill net
catches had a decreasing trend in Jyvésjdrvi (linear regression, slope = -1.20, p = 0.033) and
Tuomiojarvi (linear regression, slope = -0.77, p = 0.036). In Alvajdrvi, the mean mass was
highest in the middle of the study period and there was no significant trend (linear
regression, slope = 0.28, p = 0.58). In Patajdrvi, the mean mass of roach in test fishing
increased from 2001 to 2015 (linear regression, slope = 0.72, p = 0.001, Fig. 8).
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FIGURE8 Mean wet mass (CPUE in mass divided by CPUE in number of individuals) of roach
(upper) and perch (lower) caught with multi-mesh gill nets (YK-calibrated) in Jyvésjarvi,
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The mean mass of perch increased especially in Tuomiojarvi (linear regression, slope = 2.25,
p < 0.001), but also in Jyvésjdrvi (linear regression, slope = 0.57, p = 0.025) and Alvajarvi
(linear regression, slope = 1.68, p = 0.002). A non-significant linear trend was observed in
Patajdrvi (linear regression, slope = 0.85, p = 0.13).

TABLE 3 Mean catch per unit effort of roach and perch in mass (CPUE g net! day?) in multi-mesh
gillnet fishing in Jyvisjdrvi, Tuomiojdrvi, Alvajarvi and Patajirvi before the intensive fishing
period with fyke nets in Jyvisjarvi (2001-2003), during (2004-2006) and after (2007-2021), in
Patajdrvi in (2007-2015). SE = standard error of mean.

Species Lake Before During After

Mean SE Mean SE Mean SE

Roach Jyvasjarvi 807.0  158.0 534.4 95.6 718.3 83.6

Tuomiojarvi 1632.4 76.7 15413 1588 1150.6 91.5
Alvajdrvi 560.3 34.9 628.0 131.9 660.2 79.8
Patajarvi 161.8 12.3 162.6 59.6 160.9 30.6
Perch Jyvasjarvi 916.7  169.0 927.7  307.1 783.3 68.5
Tuomiojarvi 1186.6  314.8 852.0 50.8 11261 107.9
Alvajdrvi 4928 2174 353.9 54.5 7745 1069
Patajarvi 284.5 37.7 133.9 12.5 4448 69.2
Pikeperch Jyvésjarvi 164.3 36.2 71.9 15.2 2244 68.4
Tuomiojarvi 2427  113.0 384.4  116.1 455.6 73.9
Alvajdrvi 141.5 34.9 222.8 75.4 308.4 59.7
Patajdrvi 26.2 - 5.6 1.1 1141  103.8
Bleak Jyvasjarvi 99.2 26.6 30.9 10.3 124.1 21.9
Tuomiojarvi 86.5 8.6 126.2 51.2 254 43
Alvajarvi 69.9 35.1 80.9 223 28.0 9.5
Patajdrvi 33.8 23.4 43.6 20.0 15.7 59
Bream Jyvasjarvi 50.3 8.5 49.5 15.1 55.7 11.1
Tuomiojarvi 5341 1919 4222 97.3 226.4 35.3
Alvajarvi 119.0 48.0 112.9 20.3 183.6 17.5
Patajarvi 63.8 38.2 9.8 6.0 34.1 9.2
Silver bream Jyvésjdrvi 37.2 15.4 10.7 5.6 30.2 7.9
Tuomiojdrvi 108.5 56.7 102.0 11.9 191.84 231
Alvajarvi 214.5 87.6 242.4 99.8 97.5 16.1
Patajarvi 30.3 7.7 141.7 1292 20.0 6.5
Ruffe Jyvésjdrvi 15.2 6.0 36.0 10.7 14.3 2.7
Tuomiojarvi 24 1.4 3.3 0.5 3.9 0.5
Alvajdrvi 3.5 0.8 4.6 1.5 4.6 0.9
Patajarvi 1.2 0.3 1.9 1.0 2.4 0.5
Pike Jyvésjarvi 13.5 5.9 46.5 25.5 70.5 26.7
Tuomiojarvi 35.2 3.8 85.2 55.5 66.7 24.6
Alvajdrvi 94.3 23.8 33.1 17.8 46.9 17.2

Patajdrvi 85.3 19.7 21.9 7.5 23.6 13.1
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TABLE 4 Mean catch per unit effort in number (CPUE individuals net? day?) in multi-mesh gillnet
fishing in Jyvésjdrvi, Tuomiojarvi, Alvajédrvi and Patajdrvi before the intensive fyke net
fishing period in Jyvésjarvi (2001-2003), during the period (2004-2006) and after (2007-
2021, but in Patajarvi in 2007-2015). SE = standard error of the mean.

Species Lake Before During After
Mean SE Mean SE Mean SE
Roach Jyvésjarvi 17.7 4.7 10.6 1.6 19.1 2.3
Tuomiojarvi 55.3 6.2 58.6 144 53.6 6.4
Alvajarvi 26.5 3.2 27.9 6.6 323 6.3
Patajarvi 12.0 0.5 12.1 54 8.0 1.6
Perch Jyvésjdrvi 59.9 11.3 56.3 17.4 38.2 43
Tuomiojarvi 103.8 32.7 72.3 1.7 36.6 3.6
Alvajdrvi 29.5 14.3 18.5 29 22,7 4.2
Patajarvi 13.1 1.1 7.1 0.7 18.8 2.7
Pikeperch Jyvésjarvi 0.5 0.2 0.7 0.2 0.8 0.2
Tuomiojdrvi 0.7 0.2 0.8 0.2 1.1 0.2
Alvajarvi 0.8 0.3 0.9 0.2 1.1 0.2
Patajarvi 0.1 - 0.2 0.2 0.1 0.1
Bleak Jyvasjarvi 6.3 1.9 1.7 0.6 7.7 1.5
Tuomiojarvi 5.2 0.6 8.5 4.5 1.6 0.3
Alvajarvi 0.8 0.3 0.9 0.2 1.1 0.2
Patajarvi 3.7 2.7 3.9 2.0 1.3 0.5
Bream Jyvasjarvi 04 0.1 0.8 0.7 0.4 0.1
Tuomiojarvi 4.3 15 3.0 0.6 14 0.2
Alvajarvi 1.9 1.1 14 0.5 1.9 0.3
Patajdrvi 1.3 0.8 0.3 0.1 0.6 0.2
Silver bream Jyvésjarvi 0.8 0.3 0.1 0.1 0.3 0.1
Tuomiojérvi 1.5 0.8 1.1 0.1 1.1 0.3
Alvajarvi 3.9 1.5 7.6 3.7 1.5 0.3
Patajarvi 1.0 0.1 3.2 2.8 0.4 0.1
Ruffe Jyvésjdrvi 1.4 0.4 3.1 0.6 1.9 0.3
Tuomiojarvi 0.5 0.3 0.6 0.1 1.0 0.1
Alvajarvi 0.6 0.2 0.8 0.3 0.8 0.1
Patajarvi 02 <01 0.4 0.2 0.5 0.2
Pike Jyvisjarvi <0.1 <0.1 0.1 0.1 0.1 <0.1
Tuomiojérvi 0.1 <0.1 0.1 <0.1 0.1 <0.1
Alvajarvi 0.2 0.1 0.1 <0.1 0.1 <0.1
Patajarvi 0.3 <01 0.1 0.1 0.1 <01

In 2001-2003, before the intensive fishing period, the mean CPUE + SE of roach was 18 £ 5
ind. (807 £ 158 g), during the intensive fishing period in 2004-2006 it was 11 + 2 (534 + 96 g)
and after the intensive fishing period in 2007-2021 19 £ 2 ind. (718 + 84 g) (Table 3 and 4).
The lowest roach CPUE in number (8 ind. net! day') and mass (345 g net! day!) was
detected in 2005, after 2 years of intensive fyke net fishing. Thus, the mean CPUE of roach
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during the intensive fishing period was lower than before and after. However, due to high
general variability in multi-mesh gill net CPUE there was no statistically significant
difference in roach CPUE in number or in mass between the periods before, during and after
(ANOVA, p =0.418 in mass and p = 0.166 in number). Also, in the control lakes Tuomiojarvi,
Alvajarvi and Patajarvi, roach CPUE did not differ between the three periods (ANOVA p >
0.05, Table 3 and 4).

In Jyvdsjarvi, during the intensive fishing period 2004-2006, the fyke net catch of
bream was the highest of all species every year (Table 3), but the CPUE of bream in multi-
mesh gill net fishing was at the same level as the CPUE before and after the intensive fishing
period (Fig. 9, Table 3 and 4). Bream CPUE was the highest in Tuomiojarvi, where gill net

tishing is completely prohibited.
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FIGURE9  Mean catch per unit effort of bream in mass (CPUE g net! day-!, upper panel) and in number
(individuals net? day-l, lower panel) in Jyvésjdrvi, Tuomiojéarvi and Alvajarvi in 2001-2021
and in Patajdrvi in 2001-2015. Vertical lines represent standard errors.

