Biol Invasions (2010) 12:1825-1837
DOI 10.1007/s10530-009-9593-2

ORIGINAL PAPER

The little fire ant Wasmannia auropunctata: a new invasive
species in the Middle East and its impact on the local

arthropod fauna

Merav Vonshak « Tamar Dayan -
Armin Ionescu-Hirsh - Amnon Freidberg -
Abraham Hefetz

Received: 9 December 2008 / Accepted: 25 September 2009 / Published online: 9 October 2009

© Springer Science+Business Media B.V. 2009

Abstract The little fire ant, Wasmannia auropunc-
tata, probably arrived in Israel in ca. 1998 and was
identified in 2005; this is the first record of this
species from open areas outside the tropics and
subtropics. It survives harsher conditions than in its
native habitats, with minimal annual temperatures as
low as 6°C, and 5-12 consecutive rainless months
(under 15 mm rainfall per month). It is now known
from 26 localities in Israel, mostly in irrigated
gardens. As in other regions where they have
invaded, these ants pose a serious threat to local
biodiversity. At high densities they displaced almost
all the local ant species sampled, affecting population
abundances, species richness, and community struc-
ture. W. auropunctata seems to have a detrimental
effect also on other ground arthropods, judging from
the observed decline in spider and beetle abundances.
We show here that this tropical species can pose a
critical threat to local arthropods at a wider range of
climatic conditions than was previously known.
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Introduction

Invasive species are regarded as one of the greatest
threats to biodiversity worldwide, second only to
habitat destruction (Schmitz and Simberloff 1997).
Among these, social insects, and in particular inva-
sive ants, are especially destructive (Holway et al.
2002). Invasive ants have a complex negative impact
on their new ecosystems, affecting mainly but not
only other ant species; they are agricultural pests and
also pose a danger to human health (Passera 1994;
Williams 1994). In addition they were found to affect
soil properties and mutualistic interactions of other
ant species with plants and other arthropods (Holway
et al. 2002).

The most devastating impact of invasive ants on
their new environment is their ability to displace local
ant species (Holway et al. 2002), in some cases not
only by reducing their numbers, but also by changing
community organization (Sanders et al. 2003). Ants
are an important component of natural ecosystems;
they are numerically dominant and represent a large
proportion of the animal biomass in almost every
terrestrial habitat worldwide (Alonso and Agosti
2000). Therefore, the decline in ant diversity may
have substantial consequences for many other organ-
isms (e.g. Christian 2001; Ness and Bronstein 2004).

The little fire ant, Wasmannia auropunctata, is a
widespread and abundant invasive ant (Holway et al.
2002). Native to South and Central America, it has
been introduced to other localities in these regions as
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well as to West Africa, Australia, and several
Caribbean and Pacific islands (Department of Pri-
mary Industries and Fisheries [DPI&F] 2006; McG-
lynn 1999; Holway et al. 2002; Wetterer and Porter
2003). It is listed among the “one hundred of the
world’s worst invasive alien species” tabulated by
the Invasive Species Specialist Group (ISSG) of the
International Union for Conservation of Nature
(IUCN) (Lowe et al. 2000) owing to its particularly
severe environmental impact. It devastates local ant
species, which it outcompetes and displaces, mainly
on oceanic islands (Clark et al. 1982; Jourdan 1997,
Holway et al. 2002; Armbrecht and Ulloa-Chacon
2003; Wetterer and Porter 2003). It also causes
population declines of local invertebrates through
extensive predation (Clark et al. 1982; Lubin 1984;
Romanski 2001) and is renowned for harming
domestic and possibly also wild vertebrates (Jourdan
et al. 2001; Romanski 2001; Holway et al. 2002;
Wetterer and Porter 2003). It is an agricultural pest in
35 countries. W. auropunctata is also infamous for its
unpleasant sting (Wetterer and Porter 2003).

This species reproduces mostly or entirely by nest
budding rather than nuptial flights (Holldobler and
Wilson 1977), and its natural long-range dispersal is
limited (Lubin 1984). Therefore, W. auropunctata
spreads in its non-native range primarily through
human activities (Holway et al. 2002), such as transfer
of plants, soil, food packaging, logs, and wood
products (Lubin 1984; Roque-Albelo and Causton
1999; Romanski 2001; Wetterer and Porter 2003).
W. auropunctata’s success as an invader is attributed to
its ability to form supercolonies, its polyphagous
habits, and its ability to use a wide range of habitats
(Ulloa-Chacon and Cherix 1990; Le Breton et al. 2004,
Errard et al. 2005). Insight into this species’ social
behavior, ecology, and modes of spread can ultimately
help control or at least contain it.

Wasmannia auropunctata was first identified in
Israel in 2005. The Israeli population reflects a single
introduction of one queen and one male genotypes,
that reproduce clonally (Vonshak et al. 2009). In
Israel W. auropunctata forms one supercolony with
no intraspecific aggression in its entire invasive
range; however, the ants exhibit high interspecific
aggression in experimental laboratory settings (Von-
shak et al. 2009).

Invasion trajectory models, based on bioclimatic
envelopes of species’ known distribution range, are

@ Springer

commonly used in order to predict invasive species’
potential spread (e.g. Welk et al. 2002). These as well
as empirical studies have suggested that the climate
in invaded ranges of invasive ants approximately
matches that of their native range (e.g. Linepithema
humile in Mediterranean climate [Holway 1998] and
Pheidole megacephala in tropical climate [Hoffmann
et al. 1999]). It was therefore surprising to find a
successful invasion of the tropical ant W. auropunc-
tata in Mediterranean and even desert regions of
Israel.

Our objectives were: (a) to assess the introduction
pathways and invasion trajectories of W. auropunctata
in Israel; (b) to characterize the climatic conditions of
the W. auropunctata population in Israel and to assess
whether it is confined to irrigated gardens inside
villages or found in native habitats as well; (c) to study
the impact of W. auropunctata on the local arthropod
fauna. Specifically we addressed its effect on popula-
tion abundances, species richness, and community
structure of ants, spiders, and beetles; and we test
whether W. auropunctata’s impact on the local fauna
in a Mediterranean climate conforms to the impact
known from tropical habitats.

