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Abstract: The effect of intraspecific competition can be modified through the interaction with genetic relatedness among
the competing individuals. Theory of kin selection predicts that organisms should modify their behaviour to increase the
fitness of their relatives and consequently their inclusive fitness. However, in populations with low genetic variation, the
recognition of kin and nonkin individuals could be compromised. In this study, we tested the influence of density and re-
latedness on larval development in a genetically impoverished population of the pool frog (Rana lessonae Camerano,
1882), exposing individuals from four families to two densities and to competition by full-sibling and nonkin larvae. Lar-
vae in high-density treatment were smaller than those in low-density treatment. No effect of kin, or interaction between
density and kin, was detected. However, significant differences were detected in body size among the families and high
heritability for size was found in both densities. Lack of variation in recognition alleles may explain the lack of kin effects
on growth, whereas variation has been maintained in life-history traits either owing to their polygenic inheritance or owing
to maternal effects.

Résumé : L’effet de la compétition intraspécifique peut être modifié par les interactions reliées à la parenté génétique en-
tre les individus en compétition. La théorie de la sélection de parentèle prédit que les organismes devraient modifier leur
comportement afin d’améliorer la fitness de leur parenté et ainsi augmenter leur propre fitness inclusive. Cependant, dans
les populations de faible variation génétique, la reconnaissance d’individus apparentés ou non peut être compromise. Dans
notre étude, nous testons l’influence de la densité et du degré de parenté sur le développement larvaire dans une population
appauvrie génétiquement de petites grenouilles vertes (Rana lessonae Camerano, 1882) en exposant les individus de quatre
familles à deux densités et à une compétition avec des larves de même fratrie et des larves non apparentées. Les larves
dans les expériences à forte densité sont plus petites que celles des expériences à faible densité. Il n’a pas été possible de
détecter d’effet de la parentèle ou de l’interaction entre la parenté et la densité. Cependant, il y a des différences significa-
tives de taille corporelle entre les familles et la taille est fortement héritable aux deux densités. Le manque de variation
dans les allèles de reconnaissance peut peut-être expliquer l’absence d’effet de la parentèle sur la croissance, alors que la
variation des caractéristiques démographiques s’est maintenue à cause ou bien de leur hérédité polygénique ou alors des
effets maternels.

[Traduit par la Rédaction]

Introduction

Individual life history is often strongly affected by inter-
actions with other organisms (Morin 1999). For example, an
increase in density leads to an increase in competitive inter-
actions between organisms, and changes in density are fre-
quently associated with modifications of growth, survival,
and life history (see, e.g., Goater 1994; Forrester 1995; Ost-
feld and Canham 1995). The outcome of competitive inter-
actions can be altered by environmental factors like abiotic
conditions, predation risk, or relatedness among competitors.

Kinship theory predicts that when resources are limited,
individuals should direct intraspecific competition away

from kin if the relatedness-weighed benefits of such behav-
iour exceed its costs (Hamilton 1964a, 1964b). An indivi-
dual could increase its inclusive fitness (considered to be
the sum of its own reproduction success and that of its rela-
tives) by enhancing the growth and survival of related indi-
viduals (Grafen 1984). Associating with relatives has been
linked with reduction of aggressive interactions among indi-
viduals, increase of food detection capacity, and enhance-
ment of antipredator responses (Pfennig 1999; Giron et al.
2004; Ward et al. 2006). However, restricted food conditions
may increase competitive interactions, likely decreasing in-
dividual growth. In this sense, the analysis of how density
effects on individual life history are modified by relatedness
among individuals can be useful to predict population and
community dynamics under variable environmental condi-
tions (Aikio and Pakkasmaa 2003).

