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ABSTRACT

The Gran Paradiso National Park (GPNP) has recently approved an eradication plan,
financed within the LIFE+ project BIOAQUAE (Biodiversity Improvement of Aquatic Alpine
Ecosystems), to restore some mountain lakes impacted by the introduction of brook trout
(Salvelinus fontinalis). This extensive eradication project involves the use of intensive gill
netting as a non-invasive conservation measure. The aim of this study is to support, with
technical data, the choice of the capture devices needed for the eradication program and
to discuss some technical and practical aspects associated with the use of different nets. To
this purpose we compared the efficiency, the size selectivity and the induced mortality of
three kinds of nets: a trammel and two different multi-mesh gill nets, sampling brook trout
in 7 alpine lakes in GPNP. The obtained results allowed us to better define the technical
features of the capture devices needed to eradicate brook trout and provide several sugges-
tions on how to conduct the eradication campaign.
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1. INTRODUCTION

Studies show that stocking fish into once fishless alpine lakes is a misguided prac-
tice exacting a heavy toll on fragile alpine aquatic ecosystems (Knapp et al., 2001;
Schabetsberger er al., 2009). Introduced fish cause a series of detrimental direct
and indirect effects (Eby et al., 2006), which lead to the loss of native species and
to the degeneration of the natural food-web structure (Knapp et al., 2001; Eby
et al., 2006). Unaware of its ecological consequences, the practice of introducing
fish in high altitude lakes is still present throughout the Alps. In the 1960s, some
naturally fishless lakes of the Gran Paradiso National Park (GPNP; North-Western
Italian Alps) underwent fish stocking with brook trout (Salvelinus fontinalis), an
alien salmonid from North America. This species is well adapted to extremely cold
environments (Hutchings, 1996) and thanks to its broad ecological valence, brook
trout could survive and establish reproductive populations in the stocked lakes
(Alessio et al., 1987; Tiberti, 2012). Brook trout are now present in almost all the
artificial reservoirs of the Park (lakes Serru, Agnel, Teleccio and Valsoera), in some
natural alpine lakes (Nivolet inferiore, Rosset, Leita, Leynir, Djouan, Nero,
Miserino, Dres and Muanda) and in some stretches of mountain streams, including
the main courses of the lower river segments. Despite fish introductions, fishing
has been forbidden within the protected area since the 1970s and all fish popula-
tions, including brook trout populations, have not been affected by fishing activi-
ties since then. Recent studies confirmed that the presence of brook trout in the
alpine lakes of GPNP have the same strong ecological impact as observed in other
mountain regions (Eby et al., 2006), with a dramatic impact on the macroinverte-
brates and zooplankton communities (Tiberti, 2012) and on Rana temporaria
(Tiberti and von Hardenberg, 2012).

To restore the lakes impacted by fish introduction, the Gran Paradiso National
Park has recently approved an eradication plan, financed within the LIFE+ project
BIOAQUAE (Biodiversity Improvement of Aquatic Alpine Ecosystems). This
extensive eradication project involves four alpine lakes (Dres, Djouan, Nero and
Leynir) using intensive gill netting as the main eradication technique. Intensive gill
netting is considered an effective noninvasive practice, which has been successfully
experimented in a few restoration programs (Knapp and Matthews, 1998; Parker
et al., 2001; Knapp et al., 2007) without producing lethal effects for non-target
species. The success of the eradication project will depend on the ability of nets to
capture all the fish in the lakes. To this purpose the nets should be highly efficient
and little selective, to catch all the fish independently of their size.

The aim of this study is to support with technical data the choice of the nets
needed for the eradication program. To this purpose we compared the efficiency,
the size selectivity and the induced mortality of three net types that are united by
the fact of being little selective, a trammel (TR) and two different multi-mesh gill
nets (MMG-1 and MMG-2), sampling brook trout in 7 alpine lakes in GPNP.

