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Evaluating the impact of a barnacle parasite
(Loxothylacus texanus)
on the preservation of blue crabs (Callinectes sapidus)
with experimental taphonomy

Nathan L. Wright and Elizabeth Petsios

ABSTRACT

The dynamics of parasitism in ancient ecosystems represent a considerable
knowledge gap within paleontology, due to poorly preserved fossil evidence. Among
many diverse extant parasite clades, fossil evidence is hindered by the parasites’ small
bodies, relative lack of hard parts, and/or tendency for endoparasitism. However, these
obstacles do not fully explain patterns in the fossil evidence of parasitism, particularly
among parasites which produce distinct traces on host fossils. Characterizing the pres-
ervation of parasitism in the fossil record at the scale of individual species interactions
is crucial for modeling and contextualizing efforts, to understand how parasitic interac-
tions will respond to global change. Here, we use experimental tumbling to compare
the post-mortem preservation of the blue crab, Callinectes sapidus, with and without
infestation by the rhizocephalan barnacle parasite Loxothylacus texanus. We find mini-
mal differences in the rate and pattern of degradation between specimens, suggesting
no impact on the preservation potential of host Callinectes due to the presence of the
parasite. This suggests that pre-burial preservation is not a primary control on the fidel-
ity of the fossil record of rhizocephalan parasitism. Patterns in the fossil evidence of rhi-
zocephalans may therefore reflect true ecological or evolutionary signals, other
taphonomic and sampling influences, or a combination of these factors, which should
be explored further.
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INTRODUCTION

Parasitism in the fossil record, as in modern
ecosystems, is a critical topic in ecology, as para-
sitism is the most species-rich mode of life on earth
(Dobson et al., 2008; Larsen et al., 2017; Okamura
et al., 2018; Carlson et al., 2020), parasites are
essential to the structure and function of ecosys-
tems (Dobson et al., 2008; Dougherty et al., 2016;
Morton et al., 2021), and understanding the
response of parasites to climate change is a press-
ing concern (Carlson et al.,, 2017; Cohen et al.,
2020). Beyond the considerable data limitations
encountered in modern parasitology, however,
quantitatively rigorous evidence of parasitic rela-
tionships in the fossil record is often exceedingly
rare (Poulin, 2007, 2014; Leung, 2017; Carlson et
al., 2020). Current data on parasitism in the fossil
record is subject to limitations of timescale, strong
taxonomic unevenness, sampling influences, and
is often over-represented by exceptional preserva-
tion. While cases of parasitism in the fossil record
have an established history of publication (Cressey
and Patterson, 1973; Baumiller, 1990; Feldmann,
1998; De Baets et al., 2015), and recent advances
in data availability and analytical tools have
allowed for some broader synthesis of fossil para-
site data (De Baets et al., 2021), using fossil para-
site information to model and contextualize
ongoing and future ecological change requires
intensive investigation of fossil parasitism at the
scale of individual species interactions.

Preservation bias is considered a primary fac-
tor in the quantitative disparity between fossil para-
sitic evidence and extant parasitism, because
many highly diverse and cosmopolitan extant para-
sites are small, lack mineralized skeletons, and do
not produce diagnostic traces on the skeletal ele-
ments of their hosts (Littlewood and Donovan,
2003; De Baets and Littlewood, 2015). For these
parasites, the only direct fossil evidence likely to be
observed are relatively rare instances in which par-
asite body fossils are preserved in association with
host body fossils (i.e., Baumiller, 2003; Nagler et
al., 2016). In contrast, many extant marine para-
sites of invertebrates have been noted to produce
distinct, diagnostic traces on their hosts’ exoskele-
tons (Klompmaker and Boxshall, 2015)(i.e., Klomp-
maker et al., 2014; Yamamori and Kato, 2020), but
fossils with identified traces of these parasites are
also uncommon. Some traces of biotic interactions,
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notably predatory drill holes, are associated with
complex impacts on preservation (Roy et al., 1994;
Kelley, 2008; Klompmaker, 2009; Dyer et al.,
2018). The influence of preservation on the fidelity
of the fossil record of parasitism is a largely unex-
plored topic, although recent study suggests the
parasitic trace Kanthyloma crusta (Klompmaker et
al., 2014), a swelling resulting from isopod parasit-
ism on decapod crustacean hosts, may decrease
preservation potential (Wright et al., 2024).

