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Abstract Quantification of intra-specific morpho-

logical variability of aquatic biota along environmen-

tal gradients can produce biological proxies that can

be applied to paleoenvironmental reconstructions.

This morphology-derived proxy information can be

especially valuable when dealing with low-diversity

fossil assemblages, i.e. in situations when paleoenvi-

ronmental inference based on species composition of

the assemblage is less effective. We analyzed valve

size and outline shape of the widespread and highly

environmentally tolerant ostracode species Limnocy-

there inopinata collected in 15 lakes and ponds of

Western Mongolia. We quantified shape variability

among and within these living populations in relation

to water chemistry and physical habitat variables. Our

results indicate that: (1) a population’s mean valve

outline is related to habitat type, (2) surface water

temperature, the alkalinity to sulphate ratio, specific

conductance and total phosphorus together explain a

high portion of the variance in mean valve outline

between populations, and (3) a quantitative model

inferring the alkalinity to sulphate ratio from mean

valve outline has an R2 of 0.88 and RMSEP of 0.17.

These results corroborate the hypothesis that high

morphological variability in this ostracode species is

due to both ecophenotypic variance and high clonal

diversity associated with a mixed reproductive strat-

egy (a combination of sexual and parthenogenetically

reproducing lineages), and underline the value of

morphometric techniques in paleoecology.

Keywords Ostracoda � Morphometric techniques �
Ecophenotypic variation � Clonal ecology

Introduction

Quantitative inference models that exploit species

distributions of aquatic biota along modern-day envi-

ronmental gradients are being developed with increasing

frequency. This includes quantitative reconstructions

based on fossil ostracode species assemblages from lake

sediments (Mezquita et al. 2005; Viehberg 2006;

Mischke et al. 2007, 2010). Successful application of

such models depends on species turnover along the

selected environmental gradient being sufficiently high,

a condition in ostracode communities that is mainly
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found in the freshwater range (De Deckker and Forester

1988). At higher salinities associated with evolved

continental brine types, assemblage diversity typically

declines and few eurytopic species become dominant.

Yet, such low-diversity ostracode assemblages contain

evidence of population response to environmental

gradients, for example through intra-specific ecopheno-

typic changes. With regard to applications in paleoen-

vironmental research, those working with ostracodes

have linked the size, shape and ornamentation of valves

to different aspects of the environment (Babinot et al.

1991). Especially in conditions with reduced species

turnover (such as at high salinities), it is rewarding to

make maximal use of the available morphometric

‘‘signals’’.

This study links the size and outline shape of

ostracode valves from living populations of Limno-

cythere inopinata, a common Holarctic species with

broad tolerances, to ambient water chemistry. This

species is known to have a mixed reproductive

strategy involving both sexual and parthenogenetic

reproduction. This has resulted in high clonal diver-

sity, with certain clones being restricted to ephemeral

or perennial habitats and others restricted to hydro-

logically stable freshwater lakes (Geiger et al. 1998).

Ostracodology has a long tradition of studying

valve morphometry, including the pioneering work

by Richard H. Benson and Richard A. Reyment

(Benson 1976; Reyment and Bookstein 1993). How-

ever, quantitative studies of morphometric variability

in recent continental ostracodes, and the implications

for paleoecological or evolutionary interpretation

of fossil assemblages, have emerged only recently

(Baltanás and Geiger 1998; Baltanás et al. 2002,

2003; Danielopol et al. 2008). Danielopol et al.

(2002) and Baltanás et al. (2003) described how

morphometric analyses can be applied to evolution-

ary and ecological studies of continental ostracodes.

Whereas the morphometry of more strongly orna-

mented marine ostracodes is usually described using

landmark analysis (control points in geometric mor-

phometrics [Reyment 1996]), outline analysis is

preferred for non-marine ostracodes because they

generally have smooth valve outlines, lacking clear

homologous sites (Baltanás et al. 2002).

Concerning the morphological variability of

L. inopinata, Yin et al. (1999) first showed, albeit

qualitatively, that both environment and genome, and

their interactions, determine valve shape. Baltanás

et al. (2003) illustrated the morphometric variation in

outline shape using 11 populations of L. inopinata

from Austria and China, and attributed the observed

differences in valve shape to gradients in habitat

stability and water chemistry.