The mean mass of bream in the multi-mesh gill net catch varied considerably during the
monitoring period (Fig. 10).
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FIGURE 10 Mean mass (g)

of bream in multi-mesh gill net fishing in Jyvasjarvi, Tuomiojarvi and

Alvajdrvi in 2001-2021 and in Patajarvi in 2001-2015.

In multi-mesh gill net fishing, the mean CPUE in numbers in the study lakes was generally
low for many species (Table 4): <1 individual per gill net day for pikeperch and pike, <5
individuals for bream, silver bream and ruffe and < 10 individuals for bleak. Only roach
and perch had a mean CPUE > 20 individuals. Only these eight species were caught with
the multi-mesh nets every year. For most species, the number of fish caught was low and
the coefficient of variation (CV) of CPUE and thus the inter-annual variation of CPUE was

high (Fig. 11).
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FIGURE 11 Coefficient of variation (CV) of multi-mesh gill net fishing CPUE (g net! day) in relation
to the mean CPUE in Jyvaésjarvi, Tuomiojdrvi and Alvajdrvi in the years 2001-2021.
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In this study, strata volume (Table 2) weighting was applied when calculating the gill net
test fishing mean CPUEs. Instead, strata area weighting is used in CPUE estimates of, e.g.
the widely used survey method EN 14757 (Water quality. Sampling of fish with multi-mesh
gillnets). Four volume strata were used in Jyvésjdrvi, while in other lakes with different
morphometry only three strata (Fig. 2). In 2015, the littoral stratum had the highest fish
densities in Jyvasjarvi and Tuomiojdrvi and in the surface stratum in Alvajdrvi and Patajarvi
(Fig. 12). In Tuomiojarvi, the total CPUEs were almost identical with and without stratum
volume weighting (without volume weighting = the mean of the stratum-specific mean
CPUESs) while in Jyvdsjarvi the volume weighted mean CPUEs were slightly lower (Fig. 13).

In Patajdrvi, the bottom stratum has a large proportion of lake volume (i.e. small littoral and
large > 3 m area).
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FIGURE 12 Mean CPUE in number of all species (individuals net! day?) in the different sampling
strata of multi-mesh gill net fishing in Jyvésjarvi, Tuomiojarvi, Alvajarvi and Patajarvi in
2015. A) without strata volume weighting and B) with strata volume weighting.
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FIGURE 13 Annual mean CPUE of all species (black circles, individuals net'day™) of multi-mesh gill
net fishing calculated with and without stratum volume weighting in A) Jyvasjdrvi and B)
Tuomiojdrvi in 2001-2021. Black solid line indicates 1:1 ratio between variables.
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CPUEs in different strata varied between years both in Jyvésjdrvi and Tuomiojarvi, and

especially in Tuomiojdrvi, where the catches were occasionally high also in the bottom
stratum (Fig. 14).
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FIGURE 14 Proportional CPUE in number of all species of multi-mesh gill net fishing in the different
sampling strata in Jyvisjarvi, Tuomiojarvi, Alvajarvi and Patajarvi in 2015. A) without
strata volume weighting and B) with strata volume weighting.

3.4 CPUE of multi-mesh gill nets vs. CPUE in Finnish WFD lakes

Standard Nordic multimesh gill nets are used in the monitoring of several Finnish lakes in
the assessment of the status of lakes related to EU Water Framework Directive (WFD). The
WEFD survey method is generally similar to the method used in this study, so the WDF data
are reasonably comparable to those obtained in this study. Data from 23 WFD survey lakes
(Lake type-specific data were obtained from Finnish Environment Institute) with the lake
type and nutrient status similar to our study lakes were used as a reference (Fig. 15).

The average CPUE in mass of roach in WFD survey lakes was 547 g net! day-!, with a wide
range from 62 g to 1268 g (Fig. 15). Perch CPUE ranged from 113 g to 1200 g, with average
of 495 net! dayl. The CPUEs found in this study were mainly within the range in WFD
lakes, but Tuomiojarvi typically had higher roach and perch CPUE (Fig. 15).
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FIGURE 15. Catch per unit effort (CPUE, g net! day) in mass of A) roach and B) perch with standard
multi-mesh gill nets in selected Finnish Water Framework Directive assessment lakes (n =
23) in 2001-2021, in Jyvésjdrvi, Tuomiojarvi, Alvajarvi in 2001-2021, and in Patajédrvi in
2001-2015. x = average.

3.5 Size distribution of roach and perch in fyke net and gill net catches

In 2004 and 2005, both fyke net and multi-mesh gill net catches of roach included fish of
several age groups, but in 2006 the catches were dominated by small 1- and 2-year-old fish
(Fig. 16). Similarly, the perch catches were dominated by small 1- and 2-year-old fish in 2005
and 2006. Note that fyke nets were used in May-June and multi-mesh gill nets in late
summer, when the fish were slightly larger than in early summer. The smallest mesh size in
the multi-mesh gill nets used in 2004-2006 was 10 mm, and no fish smaller than 7-8 cm were
caught. Overall, 1-year-old fish were only partially recruited into the catches of both fyke
net and multi-meshed gill nets.
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FIGURE16  Length distribution of roach (two upper panels) and perch (two lower panels) in fyke net

and multi-mesh gill net catches in 2004-2006. The length classes are 3 = 3-3.9 cm, 4 = 4-
4.9 cm etc. total length and the horizontal lines show the age of fish in different length
classes 1-yr =1 year old fish, 2-yr = 2 years old fish etc.. No strata volume weighting.
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In Jyvésjdrvi, before the intensive fishing period (2001-2003), the proportion of small < 11
cm roach was low in the catch of multi-mesh gill nets in 2001 and 2002, but larger in 2003,
when the strong year-class 2002 dominated (Fig. 17). Intensive fyke net fishing in the spring
of 2004-2006 effectively reduced the number of large roach in the population, and in August
2005 and 2006, small roach made up the majority of the multi-mesh gill net catches. The
proportion of > 10 cm individuals in the gill net catches was 97, 53 and 58 % in 2004, 2005
and 2006, respectively, while in the years before and after the intensive fishing period the
mean proportion of > 10 cm fish was 87 % (range 52 %-97 %). Shortly after the cessation of
intensive fyke net fishing, the number of larger and older roach began to increase again in
the population (Fig. 17, the lowest panel). In Tuomiojdrvi and Alvajarvi, the proportion of
roach > 10 cm was on average 78 % (range 40 %-96 %) and 80 % (range 54 %-95 %)
(Appendix 7 and 8).
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FIGURE 17 Length distribution (%, number of fish) of roach in multi-mesh gill net catches in 2001-2021
in Jyvésjarvi. In the years 2001-2009, YK-nets (mesh size 10-55 mm) and in 2010-2021
Nordic nets (5-55 mm). The length classes are 4 = 4-4.9 cm, 5 = 5-5.9 cm etc. total length.
The vertical dotted lines indicate the limit of the usability of fish in commercial fish
products, such as canned fish (10-20 cm) or fish paste (> 15 cm) (Suomi 2018). No strata
volume weighting.
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The summer of 2002 was warm, and the perch also produced an abundant year-class in
Jyvésjdrvi (Fig. 18), which prevailed in catches even in 2004, when intensive fishing began.
Fyke net fishing targeted small perch quite inefficiently: 1-year-old fish were only partially
recruited into the fyke net catches. The number of large perch has increased in recent years
in Jyvdsjdrvi, but especially in Tuomiojdrvi (Appendix 7) and Alvajdrvi (Appendix 8). In
Jyvésjdrvi, Tuomiojdrvi and Alvajarvi, the share of perch over 10 cm in total multi-mesh net
catch was 58 % (range 33-78 %), 30 % (10-52 %) and 44 % (18-75 %), respectively.