Methods
The preliminary survey

We conducted a preliminary survey of W. auropunc-
tata’s distribution in Israel between January and
March 2006 in several villages and their surroundings
in the Jordan Valley, where the ant was first detected.
These included gardens in villages, open and agri-
cultural lands, and undisturbed river banks.

Three main methods were used for the preliminary
survey: peanut butter baits, active search, and pitfall
traps: (a) flat wooden sticks smeared with peanut
butter were positioned as baits in every sampling
point for at least 1 h. The 20-40 (proportional to
sampled area) evenly distributed sampling points
were selected by setting grids on aerial photos of each
investigated area; (b) active search for ants under
stones, logs, potted plants, etc.; (c) In order to study
the ants’ distribution in cultivated lands, we set 47
pitfall traps (7.5 cm diameter, filled with detergent)
and 47 peanut butter baits placed at 20 m intervals
along the outskirts of an infested village (Kibbutz
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Fig. 1 A map of Israel (excluding the south) showing the villages
infested with Wasmannia auropunctata so far (circles) and
meteorological stations, corresponding to Table 2 (asterisks)

Afigim; Fig. 1; Table 1). Another transect of 47 baits
was set 5 m into the cultivated lands. The peanut
butter baits were checked twice: in the afternoon, 2 h
after they were set, and on the following morning; the
pitfall traps were collected after 24 h and sorted
immediately. W. auropunctata was identified in situ
whereas other ant species were preserved in 80%
ethanol for later identification. All specimens col-
lected were deposited in the National Entomological
Collections (Museum of Natural History) at Tel-Aviv
University. Each collecting site was recorded either
by GPS or directly on the aerial photo and digitized
using ArcView 8.2.

Impact on the arthropod fauna
We studied W. auropunctata’s impact on three major

local arthropod groups: ants, beetles, and spiders. The
study was conducted during February—March 2006.

The impact on species richness and abundance of
these groups was investigated using pitfall traps. Ant
populations were studied by using both baits and
pitfall traps. The study area included three adjacent
villages in the Jordan Valley: Afiqim, Bet Zera, and
Sha’ar HaGolan (Fig. 1; Table 1), that share a similar
climate (Jaffe 1988), soil (Dan 1988) and irrigation.
All plots were located in disturbed habitats compris-
ing irrigated public gardens comprising mainly lawns
and perennial plants. Prior to setting the plots, we
conducted preliminary sampling using active search
to assess W. auropunctata densities. High density
plots (“high”) were characterized by very high
foraging activity of W. auropunctata and abundant
nests. Low density plots (“low”) were typified by low
foraging activity and scarce nests. Plots in which we
could not find any W. auropunctata were considered
clear of this species (“none”). There were a total of
six plots per village, two plots for each density,
except for Sha’ar HaGolan where only one low
density plot was located. Eight 7.5 cm diameter
pitfall traps containing 85% propylene glycol and
15% ethanol as preservatives were set in every plot
for 5 days. The traps were placed in two rows set at
least 10 m apart, each row comprised four traps
placed at 10 m intervals. The contents of all pitfall
traps were sorted in the laboratory, and ants, spiders,
and beetles were identified to the species level.

In addition, four baits containing honey, peanut
butter, and cracked cookies on a Petri dish were
placed at both ends of each row of traps on the last
day, several hours before the pitfall traps were
collected. The baits were checked after 30 and
60 min and after about 4 h, just before the pitfall
traps were collected. Ants on the baits were identified
to species on the spot, except for Monomorium,
Pheidole and Tetramorium, which were identified
only to the genus level. Owing to unresolved
taxonomic status, Plagiolepis ancyrensis was com-
bined with Plagiolepis sp., and Tetramorium simill-
imum was combined with Tetramorium sp. of the
simillimum group for all analyses.

Statistical analyses
All analyses were made excluding W. auropunctata
from the data set. Because few ants were attracted to

the baits, the three time intervals were pooled and
analyzed similarly to the pitfall traps. Because ants
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Table 1 Infested localities in Israel, including year of discovery, detection method and coordinates

Locality Year discovered Detection method X Y

Afigim 2005 Sample sent to TAU 32.67966432 35.5779148
Bet Zera’ 2005 Report 32.68890887 35.5741244
Kinneret Qevuza 2005 Report 32.71401729 35.5629409
Ashdot Ya’aqov (meuchad) 2006 Preliminary survey 32.66156719 35.5839385
Menahamya 2006 Preliminary survey 32.66348845 35.5552386
Kinneret Moshava 2006 Preliminary survey 32.72293491 35.5662507
Sha’ar HaGolan 2006 Preliminary survey 32.6891048 35.6049098
Yavne’el 2006 Report 3272173373 35.4880667
Dafna 2006 Report 33.23063065 35.6356041
Ne’ot Golan 2006 Report 32.78651794 35.6923475
En Hamifraz 2006 Report 32.90161284 35.0968511
Ma’barot 2007 Report 32.36538663 34.9056578
Tel Aviv 2007 Report 32.11971133 34.8052321
Newe Yaraq 2007 Florida Keratopathy 32.13266879 34.9268182
Hod HaSharon 2007 Report 32.15184479 34.9016254
Giv’at Yo’av 2007 Report 32.79686004 35.6829335
Haon 2008 Report 32.7276089 35.6242379
Deganya B 2008 Report 32.70077059 35.5757933
Ramot HaShavim 2008 Report 32.169969 34.8900816
Herzliyya 2008 Report 32.17457667 34.8344642
Savyon 2008 Florida Keratopathy 32.05510765 34.8696983
Nir Yizhaq 2008 Report 31.23840221 34.3571982
Newe Ur 2008 Report 32.59063441 35.5533097
Iddan 2009 Report 30.81182028 35.298499
Rinnatya 2009 Florida Keratopathy 32.04372145 34.9257074
Hagor 2009 Report 32.13892918 34.9485049