Crustaceans are a useful study group for
investigating fossil parasitism across scales, as
they have a diverse, cosmopolitan fossil record
spanning nearly the entire Phanerozoic (Hegna et
al., 2020). Crustaceans exhibit a tremendous diver-
sity both as parasitic taxa and as hosts for para-
sites, and novel parasitic ecologies have evolved
independently many times within Pancrustacea
(Klompmaker and Boxshall, 2015). Among these
parasitic interactions are a number which can pro-
duce diagnostic traces on host skeletal elements
(Klompmaker and Boxshall, 2015). Although these
features benefit crustaceans as a study group for
the fossil record of parasitism, there are substantial
obstacles to studying the crustacean fossil record.
The fossil record of crustaceans is limited by rela-
tively light and heterogeneous skeletal calcification
compared to some other ubiquitous marine inverte-
brate clades (i.e., molluscs, echinoderms), and dis-
integrate relatively rapidly in the absence of soft
tissue (Allison, 1986; Bishop, 1986; Krause et al.,
2011; Klompmaker et al., 2017). High fidelity crus-
tacean fossils are often associated with calcite or
siderite concretions, which represent exceptional
physicochemical preservation conditions (Waugh
et al., 2004; Wilson and Brett, 2013; McCoy et al.,
2015).

The subject of parasitism among extant crus-
taceans has received considerable attention, as
crustacean parasites are nearly ubiquitous in
marine ecosystems, and crustaceans are globally
important ecologically and economically. Parasit-
ism in the fossil record of crustaceans has been
the subject of relatively limited research, owing in
part to the significant obstacles to fossil evidence
of parasitism (Klompmaker and Boxshall, 2015).
Among the rarer examples of parasitism in the
crustacean fossil record are rhizocephalan barna-
cles, a derived clade of barnacles which are obli-
gate parasites of decapod crustaceans (Figure 1)
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FIGURE 1. Calappa flammea (Herbst, 1794) from the Gulf of Mexico shelf with red arrow indicating visible externa of
a parasitic rhizocephalan barnacle in the family Sacculinidae. Specimen stored in the collections of the Florida FWC
Fish and Wildlife Research Institute in St. Petersburg, Florida, United States of America (Cat. no. FSBC | 138881 and
138882). Scale bar is 5¢cm.

(Glenner and Hebsgaard, 2006). Rhizocephalan
barnacles are parasitic castrators of their hosts,
and are diverse and widely distributed in modern
ecosystems (O’brien and Van Wyk, 1985; Hgeg
and Lutzen, 1995; Hgeg, 1995; Corral et al., 2021).
As rhizocephalan barnacles lack any mineralized
structure, and mature rhizocephalans live almost
exclusively inside the body of their host, they do
not fossilize readily, however rhizocephalans with
juvenile male hosts are known to induce distinct
sexually aberrant development of their host. The
unique development of these hosts has been
observed in fossils, such as in Miocene Tumidocar-
cinus from New Zealand (Feldmann, 1998). The
profound impacts of rhizocephalan barnacles on
their decapod hosts, including sterilization, aber-
rant development, and behavioral alteration, may
result in considerable consequences for marine
ecosystems and aquaculture if the changing ocean

environment alters rhizocephalan prevalence, as
there is no currently known treatment or cure for
rhizocephalan parasite infestation (Waiho et al.,
2021). Although rhizocephalan barnacles are soft-
bodied endoparasites, they have a considerable
whole-body impact on their hosts, including fea-
tures known to influence fossil preservation poten-
tial, including decreased size, aberrant
morphological development, behavioral changes,
inhibited molting, and increased mortality (Bishop,
1986; Behrensmeyer et al., 2000; Waiho et al.,
2021).

