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(Artemia spp.) as a possible factor promoting the rapid
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Abstract Artemia franciscana is an invasive crustacean
expanding its range in hypersaline wetlands in the Mediter-
ranean region and replacing native Artemia parthenogenetica
and Artemia salina. Native brine shrimps are known as
intermediate hosts of cestodes; infected individuals exhibit
changes in their behaviour and appearance, thus facilitating
the parasite transmission to the avian hosts by predation. To
assess whether invasive brine shrimps participate in the cestode
life cycles to the same extent as the native species, we examined
the natural infections in seven populations of Artemia spp.
along the southern coast of Spain and Portugal: three
populations of each A. franciscana and A. parthenogenetica
and one population of 4. salina. Ten cestode species were
found in A. parthenogenetica, while only six were recorded in
each of A. salina and A. franciscana. The overall infection
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was consistently higher in native than in invasive populations.
For a particular cestode species, the prevalence or abundance
was significantly higher in a native population for 54 pairwise
comparisons and only higher for an invasive population for 4
pairwise comparisons. These results suggest that cestodes may
influence competitive interactions between native and invasive
brine shrimps, thus partly explaining the invasive success of
A. franciscana.

Introduction

Biological invasions are one of the major threats to
biological diversity in ecosystems, and parasites might play
a role in determining invasion outcomes (Combes 1996;
Prenter et al. 2004). The enemy release hypothesis,
currently one of the basic concepts used to explain the
success of invaders, postulates that an alien species
introduced to a new region may experience a decrease in
regulation by its natural enemies (predators, parasites and
pathogens), resulting in a rapid increase in distribution and
abundance (Dobson 1988; Torchin et al. 2001, 2002, 2003;
Keane and Crawley 2002; Wolfe 2002; Mitchell and Power
2003; Drake 2003; Torchin and Mitchell 2004; Prenter et al.
2004). The full understanding of the role of parasites in
biological invasions requires consideration of how parasites
affect interactions between introduced species and native
competitors and predators in the ecosystems affected
(Combes 1996; Torchin and Mitchell 2004; Prenter et al.
2004). However, so far few studies have been carried out in
systems involving animal parasites (Anderson 1972;
Tompkins et al. 2000, 2003; MacNeil et al. 2003), and the
lack of sufficient empirical data was emphasised in recent
reviews (Prenter et al. 2004; Lafferty et al. 2005; Hatcher
et al. 2006). Bearing in mind the dramatic variations in host
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specificity, pathogenic effect and complexity of the life
cycles and transmission strategies among the animal
macroparasites, we concur with Lafferty et al. (2005) that
most of our knowledge of the role of parasites in facilitating
biological invasions is anecdotal and non-systematic.
Furthermore, “invasion success” is a vague concept and
could refer to a variety of phenomena such as chance of
establishment, rate of spread, maximum population density,
range size and individual growth rate (Drake 2003), each of
them with varying weight at different stages of the invasion
process and requiring specific research approach. There-
fore, there is a vital need to increase the number of case
studies on the role of parasites in biological invasions. With
this study, we start the comparative examination of invasive
and native brine shrimps of the genus Artemia, whose
competitive interactions might be mediated by cestode
parasitism.

The American brine shrimp Artemia franciscana is an
invasive species rapidly expanding its range in hypersaline
ecosystems in the Mediterranean region since the 1980s and
replacing the native Artemia parthenogenetica and Artemia
salina (Amat et al. 2005). Along the coast of the Iberian
Peninsula, 4. franciscana is currently the only detectable
species of brine shrimps in salinas in Portugal and in those
in the vicinities of the city of Cadiz, Spain. The populations
of A. franciscana originated as intentional or non-intentional
inoculations through aquacultural (hatchery effluents) or pet-
market activities; once this species is detected amongst
populations of native Artemia, the latter disappear within
3 years (Amat et al. 2005; Amat et al. unpublished data).
The spread of A. franciscana is enhanced by the ability of
brine shrimp eggs to survive after passing through the
digestive tracts of migratory birds (Green et al. 2005).
Currently, suitable habitats for Artemia along the southern
coast of the Iberian Peninsula show a patchy distribution of
A. franciscana, A. parthenogenetica and A. salina, with no
sites containing both native and introduced populations
(Amat et al. 2005; personal observations). Since 2003, the
replacement of native populations by A. franciscana has
been detected for two new locations in Spain: the salterns at
the delta of the river Ebro, Province of Tarragona and the
hypersaline lagoon at Fuente de Piedra, Province of Malaga
(Amat et al., unpublished data). Since A4. franciscana has
been introduced to areas outside its native range as cysts
(resistant encysted embryos), it has not been accompanied
by any native helminth parasites (e.g. cestodes).

