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a  b  s  t  r  a  c  t

Gillnets  are  commonly  used  for monitoring  fish communities  and  assessing  the  ecological  quality  in
European  lakes.  However,  the relationship  between  gillnet  CPUE  and fish  abundance  is not  linear  and
depends  on  several  factors  affecting  the catchability  of gillnets.  We  investigated  the  effects  of high  water
colour,  naturally  anoxic  hypolimnion,  water  temperature  and  sex  ratio  on the  catchability  of  perch  Perca
fluviatilis  in  gillnets.  Data  were  collected  during  10 years  in nine  forest  lakes  in  southern  Finland.  Such
lakes  are  very  common  in  Finland.  The  density  and  size  structure  of  perch  populations  were  estimated
by  mark  and recapture  method  during  spring  and  standard  gillnet  fishing  (CEN,  2005.  Water  quality
Sampling  of Fish  with  Multimesh  Gillnets.  European  Committee  for Standardization,  Brussels  (EN 14757))
ensity
emperature
ater colour

xygen

in  late  summer.  Perch  CPUE  was positively  but non-linearly  dependent  on the perch  density.  Catchability
increased  with  water  colour,  water  temperature,  and  the  volume  of  the  anoxic  hypolimnion.  The  sex  ratio
was also  important  because  late  summer  gillnetting  overestimates  the  proportion  of  female  perch.  If  the
factors  that  affect the  catchability  of  perch  in  gillnets  are  taken  into  account,  gillnet  CPUE  using  standard
methods  can  be  used  as rough  index  of fish  density  in  small  forest  lakes.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Gillnet catch per unit effort (CPUE) is a vague index of fish den-
ity. In many studies, positive but non-linear relationship between
illnet CPUE and estimated fish density has been found indicat-
ng decreasing catchability with increasing fish density (Borgstrøm,
992; Enderlein and Appelberg, 1992; Hansson and Rudstam, 1995;
inløkken and Haugen, 2006; Olin et al., 2009). Contradictory, some
tudies reported no dependence (Enderlein and Appelberg, 1992;
eltonen et al., 1999; Sutela et al., 2008) or even negative depend-
nce of gillnet CPUE on fish density (Linløkken and Haugen, 2006;
arley et al., 2001). The latter results can be explained by very low
sh activity in high fish densities, a phenomenon called “hyper-
tability” (Harley et al., 2001). In previous studies, the factors
ffecting the relationship between gillnet CPUE and fish density
ncluded species and size distribution, gear properties, sampled
Please cite this article in press as: Olin, M.,  et al., An evaluation of gill
Res. (2015), http://dx.doi.org/10.1016/j.fishres.2015.05.018

abitat, environmental conditions, and fish density and behaviour.
he dependence of gillnet CPUE on density relies on catchabil-
ty, which is affected by the probabilities of encountering (PE),

∗ Corresponding author. Tel.: +358 504486452.
E-mail address: mikko.olin@helsinki.fi (M.  Olin).

ttp://dx.doi.org/10.1016/j.fishres.2015.05.018
165-7836/© 2015 Elsevier B.V. All rights reserved.
contacting (PCo) and retaining (PR) by the net (Hamley, 1975;
Kurkilahti, 1999). PE is dependent on numerous factors that affect
the average distance fish swim (e.g. fish abundance, fish size, tem-
perature, food resources and species interactions). PCo is affected
by fish size in relation to mesh size, fish morphology, fish ability to
avoid the net and gillnet saturation (Olin et al., 2004). Fish ability
to escape from the net determines PR (Prchalová et al., 2011).