Most of the localities were detected following a report by villagers; note that three of the infested localities were detected following
the discovery of the eye disease Florida Keratopathy in cats by DVM Havi Sarfaty. The disease is presumably caused by Wasmannia

auropunctata

are spatially clumped (Longino 2000) we analyzed
the pitfall traps and baits data as follows: (a) we
pooled the number of individuals and species by site
in order to asses the impact of W. auropunctata on
overall ant abundance (number of individuals) and
species richness (number of species). These analyses
were conducted by ANOVA (on square root trans-
formed counts) for factor density (high, low, none)
followed by Tukey HSD post-hoc test; (b) we
counted the number of traps occupied by each species
in areas of differing W. auropunctata density (“none”
and “low”) in order to asses differences in relative
species abundance. We compared each species
frequency between “none” and “low” densities to
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that expected by chance using a G-test for homoge-
neity of replicates followed by a post-hoc test for
heterogeneous groups (Sokal and Rohlf 1981, p. 728).
Since most species were represented by few individ-
uals, we analyzed only species that were trapped in at
least ten traps and within three or more plots.

For beetles and spiders overall comparisons of
number of individuals per trap (abundances) and
number of species per trap (species richness) were
conducted by ANOVA (on square root transformed
counts) for factor density (high, low, none), sepa-
rately for Afigim, Bet Zera, and Sha’ar HaGolan
(species richness was studied only for Bet Zera and
Sha’ar HaGolan owing to a problem with the
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preservative used for specimens collected in Afigim).
The probabilities of the individual ANOVA results
were combined following Sokal and Rohlf (1981,
p.- 779). Redundancy analysis (RDA) was used to test
the relationship between the communities of spiders
and beetles and the explanatory variables: W. auro-
punctata density (high, low, none), and locality (Bet
Zera and Sha’ar HaGolan), with data pooled by site.
The significance of each variable was tested using a
Monte-Carlo permutation test (4999 permutations,
main effects: design-based permutation; interactions:
model-based permutation [ter Braak and Smilauer
2002]). For spiders, a partial analysis was carried out
in order to study the partial effects of W. auropunc-
tata as the explanatory variable, with locality as a
covariable (similarly to the effects of partial regres-
sion coefficients in a multiple regression; Leps and
Smilauer 1999).

All ordination analyses were performed using
CANOCO FOR WINDOWS 4.5 (ter Braak and
Smilauer 2002). Other statistical analyses were
performed using Statistica 7.1 (StatSoft Inc., Okla-
homa, USA).

Table 2 Climatic data of Wasmannia auropunctata’s native
(Brazil) and invasive ranges (Israel in bold and worldwide):
minimum and maximum daily average temperatures through-
out the year (°C) and the number of months with precipitation

Results
The preliminary survey

In the 2006 preliminary survey we found W. auro-
punctata in eight localities, and since then in 18
additional localities (Fig. 1; Table 1). This is the first
record of W. auropunctata in the Middle East; it is the
northernmost point (33°13’) where this ant nests
outdoors. Table 2 presents climatic data of W. auro-
punctata’s native range in Brazil, and introduced range
worldwide, as well as of five sampling sites in Israel
adjacent to infested localities (asterisks in Fig. 1). In
Israel the ant survives in Mediterranean and even
desert climatic conditions with temperature extremes
in winter and in summer that are considerably greater
than those of their native range, and of other invaded
regions. More importantly, in Israel there are several
consecutive dry months in summer (5-12 months with
less than 15 mm rainfall compared to 0-2 months in
the rest of the invasive range; Table 2), creating a
significantly drier habitat than in the native range or
other regions invaded by this species.

below 15 mm (Kefar Blum, Tel Aviv, Negba, and Sedom
according to the Israel Meteorological Service; the rest
according to the World Meteorological Organization)

Place Country Continent Minimum Maximum # of months with less
temperature (°C) temperature (°C) than 15 mm precipitation
Manaus Brazil South America 22.7 329 0
Honolulu Hawaii Oceania 18.6 31.5 2
Tahiti French Polynesia Oceania 20.5 30.8 0
Noumea New Caledonia Oceania 17.2 29 0
Port Vila Vanuatu Oceania 19.3 30.3 0
Auki Solomon Islands Oceania 22.3 30.7 0
Miami Florida North America 15.1 31.7 0
Nassau Bahamas North America 17.3 32.1 0
Hamilton Bermuda North America 15.5 29.8 0
Libreville Gabon Africa 21.8 30.2 2
Yaounde Cameroon Africa 13.9 30.9 1
Kefar Blum Israel Asia 5.8 34.5 5
Tiberias Israel Asia 8.1 36.3 5
Tel Aviv Israel Asia 9.6 30.2 5
Negba Israel Asia 8 311 5
Sedom Israel Asia 12.7 39.7 12
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Of the 94 pitfall traps set in the preliminary
survey at the edges of cultivated crops and around
abandoned greenhouses W. auropunctata was found
in 11 traps. Only a few workers were found at all
sites (1.7 & 6.14 per trap), except for the green-
house site, in which there were 20.3 £+ 16.7 workers
per trap. Manual search for this species’ nests and
activity revealed their presence in low densities in
additional sites, all with frequent human activity
(fishponds, cemeteries, etc.). Finally, these ants were
also found in an undisturbed habitat along the
Jordan River.