Considering that a gill net consists of a single wall of net, a multi-mesh gill net
is just the result of many gill net panels with different mesh sizes put side by side
and sewn together. On the other hand a trammel is composed of three panels of
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net: the inner panel is included into two outer panels with a larger mesh size. Both
types of nets are held vertically and both can catch the fish in three different ways:
fish can be gilled (held by the mesh around their gills), wedged (held by the mesh
around their body), or tangled (held by teeth, spines or other protrusions without
necessarily penetrating the mesh). However, only trammels can bag-fill the fish (a
fish passing through the large meshed outer panel hits against the small meshed
inner panel which carries through one of the large openings of the opposite large
meshed outer wall). Both the net types are considered little selective: multi-mesh
gill nets because they have all the mesh sizes needed to capture the entire dimen-
sional spectrum of fish populations and trammels because they can capture every
fish big enough not to pass through the inner panel (Hovgard and Lassen, 2000;
Sutherland, 2006). For their little selectivity (Backiel and Welcomme, 1980; Fabi
et al., 2002; Karukalak and Erk, 2008) both trammels and multi-mesh gill nets
were considered as potentially effective devices for a successful eradication plan
and some technical, practical and economical aspects associated with the use of
different capture devices are discussed in this article.

2. MATERIALS AND METHODS
2.1. Study area

Gran Paradiso National Park (GPNP) is located between 45°25" and 45°45' N and
between 7° and 7°30" W in the Western Italian Alps. The protected area shows a
large altitudinal extension (between 800 and 4061 m) and a typical alpine climate.

The studied lakes are all included in GPNP a.s.l. belonging to the catchments of
rivers Orco and Dora di Savarenche. In this paper, toponyms of the lakes will be
replaced by abbreviations: Nivolet inferiore — NIV, Leita — LEI, Leynir — LEY,
Djouan — DJO, Nero — NER, Dres — DRE, Rosset — ROS. Main geographical,
morphological, watershed and chemical data are reported in Table 1. The lakes
are not affected by hydromorphological alterations, they are larger than 10,000
m? and are all located above 2,000 m a.s.l. Their watersheds belong to the Alpine
and nival belts. They are placed in two geologically separated areas: the first is
entirely dominated by acidic gneiss, while the second is dominated by a thick
covering of calcareous schists variously metamorphosed (Compagnoni et al.,
1974). The geology affects the vegetation development in the watershed as well as
the hydrochemistry of the lakes (Tiberti et al., 2010). The studied lakes are well
preserved by acidification risk and their conductivity is low because of the low
ionic content. Phosphorus is the phytoplankton growth-limiting element assuming
a leading role in shaping the biotic community and its concentration is an index of
oligotrophy.

2.2. Sampling methods

During the summers of 2009 and 2012 we sampled the study lakes once (NER,
LEI), twice (ROS, DJO, LEY), three times (DRES) or four times (NIV) to compare
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Figure 1 Map of the sampled lakes showing the positioning of trammel (TR) and multi-mesh
gill nets (MMG 1 and MMG 2) and the dates of sampling. LEY: Leynir; NIV: Nivolet inferiore; DJO:
Djouan; DRE: Dres; ROS: Rosset; NER: Nero; LEI: Leita.

the efficiency, selectivity and mortality of MMG-1, MMG-2 and TR. MMG-1
was a multi-mesh gill net crafted by Retificio Moretti (Peschiera Maraglio,
Italy) and made of mono-filament nylon, it was 30 m long and 1.5 m tall and
was composed of 10 panels (each 3 m long) with standard mesh size for pelagic
samples (55 mm, 45 mm, 40 mm, 30 mm, 24 mm, 19.5 mm, 15.5 mm, 12.5 mm,
10 mm, 8 mm; APAT, 2007). MMG-2 was a multi-mesh gill net specially produced
by Oy Lindeman Ab (Raippaluoto, Finland) on the experience gained during the
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eradication projects performed in Sierra Nevada, California (Knapp and Matthews,
1998; Knapp et al., 2007). It was made of double-knotted monofilament
(diameter: 0.15-0.20 mm), was 36 m long and 1.8 m tall, and contained six panels
with different mesh sizes (38 mm, 33 mm, 25 mm, 18.5 mm, 12.5 mm, 10 mm).
TR was made of nylon, it was 30 m long and 1.5 m high and the inner panel mesh
size was 17 mm.

