JYVASKYLAN YLIOPISTO
H UNIVERSITY OF JYVASKYLA

This is a self-archived version of an original article. This version
may differ from the original in pagination and typographic details.

Author(s): Li'pték, Boris; Vesel\'/,’ Lukas; Ercoli, Fabio; Blaha, Martin; Bufi¢, MiloS; Ruokonen,
Timo; Kouba, Antonin

Title: Trophic role of marbled crayfish in a lentic freshwater ecosystem

Year: 2019

Version: pyblished version

Copyright: © Liptak et al. 2019.

Rights: ccya.0
Rights url: https://creativecommons.org/licenses/by/4.0/

Please cite the original version:

Liptak, B., Vesely, L., Ercoli, F., Blaha, M., Bufi¢, M., Ruokonen, T., & Kouba, A. (2019). Trophic
role of marbled crayfish in a lentic freshwater ecosystem. Aquatic Invasions, 14(2), 299-309.
https://doi.org/10.3391/ai.2019.14.2.09



2
M INVASIVESNET

Aquatic Invasions (2019) Volume 14, Issue 2: 299-309

Research Article

Trophic role of marbled crayfish in a lentic freshwater ecosystem

Boris Liptak'# Lukas Vesely'# Fabio Ercoliz3, Martin Blaha!, Milo$ Bufi¢!, Timo J. Ruokonenz and Antonin Kouba'*
"University of South Bohemia in Ceské Budéjovice, Faculty of Fisheries and Protection of Waters, South Bohemian Research Center of
Aquaculture and Biodiversity of Hydrocenoses, Zatisi 726/11, 38925 Vodriany, Czech Republic

2University of Jyvéaskyld, Department of Biological and Environmental Science, P.O. Box 35, FI-40014 Jyvéskyla, Finland

3Estonian University of Life Sciences, Institute of Agricultural and Environmental Sciences, Chair of Hydrobiology and Fishery, Kreutswaldi 5,

51006, Tartu, Estonia

Author e-mails: liptaq.b@gmail.com (BL), veselyl@frov.jcu.cz (LV), fabio.ercoli@emu.ee (FE), blaha@frov.jcu.cz (MaB), buric@frov.jcu.cz (MiB),
timo.j.ruokonen@jyu.fi (TJR), akouba@frov.jcu.cz (AK)

*Corresponding author

#* These authors contributed equally to this work

Citation: Liptak B, Vesely L, Ercoli F,
Blaha M, Bufi¢ M, Ruokonen TJ, Kouba A
(2019) Trophic role of marbled crayfish in
a lentic freshwater ecosystem. Aquatic
Invasions 14(2): 299-309, https://doi.org/10.
3391/ai.2019.14.2.09

Received: 5 July 2018
Accepted: 3 January 2019
Published: 18 March 2019

Thematic editor: Elena Tricarico

Copyright: © Liptak et al.

This is an open access article distributed under terms
of the Creative Commons Attribution License
(Attribution 4.0 International - CC BY 4.0).

OPEN ACCESS

Abstract

Species’ introductions may cause severe adverse effects on freshwater ecosystems
and their biota. The marbled crayfish, Procambarus virginalis Lyko, 2017, is an
invasive parthenogenetically reproducing crayfish with rapid reproduction,
maturation and tolerance to a wide range of environmental conditions, which was
introduced to many sites across Europe during the last decade. Due to its recent
speciation and limited number of field studies, the knowledge of trophic
interactions of the marbled crayfish in freshwater food webs is scarce. An invaded
area located in Central Europe was studied to identify the marbled crayfish food
web interactions using analysis of carbon "*C and nitrogen '*N isotopes. This study
brings the first insight into the trophic ecology of marbled crayfish in lentic
freshwater ecosystems. Algae and detritus were identified as the most important
food sources for the marbled crayfish, while zoobenthos and macrophytes were less
important. Moreover, the marbled crayfish was found to be an important food
source for top fish predators, but marginal for omnivorous fish. Being able to
utilize energy from the bottom of the trophic food web, the marbled crayfish may
have important roles in the ecosystem, transferring energy to higher trophic levels.
It processes allochthonous and autochthonous matter in the ecosystem, thus being a
competitor to other organisms with similar food preferences and impacting zoobenthos,
algae and macrophytes through predation or direct consumption. To sum up, the
marbled crayfish has a strong ability to utilize food sources from different trophic
levels, and, thanks to its life history, can be a highly adaptable invader.

Key words: biological invasion, Central Europe, parthenogenetic species,
Procambarus virginalis, stable isotope