The species of Artemia are known to serve as intermediate
hosts in the life cycles of 14 species of cyclophyllidean
cestodes (reviewed by Georgiev et al. 2005). At the Odiel
Saltpans (Province of Huelva, SW Spain), larvae of eight
cestode species were described from A. parthenogenetica; as
adults, three of them are parasitic in flamingos, three in
waders, one in gulls and one in grebes (Georgiev et al.
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2005). The life cycles of all these parasites are rather
uniform: the brine shrimp is infected by swallowing a
cestode egg, and a larval cestode (cysticercoid) develops and
reaches infectivity after a few weeks in its hemocoel; by
avian predation, the larval cestode is transmitted to the
definitive host, where it matures and starts oviproduction.

Cestodes are known to greatly reduce the fecundity of
infected A. parthenogenetica (Amat et al. 1991). Further-
more, studies of native Artemia in Spain and France show
that the cestode parasitism is associated with modifications
in appearance and behaviour of brine shrimps. These
include changes of the colour to intense red (Thiéry et al.
1990; Robert and Gabrion 1991; Amat et al. 1991); the
increased proportion of red-coloured specimens in the
population may be an indirect consequence of cestode
infection, mediated by the parasite-induced positive photo-
taxis (Sanchez et al. 2006a). The infected specimens show
increased time of surfacing behaviour, and the normal
photophobic behaviour of adults is replaced by selection of
luminated microhabitats, active movement to light stimuli
and increased time of swimming near water surface
(Sanchez et al. 2007). This increases exposure to avian
predators, which are also observed to select red-coloured
brine shrimps (Sanchez et al., in preparation). Thus, if the
introduced A4. franciscana is able to escape infection by
cestodes, this could have major knock-on effects up the
food chain (e.g. by reducing bird food intake). This
accessible and relatively well-studied system of phyloge-
netically related crustaceans (Baxevanis et al. 2006) and
their cestode parasites (Georgiev et al. 2005) is suitable for
testing various aspects of parasite—host, host-host and
parasite—parasite interactions under conditions of ongoing
biological invasion.

The purpose of the present study is to assess whether invasive
brine shrimps participate in the life cycles of avian cestodes to
the same extent as the native species in the same area.

Materials and methods

Within a period of 1 month (9 August—4 September 2005),
we collected samples of seven populations of Artemia spp.
and examined them for cestode infections. We selected this
period because previous studies in the Odiel Saltpans
showed that both Artemia abundance and levels of cestode
infections reached maxima in the summer and early autumn
(Sanchez et al. 2006b; Sanchez et al., in preparation). The
present study included three populations of the native
parthenogenetic A. parthenogenetica and three populations
of the invasive bisexual 4. franciscana inhabiting salt pond
complexes along the Atlantic coast of southern Portugal
and Spain (Table 1; Fig. 1). We also studied the nearest
available population of the native bisexual 4. salina
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Table 1 Sites studied and samples of Artemia spp. examined for the presence of cestode infection in August—September 2005

Saltpan complex Coordinates Date Host species Sample size
(specimens)
Castro Marim Salinas, Algarve Region, Portugal 37°12'N 07°26'W 9 August A. franciscana 240 (140 females,

Salinas del Odiel, Huelva Province, Spain

Salinas de Nuestra Sefiora del Rocio, Sanlucar
de Barrameda, Cadiz Province, Spain

Salinas Portuguesas, Sanliicar de Barrameda,
Cadiz Province, Spain

Salinas de Las Animas, Puerto Real, Cadiz
Province, Spain

Salinas de Santa Barbara, Puerto Real, Cadiz
Province, Spain

Salinas de Cerrillos, Roquetas del Mar, Almeria
Province, Spain

37°17'N 06°55W
36°50'N 06°20'W

36°53'N 06°20'W

36°30'N 06°10'W

36°28'N 06°08'W

36°42'N 02°40'W

100 males)

9 August A. parthenogenetica 200 (females)

12 August A. parthenogenetica 200 (females)

14 August A. parthenogenetica 200 (females)

14 August A. franciscana 70 (30 females,
40 males)*

14 August A. franciscana 200 (113 females,
87 males)

4 September A. salina 200 (91 females,
109 males)

#Sample size was lower at this locality because the low density of Arfemia made it impractical to obtain more.

occurring near Almeria on the southeastern Mediterranean
coast of Spain. The length of time that the A. franciscana
populations have been established in the area is unknown
but is likely to be less than 20 years (Amat et al. 2005).