In 2009 we compared the efficiency, selectivity and induced mortality of TR and
MMG-1, while in 2012 we compared TR with MMG-2. In 2012, we used two
MMG-2 at the same time in DRE, DJO and NER. We fixed the nets to the shore-
line with ropes and we stretched the nets side by side at the surface (Figure 1),
where Salvelinus fontinalis stays in the summer time (Dawidowicz and Gliwicz,
1983). In Figure 1 we show the position of the nets during each date of sampling.
In 2009, to avoid useless overfishing, TR, which was more efficient than MMG-1,
was sometimes retreated before MMG-1. The nets were inspected from an inflat-
able dinghy every 1-2 hours during the diurnal sampling sessions to reduce
mortality, but during the night the inspections of nets was suspended. Fishes were
temporarily stocked in a bucket and the length of each fish was measured at the
end of the inspection. Finally, limited to this preliminary study, fishes were released
and considered alive when they were able to autonomously swim away.

2.3. Data analysis

Efficiency of TR and of the two kind of MMGs was compared using only the data
collected when nets were in use at the same time. We first compared the efficiency
of TR and MMG-1 with a Chi-square test. Having TR and MMG-1 in the same
fishing area (45 m?), the expected frequency of captured fish was equal for TR and
MMG-1. Then we compared the efficiency of TR and MMG-2 with two addi-
tional Chi-square tests, the fist to compare the efficiency of TR and MMG-2 when
a single MMG-2 was used (in DRE, DJO and NER) and the second when two
MMG-2 were used (in NIV, LEI, LEY and ROS). Indeed, MMG-2 have a greater
fishing area (64.8 m?) than TR, thus the expected probabilities to catch brook
trout was smaller in TR than in MMG-2 and was ~0.41 when a single MMG-2
was used and ~0.26 when two MMG-2 were used.

We thus compared the efficiency of each single panel of MMG-1 and MMG-2
with the efficiency of TR with a Chi-square test, but, when the expected frequen-
cies were less than five, we calculated the cumulative binomial probability to
obtain the observed results, considering that the expected probability to catch
brook trout was ~0.91 (45 m?/49.5 m?>=10/11) in TR, ~0.09 (4.5 m?*/49.5 m? =
1/11) in each panel of the MMG-1 and ~0.81(45 m?55.8 m?) and ~0.19 (10.8 m?*/
55.8 m?) respectively for TR and for each panel of MMG-2.

To avoid pseudoreplication due to repeated sampling in the same lake at
different times, the size selectivity of TR, MMG-1 and MMG-2 was compared
using a Linear Mixed-Effects model implemented in the Ime function of the
package nlme of the R statistical software, version 2.12.1 (Pinheiro et al., 2007,
R Development Core Team, 2010) and fitted by Restricted Maximum Likelihood
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with the length of fishes as dependent variable. A factorial variable indicating the
method of sampling and a factorial variable indicating each different sampling
session were added to the model as fixed effects, while the sampled lakes were
added as a random effect. The significance of fixed terms was assessed using condi-
tional F-tests. We compared the selectivity of each mesh size both for MMG-1 and
MMG-2 with an ANOVA and a Tukey test for multiple comparisons.

The mortality induced by TR, MMG-1 and MMG-2 was compared with a test
for the equality of proportions. The data collected in 2012 with TR and MMG-2
was used to asses if the different ways in which fishes can be caught (bag-filled,
gilled, wedged or tangled) could induce different mortality rates. To this purpose
we used a generalized mixed effect linear model fitted by Laplace approximation
and with an underlying binomial distribution (log link) implemented in the func-
tion glmer of the package Ime4 of the statistical software R (R Development Core
Team, 2010). The survival of each sampled fish (0=dead, 1=alive) was added to
the model as a binary dependent variable. We added as fixed effect a variable
(Way) standing for the different ways in which fishes are caught (gilled, wedged,
tangled and bag-filled) and the lake where we sampled the fish (Lake) as a random
effect. Mortality data were obtained by counting the individuals died in the nets or
during their extraction, handling or transport. The analysis did not include the
mortality events that happened after the release of fishes and induced by stress or
undetected damages.