Introduction

Crayfish (Decapoda: Astacidea) are a highly diverse taxonomic group of
freshwater organisms, containing both critically endangered endemic
species and highly invasive species, responsible for numerous cases of
successful invasions in Europe and North America (Holdich et al. 2009;
Lodge et al. 2012). Many populations of indigenous crayfish species (ICS)
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in Europe have been lost or substantially reduced, largely due to direct or
indirect effects of non-indigenous crayfish species (NICS) (Kouba et al.
2014). Furthermore, the entire functioning of an invaded ecosystem can be
irreversibly altered by NICS (Lodge et al. 2000; Rodriguez et al. 2005), as
they often exhibit higher population densities, faster life cycles and
occupy a wider trophic niche when compared to ICS (Lodge et al. 2000).
Additionally, North American NICS are also vectors of crayfish plague,
caused by the oomycete Aphanomyces astaci (Schikora), which is lethal to
other crayfish (Svoboda et al. 2017). Overall, North American NICS have
been responsible for local extinctions in Europe, replacing ICS and
affecting the food webs and communities of the invaded ecosystems
through species-specific interactions (Rodriguez et al. 2005; Matsuzaki et al.
2009). Crayfish are large omnivorous macroinvertebrates often representing
an important proportion of the benthos biomass, serving as a prey for a
range of predators (Holdich 2002), and mediating nutrient and energy flow
in freshwater ecosystems (Correia and Anastacio 2008; Grey and Jackson
2012; Ruokonen et al. 2012). Unsurprisingly, crayfish are considered not
only as keystone species, but also strong ecosystem engineers (Reynolds
and Souty-Grosset 2012).

Many examples of diverse negative effects of invasive crayfish on
invaded ecosystems are known, with the red swamp crayfish Procambarus
clarkii (Girard, 1852) being the most often studied species (Lodge et al.
2012; Twardochleb et al. 2013). Nystrom et al. (1996) compared ponds
with presence or absence of signal crayfish Pacifastacus leniusculus (Dana,
1852). They found decreases in macrophyte biomass, cover and species
richness, reduced benthic invertebrate taxa and biomass, shifts in
invertebrate community and lower organic matter content in sediments in
invaded localities. Ruokonen et al. (2014) and Ercoli et al. (2015) reported
reduced aquatic invertebrate biodiversity (especially mollusc taxa) in boreal
lakes as a consequence of signal crayfish introductions. The virile crayfish,
Faxonius virilis (Hagen, 1870), impacted the phytoplankton abundance
and metaphytic algae and had a dramatic effect on American bullfrog
Lithobates catesbeianus (Shaw, 1802) tadpoles and benthic invertebrate
biomass (gastropods) by disturbing breeding adults, destroying nest
attachments or by feeding on their eggs, and direct predation, respectively.
On the other hand, the virile crayfish also positively affected the
zooplankton biomass due to highly reduced abundance of the bluegill
larvae Lepomis macrochirus (Rafinesque, 1819) caused by egg predation
(Dorn and Wojdak 2004).

The marbled crayfish, Procambarus virginalis Lyko, 2017, is one of the
most invasive crayfish (Kawai et al. 2015; Nentwig et al. 2018), being
included among the top invasive species of European Union concern (EU
2016). Even though the first known individuals of this species were found
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in the German aquarist trade in the mid-90s (Scholtz et al. 2003), its exact
native range remains uncertain. Its closest relative is the slough crayfish
Procambarus fallax (Hagen, 1870), native to Florida and Georgia in the
South-Eastern United States (Gutekunst et al. 2018). Unique among all
decapods, the marbled crayfish reproduces through apomictic
parthenogenesis and its global population likely represents a single clone
(Vogt et al. 2015; Gutekunst et al. 2018). Originally kept in captivity, as a
popular pet, the marbled crayfish quickly became established in the
European wild (Chucholl et al. 2012; Patoka et al. 2016), owing to its fast
growth, early maturation, high fecundity, short intervals between
reproductive cycles, and competitiveness in behaviour interactions
(Vodovsky et al. 2017 and references cited therein). The substantial ability
of the marbled crayfish to withstand extreme environmental conditions
(Vesely et al. 2015; Kouba et al. 2016; Vesely et al. 2017) may allow the
species to spread and establish populations in many habitats, where it may
cause water turbidity by disturbing fine sediment particles while burrowing
for shelter, searching for food or escaping (Kouba et al. 2016; Pledger et al.
2016). Taken altogether, the marbled crayfish is a highly invasive species
with potential to negatively affect ecosystem services and biodiversity.

The majority of the growing body of literature on the marbled crayfish
deals primarily with laboratory experiments on its biology, establishment
in the wild and use as a model organism (Patoka et al. 2016; Vesely et al.
2015). Other main targets are biogeography and pet trade, with risk
assessment of the species (Uderbayev et al. 2017; Weiperth et al. 2018).
However, data from the field are particularly scarce (Vogt 2018), leading to
gaps in our basic knowledge of the species ecology. In this study, we
hypothesized that (i) marbled crayfish utilize sources on multiple trophic
levels and macroinvertebrates, macrophytes and detritus are likely the
most important food items, (ii) marbled crayfish is an important food
source for higher trophic levels, and (iii) it may act as a key species and
transfer energy from the detritus to higher trophic levels. This study aims
to provide the first insight into the trophic ecology of the marbled crayfish
by investigating its trophic role in a recently colonized lentic freshwater
ecosystem, through stable isotope analysis of carbon and nitrogen (§"°C
and §°N).