Impact on the arthropod fauna

Results obtained from the pitfall traps corroborated
our a priori assessments of W. auropunctata densities
in the different plots (Table 3). Ant abundance,
species richness, and community composition were
all significantly affected by W. auropunctata density
(Fig. 2; statistical analyses in Table 3). We found a
significant impact of W. auropunctata density on
other ant abundance and species richness per plot,
with significant differences between ‘“high” and
“none”, and between “high” and “low” in both

Table 3 Analyses of abundances and species richness of ants collected by pitfall traps and baits in three villages: Afigim, Bet Zera,

and Sha’ar HaGolan

Analysis Wasmannia auropunctata’s density One-way ANOVA Significant
. comparisons
High (a) Low (b) None (c) F P (P < 0.05)
Pitfall traps ~ W. auropunctata
No. of individuals  1142.83 + 0.21 47.2 £ 13.25 0.33 £ 280.37
Other ant species
No. of individuals  15.5 £ 10.36 148.6 & 32.06 187.33 £ 5525 1441 0.0004 axbjaxc
No. of species 3.5+ 0.76 10.2 + 1.07 9.5+ 1.18 16.57 0.0002 axbyaxc
Baits W. auropunctata
No. of individuals 43 £ 18.16 1.6 £ 1.17 0
Other ant species
No. of individuals  10.83 £ 5.22 333 £ 103.31 339 £ 84.97 12.8 0.0007 axbyaxc
No. of species 0.83 £ 04 42 £ 037 3.17 £ 0.6 11.47 0.001 axb

Data pooled and analyzed by site (Data presented—average no. of individuals/species per site £+ SE)

Fig. 2 The impact of 300 -
Wasmannia auropunctata
density on other ant =
abundance (light columns) » 250 4
and species richness (dark 2
columns). The data i}
© 200 4
represent mean (+ SE) 3
number of ants per site S
(eight Pltfall traps) E 150 4
excluding W. auropunctata -
o
(The average number of 5
W. auropunctata per site is 2 100
indicated in parenthesis) %
o
)
8 50
()
>
<
0 .

None (0.33)
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Table 4 Species of ants
identified in the sampled
villages in the Jordan
Valley region, Israel, during
the survey (§); and using
pitfall traps for the
assessment of the impact of
W. auropunctata on local
arthropod fauna (*); most
species collected by baits
were identified only to
Genus level (see text)

Zoogeographic elements
following Kugler (1988):
P Palaearctic, M
Mediterranean, IT Irano-
Turanian

pitfall traps and baits, but no differences between the
“none” and “low” plots. A total of 42 ant species
were recorded from the Jordan Valley region during

Subfamily Species Zoogeographic element
PONERINAE Hypoponera ragusai (Emery, 1894)§ M
DORYLINAE Dorylus fulvus (Westwood, 1839)§ M
MYRMICINAE Aphaenogaster syriaca schmitzi Forel, 1910§* Endemic
Cardiocondyla emeryi Forel, 18818* Tramp
Crematogaster auberti Emery, 18698 M
C. jehovae Forel, 1907§ M
Messor dentatus Santschi, 1927§* M +IT
M. hebraeus Santschi, 19278 Endemic
M. minor (André, 1883)§ M
M. intermedius Santschi, 1927§ Endemic
M. orientalis (Emery, 1898)§ M+ IT
M. semirufus (André, 1883)§ M+ IT
Monomorium clavicorne André, 1881§* M
M. pallidum Donisthorpe, 1918§* M + IT
M. phoenicum Santschi, 1927§* M
M. sahlbergi Emery, 1898§* Endemic
M. subopacum ebraicum Menozzi, 1933§* Endemic
Pheidole pallidula (Nylander, 1849)§ M + IT
P. teneriffana Forel, 1893§* Tramp
Solenopsis orbula Emery, 1875% M
Temnothorax semiruber (André, 1881)§ M
Tetramorium davidi Forel, 1911§* M +IT
T. lanuginosum Mayr, 1870§* Tramp
T. lucidulum Menozzi, 1933§* M
T. sahlbergi Finzi, 1936§* M
T. simillimum (Smith, 1851)§* Tramp
Wasmannia auropunctata (Roger, 1863)§* Tramp
DOLICHODERINAE Tapinoma israele Forel, 1904§* Endemic
T. simrothi phoeniceum Emery, 1925§ M
FORMICINAE Camponotus rebeccae Forel, 1913§ Endemic
C. sanctus Forel, 1904§* M+ IT
C. truncatus (Spinola, 1808)* P
Cataglyphis lividus (André, 1881)§ M + IT
C. savignyi (Dufour, 1862)§* M
Cataglyphis sp. near nodus (Brullé, 1832)8§ Endemic
Lepisiota bipartita (Smith, 1861)§* M + IT
L. dolabellae (Forel, 1911)§ M+ IT
L. syriaca (André, 1881)8§ M
Paratrechina jaegerskioeldi (Mayr, 1904)§* Tramp
P. longicornis (Latreille, 1802)§* Tramp
P. sindbadi Pisarski, 1960§* M+ IT
Plagiolepis ancyrensis Santschi, 1920§* M

(Table 4).

the research period, 25 of which were represented in
pitfall trap catches; ten taxa were represented at baits
Although there were no

significant
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Table 5 Analyses of relative abundance of the eight most abundant ant species in pitfall traps: number of traps in which a species

was found; number of occupied sites in parentheses

Species W. auropunctata’s density Total Status
None Low High

P. longicornis 4 (3) 8 (3) 0 12 No change

M. subopacum ebraicum 8 (3) 503) 0 13 No change

P. jaegerskioeldi 12 (4) 4 (2) 0 16 Decrease

T. davidi 6 (3) 16 (5) 1 23 Increase

C. emeryi 18 (5) 6 (3) 1 25 Decrease

P. ancyrensis 26 (5) 18 (5) 32 46 No change

M. clavicorne 20 (5) 14 (4) 14 (6) 48 No change

T. simillimum group 34 (6) 21 (5) 2 (1) 57 No change

Status refers to the difference between sites with no W. auropunctata and those with low densities

differences in ant species diversity between the 5 m Afigim

“none” and “low” plots (Fig. 2), a more detailed 45 | W Bet Zera

inspection revealed nonetheless important differ- o [J Sha'ar HaGolan

ences. The proportion of traps occupied by ants in s 4

“none” vs. “low” sites differed significantly from % 35

homogeneity (for the ant species found in more than ©

ten traps in at least 3 plots. Table 5, Gy = 18.57,df = 7, 2 34

P < 0.05), with two heterogeneous groups (critical value E

X%5[7] = 14.07), Paratrechina jaegerskioeldi and k] 251

Cardiocondyla emeryi (G = 12.33) were found in g 5.