The study area shares a similar Mediterranean climate
and a similar waterbird community dominated by flamingos
(Phoenicopterus ruber), waders (Tringa totanus, Calidris
alpina, Calidris ferruginea, Calidris minuta, Limosa
limosa, Recurvirostra avosetta, Himantopus himantopus,
Charadrius alexandrinus, Charadrius hiaticula), gulls
(Larus cachinans, Larus genei and Larus ridibundus) and
grebes (Podiceps nigricollis). All the saltpan complexes
studied are protected as internationally important wetlands
(‘Ramsar sites”) owing to their significance for conservation
of waterbirds (Marti and del Moral 2002; Ramsar Sites
Information Service 2006).

The samples were collected from individual salt ponds
with a 0.1-mm mesh net, and the specimens were trans-
ported alive in 5-1 containers to the laboratory. The samples

of A. parthenogenetica and A. franciscana were placed in
shallow tanks, 50 (length)* 10 (height)x30 (width) cm, and
examined for parasites during the next 3 days. Only adults
(i.e. specimens with developed gonads) were selected for
examination. Each individual was studied under a micro-
scope for the presence of cestodes. If the identification of
the cysticercoids recorded was not possible at this stage,
whole brine shrimps or isolated cysticercoids were prepared
as permanent mounts in Berlese’s medium to facilitate
observations of the rostellar hooks. The sample of 4. salina
was heated to 80°C to kill the cysticercoids; the specimens
were then preserved in 70% ethanol and examined 3 months
later in temporary glycerol mounts.

The descriptions of the larval cestodes of eight species
from the same area (Georgiev et al. 2005) were used as a basis
for the identification of the present material; another species,
Fimbriarioides tadornae, recorded for the first time in the
region, was identified after comparison with its description
from brine shrimps from Kazakhstan (Maksimova 1976).

Fig. 1 Distribution of study
sites in the Iberian Peninsula.
Sites: / Castro Marim Salinas; 2
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. . : . .
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To compare the infection levels, we used the prevalence,
mean abundance and mean intensity (Bush et al. 1997),
which were calculated for the overall cestode infection and
for each cestode species. We assessed the significance of
the differences between populations in prevalence with Z
tests (Snedecor and Cochran 1989) and in abundance and
intensity with Mann—Whitney U tests using Statistica 5.5
(StatSoft 1999). P values were always Bonferroni-corrected
to avoid type I errors (Miller 1991).

Results

Cestode infections were recorded in all the sites studied
(Table 2). We found cysticercoids of ten cestode species.
Eight of them were cestodes previously recorded in A.
parthenogenetica in Odiel Saltpans (Georgiev et al. 2005).
These were Flamingolepis liguloides, Flamingolepis fla-
mingo and Gynandrotaenia stammeri (adults parasitic in
flamingos); Wardium stellorae (adults in gulls); Confluaria
podicipina (adults in grebes); Anomotaenia tringae and
Anomotaenia microphallos (adults in wader of the genera
Tringa and Calidris), and Eurycestus avoceti (adults in
avocets). In addition, a single specimen of Fimbriarioides
tadornae (adults parasitic in shelducks Tadorna tadorna)
and two specimens of an unidentified hymenolepidid
species were found.

In A. parthenogenetica, our study revealed all the ten
cestode species recorded in the area. In the single
population of 4. salina studied, we found six cestode
species: F. liguloides, F. flamingo, W. stellorae, C.
podicipina, E. avoceti and G. stammeri. The invasive A.
franciscana harboured six cestode species: F. liguloides, F.
flamingo, E. avoceti, A. tringae, A. microphallos and G.
stammeri (Table 2).

Between one and eight cestode species were recorded in
each of the sites studied (Table 2). In the populations of 4.
parthenogenetica, the number of the cestode species varied
between 5 and 8. In A. franciscana populations, there were
one to six cestode species, and only one of the three
populations held more than two species.

The prevalence of the total cestode infection was much
higher in the native hosts: 47.0-89.0% in 4. parthenogenetica
and 83.0% in A. salina (Table 2) compared to 2.0-24.3% in
A. franciscana (Tables 2 and 3). Six cestodes species showed
statistically significant differences in the prevalence values
between a population of native and a population of invasive
brine shrimps. These were 28 cases: 12 out of a possible 12
cases for F. liguloides, 5 for A. tringae, 3 for F. flamingo, W.
stellorae and E. avoceti, and 2 for C. podicipina. In 26 of
these cases, the prevalence was higher in a population of a
native Artemia species (Table 3). In two cases only, the
prevalence of a cestode species was higher in a population of
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the invasive brine shrimp; both these cases were related to A.
tringae in A. franciscana compared to populations of A.
parthenogenetica (Table 3).