Materials and methods
Study site

The flooded gravel pit in Leopoldov (48°27'2"N; 17°47'6"E) is a rather
oligotrophic site, located in the south-western part of Slovak Republic. This
lowland region (ca. 138 m a.s.l.) is characterized by a continental climate,
with warm summers and cold winters. The water at the locality warms up
to 23-25 °C in summer and freezes over in winter, with temperatures not
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exceeding 4 °C. The surface area of the study site is ca. 13 ha, with
maximum depth of 7 and 4 m in its southern and northern part,
respectively. The shoreline is surrounded by terrestrial vegetation,
including trees, and the majority of the bottom is covered by submerged
macrophytes and algae. During the floods, the locality can be
interconnected with the side channel (Drahovsky kandl) of the Vah River
that flows into the Danube River; the last such event occurred in 2010. The
site is a frequently visited recreational and fishing ground, seasonally
restocked with common carp Cyprinus carpio (Linnaeus, 1758) and has an
established population of marbled crayfish. It was first recorded at the site
in 2014, most likely introduced by hobby aquarists or fishermen, possibly
from the system of flooded gravel pits near Koplotovce, where the marbled
crayfish was first observed in the country in 2010 (Liptak et al. 2016).

Sample collection

The locality was sampled for all potential food sources of each proposed
ecosystem trophic level in mid-August 2016. Fish were collected by angling
during the day and night. Crayfish were caught by manual hand search
assisted with handheld nets, as well as with traps baited with fresh fish
meat, placed along the shoreline in late afternoon and collected the
following morning. Bulk zooplankton samples were collected using a net
(mesh size 250 pum) pulled horizontally through the water column.
Zoobenthos was collected, up to 1 m depth, using a hand net (mesh size
500 pm). Macrophytes, periphyton and autochthonous and allochthonous
detritus were collected from the shoreline. All samples were kept frozen on
dry ice after collection at the locality and transferred to the laboratory
freezer (—30 °C) until further processing for stable isotope analysis (SIA) of
carbon (6"°C) and nitrogen (§"°N).

Stable isotopes analysis

In fish, a piece of white dorsal muscle tissue was taken, while in crayfish, a
piece of abdominal muscle tissue was used as recommended by Stenroth et
al. (2006). Samples of zoobenthos, terrestrial detritus and macrophytes
were mostly separated to species or genus level for analysis. Later, to
analyse energy flow in food web, fish and zoobenthos species were divided
into functional groups (Supplementary material Table S1, Table S2 and
Table S3). We also analysed macrophytes (Myriophyllum aquaticum
(Vellozo) Verdcourt, Chara vulgaris Linnaeus, Potamogeton obtusifolius
Mertens and W.D.J. Koch), algae, mosses and detritus (Table S4). All
samples for SIA were dried at 50 °C for 48 h to constant weight and
grounded to a fine homogenous powder. Approximately 0.5 mg of animal
samples and 1.5 mg of plant and detritus samples were precisely weighed
into tin cups. Stable isotope analyses were performed using a Carlo Erba
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Flash EA 1112 elemental analyser connected to Thermo Finnigan
DELTAplus and Advantage continuous-flow isotope ratio mass spectrometer
(Thermo Electron Corporation, Waltham, MA, USA).

The standards used as reference materials were Vienna Pee Dee
belemnite for carbon and atmospheric N, for nitrogen. Muscle tissue of
pike Esox lucius Linnaeus, 1758 and potato Solanum tuberosum Linnaeus
leaves of known isotopic compositions were run as internal working
standards for animal and plant samples, respectively, after every 6 samples to
control for instrument stability. Results are expressed using the conventional
§ notation as parts per thousand difference from the international
standards. Analytical precision was < 0.1 %o for §"°C and < 0.3 %o for §"°N.

Trophic position of each species/functional group was calculated using
the formula of Anderson and Cabana (2007):

Tp = ((alstample - 515Nbaseline)/3'23) + Ep (1)

where T is the trophic position of an organism, 6”°N sample represents the
nitrogen isotope value of the given organism, §”°N baseline is the isotopic
ratio from several individuals of grazers (Anopheles spp. and Physa spp.),
3.23 is the nitrogen isotope fractionation between trophic levels (Vander
Zanden and Rasmussen 2001) and Ep 2 is the expected trophic position.

Stable isotope mixing models

The common carp was excluded from the analyses, as this species is the
most popular game fish in the region and the fishing grounds are
repeatedly stocked during fishing season, thus not reflecting the isotopic
signal of the study site. To assess the contribution of the different food
sources to the isotopic signature of each target organism or functional
group, a separate Bayesian mixing model with a specific number of
putative sources was run in SIAR-package (Parnell et al. 2010) in R (R Core
Team 2016). For predatory fish, a four-source mixing model was produced
(zooplankton, zoobenthos, crayfish, and omnivorous fish). For omnivorous
fish, a five-source mixing model including autochthonous sources
(autochthonous detritus, macrophytes, and algae), allochthonous sources
(allochthonous detritus), zooplankton, zoobenthos and crayfish was applied.
In crayfish, a five-source mixing model including algae, autochthonous
detritus, allochthonous detritus, macrophytes, and zoobenthos was run.
However, in final models for omnivorous fish and for crayfish, crayfish
were omitted as a putative source in both cases due to their low
contribution (2%). Lastly, for zoobenthos a two-source mixing model
including autochthonous (autochthonous detritus, macrophytes, algae)
and allochthonous sources (allochthonous detritus) was wused. As
recommended by Vander Zanden and Rasmussen (2001), fractionation
factors assumed in the model were 3.23 + 0.41 %o for §"°N and 0.47 + 1.23 %o
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for §°C for animals, and 2.4 £ 0.42 %o for 6"°N and 0.40 + 0.28 %o for §"°C
for detritus and macrophytes (McCutchan et al. 2003).

