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Abstract Survival and growth of juveniles of the Australian freshwater crayfish Cherax
quadricarinatus were evaluated in aquaria with four different substrates covering their

bottom. The four substrates were plastic mesh, small stones, fine sand and bare glass

without cover (control group). Two size classes of juveniles were evaluated: recently

hatched or early (*0.02 g of body weight) and pre-fattening or advanced (*1 g of

body weight). A group of twelve early or ten advanced juveniles were placed in each of

the 24 aquaria. Each substrate had a total of six aquaria, three containing early juveniles

and the other three containing advanced juveniles groups. Each aquarium had an excess

small PVC pipes that served as shelters. After 12 weeks, early juveniles raised in small

stones or fine sand had a statistically significant heavier body mass than the control

group while the advanced juveniles did not show statistically significant differences in

body weight. In a second experiment, ten early and ten advanced juveniles were indi-

vidually placed in a circular glass aquarium divided into four sections each containing

one of the same substrates used in the first experiment. Each individual was filmed for

24 h, and the time spent in each compartment was registered. Both sizes of juveniles

showed a marked preference for the small stones. This experiment was repeated with

animals used in the first experiment and observed the same selection pattern indicating

that substrate selection is independent of body mass or previous acclimation to the

different substrates.
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Introduction

The worldwide success of the freshwater crayfish aquaculture industry during recent

decades has been based on the selection of species with adequate characteristics for both

culturing and commercial purposes. There are more than 100 species of Australian

crayfishes, but only three species of the genus Cherax are currently being farmed due to

their high commercial potential. These are the ‘‘marron’’ Cherax tenuimanus (Smith), the

‘‘yabby’’ Cherax destructor (Clark) and the ‘‘red claw’’ Cherax quadricarinatus (von

Martens), which is native to the rivers of northern Australia. Moreover, the red claw has

been the first species of crayfish cultured in Australia (Jones 1990; Du Boulay et al. 1993).

High growth rates and a high tolerance to wide variations in water quality make this

crayfish species an excellent candidate for aquaculture (Masser and Rouse 1997). In fact,

the red claw is being cultivated in several countries including Australia, China, Israel,

United States, Cuba, Ecuador and Mexico (Garcia-Guerrero et al. 2003). In Argentina,

there is a great interest in the commercial rearing of these crayfish, although its commercial

exploitation is in the developing stage. Currently, several laboratory experiments are being

conducted worldwide whose aim is to maximize the production of red claw crayfish. The

methods of rearing, survival and the growth of the early stages of their life cycle are

essential to obtain a high yield in their final commercial harvest. C. quadricarinatus exhibit

high mortality during their first juvenile stages due to frequent molts, cannibalism and the

morphological changes in their digestive system. Additionally, the juveniles of this crayfish

are very aggressive and exhibit a strong competition for resources. They establish a

hierarchy among neighboring individuals resulting in dominant individuals. Heterogeneity

in size and body weight is commonly found in the cultivation of parastacids. Similar

problems were reported in different species of crayfish in the first stages of life, and

agonistic behavior and cannibalism are the main reasons for reducing yields in different

culture systems (Mills and McCloud 1983; Mitchell and Collins 1989; Gydemo and Westin

1989; Matthews 1992; Geddes et al. 1993; Jones 1995b; Sáez-Royuela et al. 1995; Barki

et al. 2006).

In order to improve the production of the first stages of life, it is necessary to optimize

the conditions required for survival and growth in these vulnerable stages. The present

study evaluated the effect of four different substrates on the growth and survival of juvenile

C. quadricarinatus under laboratory conditions, as well as their substrate preference in

early and advanced juveniles.

Materials and methods

Evaluation of the substrate type

Two sizes of C. quadricarinatus were used as early juveniles (0.02 g of body weight)

those are kept at the hatchery in commercial operation and advanced juveniles (1 g of

body weight) which are kept at the nursery and are at the pre-fattening stage. Early

juveniles (15–20 days post-hatching) were randomly selected from a pool of juveniles

composed from hatchings of several ovigerous females that had synchronized hatchings

and then randomly assigned to each treatment. Advanced juveniles were selected at

random from a pool of animals raised in indoor tanks in a farm. All the experiments were

carried out in glass aquaria (900 cm2 of bottom surface) filled with 8 l of dechlorinated

tap water continuously aerated. Temperature was maintained in 25 ± 2�C, and
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photoperiod was held at 14:10 (light/dark). The water in all aquaria was changed twice a

week. Every day, all animals were fed ad libitum with commercial pellets (Tetra Diskus�,

40% of protein), used in previous studies with C. quadricarinatus (Cahansky et al. 2008).