fewer traps in “low” compared to “none” sites, and g

Tetramorium davidi (G = 7.46) was found in more o 151 l

traps in “low” sites. As only few taxa were identified 5 1.

from the baits, and even fewer were represented in <

three on more sites, we did not perform a G-test 0.5 4

analysis for the bait data. 0- | [

Population density of W. auropunctata also
affected the two other ground arthropod groups,
spiders, and beetles. Spider abundances were signif-
icantly lower at high densities of W. auropunctata, but
the reduction in species richness was only marginally
significant (Fig. 3; Table 6). A partial redundancy
analysis showed that 48% of the variance was
explained by high densities of W. auropunctata when
locality served as covariable (F = 11.78, P = 0.006),
and locality explained 23% of the variance when
W. auropunctata’s density served as a covariable
(F = 4.95, P = 0.048). In addition, the RDA analysis
also showed that high densities of W. auropunctata
had different impacts on different spider families in
that the dominant spider family, Linyphiidae (67.85%
of the individuals), was highly affected by high
densities of the ant, compared to other families.
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None (0.04) Low (6.21) High (145.89)
W. auropunctata density

Fig. 3 Average (£ SE) number of spider individuals caught in
pitfall traps at different densities of Wasmannia auropunctata
(the average number of W. auropunctata per trap is indicated in
parenthesis)

Similar significant reductions in beetle abundances
and species richness (Fig. 4; Table 7) were noted at
high W. auropunctata densities, but the redundancy
analysis (RDA) did not reveal any significant factors.

Discussion

Wasmannia auropunctata is a globally known inva-
sive species that generally occupies tropical and
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Table 6 Analyses of abundances and species richness of spiders collected by pitfall traps in three villages: Afigim, Bet Zera, and

Sha’ar HaGolan

Treatment W. auropunctata’s density ANOVA Xz tests
None Low High F P 7 df P

Abundance

Afigim 3.67 £ 0.66 3.94 £ 0.81 0.81 £ 0.22 9.39 <0.001

Bet Zera 2.87 £ 0.6 3.93 £ 0.86 0.87 £ 0.19 5.84 0.006

Sha’ar HaGolan 3.88 £0.73 35+092 1.38 £03 4.17 0.023 33.49 6 <0.0001
Species richness

Bet Zera 24+034 2.14 + 041 0.87 £ 0.19 3.65 0.034

Sha’ar HaGolan 1.81 £0.25 1.5 +0.35 1.25 £ 0.29 1.2 0.31 9.11 4 0.059

The counts data were square root transformed and analyzed by one-way ANOVA. The significance of the combined probabilities of
two or three villages was tested by y* (Data presented—average per trap + SE)

35+ -
W Afigim

@ Bet Zera
30 A

[0 Sha'ar HaGolan

25 |

20 |

154

10 -

Average number of individuals per trap

None (0.04) Low (6.21) High (145.89)
W. auropunctata density

Fig. 4 Average (£ SE) number of beetle individuals caught in
pitfall traps at different densities of Wasmannia auropunctata
(the average number of W. auropunctata per trap is indicated in
parenthesis)

subtropical habitats (McGlynn 1999) climatically
similar to those of its native range in South and
Central America. In contrast to the prediction that
invasive ants will establish only in habitats similar to
those in their native range (Holway 1998; Hoffmann
et al. 1999), in Israel W. auropunctata is established
in climatic conditions that are very different from
those found in their native and other introduced
habitats worldwide (see below). Israel’s climate is
typified by dry summers and greater temperature
extremes. It is possible that in Israel W. auropunctata

was first established in irrigated gardens in the warm
climate of the Jordan Valley, and only afterwards
spread into less favorable habitats (the Golan
Heights, Arava Valley, etc.). Bytinski-Salz (1966)
claimed that irrigation in the Mediterranean climate
of Israel simulates a subtropical or tropical climate,
facilitating the dispersal of pests of tropical origin.
Indeed, the ants seem to be confined almost entirely
to irrigated habitats, most frequently inside villages,
or at most in open and undisturbed areas adjacent to
irrigated land or natural water sources. It is likely that
the ants enter houses during summer in search of
moisture, since most stinging appears to have
occurred in kitchens and bathrooms during that
season. The significance of wet conditions to the
ant’s spread was emphasized by Meier (1994), who
demonstrated that following an extraordinary El Nind
year, W. auropunctata expanded its distribution in the
Galapagos Islands to arid habitats. A similar trend
was shown in studies on the distribution of the red
imported fire ant (Solenopsis invicta) in the US,
where at first the ants were established in habitats
with similar climate to their native range, but later
they expanded their distribution into climatically
dissimilar habitats (Fitzpatrick et al. 2007).