Recently, several experimental studies have examined crayfish specific
isotopic turnover times and fractionation factors (e.g. Rudnick and Resh
2005; Carolan et al. 2012; Jussila et al. 2015; Glon et al. 2016). The results of
these studies vary a lot, depending on the food sources (high or low protein,
single diet etc.), condition of animals, and experimental conditions. Our
unpublished results suggest that fractionation factors in marbled crayfish
fed on either single plant or meat diet in both carbon and nitrogen could
be twofold higher than some reported fractionation factors in crayfish
(Vesely et al., unpublished data). Moreover, obtaining accurate values for
all possible food source combinations is almost impossible. Thus, in our
mixing models we decided to use the fractionation factors mentioned at
the end of the previous paragraph (Vander Zanden and Rasmussen 2001;
McCutchan et al. 2003), which are probably the most often applied in
aquatic ecosystem stable isotope studies. These values fall within the range
of those documented for crayfish specific factors. Another caveat to our
study is that, due to isotopic turnover, the isotopic signatures may reflect
feeding preferences earlier in the season. However, our unpublished
studies suggest low isotopic turnover times in marbled crayfish tissue, thus
samples taken in August should reflect the high vegetation season.

Results

The trophic food web of the studied lentic ecosystem consists of three
trophic levels, with predatory fish at the apex, primary producers on the
bottom and crayfish together with grazers, filter-feeders, predatory
zoobenthos, and omnivorous fish occupying an intermediate trophic level
(Figure 1, Table S3). Omnivorous fish occupied a higher trophic position
than crayfish, while zoobenthos occupied an intermediate trophic position
between primary sources and crayfish.

The main food sources for predatory fish (Table 1; Figure S1) were
zooplankton (mean 34%) and omnivorous fish (mean 28%), while the
contribution of crayfish and zoobenthos amounted only to 19%. Omnivorous
fish used most putative sources equally and all sources had a rather similar
contribution of 30%, except for zooplankton that was slightly less preferred
than other sources (mean 11%) (Table 1; Figure S2).

Crayfish used mostly allochthonous detritus (mean 30%), algae (mean
25%) and autochthonous detritus (mean 21%) as a food sources (Table 1,
Figure S3), with zoobenthos and macrophytes on average contributing
9 and 14%, respectively. Zoobenthos showed a slightly higher utilization of
allochthonous material (mean 59%) when compared to autochthonous
material (mean 41%) (Table 1; Figure S4).
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Figure 1. Mean values + SD of carbon and nitrogen stable isotope values (%o) of food web of
the flooded gravel pit in Leopoldov, Slovak Republic.

Table 1. The relative contributions (means with upper and lower 95% highest density region — hdr) of putative food sources to the
diets of marbled crayfish in the flooded gravel pit in Leopoldov, Slovak Republic.

Consumer Source Low 95% hdr Mean % contribution High 95% hdr
Predatory fish Zooplankton 0.21 0.33 0.46
Omnivorous fish 0.04 0.28 0.49
Crayfish 0 0.19 0.38
Zoobenthos 0 0.19 0.37
Omnivorous fish Autochthonous sources 0.15 0.34 0.52
Allochthonous sources 0.03 0.28 0.48
Zoobenthos 0 0.28 0.53
Zooplankton 0 0.11 0.24
Crayfish Allochthonous detritus 0.13 0.29 0.46
Algae 0 0.25 0.46
Autochthonous detritus 0 0.21 0.42
Macrophytes 0 0.15 0.29
Zoobenthos 0.03 0.09 0.17
Zoobenthos Autochthonous sources 0.49 0.59 0.70
Allochthonous sources 0.30 0.41 0.51

Discussion

This study indicates that the marbled crayfish utilizes a wide range of food

sources, likely impacting and modifying the food web structure in the

ecosystem. In line with our hypotheses, detritus (both autochthonous and

allochthonous) was found to be the most important source in the diet of

the marbled crayfish, while other sources such as zoobenthos, algae and

macrophytes were utilized to a lesser extent. Moreover the marbled

crayfish was also an important food source for predatory fish, which
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supports our hypothesis of the multi-trophic functional role of this species
in the ecosystem. As a result of its dominance in the benthic community,
the marbled crayfish has a high potential to negatively impact local species
diversity and ecosystem functioning (Creed et al. 2009; Ruokonen et al.
2014; Liptak et al. 2017), as documented for the red swamp crayfish
(Gutiérrez-Yurrita et al. 1998; Souty-Grosset et al. 2016).

We revealed that the marbled crayfish serves as an important decomposer,
processing allochthonous and autochthonous matter in the ecosystem.
This concurs with Usio (2000), stressing the importance of a New Zealand
crayfish Paranephrops zealandicus (White, 1847) in leaf processing in a
temperate stream. Due to its preference for detritus, the marbled crayfish
may compete with other organisms (e.g. native crayfish, collectors,
shredders) utilizing allochthonous and autochthonous detritus (Dorn and
Wojdak 2004; Ercoli et al. 2015). The marbled crayfish also utilizes algae
and macrophytes, which is consistent with the behaviour of other NICS
introduced to Europe, such as the signal crayfish and the red swamp
crayfish (Nystrom et al. 1999; Carreira et al. 2014). Although other studies
reported especially strong negative effects or a high dependence of NICS
on the mollusc taxa (e.g. Nystrom et al. 1996, 1999; Glon et al. 2017), this
was not confirmed in our research. Zoobenthos contributed little to the
diet of the marbled crayfish, possibly due to the generally low population
densities of zoobenthos at the locality, which is rather oligotrophic.