As gillnets are relatively easy and inexpensive to use even in
challenging environments and with the completion of CEN (2005)
standard, numerous research programmes use gillnets in monitor-
ing changes in relative fish abundance, community structure and
size distribution (Argillier et al., 2012, and the references therein).
In Finland, standard gillnet monitoring is used nation-wide to
follow the changes in the ecological status of lakes according to
Water Framework Directive, because the assessment method is
based on the gillnet results (Olin et al., 2013). A large part of the
Finnish lakes are small and humic (Eloranta, 2004). The character-
istics of these lakes are low visibility, high summer temperature,
strong stratification, and anoxic hypolimnion. All the previous fac-
net CPUE as an index of perch density in small forest lakes. Fish.

tors affect fish activity and behaviour and thus their catchability by
gillnets (Hamley, 1975). It is not known how high water colour and
low volume of oxygenated water affect the catchability of perch in
gillnets.

dx.doi.org/10.1016/j.fishres.2015.05.018
dx.doi.org/10.1016/j.fishres.2015.05.018
http://www.sciencedirect.com/science/journal/01657836
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The aim of this study was to explore how high humic con-
entration (low visibility) and anoxic hypolimnion (reduced viable
abitat) affect perch catchability in gillnets thus changing the rela-
ionship between fish density and gillnet CPUE. We  used perch
Perca fluviatilis) as target species because it is very common in
ll kind of lakes in Finland (Tonn et al., 1990), and its density is
elatively easy to estimate in small lakes (Linløkken and Haugen,
006; Rask et al., 2014). We  hypothesized that low visibility can
ither decrease the catchability of perch in gillnets due to decreased
ctivity, or increase the catchability because perch are less able to
void the net using visual cues. We  also hypothesize that low vol-
me  of oxygenated water should increase perch catchability since
sh should concentrate in the water volume with adequate oxy-
en levels and therefore the density of fish around the nets set in
hat area would be higher than expected from the lake wide aver-
ge density. We  also investigated the effect of water temperature
n perch catchability, because water temperature should increase
sh activity and thus catchability in gillnets (Hansson and Rudstam,
995; Linløkken and Haugen, 2006).

. Material and methods

.1. Study lakes and water samples

The study lakes included nine small forest lakes with vary-
ng area, depth and water quality (Table 1). The water quality

as monitored during the gillnetting days except for water
olour which was measured during autumn turnover. The annual
ake-specific average values of temperature (1 m depth), water
olour, Secchi depth and oxygen concentration (2 m depth) ranged
etween 13.5–23.7 ◦C (average 19.5), 40–557 mg  Pt l−1 (average
10), 0.48–3.22 m (average 1.53) and 0.5–13.7 mg  l−1 (average 5.8),
espectively. We  used oxygen concentration in 2 m depth as an
ndex of the volume of oxygenated water (Rask et al., 2014). The
pilimnion in these brown water lakes is usually 2 m thick (Salonen
t al., 1984), and the oxygen concentration in this depth is a reliable
ndicator of the oxygen conditions. In some lakes and years oxygen

as depleted in mid-summer already in 2 m depth whereas in other
akes whole water volume was oxygenated throughout the summer
n every year. The fish communities in the lakes were dominated by
oach (Rutilus rutilus), perch and pike (Esox lucius),  except the lakes
alkea-Kotinen and Iso Valkjärvi that had no roach population (Olin
t al., 2010).

.2. Sampling of fish

The perch population densities were estimated in spring by
ark and recapture method and the relative densities in late sum-
er  by standard gillnetting method (extended CEN standard, see
lin et al., 2013) during 2004–2013. As perch density was  esti-
ated only once a year, the gillnet and water quality results were

ombined for each year, and the data included 60 lake-years.
The gillnetting followed stratified random sampling procedure

ith depth zones of <3 m and >3 m,  and randomized gillnet sites.
e used Nordic gillnets (height 1.5 m,  length 30 m,  area 45 m2) with

2 mesh sizes between 5 and 55 mm from knot to knot (Olin et al.,
013). In the shallower zone, only bottom gillnets were used. In the
eeper zone, gillnets were set both at surface and on the bottom.
owever, no gillnets were set on anoxic bottom, because perch
an’t survive when oxygen concentration is below 2.25 mg  l−1 in
arm water (20–26 ◦C, Thorpe, 1977). In each year, gillnetting was
Please cite this article in press as: Olin, M.,  et al., An evaluation of gill
Res. (2015), http://dx.doi.org/10.1016/j.fishres.2015.05.018

onducted three times fortnightly (mid-July, end of July and mid-
ugust), except for the Lakes Valkea-Kotinen and Halsjärvi, which
ere sampled only twice in July–September (2–9 week interval).
illnets were set in the evening (appr. 20:00) and hauled in the next
 PRESS
rch xxx (2015) xxx–xxx