Dissolved oxygen (Digital Oxygen Meter, precision of ±0.4 mg/l), pH (Jenco Model

6350, precision of ±0.01), ammonia (Wiener� kit), total hardness (as CaCO3), alkalinity

and nitrite levels (both measured with Acuanalı́tica� kit) were determined in each aquaria

at the beginning and at the end of the experiment before changing water and feeding the

animals.

Twelve early juveniles and ten advanced juveniles were placed in each aquarium at a

density of 133 and 111 individuals per m2, respectively, similar to densities used previ-

ously by other authors (Jones 1995b; Masser and Rouse 1997). Each aquarium contained

1.9-cm-diameter PVC pipes in excess as refuge. For both age groups, four substrates were

tested: bare glass (control), plastic mesh (a mesh similar to mosquito netting adhered to the

bottom of the aquaria), stones (0.4 cm thick covering the bottom of the aquaria) and sand

(0.4 cm thick covering the bottom of the aquaria). All substrates were tested in triplicate

for a total of six aquaria for the two age groups. At the end of 120 days experiment, the

mortality was recorded, removing dead animals from all aquaria daily, as well as the body

weight. Prior to weighing in an electronic balance with a precision of ±0.1 mg, all animals

were dried with a paper towel to remove excess water.

Growth data was analyzed using a one-way analysis of variance (ANOVA) and a post

hoc multiple contrast (LSD). The homogeneity of variance was verified by a parametric

Levene test. Survival data was analyzed with a one-tail Fischer test. In all tests, a

significance level of P \ 0.05 was used.

Substrate preference

In the substrate preference experiment, a circular glass aquarium (25 cm of diameter filled

with 3 l of dechlorinated water) divided on the bottom into four equal sections each

containing a different substrate was used. The substrates tested were the same substrates

used in the first experiment: bare glass, plastic mesh, stones and sand. Ten early and ten

advanced juveniles maintained as stock in the laboratory in glass aquaria containing ref-

uges were tested individually. Additionally, ten individuals of 1 g from the first experiment

were tested in the second round of this experiment. Each individual was recorded for 24 h

and the time spent in each compartment was determined from this recording.

In the beginning of the video recording, each juvenile was placed in the center of the

aquarium. The movement of each juvenile in the experimental arena was recorded with a

web camera (Genius�) located directly above the center of the aquarium and connected to

a PC (Fig. 1). A video surveillance program (Active Webcam) was used for recording at a

rate of three frames/minute in all experiments. The experimental arena was placed in a

closed room maintained at an ambient temperature of 25 ± 2�C and a 14:10 (light/dark)

photoperiod. During the light phase, the light source was a white lamp located above the

aquarium and connected to a timer. During the dark phase, the light source was infrared

LEDs (IR, 940 nm wavelength) located around the webcam. The IR light was on during

both the light and dark phases.

In the first part of the experiment, the animals used were from the laboratory stock.

They were placed in the experimental arena 24 h prior to the beginning of the recording to

allow the animals to acclimate to the arena. In the second part of the experiment, in which

the animals maintained in a particular substrate for 120 days were used, no acclimation

took place. Animals were not fed during the experiment. The time spend in each substrate
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during the 24-h recording was calculated for each animal and was later expressed as the

absolute frequency and analyzed using a V2 test to evaluate substrate preference.

Results

Evaluation of the substrate type

The mean body weight of early juveniles in the stone and sand substrates was significantly

statistically greater (P \ 0.05) than those in the glass (control) substrate, while the plastic

net caused an intermediate effect. The mean body weight of the advanced juveniles was not

statistically different among the substrates (P [ 0.05) although a similar trend observed as

in the early stage, i.e., a heavier body weight of late stage juveniles maintained in stones or

sand (Table 1).