We analyzed a dataset of L. inopinata from lakes

and ponds in Western Mongolia, covering a broad

range of environmental stability and water chemistry.

Our main aims were to: (1) confirm that morpholog-

ical changes along environmental gradients are

consistent, (2) quantify the corresponding variation

in relation to environmental variables, and (3)

validate the potential of this technique for quantita-

tive environmental reconstruction.

Materials and methods

Collection and digitization of ostracode valves

Ostracode samples were collected with a 250-lm-

mesh net in the shallow littoral zone of 15 lakes and

ponds in Western Mongolia, during field campaigns in

2004 and 2005. Complementary data on the aquatic

environment were recorded: surface water tempera-

ture (SWT), pH, specific conductance (SC, lScm-1),

Total Dissolved Solids (TDS, mg L-1) and the water

chemistry variables Ca (meq L-1), SO4 (meq L-1), Cl

(meq L-1), Total Phosphorus (TP, mg L-1), Total

Nitrogen (TN, mg L-1), Organic Nitrogen (ON, mg L-1)

and carbonate alkalinity (Alk, meq L-1). From these

values we calculated %Cl, %SO4, %Ca, the ratios

Alk/Cl, Alk/SO4, Alk/Ca, Mg/Ca, and the Calcite

Saturation Index (CSI) (Van der Meeren et al. 2010).

Environmental variables with strongly skewed distri-

butions among sites were logarithmically transformed

before further analysis. Using the available regional

ostracode collections from 55 Western Mongolian

lakes (Van der Meeren et al. 2010), we selected sites

that: (1) yielded enough specimens of the target

species Limnocythere inopinata (C20 adult speci-

mens) (2) span the complete regional water chemistry

gradient from freshwater to hypersaline, and (3)

represent the diversity of sampled aquatic habitats,

including pools and different types of lakes (dilute,

medium saline and saline). Fifteen sites were selected

for analysis (Table 1), of which two contain sexual

populations (male:female sex ratios \1:1) and all

others contain parthenogenetic populations only. All
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available specimens were dissected, and valves were

stored dry in plastic micro-paleontological slides. A

total of 678 left valves were mounted in outer lateral

view on glass microscope slides, and were photo-

graphed against translucent background light with a

Leica� DFC420 digital camera. Valve length was

measured on these original images with LAS� soft-

ware. For each site, ten specimens (nine for population

s1 of the eastern side of Uvs Nuur) were subjected to

full morphometric analysis of the valve outline.

Morphometrics

Digital images were first edited manually by increas-

ing contrast and removing occasional shadows or dirt

particles that obscured the valve outlines. The result-

ing black and white images were converted to bitmap

format, and the outlines were first digitized using tps

software (Rohlf 2001), and then subjected to B-spline

analyses using Morphomatica v 1.6 (Brauneis et al.

2006), which also allows computation of mean

population shapes. Morphomatica was set to stan-

dardize lateral valve outlines for area prior to compu-

tation of control points, hence the observed variance in

position of control points represents only shape

differences (independent of size). This procedure

resulted in coordinates for 24 control points along

the computed mean valve outlines. Additional appli-

cations of Morphomatica software are described in

Baltanás et al. (2003) and Danielopol et al. (2008).

Variance in shape for each population was calculated

as the square root of the sum of Euclidian distances

between control points for all specimens of a popu-

lation and their calculated mean specimen, divided by

the number of control points. In this way, shape

variance for each population was quantified as the

average deviation of control points from the corre-

sponding calculated mean specimen.