The mean abundance of the total cestode infection varied
between 1.40 and 2.48 in native populations and between
0.03 and 0.27 in invasive populations (Table 2), with
significant differences in all the 12 cases where abundance
was compared between a native and an invasive population
(Table 4). Six cestode species had significant differences in
the mean abundance (Table 4). There were 30 cases of
significant differences in the mean abundance of a
particular cestode species between populations of native
and invasive brine shrimps; in 28 of these cases, the mean
abundance was higher in a native population (Table 4).
Again, the exceptions were for A. fringae in the compar-
isons between A. franciscana and A. parthenogenetica
populations (Table 4).

The total cestode intensity varied between 1.09 and 1.40
in invasive and between 1.97 and 3.62 in native populations
(Table 2). In all the seven cases of significant differences, it
was higher in a native population (Table 4). No significant
differences were found when comparing the intensity of a
particular cestode species between native and invasive
populations (Table 4).

In each bisexual population (three populations of A.
franciscana and one of A. salina), we found no significant
differences in cestode prevalence, abundance or intensity
between males and females.

Discussion

Our results demonstrate that the invasive 4. franciscana can
participate in the life cycles of at least six out of ten cestode
species occurring in aquatic birds in the Iberian Peninsula
and using native brine shrimps (4. parthenogenetica and A.
salina) as intermediate hosts. These include three species
that parasitise flamingos, two species occurring in waders
of the genera Tringa and Calidris, and one species
occurring in avocets (Georgiev et al. 2005). It is currently
unclear whether A. franciscana is able to participate in the
life cycles of the remaining four species because some of
them have very low prevalence and may have remained
undetected by the present study. For example, our previous
study revealed that the gull parasite W. stellorae had a
prevalence of 0.2% in brine shrimps in the Odiel Saltpans
(Georgiev et al. 2005); similarly, the same study, though
based on 3,300 individuals from Odiel Saltpans, did not
register the shelduck parasite F. tadornae, which was found
by chance at this site in the present samples.

We believe that the prevalence in Artemia of some
cestodes parasitising migratory birds is strongly dependent
on the seasonal appearance of the final hosts at the sites
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Table 3 Significant differences for pairwise tests in cestode prevalence between introduced and native populations of Artemia spp. (Z test, P<
0.05 after Bonferroni correction); numbers presented represent scores for the Z tests

Salinas Artemia Cestodes

(code) species Total Fl Ff Cp At Ea Ws
1-2 Af-Ap 8.86 11.07
1-3 Af-Ap 12.89 14.73
1-4 Af-Ap 16.75 12.57 | 834 7.19 8.37
1-5 Af-Af 6.68
1-6 Af-Af
1-7 Af-As 15.49 16.50 8.25 373 |
2-3 Ap-Ap 4.36 433
2-4 Ap-Ap 9.02 7.84 7.05 7.05
2-5 Ap-Af 3.18 6.73 6.43
2-6 Ap-Af 10.20 10.66
2-7 Ap-As 7.443 6.57 7.32
3-4 Ap-Ap 4.93 7.24 5.89 6.87
3-5 Ap-Af 6.37 9.51 5.47
3-6 Ap-Af 13.77 14.09
3-7 Ap-As 732 3.38
4-5 Ap-Af 10.37 7.80 4.28 4.63
4-6 Ap-Af 17.36 12.05 | 784 7.41 7.67
4-7 Ap-As 4.85 7.32 3.38 7.84 5.43 7.46
5-6 Af-Af 5.48 6.43
5-7 Af-As 8.90 11.14 4.91 6.43
6-7 Af-As 16.17 15.80 8.09 3.38

Parasite species with no significant differences are not shown. Significant differences with prevalence in a native population higher than that in an
invasive population are shown in bordered cells; those with a higher prevalence in an invasive population higher than that in a native population

are shown in shaded cells.

For the code of salinas and the abbreviations of the cestode names, see Table 2. For sample sizes, see Table 1

Af Artemia franciscana; Ap A. parthenogenetica; As A. salina

studied. This may be the case of C. podicipina, a parasite of
black-necked grebe P. nigricollis, which uses the wetlands
in the area mostly as migratory and wintering sites (Marti
and del Moral 2002; BirdLife International 2005). In the
Odiel Saltpans, the prevalence of its larvae across the
annual cycle was 6.5% (Georgiev et al. 2005), but the
prevalence of this species was 22.5% in a subsample
collected in September (Sanchez et al. 2006a). Therefore,
we do not exclude the possibility that the remaining four
cestode species, which occur in native brine shrimps in the
area, will also be found in 4. franciscana in further studies
on larger samples.