Despite the climatic differences between Israel and
the ant’s tropical and subtropical range, its ecology
seems to be quite uniform throughout its range.
W. auropunctata was found to nest in superficial nests
in the ground under stones and inside hollow parts of
plant material such as tree bark, similar to the species
behavior in tropical habitats (Wetterer and Porter
2003). Nest size is diverse—from dozens of workers to
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Table 7 Analyses of abundances and species richness of beetles collected by pitfall traps in three villages: Afigim, Bet Zera, and

Sha’ar HaGolan

Treatment W. auropunctata’s density ANOVA Xz tests
None Low High F P 7 df P

Abundance

Afigim 20.73 £ 4.63 25.06 £ 8 10.94 £ 2.38 1.32 0.27

Bet zera 214 £ 6.39 17.29 £ 2.6 627 £ 1.6 4.45 0.017

Sha’ar HaGolan 4.13 £ 0.93 375 £ 1.33 5.19 £ 0.77 1.06 0.36 12.81 6 0.046
Species richness

Bet zera 3.8 £ 041 5.21 £ 0.56 2.87 £0.35 6.71 0.003

Sha’ar HaGolan 225+ 04 1.88 £ 0.37 3.13 £0.33 2.65 0.084 16.57 4 0.002

The counts data were square root transformed and analyzed by one-way ANOVA. The significance of the combined probabilities of

two or three villages was tested by y* (Data presented—average per trap + SE)

thousands, with or without brood, and with 0-100
queens per nest (Vonshak, unpublished data). The
studied colonies probably comprise satellite nests of
larger colonies, as no aggression was found between
them (Vonshak et al. 2009).

Introduction pathways and spread inside Israel

Wasmannia auropunctata was introduced into Israel
as early as 1998, judging from reports of stinging
made by residents of the infested areas. Definite
identification of the species was made in 2005 after
specimens were received through the Ministry of
Agriculture and Rural Development.

Genetic analysis at 12 microsatellite loci points to
a single introduction of one queen and one male
genotype in Israel (Vonshak et al. 2009). Most alleles
observed in Israel were not found in any of the
invasive populations, including a population from
Gabon (J. Foucaud and A. Estoup, personal commu-
nication), refuting an early hypothesis based on
historical records of wood imports that the ant was
introduced from Gabon. We therefore assume that
W. auropunctata may have arrived from sites located
in its native range. Since wood was also imported
from Brazil to the plywood factory in Afigim, this
country may have been the origin of the Israeli
population. W. auropunctata’s distribution in Israel
indicates that human activities account for its
dispersal in this area, as it was found outside villages
only in places visited regularly by people (e.g.,
cemeteries). In addition we found at least two human-
mediated dispersal pathways—potted plants and logs.

@ Springer

Impact on the arthropod fauna

We found a remarkable impact of the little fire ant on
abundance, species richness, and community compo-
sition of the local ant species. Most ant species
sampled were highly affected by W. auropunctata, but
only at high densities of this invasive ant. However, a
closer inspection of species diversity revealed that a
few tramp species, living near human residences, were
also found in lower frequencies in low-density plots
compared to control plots, whereas other species were
either unaffected or even found at higher frequencies
in low-density plots. Most species nevertheless were
absent at high densities. For example, while Tetramo-
rium davidi is a native species that might get an
advantage from the decrease in the incidence of other
species, Paratrechina longicornis is a tramp species
that could be more tolerant of low densities of
W. auropunctata compared to other species as it is
opportunistic; opportunist ants can continue foraging
in the presence of dominant species (Holldobler and
Wilson 1990). Another species, Monomorium clavi-
corne, seemed to be unaffected by W. auropunctata’s
presence, even at high densities. This tiny ant
(1.2 mm) is distributed in tropical Africa and the
Middle East (Collingwood 1985), and it is widespread
in Israel. It is ecologically similar to W. auropunctata,
nests under stones and recruits to bait in large
numbers. It is possible that this species can tolerate
W. auropunctata’s presence to some extent, possibly
owing to the passivity of the workers, which were
observed feeding from the same bait as W. auropunc-
tata (similar to the reports of Grangier et al. 2007,
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dealing with ants of the genus Cyphomyrmex). The
endemic species sampled in this study are widely
distributed in Israel, and therefore are not threatened by
W. auropunctata to date. Nevertheless, as W. auro-
punctata has also been established in natural habitats,
its future spread may threaten other species, especially
those with very localized distribution.

King and Tschinkel (2006) suggested that Solen-
opsis invicta ants do not affect ant community
structure in their invaded habitats, and that the
observed reduction in local ant species is a result of
habitat disturbance rather than competition. This is
definitely not the case for W. auropunctata in Israel.
As all research plots with different W. auropunctata
densities were located at similarly disturbed habitats
(irrigated public gardens in three adjacent villages),
the significant impact found on local ant species
cannot be explained by habitat disturbance but rather
by W. auropunctata presence and density.

We found a negative impact of the little fire ant on
spider abundance, richness, and community compo-
sition and structure. Spiders could be affected either
directly through predation by W. auropunctata or
indirectly, because of the reduction in general
arthropod abundance. Different spider families were
affected differently, with the strongest impact on the
most abundant family, the sheet-web spider family
(Linyphiidae). Members of this family have agricul-
tural importance as they reduce agricultural crop pest
abundances (Symondson et al. 2002). Thus their
reduction could lead to an indirect negative impact of
W. auropunctata on agriculture. Beetle abundances
and species richness were also negatively affected by
W. auropunctata, but not their community structure.
The observed decline in ground arthropod popula-
tions conforms to observations in previous studies
from this ant species’ invasive range in the tropics
(Clark et al. 1982; Lubin 1984; Le Breton et al.
2003). Conversely, in its native range, W. auropunc-
tata is not a dominant species (Tennant 1994), except
in disturbed habitats (e.g. Armbrecht and Ulloa-
Chacon 2003; Orivel et al. 2009). Wetterer and Porter
(2003) suggested that W. auropunctata is a less
serious pest in more temperate areas such as Florida,
the Bahamas, and Bermuda, compared to its serious
impact in the Solomon Islands, Vanuatu, and Gabon.
However, based upon our study we conclude that
W. auropunctata also has a dramatic impact on the
local arthropod fauna in a more temperate area.