3. RESULTS

378 fishes were sampled within 15 sampling sessions (Table 2, Figure 1). 184
fishes were collected within 56h 15" of sampling with TR, 43 within 65h 40" of
sampling with MMG-1 and 151 within 22h 50’ of sampling with MMG-2. Fish
length ranged from 15.5 ¢m to 34.5 cm and their average length +SD depended on
the sampling site: it was 23.0+3.9 cm (N=77) in DJO, 28.4+2.2 cm (N=12) in
NER, 27.3 4.0 cm (N=103) in DRE, 30.2 3.5 cm (N =80) in NIV, 21.2+ 1.4 cm
(N=23) in LEL 22.4+4.4 cm (N=77) in LEY and 26.8+3.9 (N=56) in ROS
(Figure 2).

TR was more efficient than MMG-1 (x*=69.48, df=1, p<0.0001), but it was
less efficient than MMG-2 (x*=27.50, df=1, p<0.0001, for NIV, LEI, LEY and
ROS; ¥*=0.53, df=1, p=0.47 for DRE, DJO and NER). Only three panels of
MMG-1, but all the panels of MMG-2, captured fishes during the sampling
campaign. When we partitioned the efficiency analysis on each single panel,
performing the analysis just on the fishing panels, the panels of MMG-1 with 24
and 40 mm mesh size did not show any significant difference with TR, but the
panel with 30 mm mesh size of MMG-1was more efficient than TR in DRE and
NIV (p<0.05) and showed the same tendency in ROS (p=0.06). We found
coherent results also for some panels of MMG-2, with some mesh sizes which
were more efficient than others and than TR. The panels with 10 and 12.5 mm
mesh sizes proved to be more efficient than TR just in NIV (p<0.01), the panel
with 18.5 mesh size in NIV (p<0.01) and LEI (p<0.0001), the panel with 25 mm
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Figure2 Length distribution of sampled fish divided by sampling site.

mesh size in NIV (p<0.01), in LEI (P<0.05), in ROS (p<0.0001), in LEY
(p<0.0001) and NER (p<0.01), the panel with 33 mm mesh size in none of the
lakes and the panel with 38 mm mesh size just in NIV (p<0.01). However some
of the results from NIV are probably spurious due to the fact that MMG-2 was
positioned too close to the shore.

We did not find a significant difference between the size selectivity of TR and
MMG (F, 34=2.56,p=0.08) (Figure 2) and in the size of fishes captured in different
sampling sessions (F; 3,,=0.02, p=0.89). After testing that the variance of the
lengths of fish captured in each panel was homogeneous (Levene test: F, 4, =0.475,
p=0.63), we found that the size of fish was significantly different among the fishing
panels of MMG-1 (F, ,,=33.45, p<0.001). In Table 3 we show the results of the
Tukey test for multiple comparison. The panel with 24 mm mesh size selected
significantly smaller fish than the 29 and 35 mm mesh sizes in MMG-1. The size
of fishes was significantly different also among the different panels of MMG-2
(F5.145=8.26, p<0.001). The results of the Tukey test for multiple comparison are
reported in Table 3.

Total mortality was 22.4% (20.7% in TR, 20.9% in MMG-1 and 25.0% in MMG-2)
and the difference in the mortality induced by MMG-1, MMG-2 and TR was not
significant (x*=0.97, df=2, p=0.62). However, the different ways in which fishes can
be caught induced different mortality rates, which were significantly lower when fish
were tangled or wedged than when they were gilled (wedged vs. gilled: beta=1.61,
2=3.47, p<0.001; tangled vs. gilled: beta=2.24, z=3.82, p<0.001) or bag-filled
(wedged vs. bag-filled: beta=2.21, z=3.58, p<0.001; tangled vs. bag-filled:
beta=1.59, z=3.14, p<0.01), while the induced mortality was not significantly
different between gilled and bag-filled fish (beta=-0.02, z=-0.06, p=0.95) and
between tangled and wedged fish (beta=-0.63, z=-0.97, p=0.33).
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Table 3 Tukey test for multiple comparison of the selectivity of different mesh-sizes within
multi-mesh gillnets MMG-1 and MMG-2. Data were collected in 7 alpine lakes in Gran Paradiso
National Park.