Statistical analysis

Non-metric multidimensional scaling (NMDS) in

Primer v 6 (Clarke and Gorley 2006) visualized the

morphological diversity as recorded by the coordi-

nates of the control points of the computed mean

shapes. A series of Redundancy Analyses (RDA, in

Canoco v 4.5 software; ter Braak and Šmilauer 2002)

with manual forward selection of variables and

significance tested through 999 Monte Carlo permu-

tations, allowed us to extract the portion of shape

variance explained by the minimal set of measured

Table 1 Site information on 15 populations of L. inopinata from Western Mongolia, sorted by habitat type. In the ‘Population’

column, $ indicates if only females were found, $# if both females and males were found

Habitat Site code Population Site name SWT SC pH Major elements

(meq L-1[)(�C) (lScm-1)

Pools p1 $ Red rock pool 20 2,000 10.4 Na CO3 Cl

p2 $ Duck pool 12 5,980 7.8 SO4 Na Mg

p3 $ Tsavdan pool III 18 15,325 9.4 Na SO4 Cl

p4 $ Khyargas pool 18 20,297 9.9 Na SO4 Cl

Dilute lakes d1 $# Khar N 20 262 8.8 HCO3 Mg Na

d2 $# Dune Bayan N 19 370 8.9 HCO3 Mg Ca

d3 $ Zagas N 12 473 8.6 HCO3 Ca Mg

Medium saline lakes m1 $ Takhilt N 16 3,370 9.3 Na Cl Mg

m2 $ Xox N III 15 7,900 9.1 Na Cl Mg

m3 $ Olgoin N 17 8,550 9.3 Na Cl SO4

m4 $ Tsegeen N 16 12,430 9.1 Na Cl HCO3

Salt lakes s1 $ Uvs N (E) 23 20,363 9.4 Na Cl SO4

s2 $ Uvs N (S) 23 20,682 9.4 Na Cl SO4

s3 $ Uvs Baga N 23 26,391 9.9 Na SO4 Cl

s4 $ Oigon N 19 32,276 9.3 Na Cl SO4

Major elements are ordered in sequence of contribution to dissolved components in meq L-1
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physical and chemical variables. Single variables

were added to the ordination to quantify their

marginal effect (including co-variation), whereas

their unique effect (explanatory power of the indi-

vidual variable) was assessed by a series of partial

RDAs. The percent variance explained by each

variable was calculated from the proportion of the

sum of canonical eigenvalues versus the total inertia.

Based on the same set of morphometric and envi-

ronmental data, inference models based on the

Modern Analogue Technique (MAT) were con-

structed with PAST v 1.91 (Hammer et al. 2001)

software, making use of Squared Euclidean distance

measure, leave-one-out jackknifing, and interpolation

based on the closest two analogues among the

sampled modern populations.

Results

Non-metric multidimensional scaling (NMDS) anal-

ysis illustrates the mean morphological variation

among the 15 Mongolian L. inopinata populations as

measured by the control point coordinates of the

calculated mean shapes (Fig. 1). The resulting spatial

arrangement in two-dimensional morphospace is

based solely on the mean shape differences between

populations, but also orders the populations accord-

ing to their general habitat type. The mean shape of

populations from hydrologically stable freshwater

habitats (dilute, d1–d3; Table 1) is consistently more

rectangular, whereas populations from saline (s1–s4)

or ephemeral (pond, p1–p4) environments display a

more strongly sloping posterodorsal margin. The two

freshwater populations with males (d1 and d2) plot

close together with the third freshwater lake popula-

tion and two of the pond populations. The electronic

supplementary material shows more clearly the shape

variance and computed mean shape for the total set of

analyzed outlines, and for some populations repre-

senting extremes in morphospace as indicated by

their position in NMDS (populations d3, m2, s1).

Populations from saline waters have on average

smaller valves than those of dilute waters. The

highest correlation (r = -0.67; p \ 0.001) between

mean valve length and an environmental variable was

found with specific conductance (SC) (Fig. 2a).

Morphological variability (shape variance) within a

population is highest for warm, typically shallow,

saline lakes (r = 0.58, p = 0.02 for SC and r = 0.59,

p = 0.02 for surface water temperature [SWT]

(Fig. 2b,c). Population m2 (illustration C of elec-

tronic supplementary material) displayed the lowest

variance in shape, whereas population s1 had the

Fig. 1 Nonmetric multidimensional scaling analysis of the

morphometrical variability of the calculated mean valve shape

of ostracode populations from Western Mongolia, with super-

imposed reconstructed mean population outlines; valve outlines

were standardised for size and oriented with anterior margin to

the left and ventral margin downwards. Abbreviations as in

Table 1
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maximum variance (illustration D of electronic

supplementary material).