In sum, it appears that W. auropunctata arrived at
Kibbutz Afigim in northern Israel on logs imported
from Brazil to the local plywood factory and later
dispersed in Israel through commercial transport of
chopped wood, logs, and potted plants. The ants have
a substantial negative impact on the local myrme-
cofauna in heavily infested villages as well as on the
abundance of other arthropods. This study revealed
the possible consequences of the continued spread of
W. auropunctata in a Mediterranean climate. So far
there is no indication of impact on agriculture,
although we found the ants near fish ponds and on
the border of agricultural fields. Although ants were
found in open landscapes and in natural habitats, their
distribution appears to be limited at present by their
need for water. Water availability could be key to the
spread of W. auropunctata in our region. The ability
of W. auropunctata to thrive in a Mediterranean
climate suggests that we should re-evaluate its
potential for spread in broader climatic regions than
considered so far.

Acknowledgments Special thanks to Uri Roll for the field
and GIS assistance; to Matan Ben-Ari for the field and
laboratory assistance and to David Meir, Ariella Gotlieb and
Erez Maza for field assistance. We thank Prof. Jacques H. C.
Delabie and Dr. Bernhard Seifert for helping to identify the ant
species, the late Dr. Gershom Levi for spider identifications
and Prof. Vladimir Chikatunov for beetle identifications. We
also wish to thank Prof. David Wool, Tal Levanony and Efrat
Gavish-Regev for statistical advice, and Dr. Shai Meiri and
Prof. Dan Simberloff for their useful comments to early drafts
of the manuscript. We thank the Ministry of Environmental
Protection, Israel Nature and Parks Authority, the Israeli
Ministry of Science, Culture and Sport for supporting the
National Collections of Natural History at Tel Aviv University
as a biodiversity, environment, and agriculture research
knowledge center, and the Jordan Valley Regional Council
for their support.

References

Alonso LE, Agosti D (2000) Biodiversity studies, monitoring,
and ants: an overview. In: Agosti D, Majer JD, Alonso
LE, Schultz TRE (eds) Ants. Standard methods for mea-
suring and monitoring biodiversity. Smithsonian Institu-
tion Press, Washington, pp 1-8

Armbrecht I, Ulloa-Chacon P (2003) The little fire ant Was-
mannia auropunctata (Roger) (Hymenoptera: Formicidae)
as a diversity indicator of ants in tropical dry forest
fragments of Colombia. Environ Entomol 32:542-547

Bytinski-Salz H (1966) An annotated list of insects and mites
introduced into Israel. Isr J Entomol 1:15-48

@ Springer



1836

M. Vonshak et al.

Christian CE (2001) Consequences of a biological invasion
reveal the importance of mutualism for plant communi-
ties. Nature 413:635-639

Clark DB, Guayasamin C, Pazmino O, Donoso C, YPd Villacis
(1982) The tramp ant Wasmannia auropunctata: Aut-
ecology and effects on ant diversity and distribution on
Santa Cruz Island, Galapagos. Biotropica 14:196-207

Collingwood CA (1985) Hymenoptera: Fam. Formicidae of
Saudi Arabia. Fauna of Saudi Arabia 7:230-302

Dan J (1988) The soils of the land of Israel. In: Yom-Tov Y,
Tchernov E (eds) The zoogeography of Israel. Dr. W.
Junk Publishers, Dordrecht, pp 95-128

Department of Primary Industries and Fisheries (DPI&F) (2006)
Country or multicountry feature for distribution records for
Wasmannia auropunctata. In: Invasive Species Specialist
Group (ISSG) database. Available via DIALOG. http://
www.issg.org/database/species/ecology.asp?fr=1&si=58.
Accessed 10 Oct 2008

Errard C, Delabie J, Jourdan H, Hefetz A (2005) Intercontinental
chemical variation in the invasive ant Wasmannia auro-
punctata (Roger) (Hymenoptera Formicidae): a key to the
invasive success of a tramp species. Naturwissenschaften
92:319-323

Fitzpatrick MC, Weltzin JF, Sanders NJ, Dunn RR (2007) The
biogeography of prediction error: why does the introduced
range of the fire ant over-predict its native range? Global
Ecol Biogeogr 16:24-33

Grangier J, Le Breton J, Dejean A, Orivel J (2007) Coexistence
between cyphomyrmex ants and dominant populations of
Wasmannia auropunctata. Behav Process 74:93-96

Hoffmann BD, Andersen AN, Hill GJE (1999) Impact of an
introduced ant on native rain forest invertebrates: Pheidole
megacephala in monsoonal Australia. Oecologia 120:
595-604

Holldobler B, Wilson EO (1977) The number of queens: an
important trait in ant evolution. Naturwissenschaften 64: 8—15

Holldobler B, Wilson EO (1990) The Ants. The Belknap Press
of Harvard University Press, Cambridge

Holway DA (1998) Effect of argentine ant invasions on
ground-dwelling arthropods in northern california riparian
woodlands. Oecologia 116:252-258

Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ (2002)
The causes and consequences of ant invasions. Annu Rev
Ecol Syst 33:181-234

Israel Meteorological Service, climate information. Available
via DIALOG. http://www.ims.gov.il/IMSEng/CLIMATE.
Accessed 24 Jun 2009

Jaffe S (1988) Climate of Israel. In: Yom-Tov Y, Tchernov E
(eds) The zoogeography of Israel. Dr. W. Junk Publishers,
Dordrecht, pp 79-94

Jourdan H (1997) Threats on pacific islands: the spread of the
tramp ant Wasmannia auropunctata (Hymenoptera:
Formicidae). Pac Conserv Biol 3:61-64

Jourdan H, Sadlier RA, Bauer AM (2001) Little fire ant invasion
(Wasmannia auropunctata) as a threat to New Caledonian
lizards: evidences from a sclerophyll forest (Hymenoptera:
Formicidae). Sociobiology 38:283-301

King JR, Tschinkel WR (2006) Experimental evidence that the
introduced fire ant, Solenopsis invicta, does not competi-
tively suppress co-occurring ants in a disturbed habitat. J
Anim Ecol 75:1370-1378

@ Springer

Kugler J (1988) The zoogeography of social insects of Israel
and Sinai. In: Yom-Tov Y, Tchernov E (eds) The zoo-
geography of Israel. Dr. W. Junk Publishers, Dordrecht,
pp 251-275