Our aim was to investigate the preservation of
blue crabs Callinectes sapidus (Rathbun, 1896)
hosting rhizocephalan parasites relative to the
preservation of individuals without parasites, to
assess the impact of the parasite on the early fos-
silization potential of hosts. Experimental taphon-
omy has, for decades (Kidwell and Baumiller,
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1990; Briggs, 1995; Gorzelak and Salamon, 2013;
Klompmaker et al., 2017), proven a useful tool for
characterizing  pre-burial fossil preservation
dynamics. Experimental tumbling is a type of
taphonomy experiment in which specimens are
sealed in rotary tumblers, to simulate rapid, con-
trolled post-mortem transport and decay pro-
cesses. Tumbling experiments have limitations;
they do not simulate the full spectrum of tapho-
nomic processes, such as burial and in situ decay.
However, tumbling experiments provide advan-
tages in logistical accessibility and experimental
control, as well as offering unique insight into long-
distance transport and high-energy preservation
conditions (Kidwell and Baumiller, 1990; Gorzelak
and Salamon, 2013). Here, we apply experimental
taphonomy to the study of fossil parasitism, investi-
gating the impact of the rhizocephalan barnacle
Loxothylacus texanus (Boschma, 1933) on its host,
the blue crab Callinectes sapidus (Hochberg et al.,
1992; Lazaro-Chavez et al., 1996), as a key step
toward disentangling ecological and evolutionary
signals from extraneous fossil data influences.

MATERIAL AND METHODS
Specimens Studied

Recently collected blue crabs were used for
tumbling experiments to simulate postmortem
taphonomic processes that impact preservation
potential, such as transport and decay. Crabs were
collected from the Gulf of Mexico, and were either
supplied by the Gulf Specimen Marine Lab (Gulf
Specimen Marine Laboratories, Inc.) or collected
by hand (under Florida FWC Special Activity
License SAL-22-2460-SR, locality information in
Appendix 2). Specimens were dispatched by freez-
ing, as in previous studies (Plotnick, 1986; Krause
et al., 2011; Klompmaker et al., 2017). In total, 16
specimens, seven with rhizocephalan parasites
and nine without, were included in the experiments
across one preliminary trial and seven experimen-
tal trials (Table 1). Of the parasitized Callinectes
specimens collected, all were female. As a result,
sex-specific preservation impacts of rhizocephalan
parasites are not tested herein. Of the specimens
without parasites, six were male and three were
female. All specimens with parasites were rela-
tively small adults, with a maximum carapace width
of 7.4 cm, and an average width of 6.2 cm. The
specimens without parasites included specimens
at relatively full adult size (n=5), with a maximum

TABLE 1. Details of the individual Callinectes sapidus (Rathbun, 1896) specimens used in tumbling trials for this study.
0 indicates the individual did not have a rhizocephalan parasite, 1 indicates the individual hosted a rhizocephalan para-

site.
Carapace Medial
Specimen Parasite Width Length
Trial ID Sex Presence (cm) (cm)
Preliminary T3 male 0 13.8 59
T4 male 0 12.4 5.5
1 P1 female 1 4.8 2.5
H1 male 0 16.2 6.9
2 P2 female 1 55 26
H2 female 0 14.8 6.4
3 P3 female 1 7.4 3.1
H3 female 0 14 6.5
4 P4 female 1 6.5 3.5
H4 male 0 6.5 3.5
5 P5 female 1 6
H5 male 0 8.5 4
6 P6 female 1 6.8 3.2
H6 male 0 4.8 2.6
7 P7 female 1 6.5 3
H7 female 0 7 3.4




carapace width of 16.2 cm and an average width of
13.8 cm, as well as relatively small younger adults
(n=4), with a maximum carapace width of 7 cm,
and an average width of 6.7 cm.