N W A WO
o o o o

Frequency %

-
[ BN -]

2001 n=1169
- - 2002 n=2316
- = 2003 n=1920
——2004 n=1596
——2005 n=1038
——2006 N=3250

T
:
I
-

N W R O
o O o o

Frequency %

-
o O

3 45 6 7 8 91011121314 151617 18 19 20 21 22 23 24 25

——2007 n=1874
——2008 n=1252
——2009 n=920
- - 2010 n=2478
2011 n=1896
- - 2012 n=1107

e el P ‘ LR ]
T T T T T 1

3456 7 8 91011121314 151617 18 19 20 21 22 23 24 25

——2013 n=1306
——2015 n=1527
——2017 n=1098
——2019 n=1281
2021 n=446

3456 7 8

9

10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25
Length class cm

FIGURE 18  Length distribution (%, number of fish) of perch in multi-mesh gill net catches in 2001-
2021 in Jyvésjdrvi. Years 2001-2009 YK-nets (10-55 mm) and 2010-2021 Nordic nets (5-55
mm). the length classes are 3 = 3-3.9 cm, 4 = 4-4.9 cm etc. total length. The vertical dotted
line indicates the limit of the usability of fish in commercial fish products such as canned
fish (10-15 cm), fish paste (15-25 cm) or fillet (> 15 cm). No strata volume weighting.
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3.6 Abundance of roach and perch in Jyvisjdrvi

In Jyvdsjdrvi, the cohort analysis estimate of the total number of roach (> 2 years old) at the
beginning of the intensive fishing period in 2004 was 0.9 million individuals (80 % likelihood
interval 0.8-1.1 million) (Fig. 19), about 3000 indiv. hal. The roach population consisted of
more than 10 year-classes. At the end of the fishing season 2006, the abundance of the roach
population (> 2 years old) was only 0.11 million individuals (80 % likelihood interval 0.06-
0.16 million), about 300 indiv. ha'l, and about 75 % of the fish were 2 years old.

The estimate of roach biomass at the beginning of the fishing season 2004 was 26 tons
(77 kg hal) (Fig. 19). After the fishing season 2006, the biomass was less than 2 tons (6 kg ha-
1) mainly consisting of 4 age groups.
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FIGURE 19 The number (individuals, upper panels) and biomass (kg, lower panels) of roach (left) and
perch (right) by year-class in Jyvésjarvi in 2004-2006 as assessed by cohort analysis.
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Using a cohort analysis, Horppila and Peltonen (1994) estimated that the biomass of > 2-
year-old roach in Lake Vesijdarvi was about 130 kg ha! before intensive fishing began there.
Compared to Jyvdsjdrvi, the higher biomass density may be partially due to the higher
trophic state of Vesijarvi before intensive fishing.

The fyke net fishing mortality and catchability estimates for roach were considerably
higher in the second (2005) and third year (2006) compared to the first year (2004) (Table 5).

TABLE 5 Length of the intensive fyke net fishing period, fyke net fishing effort (f) and estimates of
instantaneous total (Z), other (M) and fyke net fishing mortality during the fishing period
and the average fyke net catchability (q =F / f) based on the most likely considered values
of constant annual M and terminal catchability.

Year Period f Roach Perch

d fyke net d Z M F q (%) Z M F q (%)
2004 60 1018 056 008 047 0.05 113 008 1.05 0.10
2005 47 738 149 0.06 142 019 127 0.06 120 0.16
2006 32 468 1.06 0.04 1.02 022 159 004 154 0.33

Based on the cohort analysis, the estimate of the perch population (> 2 years old) at the
beginning of the fishing season in 2004 was about 2.2 million individuals (80 % likelihood
interval 2.1-2.6) (Fig. 19), about 7000 ind. hal. During the three-years of intensive fyke net
fishing, the age structure of the population changed considerably. The perch population (>
2 years old) initially consisted mostly of age groups 2-4, the proportion of 2-year-old fish
being about 1/3. At the end of the fishing season in 2006, the population was dominated by
2-year-old fish, accounting about 2/3. The total number of perch (> 2 years old) was 0.1
million individuals (80 % likelihood interval 0.07-1.5), about 300 ind. ha-l.

At the beginning of the 2004 fishing season, the biomass estimate of the perch
population was 24 tons (71 kg ha). Biomass decreased every year during fishing season
and was partially replaced by the growth of existing individuals and the recruitment of a
new year-class. At the end of fishing season in 2006, the population biomass was slightly
over 1 ton (4 kg ha?). Perch fyke net fishing mortality and catchability estimates were
considerably higher in the second (2005) and especially third year (2006) compared to the
tirst year (2004) (Table 5).

Jeppesen & Sammalkorpi (2002) developed an equation to roughly estimate the
biomass (kg ha?) of fish populations based on phosphorus concentration in cyprinid
dominated mainly shallow Danish lakes. When the equation is applied to Jyvésjdrvi, the
biomass of all fish is estimated to be about 70 kg ha’l. Based on the cohort analysis, the
estimate of the total amount of only perch and roach before intensive fishing was much
higher, about 150 kg ha-1. In addition, the total catch of all species in the first year of intensive
fishing in 2004 was over 150 kg ha-l. Thus, the fish biomass of Jyvésjdrvi before intensive
fishing was much higher than expected from the phosphorus content of the lake.

The uncertainty of population estimates based on cohort analysis (and more generally
VPA) is affected by uncertainty in the level of other mortality and terminal fishing mortality.
The effect of terminal fishing mortality is relatively greatest at the end of the calculation
period and is diluted when counting backwards in time. The relative impact of other
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mortality (M) depends on its proportion of total mortality (Z). In Jyvésjarvi, the fyke net
fishing mortality estimate for both perch and roach was clearly higher than the most likely
value of other mortality (0.5 yr1), which is a prerequisite for the successful application of
the method.

According to the above population estimates, intensive fyke net fishing considerably
decreased the number and biomass of both perch and roach and caused changes in their age
structure. When the intensive fishing ended in 2006, the biomass (> 2 years old) of both
perch and roach was less than 10 % of the initial value in spring 2004 and the population of
both species consisted mainly of young age groups. Such changes in fish populations are
expected to occur as a result of increased mortality and have often been observed after
intensive fish removals in various biomanipulation projects (Peltonen & Horppila 1992).

3.7 CPUE of multi-mesh gill nets vs. population biomass estimates

The CPUE of multi-mesh gill nets (g net! day!) and cohort analysis estimates of the total
biomass (kg ha) of roach and perch in Jyvésjdrvi were compared in the intensive fishing
period 2004-2006 (Fig. 20). Both estimates decreased from 2004 to 2006. The association
between CPUE and total biomass estimates of roach was further investigated using
available data from two other lakes, Lake Tuusulanjarvi (Ruuhijarvi et al. 2017) and Lake
Pohjanlampi (Karjalainen et al. 1999). Nonlinear regression (power function) of combined
CPUE and biomass data for roach from the three lakes (Fig. 21) was statistically significant
(R2=0.574, F =13.5, p = 0.004).

The CPUE of multi-mesh gill net fishing carried out using standardized methods
seems to be a useful rough index for estimating roach biomass and potential catch in small
and medium-sized lakes in Finland. Multi-mesh net fishing CPUE and size distribution of
target species are useful preliminary information for planning roach exploitation for
commercial fishing in lakes where no other stock monitoring data are available. This is the
situation in almost all Finnish lakes. Suomi (2018) stated, based on interviews with fish
processing enterprises, that the minimum size limit of the usability of fish in commercial
fish products is > 10 cm: Canned fish 10-15 cm, fish paste 15-25 cm and fillet > 15 cm. The
size distribution information of multi-mesh gill nets and fyke nets was rather uniform in
these size classes.
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FIGURE 20 CPUE in mass of multi-mesh gill nets vs. biomass estimate based on cohort analysis of > 2
years old roach (left) and perch (right) in Jyvésjarvi in 2004-2006. Horizontal lines represent
standard error of gill net CPUE and vertical lines represent 80 % likelihood interval of
biomass. Both estimates include only > 2 years old fish: roach longer than 9 cm and perch
longer than 11 cm in gill net catches in August 2003, 2004 and 2005. The corresponding fish
biomass estimates were taken from the beginning of the fyke net fishing season in the
spring of 2004, 2005 and 2006.

In Jyvdsjarvi, the relationship between the perch gill net CPUE and the biomass estimate
remained unclear according to our three-year data. Olin et al. (2015) stated that if the factors
affecting the catchability of perch in multi-mesh gill nets are taken into account, the multi-
mesh gill net CPUE using standard methods can be used as a rough index of perch density
in small forest lakes. Our perch data are too sparse to confirm this suggestion, and when the
standard errors of estimates are taken into account, CPUE values for > 9 cm perch at even
the highest and lowest stock phases (2004 vs. 2006 in Fig. 16) were not significantly different
in Lake Jyvésjdrvi. For other fishes, the number of fish caught with multi-mesh gill nets was
low and the inter-annual variation of CPUE was high (Fig. 11), which makes the assessment
of stock biomass highly uncertain. According to Prchalova et al. (2008) and Marjomaki et al.
(2015), gill net sampling overestimates perch abundance compared to cyprinids.