A crucial factor affecting the strength and direction of the
competitive interactions is the capacity of organisms to differ-
entiate between kin and nonkin individuals. Kin-recognition
systems are based on phenotype matching or on recogni-
tion alleles, where individuals have a learned or inherited
recognition template against which to compare the cues of
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other conspecifics (Blaustein 1983; Porter et al. 1983).
Differences between the template of an individual and the
cue emitted by a conspecific lead to consideration of the
other individual as nonkin. However, several studies have
shown that reduction in the genetic diversity in inbred popu-
lations is associated with a lack of discrimination capacities
among relatives and nonrelatives, likely because of a lack of
variation in recognition alleles (Nevison et al. 2000; Tsutsui
et al. 2000, 2003). For this reason, studies of genetically im-
poverished populations could give us a different view to
competitive interactions in nature, complementary to the one
provided by genetically diverse populations.

Amphibian larvae have been widely used as a model sys-
tem for studying the effects of density and relatedness on in-
dividual fitness (Hokit and Blaustein 1994, 1997; Alford
1999; Saidapur and Girish 2001; Pakkasmaa and Aikio 2003;
Gramapurohit et al. 2004; Pakkasmaa and Laurila 2004).
Many amphibians are explosive communal breeders, having
synchronous hatching and high larval densities. These factors
increase competitive interactions during the aquatic stages of
the life cycle. Several studies have reported the effects of in-
creasing density on the behaviour, growth, and morphology
of amphibian larvae. Under competition, tadpoles show re-
duced growth, increased activity, and relatively small tails
and large bodies (Anholt and Werner 1995; Wilbur 1997; Re-
lyea 2002). Many amphibians are able to recognise kin, show-
ing different responses towards relatives and nonrelatives
(reviewed in Waldman 1991; see also Blaustein and Wald-
man 1992). In tadpoles, association with kin leads to more
uniform and faster growth, as well as a larger size at meta-
morphosis (Jasieński 1988; Smith 1990; Waldman 1991; Ho-
kit and Blaustein 1997; Saidapur and Girish 2001; Pakkasmaa
and Aikio 2003; Pakkasmaa and Laurila 2004). In particular,
kin-biased behaviour has been observed in many Rana spe-
cies (Waldman 1991; Blaustein and Waldman 1992; Hokit
and Blaustein 1994, 1997; Girish and Saidapur 1999, 2003;
Pakkasmaa and Aikio 2003; Pakkasmaa and Laurila 2004).

In this study, we investigated the effects of density and
relatedness on growth of amphibian larvae, as well as the
extent of among-family variation, in an isolated and geneti-
cally impoverished population of the pool frog (Rana lesso-
nae Camerano, 1882). Rana lessonae is strongly dependent
on high water temperatures to start the breeding activity
(Sjögren et al. 1988), and our study population in central
Sweden is at the northern limit of the distribution range of
the species (Snell et al. 2005). Because of the strong time
constraint faced by the studied population, we predicted that
intense competitive relationships between R. lessonae tad-
poles will lead to reduced larval growth at high density. We
also predicted that relatedness will modify the competitive
interactions among tadpoles if there is enough genetic diver-
sity to differentiate between kin and nonkin, and kin groups
will enjoy higher growth than nonkin groups.

Materials and methods

Study organism
Rana lessonae is widely distributed in continental Europe,

extending from southern France to Volga river basin, and
maintains also two isolated northern populations in Norway
and Sweden (Snell et al. 2005). In Sweden, the species oc-

curs in ~100 localities along the east-central coast (Uppland
county), isolated by more than 300 km to the nearest conti-
nental populations in Estonia (Sjögren 1991). This northern
fringe population shows very little molecular genetic diver-
sity, strongly contrasting with continental populations
(Sjögren 1991; Zeisset and Beebee 2001; Tegelström and
Sjögren-Gulve 2004; Snell et al. 2005). In Sweden, R. lesso-
nae breeding season usually does not start until mid- to late
May, often early June, several weeks after the other anuran
species (Sjögren et al. 1988; G. Orizaola, personal data), and
years with a delayed start of the breeding season can lead to
a total reproductive failure in this population (Sjögren
1991). Rana lessonae females lay ~500 eggs, and larvae
metamorphose after 2 months at average temperature
(20 8C; G. Orizaola and A. Laurila, unpublished data).