There were no significant differences (P [ 0.05) in survival rates among the treatments.

However, advanced juveniles exhibited a greater survival rate at the end of the experiment,

independent of treatment. Early juveniles showed high mortality rates in the first few

weeks of the experiment resulting in a low survival rate at the end of the experiment

(Table 1).

Fig. 1 Scheme of the experimental arena used for the substrate preference study. The recording was made
with a webcam connected to a PC held by a tripod (not shown) above the experimental arena that was
divided into four equal sections each containing a different substrate: stones, sand, plastic mesh and glass. IR
LEDs were located around the webcam to allow recording during the night. Each juvenile was recorded
during a continuous 24 h period

Table 1 Mean body weight and survival (±standard errors) versus substrate type for early (0.02 g) and
advanced (1 g) juveniles after 120 days

Substrate type Early juveniles Advanced juveniles

Mean body weight (g) Survival (%) Mean body weight (g) Survival (%)

Bare glass 0.94 ± 0.21a 50 ± 1.0 3.10 ± 0.31 80 ± 1.0

Plastic mesh 1.48 ± 0.22a,b 27.78 ± 0.41 3.41 ± 0.36 65 ± 0.5

Sand 1.69 ± 0.11b 33.33 ± 0.0 3.82 ± 0.41 85 ± 0.5

Stones 1.71 ± 0.25b 37.50 ± 0.5 3.84 ± 0.24 85 ± 0.5

Different letters (a, b) represent statistically significant differences (P \ 0.05) for the same group of
juveniles

720 Aquacult Int (2010) 18:717–724

123



The water quality parameters did not change significantly (P [ 0.05) among treatments.

The means values of pH was in the range 7–8, dissolved oxygen between 5 and 6 mg/l,

ammonia values were below of 0.04 mg/l, alkalinity show a range between 60 and 75

mg/l, hardness between 84 and 90 mg/l and nitrite values registered were in a range

0–0.02 mg/l. These results were within acceptable limits for culturing of red claw crayfish

(Jones 1990; Hutchings and Villareal 1996; Masser and Rouse 1997).

Substrate preference

All the stock juveniles exhibited a significant (P \ 0.01) marked preference for stones

when compared to the three other substrates (Fig. 2). Similarly, the juveniles that par-

ticipated in the first experiment, in which they were acclimated for 120 days to one of

these four substrates, also exhibited strong significant (P \ 0.01) preference for stones

(Fig. 3).

Discussion

The results of the current experiment indicate that the type of substrate used for early

juveniles is an important factor since it significantly affects their growth. In contrast, the

substrate type does not seem to affect the growth of advanced juveniles. However, animals

kept in stones attained higher body weights. There were no significant differences among

the substrates in survival in both groups of juveniles; nevertheless, we observed a trend of

higher mortality in stones when compared to control (glass) for early juveniles. Although

the number and frequency of molts could not be adequately monitored in both the stone

and sand because small molted exoskeletons mixed with those substrates, the growth rate

of juveniles kept in either stones or sand was faster than that of control. Jones (1995b)

stated that under good rearing conditions, juvenile crayfish of C. quadricarinatus molt and

grow rapidly. Therefore, the faster growth rate observed in stones and sand may be

attributed to a higher frequency of ecdysis when compared to control.

Fig. 2 Substrate preference for
early (0.2 g, empty column) and
advanced (1 g, dashed column)
juveniles previously expose to
the substrates of the experimental
arena (represented in the x axis)
during 1 day. The columns
represent the average time, in
hours, spent during the 24-h
experiment in each substrate
(glass, plastic mesh, stones and
sand), and the bars show standard
errors (SE). Different letters
(a, b) represent statistically
significant differences (P \ 0.01)
between substrates for both
groups of juveniles
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Higher frequency of molts indicates a faster rate of growth, which on one hand is

beneficial; however, it also leads to a critical event in these animals’ lives by making them

vulnerable to attacks by conspecifics that are often their predators. Studies carried out in

other Australian parastacids showed that individual rearing systems had a higher survival

rate than communal rearing (Geddes et al. 1988; Du Boulay et al. 1993; Morrissy et al.