morning (appr. 08:00), thus the fishing time was ca. 12 h. The total
fishing effort ranged from 6 to 21 gillnet nights per year depend-
ing on the lake size and depth (Table 2). Each gillnet was handled
separately and fish were sorted into species, counted, weighed
and measured for total length. Subsamples of 98–389 perch with
known total length were sexed in each lake. Based on the data of
these subsamples, the rest of the perch were sexed according to
lake-specific length–sex-models, where the probability of fish to
be female increased with fish length according to 2nd degree poly-
nomial equation: probability to be female = a*length2 + b*length + c,
until the probability reaches (1). For perch in the subsamples, age
and annual length increments were estimated (otoliths and oper-
cular bones, Monastyrsky’s procedure, Bagenal and Tesch, 1978).

Perch marking and recapturing was  conducted in spring during
spawning (within 2–3 weeks after ice-break) by using Schnabel
multiple marking method (Seber, 1982). Fish were caught by wire
traps and marked by fin-clipping (tip of the left or right pelvic fin
depending on the year; Horppila et al., 2010). Perch were measured
for length (1 cm size classes) and sexed according to running milt
or swollen abdomen and genital pore. The fishing was continued
until the 95% confidence limits were below 20% of the total den-
sity estimates. The number of yearly marked and recaptured perch
ranged between 282–6148 and 81–1563, respectively (Table 2).

2.3. Increasing the comparability between perch density and
CPUE estimates

Because of different sampling season and selectivity, wire trap
and gillnet catch differed in sex ratio, size distribution and species
composition. Furthermore, fish mortality and growth from spring
to late summer had to be taken into account.

The perch catch in spring was  dominated by males (average
share of females was only 19%) due to their higher spawning
activity (Craig, 2000). In late summer gillnet catch, females were
more abundant than males (average share of females 68%) as they
are more active during growing season because of higher energy
demand (Henderson et al., 2000). For the mark and recapture catch,
the sex ratio was  made more equal by adding up the separate
estimates for males and females. Still, the average female density
estimate was only 0.65 of the average male estimate. To take into
account the female-biased sex-ratio in gillnet catch, the estimated
sex ratio (female/male) was  included in the statistical model (see
further). The annual lake-specific sex ratios in gillnet catch ranged
from 1.1 to 5.4 (average 2.4).

As the smallest mesh sizes in Nordic gillnets are 5, 6.25 and
8 mm,  gillnets also caught juvenile perch that had to be excluded for
comparability. Furthermore, the adult perch included in the den-
sity estimates, of which the smallest were 7 cm long (total length),
grew from spring to late summer (average length increment 2 cm).
To take these aspects into account we excluded smaller than 9 cm
perch from the gillnet catch.

To acknowledge the mortality from spring to late summer, we
estimated annual instantaneous total mortality rate (Z) from the
age-distribution by the catch curve method (Robson and Chapman,
1961). Lake and year specific age-length keys were used to trans-
form length distribution of gillnet catch into age distribution where
the log-regression model was fitted. We assumed that the annual Z
could be used as a proxy of the mortality also on shorter time period
from spring to late summer. The annual lake-specific Z ranged from
0.06 to 0.43 (average 0.18).

Gillnets also caught fish other than perch (mainly roach), and the
net CPUE as an index of perch density in small forest lakes. Fish.

catch of other species may  have affected the catchability of perch.
Thus, the catch of other species was  included in the statistical model
(see further). The annual lake-specific CPUE of the other species
ranged from 0.0 to 70.0 (average 15.0 n gillnet−1).

dx.doi.org/10.1016/j.fishres.2015.05.018
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Table  1
Environmental characteristics of the study lakes. Lakes are in the order of increasing water colour. MD = mean depth, T = temperature, Secchi = Secchi depth, O2 = oxygen
concentration. Water colour was measured during the autumn turnover, and T, Secchi and O2 during the gillnetting periods (July–September). Values are averages during
the  sampling years.