The catchability of fish with multi-mesh gill nets is affected by many factors, such as
tish species, sex ratio, water colour content, anoxic hypolimnion and temperature. In
addition, gill net catchability has been shown to be strongly inversely related to fish density
due to the catch accumulating in the net during fishing (Olin et al. 2004, Marjomaki et al.
2015). The assumed convex relationship, power function exponent > 1 (however, not
significantly so in Fig. 21), between gill net CPUE and biomass estimate based on cohort
analysis (Fig. 21) is consistent with this phenomenon. For long soak times, such as in this
study about 20 h, the gill net CPUE is by no means a directly proportional index of fish
density. Thus, at the beginning of the study period, before intensive fishing reduced fish
density quite considerably, gill net CPUE must have underestimated fish biomass. Due to
this, the decrease in fish density was also underestimated. The considerable collapse of the
perch and roach populations due to fishing is also supported by the CPUE data of the fyke
nets (Table 2). Catch data estimates based on cohort analysis were only available for the
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years 2004-2006. After that, multi-mesh gill net fishing was the only method of monitoring
fish stocks in Jyvdsjdrvi.
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FIGURE 21 The power function (y = 0.0076 x1-25, R2 = 0.77) fitted to the data of CPUE of multi-mesh gill
nets and the biomass estimate based on cohort analysis of roach in Jyvisjarvi, Tuusulanjarvi
(Ruuhijarvi et al. 2017) and Pohjalampi (Karjalainen et al. 1999).

It is also worth noting that Jyvésjdrvi is not a closed system, but is connected to Lake
Pdijanne and the fish migrate between lakes (Lilja et al. 2003, Syviaranta et al. 2008). However,
intensive fishing was carried out only in Jyvésjdrvi, while fishing for the studied species in
cause uncertainty in the comparison between the CPUE of the multi-mesh gill net in August
and the CPUE of the fyke net in spring. Overall, a comprehensive analysis of larger datasets
of multi-mesh gill nets against independent biomass or density estimates from diverse lakes
is needed to improve the applicability of multi-mesh net fishing for fish stock monitoring.

3.8 Conclusions

In Lake Jyvésjdrvi in 2004-2006, intensive fyke net fishing yielded annually 6.1-9.4 tons of
roach and 5.1-15.2 tons of perch with, i.e., 18-28 kg ha'l and 20-45 kg ha, respectively. The
annual catch of roach was 2-4 times the maximum ecologically sustainable yield estimate
by Ruokonen et al. (2019) for small- and medium-sized lakes in southern and central
Finland. The annual perch catch exceeded the maximum sustainable yield estimates by
Ruokonen et al. (2019) 4-10-fold. The effect of the temporarily increased mortality caused by
intensive fishing on the roach and perch populations of Jyvésjdrvi was similar to the effect
of the massive mortality caused by a winter kill due to hypoxia in Lake Aiméjarvi
(Ruuhijérvi et al. 2010): reduction of populations induced an increase in reproduction
success and growth as compensatory effects. As a result, the populations recovered within
a few years to the level before intensive fishing. Rapid increases in fish density and biomass
after 2-3-year fish removal for biomanipulation have been attributed to increased
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reproduction efficiency, increased recruitment and/ or increased growth rate of fish in many
biomanipulated lakes (Hansson et al. 1998, Karjalainen et al. 1999, Olin et al. 2006, Rask et al.
2020).

In fyke net catches of Jyvisjarvi, 63-79 % of roach individuals and 33-52 % of perch
were longer than 10 cm (2-year-old or older), the ultimate minimum size limit for
commercial fish processing. Thus, only 3-5 % of the roach and 28-38 % of the perch biomass,
in the fyke net catches consisted of these small-sized fish that cannot be efficiently utilized
by current fish processing methods. Similarly, the multi-mesh gill net fishing showed that
majority of the roach (> 75 %) catch was > 10 cm in all our study lakes indicating high
potential for exploitation of these inland fish resources in Finland. The intensive annual fyke
net fishing yielded almost 6 000 kg and 4 000 kg of > 10 cm roach and perch for 3 years,
respectively. However, this resource is spatially rather fragmented and in all, small humic
and humus-rich lakes make up <10 % of the surface area of Finnish lakes. a potential harvest
strategy for such a resource based on small separate populations is pulse fishing (Carvalho
et al. 2019) i.e., rotation of intensive fishing periods and closure periods.

Standardized multi-mesh gill net fishing has been regularly used to determine the
composition of fish communities and ecological status in Finnish lakes (Rask et al. 2010). The
CPUE of multi-mesh gill net fishing appears a usable rough index to estimate roach and
perch biomass and potential catch levels in small and medium-sized Finnish lakes.
Interestingly, the highest fish abundance among our study lakes was in Tuomiojédrvi which
is a recreational fishing area and where gill net fishing is prohibited. Our data also showed
how different fish abundance can be between very similar lakes. There was ca. 8-fold
difference on average in roach abundance and ca. 3-fold difference in perch abundance
between Tuomiojdrvi and Patajdrvi. This difference in fish abundance can be even higher
because we used the soak time of 20-24-hour and in higher fish density the CPUEs of roach
and perch were lowered due to the saturation of nets (Marjomaki et al. 2015).

In Finnish lakes, information on roach and perch populations and their productivity is
very scarce and is mainly based on temporary intensive fishing projects for biomanipulation
and management of water quality. Multi-mesh gill net fishing CPUE and size distribution
of target species are useful preliminary information for planning roach and perch
exploitation for commercial fishing in lakes where no other stock monitoring data are
available. However, our data showed that even in a lake the annual variation in multi-mesh
gill net CPUE is high. This is due to the changes in population size and the age structure of
tish year by year but also random errors affecting the catchability (condition during fishing,
variation between fishing locations in each year). Furthermore, gill nets underestimate the
proportion of small (<10 cm) fish in size distribution and some pelagic species such as smelt
or vendace are almost missing in the multi-mesh gill net catch although it can be the most
abundant species in the trawl catch (Olin et al. 2009). Gill net fishing can only produce
supporting information for fisheries management and comprehensive fish community
studies need the application of multiple methods (Rask et al. 2020).

Biomanipulation by intensive fishing aims to change the planktonic food web in a
target lake and often also aims to change the species composition of the fish community by
increasing the proportion of predator fish and improving the value of the fish community
for the fishery. During the 3-year intensive fishing in Jyvasjdrvi, the ecosystem changes were
rather minor, although some altered energy flow pathways were observed (Syvaranta et al.
2011). Fish removal was followed by abundant year classes. The increase in the number of
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young fish subsequently increased the utilization of pelagic resources. This was reflected as
a decrease in relative energy contribution from littoral sources indicating increased trophic
diversity and occupied niche area. However, only minor changes were observed in the
trophic positions of fish or planktonic food web (Syvaranta et al. 2011). One reason for the
minor effects was that the springtime fyke fishing was mainly targeting > 2-year-old fish
and young fish that had not yet been recruited to the fishing had a high potential to grow
and compensate for the effects of harvesting of the older fish. From fyke net catches and
multi-mesh gill net fishing we mainly got information about > 2-year-old fish and the
abundance of younger fish remained

Despite the limitations of our monitoring methods, multi-mesh gill net fishing brought
out interesting trends in the proportional abundance of the dominant fish species, roach and
perch, in our study lakes. In all three lakes where the intensive fish removal was not carried
out, the proportion of perch biomass increased towards the end of the study period. In the
future, it will be interesting to examine the connection of this change to the wide-ranging
changes taking place in our environment, such as the browning of waters and the effects of
climate change.
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Appendix 1. Test fishing by multi-mesh gill nets: fishing dates and epilimnion temperatures (T, C°) in
Jyvésjdarvi, Tuomiojérvi, Alvajarvi and Patajarvi. YK = multi-mesh nets (mesh size 10-55
mm knot to knot) and N = NORDIC multi-mesh survey nets (5-55 mm).

Net type Jyvésjarvi Tuomiojarvi Alvajarvi Patajarvi

Year YK/N Date T Date T Date T Date T
2001 YK 13.-158. 183 23.-248. 187 28.-29.8. 18.1 5-69. 152
2002 YK 13.-158. 223 21.-228. 21.0 26.-27.8. 214 27.-298. 19.7
2003 YK 11.-14.8. 185 18.-19.8. 19.1 25.-26.8. 16.2 28.-29.8. 139
2004 YK 3.-68. 214 10.-11.8. 215 23.-24.8. 211 26.-27.8. 19.8
2005 YK 9.-12.8. 187 16.-17.8. 183 22.-238. 187 25.-26.8. 155
2006 YK 7.-108. 221 24.-258. 214 15.-16.8. 221 21.-22.8. 202
2007 YK 7.-9.8. 200 23.-24.8. 205 13.-14.8. 20.0 15.-16.8. 219
2008 YK 4.-78. 1738 11.-12.8. 16.6 13.-14.8. 17.8 18.-19.8. 163
2009 YK 17.-21.8. 173 10.-11.8. 213 24.-258. 173 26.-278. 16.5
2010 N 2-68. 224 9.-108. 235 11.-12.8. 224 16.-178. 217
2011 N 8.-11.8. 20.2 15.-16.8. 19.0 17.-18.8. 20.2 2-48. 219
2012 N 6.-21.8. 204 9.-108. 184 13.-14.8. 204 15.-16.8. 18.6
2013 N 13.-158. 199 6.-7.8. 211 8.-9.8. 199 20.-218. 172
2015 N 10.-13.8. 155 3.-48. 186 5-6.8. 155 17.-18.8. 187
2017 N 7.-10.8. 182 16.-17.8. 187 14.-15.8. 188

2019 N 12.-158. 179 19.-21.8. 17.6 22.-238. 17.8

2021 N 2.-68. 143 15.-16.9. 114 30.-31.8. 154
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Appendix 2 Catch per unit effort (CPUE kg fyke net day) of intensive fyke net fishing in 2004-2006 in

Jyvisjarvi.