The marbled crayfish rapidly became a new element of the European
fauna, but this invasive species may have negative effects to native species and
communities. The utilization of a wide range of food sources by this highly
plastic species may contribute to its successful establishment under a wide
range of conditions. Moreover, marbled crayfish can form populations with
high density and become very abundant in a short time (Jansky and Mutkovic¢
2010; Liptak et al. 2017; Andriantsoa et al. 2019). As we hypothesized,
marble crayfish has the ability to exploit an ecosystem at various trophic levels
potentially impacting on a large range of organisms within the community.
As a large-bodied macroinvertebrate, the marbled crayfish acts as a predator
as well as a prey for organisms at higher trophic levels. Thus, based on our
results, it can be considered as a keystone species with ability to transport the
energy from the bottom of the chain to top predators, potentially driving
important changes in the invaded ecosystems, as demonstrated for the red
swamp crayfish (Geiger et al. 2005). The impacts of NICS associated with
their trophic role may vary, depending on the plasticity of the invading
crayfish (Ruokonen et al. 2014), their life stages or thermal regimes
experienced (Carreira et al. 2017). Thus, the negative effects on the invaded
ecosystem can be established in many perspectives and fronts. Therefore,
more studies on the feeding dynamics and seasonal behaviour of marbled
crayfish are needed and we call for further field and experimental studies
dealing with marbled crayfish under various biotic and abiotic conditions.

Liptak et al. (2019), Aquatic Invasions 14(2): 299-309, https://doi.org/10.3391/ai.2019.14.2.09 306


https://www.invasivesnet.org

2

&

INVASIVESNET

Trophic role of marbled crayfish

Acknowledgements

This study was supported by the Ministry of Education, Youth and Sports of the Czech
Republic — projects CENAKVA (No. CZ.1.05/2.1.00/01.0024), CENAKVA 1II (No. LO1205
under the NPU I program), the Grant Agency of the University of South Bohemia (012/2016/Z)
and the Estonian Research Council, Mobilitas Pluss research project (MOBJD29). We thank
Anton Mutkovi¢, Samuel Baranovi¢ and other local fishermen for their help in collecting the
material for this research. We thank Julian Reynolds for language editing. Our appreciation is
also extended to the two reviewers and Elena Tricarico, a Thematic-Deputy Editor-in-Chief, for
their constructive comments on the manuscript.

References

Anderson C, Cabana G (2007) Estimating the trophic position of aquatic consumers in river
food webs using stable nitrogen isotopes. Journal of the North American Benthological
Society 26: 273285, https://doi.org/10.1899/0887-3593(2007)26[273:ETTPOA]2.0.CO;2

Andriantsoa R, Tonges S, Panteleit J, Theissinger K, Carneiro VC, Rasamy J, Lyko F (2019)
Ecological plasticity and commercial impact of invasive marbled crayfish populations in
Madagascar. BMC Ecology 19: 8, https://doi.org/10.1186/s12898-019-0224-1

Carolan JV, Mazumder D, Dimovski C, Diocares R, Twining J (2012) Biokinetics and
discrimination factors for 813C and 615N in the omnivorous freshwater crustacean, Cherax
destructor. Marine and Freshwater Research 63: 878—886, https://doi.org/10.1071/MF11240

Carreira BM, Dias MP, Rebelo R (2014) How consumption and fragmentation of macrophytes
by the invasive crayfish crayfish Procambarus clarkii shape the macrophyte communities of
temporary ponds. Hydrobiologia 721: 89-98, https:/doi.org/10.1007/s10750-013-1651-1

Carreira BM, Segurado P, Laurila A, Rebelo R (2017) Can heat waves change the throphic role
of the world’s most invasive crayfish? Diet shifts in Procambarus clarkii. PLoS ONE 12:
e0183108, https://doi.org/10.1371/journal.pone.0183108

Chucholl C, Morawetz K, Gro3 H (2012) The clones are coming - strong increase in Marmorkrebs
[Procambarus fallax (Hagen, 1870) f. virginalis] records from Europe. Aquatic Invasions 7:
511-519, https://doi.org/10.3391/ai.2012.7.4.008

Correia AM, Anastacio PM (2008) Shifts in aquatic macroinvertebrate biodiversity associated
with the presence and size of an alien crayfish. Ecological Research 23: 729-734,
https://doi.org/10.1007/s11284-007-0433-5

Creed PR, Cherry PR, Pflaum RJ, Wood JC (2009) Dominant species can produce a negative
relationship between species diversity and ecosystem function. Oikos 118: 723-732,
https://doi.org/10.1111/j.1600-0706.2008.17212.x

Dorn NJ, Wojdak JM (2004) The role of omnivorous crayfish in littoral communities.
Oecologia 140: 150-159, https://doi.org/10.1007/s00442-004-1548-9

Ercoli F, Ruokonen TJ, Erkamo E, Jones RI, Hdméldinen H (2015) Comparing the effects of
introduced signal crayfish and native noble crayfish on the littoral invertebrate assemblages
of boreal lakes. Freshwater Science 34: 555-563, https://doi.org/10.1086/680517