Experimental Tumbling

Tumbling experiments were conducted using
two Thumler’'s Tumbler Model B rotary tumblers
(Tru-Square Metal Products), at room temperature,
rotating at a rate of 20 revolutions per minute. At
the beginning of each trial, each tumbler barrel was
loaded with four liters of water, 140 g of Instant
Ocean Reef Salt (Spectrum Brands), and 250 ml of
washed and graded coarse quartz sand. The tum-
blers were run for five minutes before adding spec-
imens to thoroughly mix the salt, sand, and water.
Following mixing, one frozen specimen was added
to each barrel, and the tumblers were reactivated.
For the preliminary trial, two full-sized adult male
specimens were tumbled. For each subsequent
experimental trial, one specimen with a rhizoceph-
alan parasite and one specimen without were tum-
bled concurrently. During trials, specimens were
tumbled at a rate approximately equivalent to 720
meters per hour. At the beginning of each trial and
after each 24 hour interval of tumbling, the tum-
blers were halted and opened for up to 20 minutes,
during which the specimen material was removed
from the barrels, the taphonomic character states
of each specimen (Table 2) were assessed semi-
quantitatively, and the specimens were photo-
graphed. This research was conducted in accor-
dance with local ethical guidelines. Recorded
taphonomic scores for each specimen are accessi-
ble in Appendix 1.

Analytical Methods

At each 24-hour interval, each specimen was
given scores for its state of preservation in a num-
ber of categories: completeness of the carapace,
the presence of soft tissue, separation of the pleon
and carapace, completeness of the pleon, com-
pleteness of the telson, completeness of carapace
spines, and discoloration. The scoring scheme
(Table 2) was adapted from previous experimental
taphonomy studies of crustaceans, (Krause et al.,
2011; Klompmaker et al. 2017) using observations
from the preliminary tumbling trial. After the trials
concluded and the scores were compiled, the
scores were normalized to give each category
equal weight by dividing each score in each cate-
gory by the maximum value of the category. The
cumulative taphonomic scores for each specimen
were then converted to an index value and
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TABLE 2. Taphonomic scoring scheme used in this
study, adapted from Krause et al., 2011 and Klompmaker

et al., 2017.

Characteristic Scoring

Carapace (0) Whole, intact. (1) >50% intact, minor

fragmentation fragmentation and perforation. (2) 2-4
major fragments. (3) badly fragmented or
absent.

Soft tissue (0) all or mostly present. (1) less than

presence 50% present. (2) no soft tissue observed.

Separation of
abdomen and

(0) no. (1) yes.

carapace

Abdomen (0) Whole, intact. (1) >50% intact, minor

fragmentation fragmentation and perforation. (2) 2-4
major fragments. (3) badly fragmented or
absent.

Telson (0) intact. (1) fragmented. (2) absent.

fragmentation

Carapace spines (0) intact. (1) spine fragmentation,

attached. (2) spines detached or absent

Carapace (0) original. (1) faded.

discoloration

inverted, by dividing each cumulative score by the
maximum value, then subtracting one and taking
the absolute value of the result. For the resulting
index values, a value of one indicates a pristine
specimen, and a value of zero indicates the maxi-
mum extent of disintegration. For each trial, and for
the combined averaged data from each trial includ-
ing and excluding larger parasite-free specimens, a
paired two-tailed Mann-Whitney test was con-
ducted to determine the statistical significance of
taphonomic score differences between specimens
with and without a rhizocephalan parasite. All data
analysis was performed in R version 4.4.1.