Lake Sampling years Area (ha) MD (m)  Colour (mg  Pt l−1) T (1 m) Secchi (m) O2 (mg  l−1, 2 m)

Iso Valkjärvi, E 2007–2012 1.57 6 49 20.8 2.96 9.3
Iso  Valkjärvi, W 2007–2012 2.21 8 79 21.4 2.56 9.3
Hokajärvi 2006–2013 8.42 6 157 20.1 1.52 5.6
Haarajärvi 2006–2013 13.83 12 165 20.2 1.55 8.2
Valkea-Kotinen 2004–2013 3.59 6 172 17.6 1.43 5.1
Halsjärvi 2004–2007 3.11 6 182 17.2 1.41 4.8
Iso  Mustajärvi 2011, 2013 2.46 6 242 20.5 1.08 1.8
Majajärvi 2006–2013 3.38 12 365 20.2 0.89 3.5
Haukijärvi 2006–2013 2.06 8 428 18.7 0.80 3.4

Table 2
Perch sampling characteristics in the study lakes during 2004–2013. Lakes are in the order of increasing average CPUE of perch. Gillnet n = fishing effort by gillnets,
CPUE  = average (and range) of annual perch CPUE (arithmetic means of all gillnets), estimate = average (and range) of annual perch density estimates (male and female
estimates combined), marked = range of number of yearly marked perch, recaptured = range of n of all yearly recaptured perch.

Lake Sampling years Gillnet (n) CPUE (n gillnet−1) Estimate (n ha−1) Marked (n) Recaptured (n)

Iso Mustajärvi 2011, 2013 8 4.2 (1.5–7.9) 491 (439–544) 441–448 112–117
Halsjärvi 2004–2007 8 4.3 (1.0–6.3) 1151 (624–1830) 550–742 125–236
Haukijärvi 2006–2013 6–8 5.4 (1.0–10.7) 820 (311–1133) 389–1167 108–345
Hokajärvi 2006–2013 15 6.4 (2.9–11.0) 487 (367–679) 1114–1960 275–723
Majajärvi 2006–2013 9 7.7 (1.6–15.1) 2655 (736–3848) 954–2815 97–577
Haarajärvi 2006–2013 21 8.1 (3.7–14.3) 969 (428–1635) 1880–6148 208–1563

–12.3) 3593 (2176–5662) 763–2128 81–430
–18.2) 1154 (116–3882) 282–1651 83–234
–14.5) 1046 (126–2889) 479–1754 139–466
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Table 3
Best mixed linear model with repeated measurements predicting perch gillnet CPUE
from estimated perch density, Secchi depth, water temperature (1 m depth), oxygen
concentration (2 m depth) and sex ratio (in gillnet catch).

Effect Estimate SE DF F value P value

Intercept −5.971 0.824 11.810 <0.001
ln  density 0.282 0.039 12.700 51.83 <0.001
Secchi depth 0.208 0.058 6.909 12.79 0.009
Temperature 3.157 0.334 8.577 89.08 <0.001
Oxygen 8.799 1.236 7.307 50.66 <0.001
Sex  ratio −0.230 0.020 4.873 128.31 <0.001
Temperature × oxygen −4.939 0.648 7.183 58.04 <0.001

0

1

2

3

4

5

6

7

8

9

10

0 100 0 200 0 300 0 400 0 500 0 600 0

Pe
rc

h 
gi

lln
et

 C
PU

E 
(n

 g
ill

ne
t-1

)

Perc h density (n ha-1)

Fig. 1. Observed gillnet CPUE vs. density values (open circles), and fitted values
(black line) with 95% confidence limits (dotted lines) of the best model (Table 3)
when other explanatory factors (Secchi depth, temperature and oxygen concen-
Valkea-Kotinen 2004–2013 8 8.5 (4.6
Iso  Valkjärvi, W 2007–2012 6–8 9.6 (2.3
Iso  Valkjärvi, E 2007–2012 6–8 9.9 (4.1

.4. Statistical analyses

We  fitted the following linear mixed model with repeated meas-
res to assess how density and other factors affect the catch per unit
ffort of perch in gill nets (CPUE).