Date Roach Perch Bream Bleak Date Roach Perch Bream Bleak Date Roach Perch Bream Bleak
02.05.2004 706 255 127.6 23.8 27.04.2005 308 25 2.5 0.0 06.052006 171 427 1025 0.0
03.05.2004 129 983 28.1 10.7 28.04.2005 254 1.2 38.0 4.7 07.052006 293 282 433 0.0
04.05.2004 106 65.1 162.8 1.3 30.04.2005 163 0.6 25.5 3.7 08.05.2006 30.1 292 28.3 1.7
05.05.2004 366 560 75.1 19.6 01.05.2005 1.8 47 18.9 2.4 09.05.2006 46.8 481 344 0.7
06.05.2004 616 49.7 62.9 19.5 03.05.2005 96 195 14.0 8.4 10.05.2006 423 363 36.3 0.3
07.05.2004 253 535 1154 35.8 04.05.2005 104 183 311 10.4 11.052006 48.7 473 34.8 0.1
08.05.2004 237 245 857 15.9 05.05.2005 56 82 17.2 49 12052006 510 525 375 0.7
09.05.2004 95 240 829 19.3 06.05.2005 106 129 154 7.7 13.05.2006 583 481 36.5 0.7
10.05.2004 53 30.8 88.8 16.5 07.05.2005 145 106 25.2 151 14.052006 142 283 19.8 0.3
11.05.2004 42 183 457 8.5 08.05.2005 96 113 38.0 8.5 15.05.2006 90 240 16.2 0.1
12.05.2004 1.6 86 29.6 2.8 09.05.2005 106 129 34.2 14.7 16.05.2006 8.8 10.2 6.4 0.0
13.05.2004 1.8 137 10.3 1.6 10.05.2005 20 35 6.8 0.2 17.05.2006 75 116 15.0 0.9
14.05.2004 0.3 25 5.7 5.3 11.05.2005 32 46 99 0.3  21.05.2006 04 74 319 21
17.05.2004 1.1 114 4.9 1.8 12.05.2005 55 69 10.0 0.3  22.05.2006 54 143 147 3.0
18.05.2004 1.1 5.7 4.9 2.8 13.05.2005 111 129 30.7 0.9 23.05.2006 14.0 10.0 14.0 0.6
19.05.2004 1.9 8.6 3.2 2.7 14.05.2005 58 72 10.8 0.0 24.05.2006 53 73 10.9 1.7
20.05.2004 0.7 29 6.0 5.6 15.05.2005 59 74 154 0.0 25.05.2006 1.8 49 105 01
22.05.2004 1.2 2.6 3.2 1.2 16.05.2005 32 35 5.3 0.0 26.05.2006 58 104 4.2 0.3
23.05.2004 59 128 6.4 1.5 17.05.2005 36 45 10.2 0.3  27.05.2006 29 87 4.0 0.6
24.05.2004 07 112 125 0.9 18.05.2005 1.0 12 353 3.5 28.05.2006 84 114 158 0.9
26.05.2004 29 191 6.0 1.1 22.05.2005 90 114 35.0 3.5  29.05.2006 6.8 4.0 48 71
27.05.2004 39 6.4 189 3.0 23.05.2005 91 159 327 4.2  30.05.2006 73 29 86 6.0
28.05.2004 0.3 32 319 11.9 24,05.2005 123 269 86.2 0.0 31.05.2006 102 86 114 0.0
30.05.2004 29 6.4 36.2 7.9 25.05.2005 54 184 38.6 0.0 01.06.2006 23.0 7.3 7.7 1.7
31.05.2004 0.5 1.0 517 2.4 26.05.2005 104 191 28.6 0.0 02.06.2006 27 12 5.4 2.0
02.06.2004 4.8 26 66.8 7.8 27.05.2005 45 125 29.2 0.0 04.06.2006 23 11 185 0.3
03.06.2004 34 74  43.0 4.8 28.05.2005 1.8 33 10.8 0.0 05.06.2006 68 37 7.3 0.1
04.06.2004 48 103 100.2 15.5 29.05.2005 27 51 225 0.0 06.06.2006 19 43 3.5 0.0
05.06.2004  33.3 52 66.3 7.8 30.05.2005 12 22 113 0.2 07.06.2006 1.0 24 1.5 07
06.06.2004 3.4 37 36.2 4.8 01.06.2005 20 69 189 0.4  08.06.2006 36 45 2.1 0.0
07.06.2004 4.8 52 584 7.8 02.06.2005 23 34 938 0.2  09.06.2006 77 63 3.8 6.8
08.06.2004 4.8 52 58.4 7.8 03.06.2005 73 148 16.1 0.4  10.06.2006 25 41 19 74
09.06.2004 34 37 25.8 4.8 04.06.2005 29 49 9.2 0.6  11.06.2006 32 1.8 1.2 46
10.06.2004 4.8 52 50.1 7.8 05.06.2005 1.8 32 11.8 0.0 12.06.2006 35 69 29 1.4
11.06.2004 4.8 5.2 8.3 7.8 07.06.2005 42 77 16.2 0.3  13.06.2006 48 11.2 1.2 0.3
12.06.2004 9.5 26 16.7 15.5 08.06.2005 52 60 11.8 0.2
13.06.2004 4.8 5.2 8.3 7.8 09.06.2005 04 08 21.0 0.4
14.06.2004 1.2 1.0 0.6 1.5 13.06.2005 30 48 51 0.1
15.06.2004 2.6 2.8 0.3 3.9
16.06.2004 3.8 8.3 0.2 3.9
17.06.2004 1.9 21 0.4 7.8
19.06.2004 1.9 21 04 23.3
21.06.2004 3.8 42 0.8 15.5
22.06.2004 63 271 7.5 12.6
23.06.2004 6.3 6.8 6.8 6.3
24.06.2004 0.8 0.8 1.4 12.6
28.06.2004 5.0 5.4 04 20.2
30.06.2004 5.0 5.4 0.4 20.2
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Appendix 3 Catch per unit effort (CPUE, the stratum volume-weighted average of stratum-specific

averages) of multi-mesh gill net fishing (YK-net intercalibrated) in Jyvisjdrvi from 2001 to
2021. Upper table represents mass of catch (g net! day-!) and lower table gives number of
fish in catch (individuals net! day). SE is standard error of mean.

CPUE in mass

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015 2017 2019 2021
Perch/ahven 657.10 859.22 1233.90 646.87 594.98 1541.14 93438 51713 650.16 1081.49 1153.05 777.16 71638 71526 630.84 983.88 456.63
SE 79.84 124.62 27646 8151 3569 27298 12230 7143 14054 121.05 16578 14515 107.19 80.74 8530 13472 102.68
Roach/ sdrki 797.68 538.02 108521 649.11 344.61 609.55 79471 937.46 87453 1241.68 1035.15 536.99 589.71 474.87 562.80 50629 346.67
SE 13493  58.89 236.59 23453 4173 8880 10792 13432 14217 14220 24132 11969 6897 6031 10235 109.39 107.79
Pike/hauki 25.20 9.65 5.77 5095 022 8834 23520 22626 61.11 0.09 141.68 1115 1948 2913 3476 9.07 7.72
SE 6.46 403 3822 022 4694 6471 11003 4334 001 11093 11.15 1392 2913  22.08 9.07 6.50
Ruffe/kiiski 1993 2239 325 1535 51.58 4096 2223 2011 2394 2879 9.50 726  14.02 6.81 6.39 3.97
SE 13.99 2.08 618 1633 1332 51.78 6.99 643 1125 2.99 2.89 4.50 2.50 2.57 1.92
Pikeperch/kuha 21176  93.24 187.77 7010 4637 98.88 149.73 33991 85208 187.09 3132 66.13 12516 25553 147.31 81.03 233.38
SE 9881 5870 97.88 816 1125 32.02 60.72 9844 23404 5265 2091 4142 6292 10244 7290 4349 89.27
Smelt/kuore 0.58 0.61 0.67 212 1.24 0.36 0.66 0.64 0.75
SE 0.43 0.67 2.08 0.78 0.36 0.66 0.64 0.12
Bream/lahna 3344 6025 5730 6280 1935 6646 8390 9480 8096 14.74 549 12474 4178 3034 6380 39.69 3207
SE 1225 1955 1746 1291 1363 1574 6412 34.01 3559 6.75 405 6982 1748 1039 2797 1235 1829
Burbot/made 11.21 15.79 5.83 30.61 3.39
SE 11.21 15.79 5.83 33.06 3.85
Silver bream/ pasuri 5345  51.85 6.33 9.52  20.83 164 1148 2517 31.09 2736 2628 1800 2895 29.06 6.16 2293 105.26
SE 1214 17.92 3.11 6.03  10.29 117 51.95 926 2260 1654 1438 1473 16.67 1525 3.42 894 5715
Crucian carp/ruutana 3.70 25.23