Parts of four freshly laid egg clutches were collected in a
forest pond near Forsmark (Tierp municipality; 60826’N,
1885’E) on 15 June 2005. Eggs were brought to the labora-
tory in Uppsala and maintained in 1 L plastic vials at room
temperature (20 8C). Hatching occurred simultaneously in
all families after 3 days in the laboratory. After hatching,
larvae were kept in 1 L vials in groups of 20 individuals.
Total length of the larvae was measured before the experi-
ment (to the nearest 0.1 mm), and the larvae were size-
selected according to total length to avoid initial differen-
ces between groups (ANOVA for family and density ef-
fects: P = 0.897 and 0.221, respectively). All the animals
used in the study were cared for in agreement with national
laws, and eggs were collected under permission of national
and local authorities (Länsstyrelsen Uppsala Län).

Experimental design
The experiment consisted of a 2 � 5 factorial design in

which two larval densities (two or four larvae per vial) were
crossed with five family treatments (four full-sibling families
and a mixed group) to examine the effects of relatedness on
larval growth. The mixed groups included one larva from
each family in the high-density treatment, and all the possible
combinations of two larvae from four different families in the
low-density treatment. Each treatment combination was repli-
cated eight times, except that families 3 and 4 were replicated
only six times because of low numbers of available larvae.
The experiment started on 30 June 2005, after larvae reached
Gosner stage 25 (Gosner 1960; complete reabsorption of
gills). Larvae were placed in 3 L cylindrical plastic vials
(18 cm in diameter) filled with 2.5 L of reconstituted soft
water (for details see Räsänen et al. 2003). Water was com-
pletely changed every 5th day. Vials were located in a single
climate room at 20 8C (mean (SE) temperature of 20.56 ±
0.05 8C) with a 18 h light : 6 h dark photoperiod (corre-
sponding to the situation in central Sweden in early summer).
Five blocks were created to account for the known tempera-
ture variation in the room. All combinations of density, fam-
ily, and relatedness were present once or twice in each
experimental block. Larvae were fed ad libitum every
3rd day with chopped boiled spinach. At day 27 of the ex-
periment (27 July 2005), the larvae were individually
weighed to the nearest 0.1 mg on a digital balance after re-
moving the excess water by gently rolling the larvae on a pa-
per towel. A dorsal image of every larva was taken with a
digital camera to measure larval body length.
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Statistical analysis
Vial mean values and coefficients of variation (CV) for

body mass and body length were used as response variables
in the statistical analyses. General linear models were used
to examine the effects of relatedness, density, and experi-
mental block on means and CVs for larval body mass and
body length. To use a balanced design between relatedness
treatments, we randomly selected two replicates per family
and density treatment equally distributed among blocks. To
test whether families differed in growth characteristics, a
linear mixed model with restricted maximum likelihood
(REML) estimation using family as a random factor was
performed on means and CVs for larval body mass and
body length, separately for both density treatments. REML-
based models are more flexible and make fewer assumptions
than conventional ones, and are especially suitable for the
study of quantitative traits (Lynch and Walsh 1998). Devia-
tion from normality was tested with Shapiro–Wilk tests and
homogeneity of variances with Bartlett–Box tests. No heter-
oscedasticity or deviations from normality were detected.

Variance components and heritability were estimated with
separate analyses for each density treatment. Variance com-
ponents owing to family (VF) and error term (VE) were ob-
tained with a REML estimation procedure. Additive genetic
variance (VG) was estimated as 2 � VF. Since the study was
conducted with full-sibling families, broad-sense heritability
(H2), which is estimated as H2 = VG / (VG +VE), was calcu-
lated for each density treatment (Roff 1997).