Redundancy (RDA) analyses indicated that TDS,

SWT, the Alk/SO4 ratio and TP have the greatest

influence on the mean shape of individual popula-

tions. In our dataset, Alk/SO4 itself is inversely

correlated (r = -0.76; p \ 0.001) with specific con-

ductance (Fig. 2d). The selected four variables

Fig. 2 a Relationship between average valve length and SC

(log curve indicates correlation with log SC; r = -0.67)

b Morphometric variation within populations, in relation to

salinity (as specific conductance, SC) c morphometric variation

within populations, in relation to surface-water temperature

d relationship between Alk/SO4 and salinity as TDS (double

log curve indicates correlation between log TDS and log Alk/

SO4; r = -0.76)

Fig. 3 Redundancy

analysis of the mean

morphometric variation

between 15 Mongolian

L. inopinata populations,

with indication of the

loadings of selected

environmental variables on

the first two ordination axes.

Habitat type abbreviations

as in Table 1
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together explain 63% of the shape variance, as

quantified by control points of the mean calculated

shapes (Fig. 3). Their unique contributions to the

observed morphometric variation ranged from TDS

(27.1%), SWT (22.7%), Alk/SO4 (21.3%) to TP

(12.0%), but taking into account the co-variance

explained by the other co-variables (partial RDA),

only SWT and Alk/SO4 showed significant contribu-

tions (Table 2). A Modern Analogue Technique

(MAT) inference model for estimation of the Alk/

SO4 ratio from mean shape variance gave the best

performance over the other major variables, with an

R2 of 0.88, RMSEP of 0.170 and a mean error of 12%

of the total gradient (Fig. 4). The skewed trend in the

residuals of this model mainly results from underes-

timation of Alk/SO4 at the dilute end of the water

chemistry gradient.

Discussion

Geiger et al. (1998) suggested that the high morpho-

logical diversity of L. inopinata, in combination with

its ecological segregation (multiple asexual clones

with different environmental tolerances), could even-

tually lead to taxonomic separation. However, from a

phylogenetic point of view, such splitting makes little

sense, because the sexual populations and the parthe-

nogenetic clones of this species form a (semi-)

continuous cluster (Yin et al. 1999). Although the

extremes of this morphological gradient within L. in-

opinata can be easily discriminated visually, morpho-

metric tools allow quantification of morphometric

variation over its entire range (Baltanás et al. 2003).

In our dataset from Mongolia, outline shapes of

populations from similar environments clustered

together in multidimensional morpho-space, but the

degree of clustering varied between the different

environments: shape variance increased with increas-

ing temperature and specific conductance, conditions

which in our dataset are mainly associated with

shallow saline lakes. This greater shape variance may

reflect the higher clonal diversity of populations of

this species inhabiting highly fluctuating environ-

ments (Geiger et al. 1998). As no rare males were

observed, but sex ratios in sexual populations were

\1:1 (male:female), the two ‘sexual’ populations

could represent a combination of sexually reproduc-

ing and parthenogenetic lineages, as has been

described for other ostracode species with mixed

reproduction (Bode et al. 2010). The position of these

at least partly sexually reproducing populations in the

Table 2 Summary of RDA performance, indicating the per-

centage of unique and partial variance explained by the indi-

vidual variables

% Variance explained in RDA*

Unique Partial

SWT 22.7 24.4

TDS 27.1 10.1

Alk/SO4 21.3 19.8

TP 12.0 11.0

* Bold values indicate significance (0.05) of canonical axis

Fig. 4 a Inferred versus measured Alk/SO4 for the MAT

inference model based on mean valve shape variance of

Mongolian L. inopinata populations, with superimposed

regression (solid line), 95% confidence interval (dotted lines)

and 1:1 reference (broken line) b plot of model residuals with

regression (solid line) and zero reference (broken line)
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NMDS plot does not differ markedly from the

exclusively parthenogenetic reproducing populations,

especially not from the other freshwater popula-

tion. However, our limited dataset does not allow

proper comparison between analogous environments

to discriminate morphometric differences between

populations with different reproductive strategies.