EU (2016) Commission Implementing Regulation 2016/1141 of 13 July 2016. Adopting a list
of alien species of Union concern pursuant to Regulation (EU) No. 1143/2014 of the
European Parliament and of the Council. Official Journal of the European Union L 189: 4-8

Geiger W, Alcorlo P, Baltanas A, Montes C (2005) Impact of an introduced crustacean on the
trophic webs of Mediterracan wetlands. Biological Invasions 7: 49—73, https://doi.org/10.
1007/s10530-004-9635-8

Glon MG, Larson ER, Pangle KL (2016) Comparison of 13C and 15N discrimination factors
and turnover rates between congeneric crayfish Orconectes rusticus and O. virilis
(Decapoda, Cambaridae). Hydrobiologia 768: 51—61, https://doi.org/10.1007/s10750-015-2527-3

Glon MG, Larson ER, Reisinger LS, Pangle KL (2017) Invasive dreissenid mussels benefit
invasive crayfish but not native crayfish in the Laurentian Great Lakes. Journal of Great
Lakes Research 43: 289297, https://doi.org/10.1016/j.jlr.2017.01.011

Grey J, Jackson MC (2012) ‘Leaves and eats shoots’: direst terrestrial feeding can supplement
invasive red swamp crayfish in times of need. PLoS ONE 7: 42575, https://doi.org/10.1371/
journal.pone.0042575

Gutekunst J, Andriantsoa R, Falckenhayn C, Hanna K, Stein W, Rasamy J, Lyko F (2018)
Clonal genome evolution and rapid invasive spread of the marbled crayfish. Nature Ecology
& Evolution 2: 567-573, https://doi.org/10.1038/s41559-018-0467-9

Gutiérrez-Yurrita PJ, Sancho G, Bravo M A, Baltanas A, Montes C (1998) Diet of the red
swamp crayfish (Procambarus clarkii) in natural ecosystems of the Donana National Park
temporary fresh-water marsh (Spain). Journal of Crustacean Biology 18: 120-127,
https://doi.org/10.2307/1549526

Holdich DM (2002) Biology of Freshwater Crayfish. Blackwell Science Ltd., Oxford, UK, 720 pp

Holdich DM, Reynolds JD, Souty-Grosset C, Sibley PJ (2009) A review of the ever increasing
threat to European crayfish from non-indigenous crayfish species. Knowledge and
Management of Aquatic Ecosystems 394-395: 11, https://doi.org/10.1051/kmae/2009025

Liptak et al. (2019), Aquatic Invasions 14(2): 299-309, https://doi.org/10.3391/ai.2019.14.2.09 307


https://doi.org/10.1899/0887-3593(2007)26[273:ETTPOA]2.0.CO;2
https://doi.org/10.1007/s10530-004-9635-8
https://doi.org/10.1371/journal.pone.0042575
https://www.invasivesnet.org

2)

&

INVASIVESNET

Trophic role of marbled crayfish

Jansky V, Mutkovi¢ A (2010) Rak Procambarus sp. (Crustacea: Decapoda: Cambaridae) - prvy
nalez na Slovensku [The crayfish Procambarus sp. (Crustacea: Decapoda: Cambaridae) -
first record in Slovakia]. Acta Rerum Naturalium Musei Nationalis Slovaci 56: 64—67

Jussila J, Ruokone TJ, Syvéranta J, Kokko H, Vainikka A, Makkonen J, Kortet R (2015) It
takes time to see the menu from the body: an experiment on stable isotope composition in
freshwater crayfishes. Knowledge and Management of Aquatic Ecosystems 416: 25,
https://doi.org/10.1051/kmae/2015021

Kawai T, Faulkes Z, Scholtz G (2015) Freshwater Crayfish. A Global Overview. CRC Press,
Boca Raton, London, New York, 679 pp, https://doi.org/10.1201/b18723

Kouba A, Petrusek A, Kozak P (2014) Continental-wide distribution of crayfish species in
Europe: update and maps. Knowledge and Management of Aquatic Ecosystems 413: 05,
https://doi.org/10.1051/kmae/2014007

Kouba A, Tikal J, Cisaf P, Vesely L, Foit M, Ptiborsky J, Patoka J, Bufi¢ M (2016) The
significance of droughts for hyporheic dwellers: evidence from freshwater crayfish.
Scientific Reports 6: 26569, https://doi.org/10.1038/srep26569

Liptak B, Mrugata A, Pekarik L, Mutkovi¢ A, Grula D, Petrusek A, Kouba A (2016) Expansion
of the marbled crayfish in Slovakia: beginning of an invasion in the Danube catchment?
Journal of Limnology 75: 305-312, https://doi.org/10.4081/jlimnol.2016.1313

Liptak B, Mojzisova M, Grul'a D, Christophoryova J, Jablonski D, Blaha P, Petrusek A, Kouba
A (2017) Slovak section of the Danube has its well-established breeding ground of marbled
crayfish Procambarus fallax f. virginalis. Knowledge and Management of Aquatic
Ecosystems 418: 40, https://doi.org/10.1051/kmae/2017029