Similarly to our results, several other studies demon-
strated the involvement of invasive animals as intermediate
hosts in the life cycles of parasites circulating in the
ecosystems invaded. Three species of gobies, which are
recent invaders from the Black Sea region to Central
Europe (Danube basin, Slovakia), participate as hosts of
larvae (intermediate and paratenic) in the circulation of
local helminth parasites of predatory fishes and fish-eating
birds as adults, with prevalence often reaching 50-100%

@ Springer

(Ondrackova et al. 2005). Similar results were also obtained
for the Ponto-Caspian gobies invading the Hungarian
Danube (Molnar 2006). Krakau et al. (2006) demonstrated
that two invasive bivalves in the North Sea participate in
the life cycles of one and four trematode species,
respectively, which normally use native bivalves as inter-
mediate hosts in their life cycles.

Our results show that the prevalence and abundance of
the cestode infection in native populations are considerably
higher than in invasive brine shrimps. Although our study
was carried out during only 1 month, we are confident that
our results reflect a general pattern as earlier observations
have shown that infection rates in native Artemia are
consistently high (Gabrion et al. 1982; Robert and Gabrion
1991; Georgiev et al. 2005). In a preliminary study of adult
A. franciscana, we found that only 1.6% (n=501) of those
we sampled in Castro Marim in July 2002 and 0% (n=250)
of those sampled in Cadiz Bay in July 2003 showed cestode
infections. Similar observations were made when compar-
ing native and invasive bivalves in the North Sea (Krakau
et al. 2000), although there are major differences between
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Table 4 Significant differences for pairwise tests between introduced and native populations of Artemia spp. in the abundance and intensity of
cestodes (Mann—Whitney U test, P<0.05 after Bonferroni correction); numbers presented represent scores for the U tests

Salinas Artemia

Mean abundance

Mean intensity

(code)  species Total Fl Ff Cp At Ea Ws Total Fl
12 AfAp | 143115 | 134145 4255

13 AfAp | 88710 | 81195 749.0

-4 Af-Ap | 35960 | 113085 | 22267.5 | [ 174970 | 177360 [ 176400 | | 845.0

15 ARAf 71175 6634.5

16 AFAf 350.5

17 AFAs | 49700 | 55395 | 17339.0 | 224400 |

2-3 Ap-Ap

24 ApAp _ 13066.5 14500.0 145720  14700.0 23935
25 Ap-Af | 4961.0 | 3850.0

26 Ap-Af | 10993.0 | 11000.0

27 Ap-As 123425 140965  14548.0

34 Ap-Ap 157350  15130.5 148215 153040  15088.0 4866.5
35 Ap-Af | 58015 | 23100 5611.5

36 Ap-Af | 65855 | 6600.0

37 Ap-As 136620  15639.0 145480  18700.0 7916.0

45 Ap-Af [ 16135 | 32200 51530 | 51450 700.0

46 Ap-Af | 24360 | 92000 | 18300.0 [ 34600.0 | 144140 | 14700.0

47 Ap-As 108130 157050  18700.0 145000  15532.0  14797.0 9988.5  3883.0
56  ARAf 54795 5500.0

57 Af-As | 18980 | 15750 | 4970.0 5500.0

67  AfAs | 3661.0 | 45000 | 14200.0 | 18700.0

Parasite species with no significant differences are not shown. Significant differences with an abundance or intensity higher in a native population
than in an introduced population are shown in bordered cells; those with a higher abundance in an introduced population are shown in shaded

cells.

For the names of Artemia spp., see Table 3; for the code of salinas and the abbreviations of the cestode names, see Table 2. For sample sizes, see

Table 1.

our findings and those in this previous study. Krakau et al.
(2006) suggested that the introduced bivalves might divert
parasite burdens, thus providing a relief for native species
by reducing their own parasite loads. Furthermore, they
suggested that introduced bivalves might negatively affect
parasite populations by diverting infectious stages into
“dead-end hosts”, i.e. into introduced bivalves that are not
consumed by avian final hosts. In contrast, there is no
prospect of A. franciscana providing a benefit to native
Artemia populations by diverting their cestode parasites
because native brine shrimps are eradicated from their
habitats in the Mediterranean region once the invasive
species becomes established (Amat et al. 2005). For
example, we did not find more than one brine shrimp
species in any of our samples during the present study.
Furthermore, A. franciscana is not a “dead-end” host for
cestodes because the same community of birds feed on the
native and invasive shrimps [for data on consumption of 4.
franciscana by birds in the Cadiz area, see Masero and
Pérez-Hurtado (2001)]. However, it is possible that the
probability of transmission is lower for cestodes in A.
franciscana, owing to an inability to modify host behaviour
(see below).

As a whole, both our observations and those of Krakau
et al. (2006) suggest lower levels of infection in invasive
species when acting as intermediate hosts and are consistent
with the enemy release hypothesis (Dobson 1988; Torchin
et al. 2001, 2002, 2003; Keane and Crawley 2002; Wolfe
2002; Mitchell and Power 2003; Drake 2003; Torchin and
Mitchell 2004). However, the acquisition of a smaller
number of parasite larvae by an invasive species than by the
closely related native species is a phenomenon differing
from those on which the enemy release hypothesis was
based, and needs a new explanation.