SE 51.89 2523

Bleak/salakka 5290 99.66 14500 3544 1138 46.02 6821 158.24 199.74 92,67 11925 86.86 79.94 29945 117.37 10620 37.77
SE 1557 4092 4912 1481 359 2735 5676 3714 5230 1565 3731 2872 2615 43.68 6498 53.63 22.73
Whitefish/ siika 1.20 28.37 9.35 33.77 168.65 16421  85.76 2024  29.06 4452 19.91
SE 0.80 28.37 9.02 5223 9148 6725 7192 2024 29.06 4452 19.91
Rudd/sorva 2.19 0.11 4.65 9.43 6.67 0.74 4.99 6.75 2.94 137  13.79
SE 2.19 0.11 3.93 9.43 6.67 0.74 4.99 6.75 1.98 1.37 9.55
Vendace/ muikku 2.81
SE 2.81
Total CPUE 1864.44 1734.27 2726.73 1568.62 1119.73 2502.41 2337.32 2487.73 2938.48 277430 2521.72 1643.26 1643.07 1899.59 1628.62 1757.48 1264.13
SE 220.65 204.02 560.76 28552 49.15 360.52 8117 34894 41894 231.17 336.26 257.84 206.10 21134 239.90 195.56 299.35
CPUE in number

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015 2017 2019 2021
Perch/ahven 40.72 59.29 79.75 42.77 35.45 90.80 50.34 24.83 22.02 61.94 57.34 3291 31.48 38.52 36.01 45.52 19.16
SE 5.25 9.60 11.06 5.46 247 13.63 7.88 3.15 443 6.96 7.05 5.67 3.84 3.53 4.63 6.01 4.15
Roach/sdrki 16.57 10.33 26.31 13.59 8.25 10.03 22.06 20.52 16.16 33.79 31.44 17.64 18.24 1211 16.63 13.48 7.79
SE 3.84 1.61 5.61 5.49 1.43 221 5.88 4.33 2.77 4.66 6.98 5.02 3.05 1.20 3.10 3.29 221
Pike/hauki 0.02 0.02 0.02 0.06 0.01 0.20 0.23 0.24 0.10 0.09 0.20 0.02 0.07 0.07 0.09 0.02 0.05
SE 0.01 0.01 0.04 0.01 0.09 0.14 0.10 0.07 0.01 0.11 0.02 0.06 0.07 0.06 0.02 0.04
Ruffe/kiiski 1.88 1.71 0.50 2.04 4.18 3.24 3.52 212 294 3.00 1.56 1.29 247 0.86 0.77 0.84
SE 1.06 0.32 0.83 1.15 0.93 1.14 0.83 0.91 1.13 0.52 0.48 0.66 0.28 0.28 0.40
Pikeperch/kuha 0.82 0.27 0.36 1.15 0.44 0.44 0.73 0.97 241 0.79 0.39 0.41 0.40 1.00 0.46 0.42 0.99
SE 0.36 0.17 0.16 0.67 0.28 0.16 0.21 0.27 0.56 0.20 0.16 0.24 0.16 0.21 0.18 0.18 0.34
Smelt/kuore 0.05 0.07 0.07 0.37 0.15 0.06 0.06 0.06 0.12
SE 0.05 0.07 0.36 0.09 0.06 0.06 0.06 0.75
Bream/lahna 0.30 0.54 0.39 214 0.05 0.31 0.48 0.43 0.35 0.18 0.19 0.36 0.54 0.45 0.79 0.40 0.22
SE 0.10 0.26 0.13 0.26 0.04 0.11 0.18 0.11 0.18 0.08 0.12 0.11 0.22 0.18 0.36 0.15 0.14
Burbot/made 0.05 0.04 0.07 0.06 0.04
SE 0.05 0.04 0.07 0.07 0.04
Silver bream/ pasuri 1.23 0.91 0.13 0.14 0.25 0.02 0.14 0.23 0.30 0.27 0.24 0.20 0.30 0.28 0.09 0.25 0.99
SE 0.32 0.31 0.07 0.08 0.12 0.01 0.08 0.05 0.16 0.14 0.11 0.15 0.17 0.15 0.06 0.11 0.46
Crucian carp/ruutana 0.01 0.05

SE 0.01 0.05

Bleak/salakka 2.65 6.85 9.33 212 0.53 2.57 3.42 11.98 12.48 5.16 6.77 7.81 5.17 19.11 5.73 4.39 232
SE 0.67 3.16 3.37 0.78 0.16 1.56 1.40 3.35 3.32 0.82 1.88 215 1.77 2.71 3.02 231 1.32
Whitefish/ siika 0.02 0.13 0.04 0.24 0.46 0.38 0.22 0.07 0.06 0.07 0.06
SE 0.01 0.13 0.04 0.09 0.22 0.16 0.15 0.07 0.06 0.07 0.06
Rudd/Sorva 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.04 0.05 0.01 0.06
SE 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.04 0.04 0.01 0.04
Vendace/muikku 0.06
SE 0.06
Total CPUE 64.30 7991 116.79 64.15 49.32  107.64 81.17 61.78 57.21 10591 98.12 59.59 57.63 74.19 60.82 65.32 32.71
SE 1171 1121 1593 9.98 333 13.22 9.41 6.91 8.25 896 1256 9.60 6.16 5.27 7.93 7.56 6.69
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Appendix 4 Catch per unit effort (CPUE, the stratum volume-weighted average of stratum-specific
averages) of multi-mesh gill net fishing (YK-net intercalibrated) in Tuomiojarvi from 2001
to 2021. Upper table represents mass of catch (g net! day) and lower table gives number
of fish in catch (individuals net! day). SE is standard error of mean.

CPUE in mass

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015 2017 2019 2021
Perch/ahven 697.95 1774.86 1087.13 77451 947.63 833.92 800.61 660.93 853.63 90552 105525 838.33 1614.40  1159.47 1370.49 1385.99 1742.54
SE 9345 30548 237.69 11347 20572 21575 147.07 12857 267.76 170.67 308.34 22871 47875 255.65 410.75 471.95 504.08
Roach/sérki 1569.42 1785.02 1542.83 1425.47 1343.22 1855.36 1506.76 1387.33 824.05 1309.16 1540.17 1333.81 716.63  1205.92 1199.00 868.57 765.07
SE 16591 255.02 24336 106.58 149.90 289.93 42520 286.92 128.14 209.99 33991 1894  89.65 300.65 160.79 142.01 132.92
Pike/hauki 28.22 3584 4135 19593 2325 3650 2344 3671 1839 20.18 8554  91.62 32.12 225.20
SE 2035 3584 2855 13871 2325 3650 2344 3671 1839 2018 8554  64.79 3212 225.20
Ruffe/ kiiski 5.00 217 0.17 4.24 234 3.46 7.38 3.26 4.69 1.94 216 3.99 3.40 4.79 4.71 273
SE 1.87 0.88 0.17 197 145 0.95 6.77 158 331 1.05 1.68 1.67 228 211 2.04 1.04
Pikeperch/kuha 41.96 25314 433.03 25858 27814 61635 83345 571.87 833.91 599.99 219.80 381.03 434.29 139.56 47933 11642 401.99
SE 28.13 13370 169.98 9555 13147 17112 16899 169.10 266.19 256.64 14557 156.16 164.88 6812 237.68  62.61 148.98
Rainbow trout/kirjolohi 6314 36773 58.66 9258 280.23 200.78 470.26 45.04  89.35 29414 150.17

SE 63.14 20726 4171 6347 14423 157.01 162.09 4029  89.35 156.13  150.17

Bream/lahna 217.14 87993 50530 60316 269.71 39357 31126 159.94 12734 29628 151.87 5441 362.44 39513 310.74 24054  80.16
SE 38.99 21153 12796 14589 7881 10537 6207 6699 5280 8086 5484 33.06 80.32 19278  87.60 130.65  42.07
Silver bream/ pasuri 91.12 21426 2005 10929 7880 117.88 22311 4737 7755 2426 69.20 14232 2433 79.56 25746 10574  69.32
SE 2717 4273 1349 3993 4587 3500 6854 1956 3218 1496 3257 9157 1858 25.68 11850  66.59  39.38
Crucian carp/ruutana 2230 5753  64.09