1995). On the other hand, the higher risk of mortality due to cannibalism at the early stages

of life than in the later stages may partially explain the higher survival rate of advanced

juveniles compared to that of early juveniles. Therefore, cannibalism is likely to have a

several impact during this early life phase. This result corresponds within the normal range

reported in farms (Jones et al. 1996).

In the stones and sand, a marked heterogeneity in final body weight was observed in

early juveniles. This was expected because previous studies showed a differentiation into

large dominant individuals and smaller subordinates during this growth phase (Jones 1990,

1995a, b). This disparity in size resulted in unequal competition for resources among

individuals during the course of the experiment. In fact, Barki et al. (2006) observed that

C. quadricarinatus small juveniles have a reduced growth rate when they are placed

together with larger individuals than when they are placed with individuals of the same

size.

A study carried out in early juveniles in white claw crayfish (Austropotamobius
pallipes) showed that the difference in size among individuals as well as the competition

for resources increased during the length of study (Sáez-Royuela et al. 2001). These

authors also observed marked aggressive behavior as well as cannibalism that resulted in a

low survival and an elevated growth rate of the survivors. Studies made on the crayfish

species Procambarus clarkii (Figler et al. 1999) and Pacifastacus leniusculus (Ranta and

Lindström 1992) reported that competition for resources and predatory interactions among

juvenile crayfish increased the heterogeneity of size during cultivation.

In nature, C. quadricarinatus and other Australian crayfish are found in either rocky or

sandy areas, as well as in areas with aquatic vegetation or fallen timber in the water.

Juveniles prefer the shores of rivers and use stones as refuge to protect themselves from

predation or attacks by conspecifics (Jones and Ruscoe 2001; Molony and Bird 2005). It

Fig. 3 Substrate preference of
advanced juveniles (1 g)
previously expose to one of the
four substrates during 120 days.
The columns represent the
average time, in hours, spent
during the 24-h experiment in
each substrate of the
experimental arena: glass, plastic
mesh, stones and sand
(represented in the x axis). Bars
show standard errors (SE).
Different letters (a, b) represent
statistically significant
differences (P \ 0.01) between
substrates
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has been suggested that these habitat may also play an important role in providing refuge

during ecdysis, when vulnerability to predation is heightened (Lowery 1988; Fielder and

Thorne 1990; Smallridge 1994).

Previous studies with C. quadricarinatus have clearly stated the relevance of providing

suitable habitats for early juveniles during their culturing, also showing the ability of this

species for displaying clear preferences for some of the types of habitats offered

(Du Boulay et al. 1993; Jones 1995a, b; Karplus et al. 1995). In this study, juveniles

showed marked preference for stones over the other substrates independently of body size

or acclimation to a particular substrate. It is feasible that a nutritional or behavioral

response to a substrate similar to the one found in nature (among all substrates tested in this

study stones were the most natural substrate for this species) increased the growth and molt

rate of these juveniles.

Therefore, with the aim of improving the growth of juvenile C. quadricarinatus in

cultivation systems, it is recommended the use of stones as substrate especially for early

juveniles kept in hatcheries. Nevertheless, future studies should consider the presence of

adequate shelters that allow the development of a more complex environment. Such an

environment would decrease aggressive interactions and cannibalism, improving survival

rate of juveniles especially in early stages of their lives when mortality is higher than

advanced juveniles.
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Sáez-Royuela M, Carral JM, Celada JD, Pérez JR (2001) Effects of shelter type and supply frequency on
survival and growth of stage-2 juvenile white clawed crayfish (Austropotamobius pallipes Lereboullet)
under laboratory conditions. Aquac Int 9:489–497

Smallridge M (1994) Use of shelters in freshwater crayfish farming. Freshw Farmer 2(2):10–11 (Australia)

724 Aquacult Int (2010) 18:717–724

123


	Substrate selection and effect of different substrates  on survival and growth of juveniles of the freshwater crayfish Cherax quadricarinatus (von Martens 1868) (Decapoda, Parastacidae)
	Abstract
	Introduction
	Materials and methods
	Evaluation of the substrate type
	Substrate preference

	Results
	Evaluation of the substrate type
	Substrate preference

	Discussion
	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