In (CPUE) = ˛0 + ˇ1 × Indensity + ˇ2 × Temperature + ˇ3 × Secchi depth + ˇ4×

Oxygen concentration + ˇ5 × Mortality + ˇ6 × Sex ratio + ˇ7×

InCPUE of other species + ˛1 × Year (Lake) + e

(1)

The response variable, gillnet CPUE of perch was  natural loga-
ithm transformed to ensure normal distribution (Kurkilahti, 1999).
he independent variables were ln perch density, water tem-
erature (1 m depth), Secchi depth, oxygen concentration in 2 m
epth, mortality and sex ratio (female/male in gillnet catch). Den-
ity was ln-transformed to ensure linear relationship between
n-transformed gillnet CPUE and fish density in the model. All other
xed effects than density were average values during gillnetting
r calculated from the gillnet catch (mortality and sex ratio). Sec-
hi depth was used as a proxy of water colour since water colour
as not measured during the gillnetting days. In another data

et where Secchi depth and water colour were collected simulta-
eously, the correlation between water colour and Secchi depth
as high and significant (rS = −0.765, P < 0.001, n = 326). We  also

ook into account the random effects of the study lake and the
ampling year. Random variable was year nested in lake (R-side
tructure ARH(1)), so the repeated measures within the lake were
ncluded in the model. We  used stepwise procedure for reducing
he model starting from 3-level interaction model and best model
as chosen according to corrected Akaike’s information criteria

AICC).

. Results
Please cite this article in press as: Olin, M.,  et al., An evaluation of gill
Res. (2015), http://dx.doi.org/10.1016/j.fishres.2015.05.018

According to the best mixed linear model, perch gillnet CPUE
as clearly dependent on perch density (Table 3). However, the
ependence was not linear (in arithmetic scale) and catchability
ecreased with fish density (Fig. 1). Furthermore, besides density,
tration) were assigned their average values. Gillnet CPUEs are geometric averages
(back-transformed from the average of ln-transformed CPUE data).

CPUE was statistically significantly affected by water transparency,
net CPUE as an index of perch density in small forest lakes. Fish.

temperature, volume of oxygenated water and sex ratio in the gill-
net catch (Table 3). The effects of mortality and the CPUE of other
species were statistically insignificant and were excluded during

dx.doi.org/10.1016/j.fishres.2015.05.018
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ig. 2. Effects of Secchi depth (a), temperature (b), oxygen concentration (c) and s
est  model (Table 3). The gillnet CPUEs at the minimum (dotted), average (black lin

he model reduction, which increased the model fit according to
ICC.

When considering the other factors that affected the gillnet
atchability, Secchi depth had a positive effect on the perch CPUE in
elation to perch density (Fig. 2). In other words, certain perch den-
ity resulted to higher CPUE in clear than in dark water. On average
n the density gradient, CPUE gave 31% higher density index when
ecchi depth increased by 1 m.  The difference in the CPUEs when
he Secchi depth had the highest and lowest observed value (3.2
nd 0.5 m,  respectively) was on average 2.1-fold.

As expected, water temperature increased gillnet catchability
Fig. 2), causing on average 20% higher CPUE with 5 ◦C tempera-
ure rise at a given density. When the temperature had the highest
bserved value (23.7 ◦C), the CPUE was on average 1.4 times higher
ompared to the coldest situation (water temperature 13.5 ◦C).

Thin oxygenated water layer, as hypothesized, gave higher
erch CPUE in relation to density compared to better oxygen con-
itions. The effect of oxygen was remarkable in this data set. At a
iven perch density, CPUE increased on average 11% with 1 mg  l−1

eduction in O2 concentration in 2 m depth. The difference in the
PUEs when the oxygen concentration had the observed highest
nd lowest value (13.7 and 0.5 mg  l−1, respectively) was  on average
.0-fold. The effects of temperature and oxygen showed interaction
Table 3). Low oxygen conditions increased the effect of water tem-
erature, and the highest CPUE in relation to density was reached
hen oxygenated water layer was thin and water temperature
as high. In high oxygen conditions, the effect of water temper-

ture in the model was reversed, and, at a given perch density,
old water resulted in higher CPUE than warm water. The latter
odel result was likely an artefact since no such conditions, high

xygen concentration and low water temperature, existed in this
ata set.