SE 22.30 5753  64.09

Bleak/salakka 96.59 6950 9349 7620 7394 22858 3838 5645 2714 3810 2583 2252 16.87 1736 19.96 7.75 8.60
SE 1679 2118 1933 1200 2351 5371 1379 1990 1574 18.84 5.67 8.57 6.03 6.99 8.02 6.09 5.62
Whitefish/siika 37.29 192.88 17751 9173 10251 17840 257.97 400.87 12855 255.02 163.06
SE 1820 7344 99.56 6846 5882 103.24 145.82 200.13  86.07 166.49 163.06
Rudd/sorva 55.66
SE 40.69
Total CPUE 2870.13 5575.33 3839.54 3781.56 3388.99 4388.91 4393.06 3181.83 2766.70 3175.25 3084.47 3303.86 348248  3581.66 3791.97 2729.71 3514.33
SE 274.01 255.02  666.20 376.90 437.93 638.21 80210 487.39 80.84 37248 66576 539.89 675.59 534.49 694.92 59597 49274
CPUE in number

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015 2017 2019 2021
Perch/ahven 5717 166.76 ~ 87.60  74.84 7293 6917 5810 4438 4611 4185 31.09 30.06 39.61 3133 3970 2857 11.79
SE 914 2328 19.63 1087 1437 17.34 8.68 814 1378 7.30 6.70 8.26 7.86 7.39 9.92 7.30 2.57
Roach/sdrki 5278 67.07 4603 4111 4755 87.04 9848 5640 2846 6758 59.90 7541 39.54 4671 5052  33.04 33.01
SE 723 10.64 713 4.81 689 1791 4640 14.06 432 1019 2009 1893 5.77 12.01 5.89 5.86 5.83
Pike/hauki 0.09 0.07 0.14 0.12 0.03 0.03 0.05 0.07 0.07 0.07 0.15 0.18 0.07 0.09
SE 0.07 0.06 0.10 0.09 0.03 0.03 0.05 0.07 0.07 0.07 0.15 0.13 0.07 0.09
Ruffe/ kiiski 091 0.50 0.03 0.78 0.42 0.59 1.63 0.61 0.95 0.51 0.58 1.35 0.82 1.54 141 0.51
SE 0.34 0.24 0.03 0.36 0.29 0.16 1.30 032 0.70 0.34 0.42 0.51 0.53 0.65 0.60 0.19
Pikeperch/kuha 0.20 091 0.84 0.75 0.60 117 2.59 1.56 1.70 0.86 031 0.97 1.05 0.45 1.07 1.03 1.00
SE 0.12 0.29 0.34 0.22 0.27 0.37 0.59 0.49 0.49 0.23 0.13 0.37 0.36 0.17 0.65 0.60 0.36
Rainbow trout/kirjolohi 0.06 0.25 0.09 0.13 0.27 0.21 045 0.11 0.09 0.25 0.09

SE 0.06 0.15 0.07 0.08 0.15 0.17 0.14 0.10 0.09 0.14 0.09

Bream/lahna 154 6.65 459 3.86 1.89 3.34 1.98 0.54 1.04 1.61 1.07 0.26 2.86 1.81 1.55 1.63 0.60
SE 0.27 214 1.26 1.14 0.56 0.96 0.42 0.24 0.37 0.47 032 0.13 1.16 0.63 0.45 0.72 0.36
Silver bream/ pasuri 129 3.02 0.34 119 0.92 111 3.23 1.07 0.63 0.22 0.76 127 0.33 1.76 0.92 0.82 0.69
SE 0.35 043 0.20 0.50 0.62 0.31 1.28 043 0.26 0.15 0.28 0.63 0.23 0.46 0.33 0.48 0.28
Crucian carp/ruutana 0.03 0.07 0.04

SE 0.03 0.07 0.04

Bleak/salakka 5.96 4.02 5.66 391 417 1748 2.56 3.54 1.82 347 146 1.48 1.08 0.73 0.89 0.32 0.51
SE 1.05 1.30 115 0.61 129 4.81 0.93 132 1.19 1.89 032 0.71 0.41 031 0.35 0.24 0.40
Whitefish/siika 0.20 0.46 0.28 0.17 0.21 0.38 047 0.82 0.18 0.27 0.27
SE 0.08 0.18 0.16 012 0.10 0.21 0.23 0.40 0.11 0.18 0.27
Rudd/sorva 0.24
SE 0.17
Total CPUE 12024 249.70 14540 127.00 128.95 180.34 16945 108.66 80.77 11610 9525 11054  86.27 8419 9628  66.83  48.70
SE 1169 1064 2690 1658 1880 29.69 5029 2139 1838 1370 2344 2111 11.83 1750 1371 1232 7.02
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Appendix 5 Catch per unit effort (CPUE, the stratum volume-weighted average of stratum-specific

averages) of multi-mesh gill net fishing (YK-net intercalibrated) in Alvajarvi from 2001 to
2021. Upper table represents mass of catch (g net! day) and lower table gives number of
fish in catch (individuals net! day"). SE is standard error of mean.

CPUE in mass

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015 2017 2019 2021
Perch/ahven 317.78 925.06 235.60 357.03 257.98 446.71 129435 32755 294.69 65746 766.33 593.12 1183.02 1293.82 507.44 824.44 777.46
SE 7547 319.61 4601 7582 4396 12262 78549 103.81 143.19 309.22 25273 15571 32949 30518 120.93 271.20 163.65
Roach/ sdrki 514.66 628.88 53747 653.34 388.03 84273 518.67 30272 419.19 1003.98 45838 677.79 870.81 1176.29 685.94 642.32 505.68
SE 7795  67.65 11506 10232 60.58 12896 8842 4748 12013 24496 13505 13794 188.69 14298  99.55 148.20 543
Pike/hauki 6553 14152 7594 1670 1398 6861 2255 2596 709 3140 147.67

SE 2499 5574 5372 1616 1398 3395 2255 1623 709 3140 147.67

Ruffe/kiiski 1.89 4.74 3.89 6.15 6.05 147 3.04 1030 3.46 2.56 0.34 5.33 4.29 6.25 2.65 7.87
SE 1.16 4.36 231 1.83 2.28 0.71 1.49 414 246 171 0.34 5.06 2.26 3.47 0.86 4.52
Pikeperch/kuha 100.80 211.01 112.67 8538 23739 34552 699.85 47790 167.17 417.02 89.40 42116 7054 18420 23218 324.86
SE 65.60 6416 49.67 3087 9035 10695 16248 149.64 7347 35883 5818 138.19  33.85 156.03 146.81 127.63
Bream/lahna 2436 180.18 15261 7574 11753 14555 21827 211.06 16717 17223 188.00 22234 24375 14027 11116 269.71 75.75
SE 11.60 3669 6310 4635 5649 43.03 113.64 9835 7347 8072 4945 8061 7157 4971 2922 103.82 34.81
Silver bream/ pasuri 67.63 20523 370.68 43899 174.04 11430 17487 21259 9870 4039 96.61 4685 5879 8916 7326 66.76 114.53
SE 2252 6056 247.09 11620 7946 3556 4177 4401 4086 2955 6553 31.63 3065 6585 2922 29.88 39.33
Crucian carp/ruutana 35.21

SE 23.44

Bleak/salakka 5043 138.02 2112 91.74 3813 11297 9381 80.08 37.81 23.83 855 2065 2212 13.86 142 0.00 544
SE 1851 2596 628 2275 954 1537 2499 4637 1529  10.82 319 6.01 5.91 8.97 142 222
Rudd/sorva 0.72

SE 0.72

Total CPUE 1143.08 2434.64 1509.98 1725.78 1233.14 2113.08 3025.42 1648.17 1188.20 2324.56 1639.02 1708.42 2804.97 2788.22 1569.68 2038.04  1811.58
SE 21443 45275 365.88 24145 24291 33414 77891 46149 30741 641.59 45416 29586 67894 40246 337.24 555.04 273.07
CPUE in number

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015 2017 2019 2021
Perch/ahven 1568 58.04 1480 2197 1283 2080 47.04 9.22 693 1777 2534 1638 2777 48,66 1533 1733 17.63
SE 213 1357 2.66 4.76 2.55 585 13.18 1.51 3.10 6.43 8.93 3.99 7.55 9.12 3.79 5.59 3.29
Roach/sérki 2197 3260 2484 3079 1545 3762 1191 885 1539 2745 1399 38.06 37.64 51.69 3030 39.17 80.33
SE 3.75 4.20 5.45 6.50 3.25 6.50 5.08 210 491 5.56 431 13.01 1194 7.69 365 1373 19.50
Pike/hauki 0.16 0.32 0.14 0.06 0.03 0.09 0.11 0.10 0.08 0.06 0.13