Net Mesh size Mean P 95% confidence intervals
difference
MMG-1 24 vs 29 mm -4.72 <0.001 -6.18 -3.27
MMG-1 24 vs 35 mm -4.53 <0.001 —-6.65 -2.42
MMG-1 29vs 35 mm 0.19 0.972 -1.82 2.20
MMG-2 10vs 12.5 mm 1.73 0.860 —-2.62 6.07
MMG-2 10vs 185 mm 5.50 <0.001 1.64 9.37
MMG-2 10vs 25 mm 3.57 0.071 -0.18 7.31
MMG-2 10 vs 33 mm 1.30 0.973 -3.63 6.23
MMG-2 10 vs 38 mm -2.38 0.831 -8.07 3.30
MMG-2 12.5vs 18.5 mm 3.77 <0.01 0.68 6.87
MMG-2 12.5vs 25 mm 1.84 0.464 -1.10 4,78
MMG-2 12.5vs 33 mm -0.43 0.999 -4.77 3.92
MMG-2 12.5vs 38 mm -4.11 0.206 -9.30 1.08
MMG-2 18.5vs 25 mm -1.94 0.110 —-4.11 0.24
MMG-2 18.5vs 33 mm -4.20 <0.05 -8.07 -0.34
MMG-2 18.5vs 38 mm -7.89 <0.0001 -12.68 -3.09
MMG-2 25vs 33 mm -2.27 0.50 —-6.01 1.48
MMG-2 25vs 38 mm -5.95 <0.01 -10.65 -1.25
MMG-2 33vs 38 mm -3.68 0.42 -9.37 2.00

4. DISCUSSION

This study provides information supporting the choice of the capture devices to be
used for the eradication program planned within the BIOAQUAE LIFE+ project.
This information is very useful if we consider that the literature concerning fish
eradication by gill netting in mountain lakes is still limited to a few examples from
North America (Knapp and Matthews, 1998; Parker et al., 2001; Knapp et al.,
2007).

Since the eradication process in high altitude lakes can take a long time (about
two years of continuous gill netting; Knapp and Matthews, 1998; Knapp et al.,
2007), speeding up the capture rate is important. Thus, one of the most important
characteristics of the nets needed for the eradication project is a high capture effi-
ciency. This study shows that the efficiency of the capture devices depended both
on the kind and on the quality of nets. TR showed a higher efficiency than MMG-1,
which was manufactured without special features for fishing in high altitude lakes,
but a lower efficiency than MMG-2, which was of the same kind as MMG-1, but
with a clearly higher quality than MMG-1 (e.g. thinner monofilament diameter).
Moreover, the panels with an appropriate mesh size of both MMG-1 and MMG-2
were often more efficient than TR. Considering these results, we suggest to use
large gill nets with the most efficient mesh size to eradicate brook trout from the
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pelagic area. The technical features of gill nets (mesh size, length and height)
should be decided on the basis of the dominant size of brook trout in the pelagic
samples and considering the bathymetry of the lakes. Moreover, there are further
practical reasons to prefer gill nets: the time required to remove fishes from gill
nets is much shorter than that needed for the trammel. This latter feature is very
important, especially in the early stages of eradication when there is expected a
high number of captured fish, and the nets should be frequently and quickly
inspected.