When the sex ratio (female/male in gillnet catch) increased,
he catchability of gillnets decreased (Fig. 2). This was  probably
ue to the observed negative correlation (rs = −0.318, P = 0.014)
etween perch CPUE and the sex ratio, resulting in high male pro-
Please cite this article in press as: Olin, M.,  et al., An evaluation of gill
Res. (2015), http://dx.doi.org/10.1016/j.fishres.2015.05.018

ortion when CPUE was high. In the gillnet catch, perch CPUE,
ean size and sex ratio interacted, so that CPUE was, though

ot statistically significantly, inversely proportional to mean size
rs = −0.139, P = 0.293), and mean size correlated negatively with
io (d) on the relation between gillnet CPUE and density estimate according to the
 maximum (dashed) value of each factor are shown.

sex ratio (rs = −0.781, P < 0.001) indicating high male proportion
when the mean size was small and CPUE was high.

4. Discussion

The gillnet CPUE of perch was  dependent on the perch den-
sity in lakes with high humic concentration and possibly anoxic
hypolimnion. However, the density-dependence was not linear
and was affected by water clarity, temperature and the volume
of oxygenated epiliminion. The sex ratio in gillnet catch had to be
considered, since late-summer gillnet sampling gave female-biased
estimates.

Perch CPUE was  non-linearly dependent on density and CPUE-
index gave higher underestimation of the real abundance when
fish density increased. This decreasing catchability with increasing
fish density has been observed in many earlier studies and can be
due to several factors (Borgstrøm, 1992; Enderlein and Appelberg,
1992; Hansson and Rudstam, 1995; Linløkken and Haugen, 2006;
Olin et al., 2009). In this study, the gear saturation (Minns and
Hurley, 1988) probably has not affected much on the decreased
catchability, as the accumulation percent (proportion of occu-
pied meshes) even in the mesh sizes with the highest catch rates
(10, 12.5 and 15.5 mm,  CPUE m−2 ± SD = 2.47 ± 3.34, 2.20 ± 2.12 and
1.15 ± 1.25, respectively) was below the threshold 0.16% in ≥90%
of the observations. The threshold represents the point where the
accumulation-related reduction in catchability is starting to be con-
siderable (≥20%) in lakes with low visibility (Olin et al., 2004).
Furthermore, according to Prchalová et al. (2011) the effects of
saturation is quite insignificant when catch is below 3 kg per stan-
dardized gillnet, and only 2 gillnets out of 709 reached the catch
of 3 kg in our data set. Visual avoidance (Olin et al., 2004) is also
unlikely since the catch-level was low and visibility in the lakes was
poor due to brown water. No sliming and thus reduced catchability
of gillnets was observed. Reduced activity or changed behaviour in
high fish densities (Borgstrøm, 1992; Linløkken and Haugen, 2006)
is the most likely reason for reduced catchability, since fish densi-
net CPUE as an index of perch density in small forest lakes. Fish.

ties in the viable habitats during low volume of oxygenated water
are probably rather high. In high fish densities, fish activity and
swimming speed can be reduced because of declined prey den-
sity or changes in prey type or foraging habitats. Contrary to the
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ndings of Linløkken and Haugen (2006), we did not find nega-
ive correlation between perch density and gillnet CPUE in high
erch densities though the densities in this study were much higher
maximum density estimate 5662 n ha−1) than in their study (max-
mum density of 1064 n ha−1). The probable reason for this is the

ider density gradient and the inclusion of Secchi depth in the
odel in our study.
Low water colour resulted in relatively high abundance index

f CPUE. This is probably due to higher activity and thus catchabil-
ty of perch in better visual conditions (Estlander et al., 2012). The
ypothesis of lower catchability in clearer water because of better
bility of fish to avoid the net by visual cues was thus not supported
y the results, and the water clarity effect on fish activity seems to
e higher than the effect of visual avoidance in this data (Hansson
nd Rudstam, 1995; Olin et al., 2004). As stated in the previous
aragraph, the water transparency and catch levels were probably
oo low to enable visual avoidance.