Although A. franciscana is parasitised by cestodes in its
native North America (Young 1952), there are no detailed
studies allowing us to compare the prevalence, abundance
or intensity of infections between the native Nearctic
populations of this species and the introduced populations
we have studied in the Iberian Peninsula. We have found
that cestodes parasitising native Artemia in the Mediterra-
nean region can switch hosts to introduced brine shrimps.
Despite this host-switching capacity, the prevalence and
intensity of infections remain lower in the introduced
Artemia for reasons that are currently unclear. It is possible
that cestode infection of A. franciscana is partly inhibited
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by the immune response of the exotic host and that
prevalence will increase over time as the cestodes become
adapted to their new hosts. Although these cestodes appear
to cause an increase in the time spent at the top of the water
column in their native hosts (Sanchez et al. 2007) and are
associated with the change of the host colour to intense red
(Sanchez et al. 2006a), there is as yet no evidence of such
effects in A. franciscana. This change in host—parasite
relationship is likely to have knock-on effects up the food
chain, as waterbirds feed preferentially on the red brine
shrimps that concentrate at the water surface (Thiéry et al.
1990; Sanchez et al., in preparation). Therefore, the
replacement of the native Artemia spp. by A. franciscana
may reduce the foraging intake of birds.

Similarly, any reduction in the ability of cestodes to modify
behaviour and appearance of their intermediate hosts (i.e.
introduced Artemia) may decrease the probability of cysticer-
coids reaching their final host. We expect that waterbirds
using saltpans invaded by A. franciscana will have a
tendency to return to the same sites in different years as
suggested by repeated observations of marked individuals of
grebes and flamingos in the same sites (Estacion Biologica de
Dofiana, unpublished data). If this is the case, reduced
parasite loads of these birds caused by their lower rate of
ingestion of infected Artemia would in turn lead to decreased
rates of releasing cestode eggs in invaded salt ponds and,
consequently, reduced levels of infection in the Artemia
populations. Thus, a diminished ability to manipulate
intermediate hosts may reinforce the reduction in prevalence
and intensity of infections in introduced Artemia populations.

Differences in life history between Artemia spp. provide
other potential explanations for the reduced cestode
prevalence and abundance in A. franciscana. The latter
species reaches sexual maturity faster than A. salina or
parthenogenetic strains (Browne et al. 1984) and, under
optimal laboratory conditions, can begin reproduction
within 7 days of hatching (Wurtsbaugh and Gliwicz
2001). It is currently unclear at what stage of the Artemia
life cycle the cestode infestation occurs, but if it is during
the prereproductive growth phase, the lower prevalence and
intensity in A. franciscana could be explained by its faster
development and a shorter period of exposition to infective
cestode eggs. Alternatively, the higher total lifespan of
parthenogenetic strains (Browne et al. 1984) could also
explain the high values of cestode prevalence and intensity
in them. However, this could not explain the difference
observed between A. salina and A. franciscana as these two
species have similar lifespans (Browne et al. 1984). In these
bisexual Artemia species, females live longer than males
under laboratory conditions (Browne 1980; Browne et al.
1984). However, we found no significant differences in
prevalence or abundance between males and females of the
same bisexual population, further suggesting that total

@ Springer

lifespan is not a good predictor of levels of infection by
cestodes.

Our results suggest that cestode parasites may play a role
in the competitive interaction between native and invasive
brine shrimps, especially as cestodes cause a reduction in
the fecundity of native Artemia (Amat et al. 1991) and may
also promote their predation by birds via behavioural
modification (Sanchez et al. 2006a, 2007). Cestodes may
thus enhance the speed with which A. franciscana can
replace native Artemia populations in the wild. However,
laboratory competition experiments suggest that, in the
absence of cestode parasites, A. franciscana can outcom-
pete native species and can cause the extinction of A. salina
and parthenogenetic strains within three generations owing
to extreme niche overlap and the greater fecundity and
growth rate of A. franciscana (see Browne and Halanych
1989). Thus, we do not attribute the rapid expansion of 4.
franciscana in the Mediterranean region exclusively to the
effects of cestodes but rather suggest that cestodes may
contribute to the speed of expansion.

In conclusion, the lower cestode infection levels of A.
franciscana compared to native A. parthenogenetica and A.
salina may partly explain the highly invasive character of
A. franciscana in the Mediterranean region. Further work is
required to establish whether or not all cestode species
occurring in native brine shrimps can successfully switch to
A. franciscana and to clarify whether they are able to reach
their final avian hosts in sufficient numbers to establish
viable populations if the parasite pool occurring in native
Artemia hosts is eliminated. In other words, it is important
to establish if cestodes can modify appearance and
behaviour of A. franciscana in the same way as they do
with native Artemia. If they are unable to do so, it is
important to establish whether they can ensure sustainable
levels of transmission to final hosts and how foraging
intake and parasite burden are affected in bird populations.