However, the efficiency of the nets is not the only important characteristic. For
example, the most efficient nets are probably highly selective for the dominant size
classes, but they may completely miss the smaller size classes. The length distribu-
tion of captured fish indicates that the pelagic area of the lakes is populated only
by adult fish and that young individuals are excluded from this area, probably due
to the cannibalistic behavior of adult brook trout (Scott and Crossman, 1973;
Griffith, 1974). Direct observations indicate that smaller size classes of brook
trout used to stay in the littoral area: near the shorelines, in the littoral vegetation
or in the first segment of inlets and outlets. To successfully complete the eradica-
tion, all the fish should be captured, including the ones not belonging to the domi-
nant size classes sampled in the pelagic area. Thus, in the littoral area it would be
better to use a less efficient, but also less selective net to also catch the smaller
individuals and the possibility to support the eradication with other capture
devices should be evaluated (e.g. electrofishing along the colonized segments of the
inlets and outlets, where it is not possible to stretch a net). Previous successful
experiments (Knapp and Matthews, 1998; Parker et al., 2001; Knapp et al., 2007)
suggest to set MMGs perpendicular to the lake shoreline, with one end of the nets
containing the smallest mesh size anchored to the shore and the other end of the
net containing the largest mesh size anchored in deep water.

The number of nets needed to eradicate brook trout is a function of lake surface
area (Knapp et al., 2007) and probably also of its depth. Considering a 36 m long
and 1.8 m tall MMG, with six 6 m long panels with bar mesh sizes of 10, 12.5,
18.5, 25, 33, and 38 mm (MMG-2, standard net features from Knapp and
Matthews, 1998; Knapp et al., 2007) it is common to use as many as 10 nets per
hectare of lake surface area. Indeed, the effort needed to complete the eradication
provides the continuous use of many gill nets over a period of several months.

The mortality induced by fishing with nets is not a problem from a conservation
point of view, since the caught fish are non-native and are intended to be elimi-
nated. However there are ethical reasons which are imposed to minimize the pain
of the captured animals and further practical reasons to prevent the death of fish
in the nets. Indeed, still-alive fish can be temporarily stocked in tanks or submerged
closed nets and taken away when it is possible or more convenient, while dead fish
should be rapidly taken away and eliminated. The observed mortality rates are
rather high (20-25%) and it is predictable that many nets used at the same time
during the eradication process will be more difficult to be frequently inspected to
reduce mortality. We did not find any significant difference between the mortality
induced by MMG-1, MMG-2 and TR, but we are aware that gilled and bag-filled
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fish are subject to higher mortality rates, because nets close their gills and prevent
breathing. Unfortunately, fishes are efficiently captured when they are gilled by the
appropriate mesh size and many gill nets with these mesh sizes will likely be used
in the pelagic area during the eradication process. The use of highly efficient and
highly lethal gill nets and the predicted decrease of the frequency of inspections to
the nets due to the huge number of nets in the water at the same time — at least 10
per hectar according to Knapp et al. (2007) — will probably result in an increase of
the mortality rates during the eradication process, that will probably be higher
than 20-25%. For this reason it is important to well organize a frequent down-
stream transport of dead fish during the eradication. We are also aware that the
weather is one of the main factors inducing mortality: fish manipulation with
windy and cold weather can kill a fish in a few seconds (e.g. the mortality rate
during the first sampling in DJO was 71% due to the extremely harsh weather
conditions). We therefore suggest maximizing the efforts for the inspection of nets
during the early stages of the eradication project, when catch rates are high, and
to consider the weather forecast before starting with the eradication.

ACKNOWLEDGMENTS

We thank Achaz von Hardenberg, Bruno Bassano and Giuseppe Bogliani. Logistic
support and funding for this research was provided by the Gran Paradiso National
Park within the framework of the FP7 ACQWA Project (Assessment of Climatic
change and impacts on the Quantity and quality of WAter), Grant Agreement
No. 212250.

REFERENCES

Alessio G., Forneris G. and Confortini 1. (1987) Indagini preliminari su accrescimento,
biologia e ambientamento del salmerino di fontana, Salvelinus fontinalis Mitch., in un
ecosistema lacustre di alta quota. Atti della Societa italiana di Scienze naturali e del
Museo civico di Storia naturale di Milano 128: 138-152.

APAT (2007) Protocollo di campionamento della fauna ittica dei laghi italiani. In APAT.
Metodi biologici per le acque I. Rome.

Compagnoni R., Elter G. and Lombardo B. (1974) Eterogeneita stratigrafica del complesso
degli ‘Gneiss Minuti’ nel massiccio cristallino del Gran Paradiso. Societd Geologica
Italaliona. 13: 227-239.