Our data show a negative relationship between

valve length and solute concentration, in agreement

with previous observations that this species grows

smaller in more saline waters. This aspect of

morphometric variation has been studied with

L. inopinata populations in China (Yin et al. 2001;

Zhang et al. 2004) and Nigeria (Roberts et al. 2002).

However, given the demonstrated impact of temper-

ature on valve length in single clones (Yin et al.

1999) and on mean shape (this study), we recommend

that length measurements for quantitative inference

of past salinity be used only in situations where

temperature variation through time can be assumed

negligible.

Variation in mean valve outline (i.e. xy-coordi-

nates of control points along the computed mean

population shapes) showed good correlation with

specific environmental variables. The similar relative

position of individual populations in the NMDS and

RDA plots (Figs. 1 and 3) indicates that the explained

shape variance represents real morphological gradi-

ents, also in the ordination. Interestingly, the con-

centration of calcium—the environmental variable

that best explained the presence/absence of L. inopi-

nata in a larger regional dataset of Mongolian waters

(Van der Meeren et al. 2010)—was not selected here

as influencing its morphometric variation. Appar-

ently, other variables than those affecting the distri-

bution of the species as a whole govern the shape

variance; morphometric variance is associated with

ecophenotypic variability and occurrence of different

clones within the species. Although salinity (as TDS)

explained a sizable fraction (27.1%) of the variance

when it was the single variable in the ordination, this

decreased (10.1%) and dropped below significance

when the effects of temperature, Alk/SO4 and TP

were taken into account. Temperature and Alk/SO4

had high and significant individual contributions to

the explained variance. Because temperature was

measured as SWT at the moment of sampling, it gives

little information about the real temperature regime

of the sampled sites at the moment of valve

calcification. Although SWT is related to physical

aspects of both water body, depth, among others, and

site, altitude, among others, it lacks the temporal

integration that mean water temperature has during

the growth phase. Diurnal changes and weather

conditions presumably produced some scatter in the

recorded SWT data. As such, it makes sense that the

best-performing MAT inference model was obtained

for Alk/SO4, which is probably more stable over the

season than SWT. Because sulfate behaves more

conservatively in Mongolian waters (its concentration

increases more strongly with salinity than does

alkalinity), Alk/SO4 is inversely related to solute

concentration. As Alk/SO4 is linked to solute evolu-

tion, inferred changes could track changes in lake

water balance or relative climatic moisture, or

changes in the source of solutes delivered to the

lake. Hydrological or climatological shifts resulting

in more negative (local) water balance can thus

produce a decrease in Alk/SO4.

The statistical performance of our MAT inference

model, which is similar to that of models based on

ostracode species assemblages (Mezquita et al. 2005;

Mischke et al. 2007), suggests high potential for

paleoecological applications. The skewed residuals

largely result from underestimation of Alk/SO4 in the

freshwater range, but few populations in our dataset

cover this part of the gradient. A larger dataset would

allow further identification of the distribution and

plasticity of different morphotypes along environ-

mental gradients.

Our results represent the morphological response of

what could be considered the Limnocythere inopinata

species complex, including sexual and parthenoge-

netic lineages, to variation in aquatic environments in

the studied region of Western Mongolia. Whereas we

expect a similar response over larger geographic

scales, this would need to be confirmed for other

regions before this morphometric proxy could be

applied in paleohydrological reconstructions from

those regions. Also, because the pattern of occupied

geographical and ecological niches in such a species

complex is probably quite dynamic (resulting from

turnover of parthenogenetic lineages; Bode et al.

2010), interpretation of fossil ostracode data based on

calibration of valve shape in recently occupied niches

should always be done within the limitations of the

‘‘space for time substitution’’ of calibration data sets in

mind.
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Conclusions

Observed morphological variation of L. inopinata

along a gradient of dissolved ion concentration and

composition in Mongolian waters most likely repre-

sents both ecophenotypic responses and turnover

of clones with slightly different shapes. Popula-

tions from similar habitats also displayed similarity

in valve outlines, and morphological variance was

highest for shallow saline lakes. The variables SWT,

TDS, Alk/SO4 and TP explain a high portion of the

observed morphological variation in mean population

shapes. These patterns permit quantitative inference

of past water chemistry, as illustrated by a MAT

inference model for Alk/SO4.