Acknowledgements We are grateful to Francisco Hortas for his help
in the field studies in the vicinities of Cadiz. Professor F. Amat
(Instituto de Acuicultura de Torre de la Sal, CSIC, Castellon, Spain)
kindly commented on an earlier version of the manuscript. This study
was carried out in the framework of a cooperative program between
the Bulgarian Academy of Sciences and the Consejo Superior de
Investigaciones Cientificas (Project 2004BG0013).

References

Amat F, Gozalbo A, Navarro JC, Hontoria F, Var6o I (1991) Some
aspects of Artemia biology affected by cestode parasitism.
Hydrobiologia 212:39-44

Amat F, Hontoria F, Ruiz O, Green AJ, Sanchez MI, Figuerola J,
Hortas F (2005) The American brine shrimp Artemia franciscana
as an exotic invasive species in the Western Mediterranean. Biol
Invasions 7:37-47



Parasitol Res (2007) 101:1647-1655

1655

Anderson RC (1972) The ecological relationships of meningeal worm
and native cervids in North America. ] Wildl Dis 8:304-310
Baxevanis AD, Kappas I, Abatzopoulos TJ (2006) Molecular
phylogenetics and asexuality in the brine shrimp Artemia. Mol
Phylogenet Evol 40:724-738

BirdLife International (2005) BirdLife’s online World Bird Database:
the site for bird conservation. Version 2.0. BirdLife International,
Cambridge, UK. http://www.birdlife.org

Browne RA (1980) Competition experiments between parthenogenetic
and sexual strains of the brine shrimp, Artemia salina. Ecology
61:471-474

Browne RA, Halanych KM (1989) Competition between sexual and
parthenogenetic Artemia: a re-evaluation (Branchiopoda, Anos-
traca). Crustaceana 57:57-71

Browne RA, Sallee SE, Grosch DS, Segreti WO, Purser SM (1984)
Partitioning genetic and environmental components of reproduc-
tion and lifespan of Artemia. Ecology 65:949-960

Bush AO, Lafferty KD, Lotz JM, Shostak AW (1997) Parasitology
meets ecology on its own terms: Margolis et al. revisited. J
Parasitol 83:575-583

Combes C (1996) Parasites, biodiversity and ecosystem stability.
Biodivers Conserv 5:953-962

Dobson AP (1988) Restoring island ecosystems: the potential of
parasites to control introduced mammals. Conserv Biol 2:31-39

Drake JM (2003) The paradox of the parasites: implications for biological
invasion. Proc R Soc Lond Ser B (Suppl) 270:S133-S135

Gabrion C, MacDonald-Crivelli G, Boy V (1982) Dynamique des
populations larvaires du cestode Flamingolepis liguloides dans
une population d’Artemia en Camargue. Acta Oecol 3:273-293

Georgiev BB, Sanchez MI, Green AJ, Nikolov PN, Vasileva GP,
Mavrodieva RS (2005) Cestodes from Artemia parthenogenetica
(Crustacea, Branchiopoda) in the Odiel Marshes, Spain: a
systematic survey of cysticercoids. Acta Parasitol 50:105-117

Green AJ, Sanchez MI, Amat F, Figuerola J, Hontoria F, Ruiz O, Hortas F
(2005) Dispersal of invasive and native brine shrimps Artemia
(Anostraca) via waterbirds. Limnol Oceanogr 50:737-742

Hatcher MJ, Dick JTA, Dunn AM (2006) How parasites affect
interactions between competitors and predators? Ecol Letters 9:1-19

Keane RM, Crawley MJ (2002) Exotic plant invasions and the enemy
release hypothesis. Trends Ecol Evol 17:164-170

Krakau M, Thieltges DW, Reise K (2006) Native parasites adopt
introduced bivalves of the North Sea. Biol Invasions 8:919-925

Lafferty KD, Smith KF, Torchin ME, Dobson AP, Kuris AM (2005)
The role of infectious diseases in natural communities. What
introduced species tell us? In: Sax DF, Stachowicz JJ, Gaines SD
(eds) Species invasions: insights into ecology, evolution and
biogeography. Sinauer Associates, Sunderland, MA, pp 111-134

MacNeil C, Fielding NJ, Dick JTA, Briffa M, Prenter J, Hatcher MJ,
Dunn AM (2003) An acanthocephalan parasite mediates intra-
guild predation between invasive and native freshwater amphi-
pods (Crustacea). Freshw Biol 48:2085-2093