Dawidowicz P. and Gliwicz Z. M. (1983) Food of brook charr in extreme oligotrophic
conditions of an alpine lake. Environmental Biology of Fishes 8: 55-60.

Eby L. A., Roach W. J., Crowder L. B. and Stanford J. A. (2006) Effects of stocking-up
freshwater food webs. Trends in Ecology and Evolution 21: 576-584.

Fabi G., Sbrana M., Biagi F., Grati F., Leonori L., Sartor P (2002) Trammel net and gill net
selectivity for Lithognathus mormyrus (L., 1758), Diplodus annularis (L., 1758) and
Mullus barbatus (L., 1758) in the Adriatic and Ligurian seas. Fisheries Research 54:
375-388

Griffith J. J. S. (1974) Utilization of invertebrate drift by brook trout (Salvelinus fontinalis)
and cutthroat trout (Salmo clarki) in small streams in Idaho. Transactions of the Amer-
ican Fisheries Society 103: 440-447.



Preliminary studies on fish capture techniques 73

Hutchings J.A. (1996) Adaptive phenotypic plasticity in brook trout, Salvelinus fontinalis,
life histories. Ecoscience 3: 25-32.

Hovgard H. and Lassen H. (2000) Manual on estimation of selectivity for gillnet and
longline gears in abundance surveys. FAO Fisheries Technical Paper 397. Rome.

Karakulak F.S. and Erk H. (2008) Gill net and trammel net selectivity in the northern
Aegean Sea, Turkey. Scientia Marina 72: 527-540

Knapp R. A. and Matthews K. R. (1998) Eradication of nonnative fish by gill netting from
a small mountain lake in California. Restoration Ecology 6: 207-213.

Knapp R. A., Matthews K. R. and Sarnelle O. (2001) Resistance and resilience of alpine
lake fauna to fish introductions. Ecological Monographs 71: 401-421.

Knapp R. A., Boiano D. M. and Vredenburg V. T. (2007) Removal of nonnative fish results
in population expansion of a declining amphibian (mountain yellow-legged frog, Rana
muscosa). Biological Conservation 135: 11-20.

Magnea U., Sciascia R., Paparella F., Tiberti R., Provenzale A. (2013) A model for high-
altitude alpine lake ecosystems and the effect of introduced fish. Ecological Modelling
254:211-220.

Parker B.R., Schindler D.W., Donald D.B. and Anderson R.S. (2001) The effects of stocking
and removal of a nonnative salmonid on the plankton of an alpine lake. Ecosystems 4:
334-345.

Pinheiro J., Bates D., Debroy S. and Sarkar D. (2007) Linear and Nonlinear Mixed Effects
Models ‘nlme’ package in R. Available at http://cran.r-project.org/web/packages/nlme/
index.html

Schabetsberger R., Luger M., Drozdowski G. and Jagsch A. (2009) Only the small survive:
monitoring long-term changes in the zooplankton community of an Alpine lake after fish
introduction. Biological Invasions 11: 1335-1345.

Scott W.B. and Crossman E.J. (1973) Freshwater Fishes of Canada. Fisheries Research
Board of Canada, Winnipeg.

Sutherland W.]J. (2006) Ecological Census Techniques — a handbook. Second edition,
Cambridge University Press.

Tartari G. and Mosello R. (1997) Metodologie analitiche e controlli di qualita nel labora-
torio chimico dell’Istituto Italiano di Idrobiologia del Consiglio Nazionale delle Ricerche.
Documenta dell’Istituto Italiano di Idrobiologica 60: 1-160.

Tiberti R., Tartari G.A. and Marchetto A. (2010) Geomorphology and hydrochemistry of
12 Alpine lakes in the Gran Paradiso National Park, Italy. Journal of Limnology 69:
242-256.

Tiberti R. (2012) Ecology of alpine lakes in Gran Paradiso National Park. Ph.D thesis,
University of Pavia, Pavia.

Tiberti R. and von Hardenberg A. (2012) Impact of introduced fish on Common frog
(Rana temporaria) close to its altitudinal limit in alpine lakes. Amphibia Reptilia 33:
303-307.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