RESULTS

Taphonomic scores through time for each trial,
as well as the normalized cumulative taphonomic
scores through all trials including and excluding
larger parasite-free specimens are shown in Figure
2. The p-value and V statistic from the Mann-Whit-
ney tests are also shown for each trial and data
treatment in Figure 2. Experimental trials one
through three and the combined values (Figure 2A-
C;l), which include larger parasite-free specimens,
do not have statistically significant differences
between the taphonomic scores of parasitized and
non-parasitized specimens (p-values = 0.824,
0.281, 0.154, 1, a = 0.05). Trials four through
seven (Figure 2D-G), which included parasite-free
specimens similar in size to the rhizocephalan host
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FIGURE 2. Taphonomic scores through time for each tumbling trial, as well as for the combined averages of trials
including and excluding larger parasite-free specimens. Parasitized individuals are represented by yellow lines, para-
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Mann-Whitney tests are given.
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1 day 10 days

5 days

Specimen
indistinguishable
5 from sediment

Specimen
indistinguishable
from sediment

Specimen
indistinguishable
3 from sediment

b

FIGURE 3. Callinectes sapidus (Rathbun, 1896)speci-

mens with rhizocephalan parasites after one, five, and
ten consecutive days of tumbling. Scale bars are 1cm.

specimens, do exhibit statistically significant differ-
ences (p-values = 0.009, 0.002, 0.004, 0.002, a =
0.05)., although the combined data excluding
larger specimens narrowly fails statistical signifi-
cance (p-value = 0.07, a = 0.05). Photographs of
individuals after 24 hours, 120 hours, and 240
hours of tumbling (one, five, and ten days of tum-
bling, respectively) are shown in Figures 3 and 4.
In each ftrial, the specimens exhibited little
damage for the first two to five days of tumbling,
often sustaining only minor perforation, abrasion,
and discoloration of the carapace. Following this
phase, specimens entered into rapid phase of dis-
articulation and damage, typically initiated by the
separation of the carapace and the pleon, and fol-
lowed by fragmentation of the carapace. Speci-
mens which remained after this rapid phase of
damage entered into a slower final phase of decay,
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Specimen
indistinguishable
from sediment

Specimen
indistinguishable
from sediment

Specimen
indistinguishable
from sediment

FIGURE 4. Callinectes sapidus (Rathbun, 1896) speci-
mens without rhizocephalan parasites after one, five,

and ten consecutive days of tumbling. Scale bars are
1em.

in which the fragments of the carapace, pleon, and
telson were often stable across multiple days of
tumbling, before concluding with the complete or
near-complete disintegration of the carapace. The
parasite-free specimen in trial seven (specimen
H7), and to a lesser extent the parasitized speci-
men in trial five (specimen P5), exhibited a different
pattern, in which a two-phase decline is caused by
the lack of major carapace fragmentation after the
initial separation of the carapace and pleon. One
specimen, the parasitized specimen tumbled in trial
seven (specimen P7), was unusual in that there
were two clear rhizocephalan externae present
(Figure 5). Notably, in trial seven, the taphonomic
scores of the parasite host and the parasite-free
individual were significantly different, and it is the
only trial with significant results in which the para-
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FIGURE 5. Specimen P7, shown with two rhizocephalan barnacle externae present. Scale bar is 1cm.

sitized specimen experienced an earlier phase of
rapid decay than the parasite-free specimen.

DISCUSSION

Most specimens’ taphonomic scores loosely
follow a logarithmic decline, in which an initial
phase of minimal damage is followed by a phase of
rapid decline, which is followed by a final phase of
slowed decline. In trials one through three, which
included full-sized adult parasite-free individuals,
the two specimens’ taphonomic score patterns are
statistically indistinct. There are significant differ-
ences between the scores of parasitized and para-
site-free specimens in the trials with parasite-free
specimens similar in size to the parasitized speci-
mens (trials four through seven), although these
differences are not uniform. In each of these trials,
the parasite-free individual entered an initial phase
of decline earlier than the parasitized individual. In
trials four and six, the taphonomic score pattern of
the specimens were similar in shape and rate, but
were offset in time. In trial five, the parasite-free
specimen declined the most rapidly in taphonomic

score of all specimens, reaching complete disinte-
gration of taphonomic characters within five days,
while the parasite host underwent a two-phase
decline across 14 days.