Lodge DM, Taylor CA, Holdich DM, Skudral J (2000) Nonindigenous crayfishes threaten
North American freshwater biodiversity: Lessons from Europe. Fisheries 25: 7-20,
https://doi.org/10.1577/1548-8446(2000)025<0007:NCTNAF>2.0.CO;2

Lodge DM, Deines A, Gherardi F, Yeo DCIJ, Arcella T, Baldridge AK, Barnes MA, Chadderton
WL, Feder JL, Gantz CA, Howard GW, Jerde CL, Peters BW, Peters JA, Sargent LW,
Turner CR, Wittmann ME, Zeng Y (2012) Global introductions of crayfishes: evaluating
the impact of species invasions on ecosystem services. Annual Review of Ecology,
Evolution, and Systematics 43: 449-472, https://doi.org/10.1146/annurev-ecolsys-111511-103919

Matsuzaki SS, Usio N, Takamura N, Washitani I (2009) Contrasting impacts of invasive
engineers on freshwater ecosystems: an experiment and meta-analysis. Oecologia 158: 673—
686, https://doi.org/10.1007/s00442-008-1180-1

McCutchan JH Jr, Lewis WM, Kendal C, McGrath CC (2003) Variation in trophic shift for
stable isotope ratios of carbon, nitrogen and sulphur. Oikos 102: 378-390, https://doi.org/10.
1034/j.1600-0706.2003.12098.x

Nentwig W, Bacher S, Kumschick S, Pysek P, Vila M (2018) More than “100 worst™ alien species
in Europe. Biological Invasions 20: 1611-1621, https://doi.org/10.1007/s10530-017-1651-6

Nystrom P, Bronmark C, Granéli W (1996) Patterns in benthic food webs: a role for
omnivorous crayfish? Freshwater Biology 36: 631-646, https://doi.org/10.1046/.1365-2427.
1996.d01-528.x

Nystrom P, Bronmark C, Granéli W (1999) Influence of an exotic and a native crayfish species
on a littoral benthic community. Oikos 85: 545—553, https://doi.org/10.2307/3546704

Parnell AC, Inger R, Bearhop S, Jackson AL (2010) Source partitioning using stable isotopes:
Coping with too much variation. PLoS ONE 5: €9672, https:/doi.org/10.1371/journal.pone.0009672

Patoka J, Bufi¢ M, Kolat V, Blaha M, Petryl M, Franta P, Tropek R, Kalous L, Petrusek A,
Kouba A (2016) Predictions of marbled crayfish establishment in conurbations fulfilled:
Evidence from the Czech Republic. Biologia 71: 1380-1385, https://doi.org/10.1515/biolog-
2016-0164

Pledger AG, Rice SP, Millett J (2016) Bed disturbance via foraging fish increases bedload
transport during subsequent high flows and is controlled by fish size and species.
Geomorphology 253: 83-93, https://doi.org/10.1016/j.geomorph.2015.09.021

R Core Team (2016) R: a language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. https://www.R-project.org/

Reynolds J, Souty-Grosset C (2012) Management of Freshwater Biodiversity. Crayfish as
bioindicators. Cambridge University Press, Cambridge, UK, 374 pp

Rodriguez C, Bécares E, Fernandez-Alaez M, Fernandez-Alaez C (2005) Loss of diversity and
degradation of wetlands as a result of introducing exotic crayfish. Biological Invasions 7:
75, https://doi.org/10.1007/s10530-004-9636-7

Rudnick D, Resh V (2005) Stable isotope, mesocosm and gut content analysis demonstrate
trophic differences in two invasive decapod crustacea. Freshwater Biology 50: 1323-1336,
https://doi.org/10.1111/j.1365-2427.2005.01398.x

Ruokonen TJ, Kiljunen M, Karjalainen J, Hamaéldinen H (2012) Invasive crayfish increase
habitat connectivity: a case study in a large boreal lake. Knowledge and Management of
Freshwater Ecosystems 407: 08, https://doi.org/10.1051/kmae/2013034

Ruokonen TJ, Karjalainen J, Himildinen H (2014) Effects of an invasive crayfish on the littoral
macroinvertebrates of large boreal lakes are habitat specific. Freshwater Biology 59: 12-25,
https://doi.org/10.1111/fwb.12242

Liptak et al. (2019), Aquatic Invasions 14(2): 299-309, https://doi.org/10.3391/ai.2019.14.2.09 308


https://doi.org/10.1577/1548-8446(2000)025<0007:NCTNAF>2.0.CO;2
https://doi.org/10.1034/j.1600-0706.2003.12098.x
https://doi.org/10.1046/j.1365-2427.1996.d01-528.x
https://www.invasivesnet.org

2

&

INVASIVESNET

Trophic role of marbled crayfish

Supplementary material

Scholtz G, Braband A, Tolley L, Reimann A, Mittmann B, Lukhaup C, Steuerwald F, Vogt G
(2003) Parthenogenesys in an outsider crayfish. Nature 421: 806, https:/doi.org/10.1038/421806a

Souty-Grosset C, Anastacio PM, Aquiloni L, Banha F, Choquer J, Chucholl C, Tricarico E
(2016) The red swamp crayfish Procambarus clarkii in Europe: Impacts on aquatic
ecosystems and human well-being. Limnologica 58: 78-93, https://doi.org/10.1016/j.limno.
2016.03.003