Results
Larval mortality was insignificant during the experiment:

222 out of 224 larvae survived to the end of the experimen-
tal period (99.10%). The two replicates in which one larva
died were removed from the analyses. Overall, larval body
mass and body length were strongly influenced by larval
density (Table 1), with larvae from the low-density treatment
having, on average, 63% higher mass and 21% longer body
than those from the high-density treatment (Fig. 1). CV of
body length was significantly higher at the high-density
treatment, while CV of body mass was almost significant.
No differences between relatives and nonrelatives were de-
tected for mean trait values (Table 1). However, there was
a strong effect of relatedness on CV of these traits
(Table 1), both body mass and body length values showing
higher variation among nonrelatives than among relatives
(Fig. 1). No significant interactions between relatedness
and density, neither block effects were found.

There were highly significant differences among the

R. lessonae families in both body length and mass, and both
at high and low densities (P values in all cases <0.0001).
For example, families 1 and 2 differed in larval body mass
(Tukey’s tests, P < 0.005), larvae from family 2 being, on
average, more than two times heavier in both density treat-
ments (Fig. 1). Heritability estimates were moderate to high
for all considered traits in both density treatments (Table 2).

Discussion
We found strong effects of density on larval growth, with

larvae exposed to high-density levels having a general lower
mass and smaller size than those exposed to low-density
treatment. These results are in agreement with many pre-
vious studies reporting negative effects of increasing intra-
specific density on tadpole growth, and finally on size at
metamorphosis in a wide variety of anuran species (re-
viewed by Alford 1999; see also Relyea 2002).

Contrary to previous studies (see, e.g., Jasieński 1988;
Hokit and Blaustein 1997; Saidapur and Girish 2001; Pak-
kasmaa and Aikio 2003; Pakkasmaa and Laurila 2004), re-
latedness did not affect body length and mass, with tadpoles
in mixed groups having mean trait values similar to those in
sibling groups. Nevertheless, we found that groups of full-
sibling larvae had lower variation in mass and body length
values than groups of nonkin tadpoles. Reduced variation in
kin groups could be explained by a reduction in competition,
since increased competition has been shown to increase var-
iation in body size in tadpole groups (Alford 1999). How-
ever, we find it more likely that the higher variation in
mixed groups is due to the significant differences in growth
observed among families, with some families growing more
than two times larger than others. These among-family dif-
ferences in growth could be due to genetic or maternal ef-
fects. The influence of maternal effects, such as differences
in female investment in egg size that could affect hatchling
size (see, e.g., Räsänen et al. 2005), were minimized in this
study, as larvae hatched simultaneously and were selected to
have the same size at the start of the experiment. Therefore,
genetic differences among families are the most likely ex-
planation for the variation in growth detected in this study.
An indicator of the strong family variation for life-history
traits is the high heritability determined for the considered
traits (e.g., H2 > 0.60 and 0.47 for body mass at low and
high densities, respectively). High heritability for growth
also reflects a substantial potential for this trait to evolve,
and suggests that rapid adaptation to environmental modifi-
cations is possible.

Previous studies have shown that our study population

Table 1. General linear model table for the effects of kinship, density, and block on mean value and coefficient of variation (CV) in body
mass and body length of Rana lessonae larvae.

Body mass CV body mass Body length CV body length

df MS F P MS F P MS F P MS F P
Kinship 1 0.001 0.048 0.8278 0.384 8.802 0.0069 0.020 0.698 0.4119 0.061 9.165 0.0060
Density 1 0.382 19.868 0.0002 0.264 6.045 0.0219 0.585 20.485 0.0002 0.025 3.859 0.0617
Kinship � density 1 0.008 0.406 0.5304 0.018 0.424 0.5213 0.026 0.904 0.3515 0.001 0.171 0.6833
Block 4 0.042 2.194 0.1015 0.065 1.497 0.2358 0.060 2.114 0.1118 0.010 1.449 0.2499
Error 23 0.019 . . 0.044 . . 0.028 . . 0.007 . .