Le Breton J, Chazeau J, Jourdan H (2003) Immediate Impacts
of Invasion by Wasmannia auropunctata (Hymenoptera:
Formicidae) on Native Litter Ant Fauna in a New Cale-
donian Rainforest. Austral Ecol 28:204-209

Le Breton J, Delabie JHC, Chazeau J, Dejean A, Jourdan H
(2004) Experimental evidence of large-scale unicolonial-
ity in the tramp ant Wasmannia auropunctata (Roger). J
Insect Behav 17:263-271

Leps J, Smilaver P (1999) Multivariate analysis of ecological
data. Faculty of Biological Sciences. University of South
Bohemia, Ceske Bodejovice

Longino JT (2000) What to do with the data. In: Agosti D,
Majer JD, Alonso LE, Schultz TRE (eds) Ants. Standard
methods for measuring and monitoring biodiversity.
Smithsonian Institution Press, Washington, pp 186-203

Lowe S, Browne M, Boudjelas S (2000) 100 of the world’s
worst invasive alien species. Aliens 12:S1-S12

Lubin YD (1984) Changes in the native fauna of the Galapagos
Islands following invasion by the little red fire ant, Was-
mannia auropunctata. Biol J Linn Soc 21:229-242

McGlynn TP (1999) The worldwide transfer of ants: geo-
graphical distribution and ecological invasions. J Bioge-
ogr 26:535-548

Meier RE (1994) Coexisting patterns and foraging behavior of
introduced and native ants (Hymenoptera Formicidae) in
the Galapagos Islands (Ecuador). In: Williams DF (ed)
Exotic ants: biology, impact and control of introduced
species. Westview Press, Boulder, pp 174-180

Ness JH, Bronstein JL (2004) The effects of invasive ants on
prospective ant mutualists. Biol Invasions 6:445-461

Orivel J, Grangier J, Foucaud J, Le Breton J, Andrés FX, Jourdan
H, Delabie JHC, Fournier D, Cerdan P, Facon B, Estoup A,
Dejean A (2009) Ecologically heterogeneous populations
of the invasive ant Wasmannia auropunctata within its
native and introduced ranges. Ecol Entomol 34:504-512

Passera L (1994) Characteristics of tramp species. In: Williams
DF (ed) Exotic ants: biology, impact and control of
introduced species. Westview Press, Boulder, pp 23-43

Romanski A (2001) Introduced species summary project: little
fire ant (Wasmannia auropunctata). Columbia University,
New York

Roque-Albelo L, Causton C (1999) El Nino and introduced
insects in the Galapagos Islands: different dispersal strate-
gies, similar effects. Noticias de Galapagos 60:36—-60

Sanders NJ, Gotelli NJ, Heller NE, Gordon DM (2003) Com-
munity disassembly by an invasive species. Proc Natl
Acad Sci USA 100:2474-2477

Schmitz DC, Simberloff D (1997) Biological invasions: a
growing threat. Issues Sci Technol 13:33-40

Sokal RR, Rohlf FJ (1981) Biometry: the principles and
practice of statistics in biological research. W. H. Free-
man, San Francisco

Symondson WOC, Sunderland KD, Greenstone MH (2002)
Can generalist predators be effective biocontrol agents?
Annu Rev Entomol 47:561-594

Tennant LE (1994) The ecology of Wasmannia auropunctata
in primary tropical rainforest in Costa Rica and Panama.


http://www.issg.org/database/species/ecology.asp?fr=1&si=58
http://www.issg.org/database/species/ecology.asp?fr=1&si=58
http://www.ims.gov.il/IMSEng/CLIMATE

The little fire ant Wasmannia auropunctata

1837

In: Williams DF (ed) Exotic ants: biology, impact and
control of introduced species. Westview Press, Boulder,
pp 80-90

ter Braak CJF , Smilauer P (2002) CANOCO reference manual
and CanoDraw for Windows user’s guide: software for
canonical community ordination (version 4.5). Micro-
computer power, Ithaca, New York, USA

Ulloa-Chacon P, Cherix D (1990) The little fire ant Wasmannia
auropunctata R. (Hymenoptera: Formicidae). In: Vander
Meer RK, Jaffe K, Cedeno A (eds) Applied myrmecology: a
world perspective. Westview Press, Boulder, pp 281-289

Vonshak M, Dayan T, Foucaud J, Estoup A, Hefetz A (2009)
The interplay between genetic and environmental effects
on colony insularity in the clonal invasive little fire ant

Wasmannia auropunctata. Behav Ecol Sociobiol. doi:
10.1007/s00265-009-0775-9

Welk E, Schubert K, Hoffmann MH (2002) Present and
potential distribution of invasive garlic mustard (Alliaria
petiolata) in North America. Divers Distrib 8:219-233

Wetterer JK, Porter SD (2003) The little fire ant, Wasmannia
auropunctata: Distribution, impact, and control. Sociobi-
ology 42:1-41

Williams DF (1994) Exotic ants: biology, impact and control of
introduced species. Westview Press, Boulder

World Meteorological Organization (WMO) web site on World
City Forecasts, Climatology and Weather Observations.
Available via DIALOG. http://www.worldweather.org/web
apps/search.jsp. Accessed 7 Dec 2008

@ Springer


http://dx.doi.org/10.1007/s00265-009-0775-9
http://www.worldweather.org/webapps/search.jsp
http://www.worldweather.org/webapps/search.jsp

	The little fire ant Wasmannia auropunctata: a new invasive species in the Middle East and its impact on the local arthropod fauna
	Abstract
	Introduction
	Methods
	The preliminary survey
	Impact on the arthropod fauna
	Statistical analyses

	Results
	The preliminary survey
	Impact on the arthropod fauna

	Discussion
	Introduction pathways and spread inside Israel
	Impact on the arthropod fauna

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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 <>
    /RUS <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