Stenroth P, Holmqvist N, Nystrom P, Berglund O, Larsson P, Graneli W (2006) Stable isotopes
as an indicator of diet in omnivorous crayfish (Pacifastacus leniusculus): the influence of
tissue, sample treatment, and season. Canadian Journal of Fisheries and Aquatic Sciences
63: 821-831, https:/doi.org/10.1139/f05-265

Svoboda J, Mrugata A, Kozubikova-Balcarova E, Petrusek A (2017) Hosts and transmission of
the crayfish plague pathogen Aphanomyces astaci: a review. Journal of Fish Disease 40:
127-140, https://doi.org/10.1111/jfd.12472

Twardochleb LA, Olden JD, Larson ER (2013) A global meta-analysis of the ecological
impacts of nonnative crayfish. Freshwater Science 32: 1367—1382, https://doi.org/10.1899/12-
203.1

Uderbayev T, Patoka J, Beisembayev R, Petrtyl M, Blaha M, Kouba A (2017) Risk assessment
of pet-traded decapod crustaceans in the Republic of Kazakhstan, the leading country in
Central Asia. Knowledge and Management of Aquatic Ecosystems 418: 30, https://doi.org/10.
1051/kmae/2017018

Usio N (2000) Effects of crayfish on leaf procession and invertebrate colonisation of leaves in a
headwater stream: decoupling of a trophic cascade. Oecologia 124: 608614,
https://doi.org/10.1007/s004420000422

Vander Zanden MJ, Rasmussen JB (2001) Variation in 15N and 313C trophic fractionation:
Implications for aquatic food web studies. Limnology and Oceanography 46: 2061-2066,
https://doi.org/10.4319/10.2001.46.8.2061

Vesely L, Bufi¢ M, Kouba A (2015) Hardy exotic species in temperate zone: can “warm water”
crayfish invaders establish regardless of low temperatures? Scientific Reports 5: 16340,
https://doi.org/10.1038/srep16340

Vesely L, Hrbek V, Kozék P, Buti¢ M, Sousa R, Kouba A (2017) Salinity tolerance of marbled
crayfish Procambarus fallax f. virginalis. Knowledge and Management of Freshwater
Ecosystems 418: 21, https://doi.org/10.1051/kmae/2017014

Vodovsky N, Patoka J, Kouba A (2017) Ecosystem of Caspian Sea threatened by pet-traded
non-indigenous crayfish. Biological Invasions 19: 2207-2217, https://doi.org/10.1007/s10530-
017-1433-1

Vogt G (2018) Annotated bibliography of the parthenogenetic marbled crayfish Procambarus
virginalis, a new research model, potent invader and popular pet. Zootaxa 4418: 301-352,
https://doi.org/10.11646/zootaxa.4418.4.1

Vogt G, Falckenhayn C, Schrimpf A, Schmidt K, Hanna K, Panteleit J, Helm M, Schulz R,
Lyko F (2015) The marbled crayfish as a paradigm for saltational speciation by
autopolyploidy and parthenogenesis in animals. Biology Open 4: 1583—1594, https://doi.org/
10.1242/bi0.014241

Weiperth A, Gal B, Kutikova P, Langrova I, Kouba A, Patoka J (2018) Risk assessment of pet-
traded decapod crustaceans in Hungary with evidence of Cherax quadricarinatus (von
Martens, 1868) in the wild. North-Western Journal of Zoology 14: ¢171303

The following supplementary material is available for this article:

Table S1. Biometry (mean = SD) of fish and crayfish used in stable isotope analysis.

Table S2. Composition of macroinvertebrate functional groups used in stable isotope analysis.

Table S3. The isotopic value, trophic position, and number on analysed samples of functional group of organism (mean + SD).
Table S4. The isotopic value and number of analysed samples of primary producers and detritus (mean + SD).

Figure S1. The relative contributions (means with upper and lower 95% highest density region -hdr) of putative food sources to the
diet of predatory fish in the flooded gravel pit in Leopoldov, Slovak Republic.

Figure S2. The relative contributions (means with upper and lower 95% highest density region -hdr) of putative food sources to the

diet of omnivorous fish in the flooded gravel pit in Leopoldov, Slovak Republic.

Figure S3. The relative contributions (means with upper and lower 95% highest density region -hdr) of putative food sources to the

diet of marbled crayfish in the flooded gravel pit in Leopoldov, Slovak Republic.

Figure S4. The relative contributions (means with upper and lower 95% highest density region -hdr) of putative food sources to the

diet of zoobenthos in the flooded gravel pit in Leopoldov, Slovak Republic.

This material is available as part of online article from:
http://www.aquaticinvasions.net/2019/Supplements/AI_ 2019 Liptak etal SupplementaryTables.xlsx
http://www.aquaticinvasions.net/2019/Supplements/Al_2019_ Liptak_etal SupplementaryFigures.pdf

Liptak et al. (2019), Aquatic Invasions 14(2): 299-309, https://doi.org/10.3391/2i.2019.14.2.09

309


https://doi.org/10.1016/j.limno.2016.03.003
https://doi.org/10.1051/kmae/2017018
https://doi.org/10.1242/bio.014241
https://www.invasivesnet.org


<<
  /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 ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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 true
  /MonoImageDownsampleType /Bicubic
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /RUS <>
  >>
  /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