SE 0.05 0.12 0.10 0.04 0.03 0.04 0.11 0.06 0.08 0.06 0.13

Ruffe/kiiski 0.24 0.67 0.85 1.20 0.88 0.27 0.65 1.36 0.39 0.69 0.06 0.77 0.74 0.82 0.56 1.70
SE 0.14 0.61 0.54 0.35 0.33 0.12 0.34 0.52 0.24 0.48 0.06 0.62 0.36 0.46 0.19 0.83
Pikeperch/kuha 0.54 1.31 0.59 0.59 1.35 0.66 1.79 212 0.54 0.97 0.47 0.76 0.19 1.34 0.75 1.97
SE 0.29 0.29 0.24 0.25 0.39 0.29 0.71 0.73 0.20 0.78 0.29 0.24 0.08 1.22 0.34 0.98
Bream/lahna 0.43 3.95 1.31 0.49 218 1.65 1.91 0.44 0.54 2.67 1.98 249 3.42 117 1.75 3.10 1.13
SE 0.18 1.54 0.42 0.24 1.00 0.42 0.41 0.13 0.20 1.07 0.40 1.14 1.03 0.31 0.55 1.11 0.42
Silver bream/ pasuri 1.04 4.26 638  14.84 4.58 3.28 297 3.06 1.63 0.56 1.09 0.53 0.58 117 0.95 0.99 242
SE 0.29 1.04 418 4.94 2.28 0.95 0.61 0.65 0.52 0.46 0.62 0.28 0.30 0.55 0.40 047 0.90
Crucian carp/ruutana 0.06

SE 0.04

Bleak/salakka 3.62 9.79 1.29 5.87 2.38 3.99 6.02 4.85 218 141 0.40 114 1.16 0.57 0.06 0.00 0.25
SE 142 1.83 0.39 1.91 0.57 1.15 1.62 3.16 0.87 0.78 0.16 0.33 0.34 0.35 0.06 0.12
Rudd/sorva 0.03

SE 0.03

Total CPUE 4368 11095 5020 7583 39.68 6843 7240 30.00 2760 51.60 4341 5873 7210 10419 5057  61.90 105.43
SE 646 1595 1013 1587 566 11.08 13.92 9.30 793 1090 13.62 1424 1626 1341 733 17.20 7.54
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Appendix 6 Catch per unit effort (CPUE, the stratum volume-weighted average of stratum-specific
averages) of test gill net fishing (YK-net intercalibrated) in Patajédrvi from 2001 to 2015.
Upper table represents mass of catch (g net! day!) and lower table gives number of fish in
catch (individuals net! day!). SE is standard error of mean.

CPUE in mass

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015
Perch/ahven 340.83 299.67 212.88 11227 133.87 155.52 317.22 340.63 45091 26357 26474 45218 67142 797.93
SE 18526 190.27 11819 7503  65.64 3200 57.08 169.81 31726 10626  63.75 23123 471.81 338.78
Roach/sérki 144.87 185.68 155.00 281.47 11235 9412 12793  46.27 153.89 144.86 136.31 110.30 200.75 351.95
SE 48.89 79.02 78.04 17857 4058 1948 2492 1235 4831 2387 2981 3338 59.97 100.24
Pike/hauki 12549 7023 6329 1018 1993 3575 3542 0.70 124 13.02 83.72 7.61
SE 12549 5875 3807 1018 12.88 3575 3542 0.70 124 13.02 7473 7.61
Ruffe/ kiiski 0.84 1.51 2.92 0.86 1.44 1.61 3.07 3.35
SE 0.73 1.26 2.70 0.65 1.44 1.49 291 2.03
Pikeperch/kuha 26.21 6.62 4.49 16.53 424 321.52
SE 26.21 3.33 4.49 16.53 4.24 321.52
Bream/lahna 2226 2893 140.14 1.04 7.04 2130 1949 7025 1225  59.78 423 3597 36.62
SE 13.60  14.48 135.17 1.04 3.34 8.04 1949 55.88 6.18 2875 358 1039  16.50
Burbot/ made 4.40 12.17 20.75  41.80

SE 4.40 1217 1320  41.80

Silver bream/ pasuri 1511 3594 39.74 270.88 1253  10.53 830 3925 1612 10.57 595 5730 1214
SE 716 1605 2749 24033 6.06 9.94 715 1818 7.66 411 595  26.19 6.03
Whitefish/siika 46.62

SE 46.62

Bleak/salakka 5043 138.02 2112 9174 3813 9.30 738 1492  50.62 9.93 1057  20.65 471  13.86
SE 1851  25.96 6.28 2275 9.54 3.57 2.93 325 2244 9.11 3.16 6.01 2.40 8.97
Smelt/Kuore 1.05 1.87 2.75 1.75 0.82

SE 1.05 1.87 1.93 117 0.82

Ide/sédyne 23.43

SE 23.43

Total CPUE 699.84 75847 659.88 77594 317.94 33383 519.40 476.74 79212 462.89 50098 698.60 1011.95 1544.98
SE 33731 336.26 278.37 48327 9462 53.84 95.64 187.87 406.11 113.88 112.08 323.91 459.39 541.18
CPUE in number

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015
Perch/ahven 1513  11.53  12.60 5.59 7.77 787 1961 1183 30.13 1422 1640 1099 1650  30.56
SE 7.62 6.93 8.10 3.32 4.99 2.26 2.88 6.81  22.80 6.17 4.67 4.15 8.61 9.53
Roach/sérki 1287 1193 11.22 2278 8.49 5.09 7.95 291 6.83 6.75 7.06 5.15 957 1797
SE 491 4.68 579 1497 3.60 1.37 1.83 0.95 2.31 1.29 1.34 1.74 2.75 5.35
Pike/hauki 0.35 0.25 0.28 0.03 0.37 0.03 0.18 0.06 0.04 0.02 0.23 0.04
SE 0.35 0.18 0.19 0.03 0.20 0.03 0.18 0.06 0.04 0.02 0.17 0.04
Ruffe/ kiiski 0.20 0.22 0.58 0.26 0.18 0.20 0.73 0.93
SE 0.18 0.18 0.53 0.19 0.18 0.18 0.70 0.54
Pikeperch/kuha 0.03 0.35 0.05 0.05 0.02 0.23
SE 0.03 0.20 0.05 0.05 0.02 0.23
Bream/lahna 0.71 0.27 2.95 0.03 0.40 0.33 0.08 0.98 0.38 1.01 0.14 0.61 0.93
SE 0.35 0.18 2.80 0.03 0.20 0.14 0.08 0.72 0.21 0.49 0.10 0.14 0.41
Burbot/ made 0.03 0.23 0.31 0.31

SE 0.03 0.23 0.20 0.31

Silver bream/ pasuri 1.04 1.06 0.79 5.96 043 0.30 0.13 0.67 0.36 0.24 0.15 0.75 0.42
SE 0.53 0.34 0.54 5.43 0.18 0.23 0.07 0.29 0.15 0.08 0.15 0.35 0.25
Whitefish/siika 0.18

SE 0.18

Bleak/salakka 1.10 1.08 9.06 7.72 3.20 0.79 0.66 141 4.40 0.70 0.76 0.41 1.05
SE 0.24 0.49 3.81 4.52 1.10 0.30 0.27 0.37 1.93 0.64 0.23 0.23 0.85
Smelt/Kuore 0.18 0.10 0.18 0.47 0.23 0.16

SE 0.18 0.06 0.18 0.27 0.15 0.16

Ide/sdyne 0.06

SE 0.06

Total CPUE 3140 2612 3714 4283 2058 14.84 2905 1687 4384 2315 2573 1711 2815 5213
SE 1082 1191 1395 23.46 7.45 2.51 3.88 421 2528 6.58 6.15 5.11 9.09 1214
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Appendix 7 Length distribution (%, number of fish) of roach and perch in multi-mesh gill net catches
in 2001-2021 in Tuomiojarvi. Years 2001-2009 YK-nets (10-55 mm) and 2010-2021 Nordic
nets (5-55 mm). Length classes are 3 = 3-3.9 cm, 4 = 4-4.9 cm etc. total length. Vertical
dotted line indicates a limit for using fish in commercial fish products such as canned fish
(10-15 cm), fish paste (15-25 cm) or fillet (> 15 cm). No strata volume weighting.
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Appendix 8 Length distribution (%, number of fish) of roach and perch in multi-mesh gill net catches
in 2001-2021 in Alvajarvi. Years 2001-2009 YK-nets (10-55 mm) and 2010-2021 Nordic
nets (5-55 mm). Length classes are 3 = 3-3.9 cm, 4 = 4-4.9 cm etc. total length. Vertical
dotted line indicates a limit for using fish in commercial fish products such as canned fish
(10-15 cm), fish paste (15-25 cm) or fillet (> 15 cm). No strata volume weighting.
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