Note: MS, mean square.
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harbours very little molecular genetic diversity (Sjögren
1991; Zeisset and Beebee 2001; Tegelström and Sjögren-
Gulve 2004; Snell et al. 2005). However, among-family dif-
ferences in life-history characteristics could be explained by
both body mass and body length being complex traits with
polygenic inheritance. Even a population showing little ge-
netic variation in marker traits may maintain high genetic
variation in quantitative polygenic traits, which are typically
influenced by tens of genes and have considerably higher
mutation rates than single-locus marker traits (Lande 1976;
Roff 2007).

This interpretation does not necessarily contrast with our
lack of detection of any effect of relatedness on growth

characteristics. Theory predicts that individuals growing in
kin groups should develop altruistic behaviours that reduce
competitive interactions among related individuals, eventu-
ally leading to the share of more food resources than with
nonkin (Hamilton 1964a, 1964b). However, if recognition
mechanisms are under control of one locus or few loci, pop-
ulations with reduced genetic variation may not be variable
enough to differentiate between related and nonrelated indi-
viduals. This could lead to the identification of all individu-
als as kin. The absence of genetic variation in recognition
mechanisms has been also suggested as a cause for the re-
duction of aggressive interactions in ants (Tsutsui et al.
2000, 2003), rodents (Nevison et al. 2000), and fish (Tiira
et al. 2003; Frommen et al. 2007). Reduced aggression
through lack of genetic variation can have far-reaching eco-
logical consequences. For example, reduced aggressive be-
haviour caused by genetic bottleneck during colonization is
an important factor explaining the success of the Argentine
ant (Linepithema humile (Mayr, 1868)) in invading North
America (Tsutsui et al. 2000, 2003).

A result supporting this hypothesis is the lack of interac-
tion between density conditions and relatedness, with groups

Fig. 1. Effects of family, kinship, and density on mean values and coefficients of variation (CV) in body mass and body length of Rana
lessonae larvae. Values are means ± 1 SE.

Table 2. Variance components and heritability of body mass
and body length of R. lessonae larvae under low and high
densities.

Low density High density

VF ± SE H2 VF ± SE H2

Body mass 0.029±0.026 0.606 0.008±0.007 0.475
Body length 0.034±0.031 0.536 0.018±0.016 0.463
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of related and nonrelated larvae experiencing similar effects
when competitive conditions change. An increase of com-
petitive interactions is expected under more stressful condi-
tions, especially in groups of nonrelated individuals. In our
experiment, larvae respond only to changes in density,
which could be an indicator of absence of discrimination be-
tween kin and nonkin individuals. This finding clearly con-
trasts with previous studies in which density was reported to
influence competitive relationships differentially between
kin and nonkin individuals (Blaustein and Waldman 1992;
Hokit and Blaustein 1997; Girish and Saidapur 1999, 2003;
Saidapur and Girish 2001; Pakkasmaa and Aikio 2003; Pak-
kasmaa and Laurila 2004). However, the previous studies
were conducted in populations likely harbouring higher ge-
netic variability than the Swedish R. lessonae population. A
definite answer regarding this point would have come from
experiments using tadpoles from less-inbreed localities.
However, in our study area all the localities occupied by R.
lessonae are characterized by a nearly total absence of ge-
netic diversity (Sjögren 1991; Zeisset and Beebee 2001; Te-
gelström and Sjögren-Gulve 2004; Snell et al. 2005;
G.Orizaola and A. Laurila, unpublished data). Using individ-
uals from less-inbred populations from central Europe would
have added some confounding effects to the study, since the
Swedish population is considered a distinct ‘‘northern clade’’
that is different from other European populations in many
traits (e.g., morphology, coloration, calls, seasonal time con-
straint, and growth rate; Zeisset and Beebee 2001; Wycher-
ley et al. 2002; Snell et al. 2005).