The hypothesis that assumed poor oxygen conditions lead up to
igher catchability of fish and thus increased density-dependence
f gillnet CPUE was clearly supported by the results. When the
olume of oxygenated water is small, fish are concentrated in
maller water volume (Ruuhijärvi et al., 2010), which decreases
he average distance to the nearest gillnet and thus increases PE.
his result could not be compared to other results as we  found
o literature concerning this issue. We  avoided setting gillnets in
noxic hypolimnion as we had current information of the oxygen
rofile in the study lakes. During the gillnet monitoring accord-

ng the standard (CEN, 2005), gillnets can be placed also in anoxic
ypolimnion. In this case, the CPUE of depth strata in anoxic habi-
ats are estimated to be 0, and the total gillnet CPUE can be a
ownward-biased density index compared to corresponding lakes
ith no oxygen problems. On the other hand, if fish are concen-

rated in oxygenated habitats and only these areas are sampled,
he gillnet CPUE can be overestimated. To see how following the
tandard CEN sampling would have changed the results, we ran a
imilar model (Table 3) with the average gillnet CPUEs including
ssumed zero catches in anoxic depth zones. Naturally, the aver-
ge gillnet CPUEs were much lower (on average 26%) but also the
ffect of oxygen was clearly diminished and was on average 6% with

 mg  l−1 reduction in O2 concentration compared to 11% before the
nclusion of zero catches. However, the low oxygen conditions still
ignificantly (P = 0.034) increased the catchability of gillnets and it
eems that some other factor than merely the concentration of fish
n small water volume affected the results. Poor oxygen condition
n these lakes is linked to temperature which also can increase the
robability of fish to be caught in gillnets, and temperature can be
ne factor that increased the catchability of fish during low oxygen
onditions. Oxygen problems in the study site can also increase ran-
om variation in the gillnet data, because fish are more aggregated
concentrated to oxygenated habitats), which also increases the risk
f gear saturation, and both factors will reduce the accuracy of CPUE
stimate. Therefore, one should be aware of the oxygen problems in
he monitored waters and take oxygen concentration into account
hen planning gillnet sampling and using CPUE as a density

ndex.
In several previous studies, water temperature had been found

o increase activity and thus the catchability in gillnets (Persson,
986; Hansson and Rudstam, 1995; Tang and Boisclair, 1995;
inløkken and Haugen, 2006). This was supported by our results as
ell. However, according to the model results, the effect of water

emperature was relatively low compared to other environmental
actors (water colour and volume of oxygenated water) in these
mall forest lakes. It is reasonable that especially the volume of
Please cite this article in press as: Olin, M.,  et al., An evaluation of gill
Res. (2015), http://dx.doi.org/10.1016/j.fishres.2015.05.018

xygenated water is crucial for fish in these lakes as it defines
he available habitats and affects the competition and predation
nteractions (Rask, 1986). It should be pointed out however, that
 PRESS
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all the three factors water colour, temperature and oxygen condi-
tions are confounded, which complicates the interpretation of the
results. High water colour causes rapid warming of surface water
in spring leading quickly to strong stratification, and eventually
oxygen depletion in hypolimnion (Arvola et al., 1992). Changes in
water clarity can change the timing and duration of fish activity
peaks, which might affect the gillnet catch (Prchalová et al., 2010).
In clear water, activity peaks are earlier in the morning and take
place later in the evening, which might decrease gillnet CPUE in
the case that the activity peaks don’t fit in the 12 h set time used in
this study.

In this study, the difference in the sex ratio between the density
estimates and the gillnet catch was substantial. In perch, activity-
differences between the sexes are high during spawning time and
growth period explaining the difference in the sex ratio. Also in
many other fishes, sexes behave differently thus leading to differ-
ent catchability (Horppila et al., 2011). Thus, sex ratio has to be
taken into account when comparing the fish abundance estimates
from different time periods. In this study, separate density esti-
mates for males and females did not totally balance the sex ratio
but the average female densities were 35% smaller than the aver-
age male densities. This might partly explain the observed higher
catchability of perch in gillnets when the sex ratio in gillnet catch
was less female-biased. Another explanation was  the observed high
male proportion when gillnet CPUE was  high.

To conclude, gillnet CPUE can be used as a rough index of relative
abundance in small humic lakes. It is recommended that oxygen
profile, water transparency, temperature and fish sex distribution
are recorded during gillnet monitoring, as these factors affect the
catchability of gillnets.
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