We propose that the presented methodology is

particularly relevant for fluctuating saline environ-

ments where ostracode shape variability is high

(Geiger et al. 1998, this study) and species diversity

is typically low. Future quantitative reconstructions

based on ostracode morphometrics have most poten-

tial if: (1) interactions between morphological vari-

ation associated with different reproductive modes

(including clonal ecology), and ecophenotypic vari-

ance within lineages are well understood (L. inopi-

nata provides a good model organism for such

research); (2) response to environmental change in

reconstructions can be (partially) constrained with

respect to temperature or hydrochemical changes.

Because both variables affect ostracode size and

shape, studying environments with specific hydro-

chemical or physical stability would help identify

drivers and responses; and (3) timescales of the

environmental change of interest, morphometric

response and sample resolution are sub equal.
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Kramer A, Wünnemann B, Zhang C (2010) Quantitative

relationship between water-depth and sub-fossil ostracod

assemblages in Lake Donggi Cona, Qinghai Province,

China. J Paleolomnol 43:589–608

Reyment RA (1996) Some applications of geometric mor-

phometrics to Ostracoda. In: Marcus LF, Corti M, Loy A,

Naylor GJP, Slice DE (eds) Advances in Morphometrics.

Plenum Press, New York, pp 387–398

Reyment RA, Bookstein FL (1993) Infraspecific variability in

shape in Neobuntonia airella: an exposition of geometric

morphometry. In: McKenzie KG, Jones PJ (eds) Ostra-

coda in the Earth and Life Sciences. AA Balkema,

Rotterdam, pp 291–314

Roberts HR, Holmes JA, Swan ARH (2002) Ecophenotypy in

Limnocythere inopinata (Ostracoda) from the late Holo-

cene of Kajemarum Oasis (north-eastern Nigeria). Palae-

ogeogr Palaeoclimatol Palaeoecol 185:41–52

Rohlf FJ (2001) Tpsdig, Program version 1.43. Department of

Ecology and Evolution, State University of New York,

Stony Brook (http://life.bio.sunysb.edu/morph/soft-data

acq.html)

ter Braak CJF, Šmilauer P (2002) CANOCO reference manual

and CanoDraw for windows user’s guide: software for

canonical community Ordination (version 4.5). Micro-

computer Power, Ithaca NY, USA

Van der Meeren T, Almendinger JE, Ito E, Martens K (2010)

The ecology of ostracodes (Ostracoda, Crustacea) in

western Mongolia. Hydrobiologia 641:253–273

Viehberg FA (2006) Freshwater ostracod assemblages and

their relationship to environmental variables in waters

from northeast Germany. Hydrobiologia 571:213–224

Yin Y, Geiger W, Martens K (1999) Effects of genotype and

environment on phenotypic variability in Limnocythere
inopinata (Crustacea: Ostracoda). Hydrobiologia 400:

85–114

Yin Y, Li W, Yang X, Wang S, Li S, Xia W (2001) Mor-

phological responses of Limnocythere inopinata (Ostra-

coda) to hydrochemical environment factors. Sci China

Ser D 44:316–323

Zhang E, Shen J, Wang S, Yin Y, Zhu Y, Xia W (2004)

Quantitative reconstruction of the paleosalinity at Qinghai

Lake in the past 900 years. Chin Sci Bull 49:730–734

J Paleolimnol (2010) 44:903–911 911

123

http://life.bio.sunysb.edu/morph/soft-dataacq.html
http://life.bio.sunysb.edu/morph/soft-dataacq.html

	Morphometric techniques allow environmental reconstructions from low-diversity continental ostracode assemblages
	Abstract
	Introduction
	Materials and methods
	Collection and digitization of ostracode valves
	Morphometrics
	Statistical analysis

	Results
	Discussion
	Conclusions
	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