Maksimova AP (1976) A new cestode, Fimbriarioides tadornae sp. n.,
from Tadorna tadorna and its development in the intermediate
host (in Russian). Parazitologia 10:17-24

Marti R, del Moral JC (eds) (2002) La invernada de aves acuaticas en
Espaiia. Organismo Auténomo Parques Nacionales, Ministerio de
Medio Ambiente: Madrid

Masero JA, Pérez-Hurtado A (2001) Importance of supratidal habitats
for maintaining overwintering shorebirds populations: how red-
shanks use tidal mudflats and adjacent saltworks in Southern
Europe. Condor 103:21-30

Miller RG (1991) Simultaneous Statistical Inference. Springer, Berlin
Heidelberg New York

Mitchell CE, Power AG (2003) Release of invasive plants from fungal
and viral pathogens. Nature 421:625-627

Molnar K (2006) Some remarks on parasitic infections of the invasive
Neogobius spp. (Pisces) in the Hungarian reaches of the Danube
River, with a description of Goussia szekelyi sp. n. (Apicom-
plexa: Eimeriidae). J Appl Ichthyol 22:395-400

Ondrackova M, Davidova M, Pefinkova M, Blazek R, Gelnar M,
Valova Z, Cemy J, Jurajda P (2005) Metazoan parasites of
Neogobius fishes in the Slovak section of the River Danube. J
Appl Ichthyol 21:345-349

Prenter J, MacNeil C, Dick JTA, Dunn AM (2004) Roles of parasites
in animal invasions. Trends Ecol Evol 19:385-390

Ramsar Sites Information Service (2006) http://www.wetlands.org/
RSDB/default.htm

Robert F, Gabrion C (1991) Cestodoses de I’avifaune Camarguaise.
Role d’Artemia (Crustacea, Anostraca) et stratégies de rencontre
hote—parasite. Ann Parasit Hum Comp 66:226-235

Sanchez MI, Georgiev BB, Nikolov PN, Vasileva GP, Green Al
(2006a) Red and transparent brine shrimps (Artemia partheno-
genetica): comparative study of their cestode infections. Parasitol
Res 100:111-114

Sanchez MI, Green AJ, Castellanos EM (2006b) Temporal and spatial
variation of an aquatic invertebrate community subjected to avian
predation at the Odiel salt pans (SW Spain). Arch Hydrobiol
166:199-223

Sanchez MI, Georgiev BB, Green AJ (2007) Avian cestodes affect the
behaviour of their intermediate host Artemia parthenogenetica:
an experimental study. Behav Processes 74:293-299

Snedecor G, Cochran WG (1989) Statistical Methods. Iowa State
University Press, Ames, lowa

StatSoft (1999) Statistica 5.5. StatSoft, Tulsa

Thiéry A, Robert F, Gabrion C (1990) Distribution des populations
d’Artemia et de leur parasite Flamingolepis liguloides (Cestoda,
Cyclophyllidea), dans les salins du littoral méditerranéen fran-
¢ais. Can J Zool 68:2199-2204

Tompkins DM, Greenman JV, Robertson PA, Hudson PJ (2000) The
role of shared parasites in the exclusion of wildlife hosts:
Heterakis gallinarum in the ring-necked pheasant and the grey
partridge. J Anim Ecol 69:829-840

Tompkins DM, White AR, Boots M (2003) Ecological replacement of
native red squirrels by invasive greys driven by disease. Ecol Lett
6:189-196

Torchin ME, Mitchell CE (2004) Parasites, pathogens, and invasions
by plants and animals. Front Ecol Environ 2:183-190

Torchin ME, Lafferty KD, Kuris AM (2001) Release from parasites as
natural enemies: increased performance of a globally introduced
marine crab. Biol Invasions 3:333-345

Torchin ME, Lafferty KD, Kuris AM (2002) Parasites and marine
invasions. Parasitology 124:S137-S151

Torchin ME, Lafferty KD, Dobson AP, McKenzie VJ, Kuris AM
(2003) Introduced species and their missing parasites. Nature
421:628-630

Wolfe LM (2002) Why alien invaders succeed: support for the Escape-
from-Enemy Hypothesis. Am Nat 160:705-711

Wurtsbaugh WA, Gliwicz ZM (2001) Limnological control of brine
shrimp population dynamics and cyst production in the Great Salt
Lake, Utah. Hydrobiologia 466:119—132

Young RT (1952) The larva of Hymenolepis californicus in the brine
shrimp (Artemia salina). J Wash Acad Sci 42:385-388

@ Springer


http://www.birdlife.org
http://www.wetlands.org/RSDB/default.htm
http://www.wetlands.org/RSDB/default.htm

	Cestode...
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