Our results suggest that the effects of relatedness among
individuals on competitive interactions could be deeply af-
fected by the genetic variation of the population. The re-
laxed kin recognition in populations with low genetic
variation may influence the dynamics of these often small
and isolated populations. Hence, the same mechanisms that
reduce aggressions and competitive interactions, and cause
problems with invasive species (Tsutsui et al. 2000, 2003),
can be beneficial for threatened populations with low ge-
netic variation.
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Jasieński, M. 1988. Kinship ecology of competition: size hierar-
chies in kin and nonkin laboratory cohorts of tadpoles. Oecolo-
gia (Berl.), 77: 407–413. doi:10.1007/BF00378052.

Lande, R. 1976. The maintenance of genetic variability by muta-
tion in a polygenic character with linked loci. Genet. Res. 26:
221–235.

Lynch, M., and Walsh, B. 1998. Genetics and analysis of quantita-
tive traits. Sinauer Associates, Inc., Sunderland, Mass.

Morin, J.P. 1999. Community ecology. Blackwell Science Inc.,
New York.

Nevison, C.M., Barnard, C.J., Beynon, R.J., and Hurst, J.L. 2000.
The consequences of inbreeding for recognizing competitors.
Proc. R. Soc. Lond. B Biol. Sci. 267: 687–694. doi:10.1098/
rspb.2000.1057.

Ostfeld, R.S., and Canham, C.D. 1995. Density-dependent pro-
cesses in meadow voles: an experimental approach. Ecology,
76: 521–532. doi:10.2307/1941210.

Orizaola and Laurila 49

# 2008 NRC Canada



Pakkasmaa, S., and Aikio, S. 2003. Relatedness and competitive
asymmetry — the growth and development of common frog tad-
poles. Oikos, 100: 55–64. doi:10.1034/j.1600-0706.2003.11815.x.

Pakkasmaa, S., and Laurila, A. 2004. Are the effects of kinship
modified by environmental conditions in Rana temporaria tad-
poles? Ann. Zool. Fenn. 41: 413–420.

Pfennig, D.W. 1999. Cannibalistic tadpoles that posses the greatest
threat to kin are most likely to discriminate kin. Proc. R. Soc.
Lond. B Biol. Sci. 266: 57–61. doi:10.1098/rspb.1999.0604.

Porter, R.H., Matochik, J.A., and Makin, J.W. 1983. Evidence for
phenotype matching in spiny mice (Acomys cahirinus). Anim.
Behav. 31: 978–984. doi:10.1016/S0003-3472(83)80002-5.

Räsänen, K., Laurila, A., and Merilä, J. 2003. Geographic variation
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Tsutsui, N.D., Suárez, A.V., and Grosberg, R.K. 2003. Genetic di-
versity, asymmetrical aggression, and recognition in a wide-
spread invasive species. Proc. Natl. Acad. Sci. U.S.A. 100:
1078–1083. doi:10.1073/pnas.0234412100. PMID:12538869.

Waldman, B. 1991. Kin recognition in amphibians. In Kin recogni-
tion. Edited by P.G. Hepper. Cambridge University Press, Cam-
bridge, U.K. pp. 162–219.

Ward, A.J.W., Webster, M.M., and Hart, P.J.B. 2006. Intraspecific
food competition in fishes. Fish Fish. 7: 231–261.

Wilbur, H.M. 1997. Experimental ecology of wood webs: complex
systems in temporary ponds. Ecology, 78: 2279–2302.

Wycherley, J., Doran, S., and Beebee, T.J.C. 2002. Frog calls echo
microsatellite phylogeography in the European pool frog (Rana
lessonae). J. Zool. (Lond.), 258: 479–484. doi:10.1017/
S0952836902001632.

Zeisset, I., and Beebee, T.J.C. 2001. Determination of biogeogra-
phical range: an application of molecular phylogeography to the
European pool frog Rana lessonae. Proc. R. Soc. Lond. B Biol.
Sci. 268: 933–938. doi:10.1098/rspb.2001.1600.

50 Can. J. Zool. Vol. 86, 2008

# 2008 NRC Canada



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 100
  /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

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