These results do not indicate a decisive
impact of the rhizocephalan barnacle on blue crab
preservation, but instead indicate nuances and pat-
terns which should be investigated further. Primar-
ily, the impact of size on the preservation of these
specimens is complex, as smaller and larger para-
site-free individuals declined in taphonomic score
differently in terms of timing, relative to the parasit-
ized individuals. The lack of significant differences
between full-sized adults and parasite hosts sug-
gests that individuals with parasites may preserve
at a similar rate to normal adult specimens. The
lack of clear directionality among the trials with sig-
nificant differences between individuals suggests
that despite being similar in size, smaller speci-
mens without parasites exhibit greater variability in
preservation than those with rhizocephalan para-
sites. The overall trend, as seen in the taphonomic
score patterns combined across ftrials, both with
and without larger specimens (Figure 2H, 1), sug-



gests that patterns of post-mortem, pre-burial
decay are similar among blue crabs with and with-
out rhizocephalan parasite.

As the specimens were dispatched by freez-
ing and subsequently stored frozen, freezing may
have had an impact on the preservation patterns
observed in this study. Freezing can impact the
stability of chitin and proteins (Bhatnagar et al.,
2007; Liu et al.,, 2010; Figueroa-Pizano et al.,
2018), the primary components of crustacean exo-
skeletons, but is considerably less impactful on ani-
mal soft tissue and skeletal elements than storage
in ethanol (Chen et al., 2008; Vesper et al., 2017;
Leonard et al., 2022). As all specimens in this
study, both with and without a parasite, were frozen
in identical conditions, freezing had no impact on
taphonomic observation comparisons between
individuals. In addition, freezing was the only logis-
tically accessible form of dispatch which would not
have a direct impact on initial taphonomic charac-
ter states, such as spiking or instantaneous macer-
ation.

CONCLUSIONS

Although the preservation patterns of blue
crabs with and without rhizocephalan parasites are
similar, there is a tremendous discrepancy
between the prevalence of rhizocephalan parasites
in modern ecosystems and the dearth of fossil evi-
dence for them. Much of this discrepancy may be
explained by the difficulty of recognizing rhizoceph-
alan hosts without soft tissue; Without the exter-
nae, the only clear, direct morphological impact on
their hosts is seen in the sexually aberrant devel-
opment of juvenile males with rhizocephalan para-
sites. Although this has been recognized in the
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fossil record, such as by Feldmann (1998), distin-
guishable fossils of rhizocephalan developmental
abnormalities must provide ventral views of the
specimen, as well as sufficient intact morphology of
the pleon and secondary sexual characteristics
(such as major claw size for many decapods) to
determine sexual abnormalities. Decapod fossils
that meet these conditions are generally restricted
to exceptional preservation scenarios, such as
concretion formation. In addition, a large sample of
fossil decapods is necessary to distinguish rhizo-
cephalan evidence from the morphological spectra
of sexual dimorphism and ontogeny, and such
samples of fossil decapods are rare. The results of
this study suggest that under tumbling conditions,
and therefore in idealized instances of post-mor-
tem transport prior to burial, the preservation of
blue crabs is not strongly controlled by the pres-
ence of a rhizocephalan parasite. Although there is
much further study to be done in understanding the
nuances of the rhizocephalan barnacle fossil
record, these results may indicate greater than pre-
dicted fidelity in the prevalence of these parasites
in the fossil record.
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APPENDICES

APPENDIX 1.

Hand collection of Callinectes sapidus (Rathbun, 1896) specimens under license SAL-22-2460-SR was
conducted at Fort De Soto county park in Tierra Verde, Pinellas County, Florida 33715, USA.

APPENDIX 2.

Taphonomic scores spreadsheet (available for download at https://palaeo-electronica.org/content/2025/
5692-blue-crab-preservation-with-parasites).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /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 300
  /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 300
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /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.)
  >>
  /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


