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Abstract The effects of four modes of diel temperature-fluctuation with two designated

fluctuating temperatures (15 ± 3�C and 18 ± 3�C) on the growth and energy budget of

young sea cucumber, Apostichopus japonicus Selenka, were studied to develop a highly

efficient temperature-control scheme for aquaculture of the species. Sea cucumbers with a

mean wet body weight of 8.0 ± 1.2 g (mean ± SD) were allocated to each treatment

randomly with five replicates. After a 38-day trial, specific growth rate (SGR) and food

conversion efficiency (FCE) decreased with increasing temperature in constant-tempera-

ture treatments. Among the four modes of temperature fluctuation, SGR of sea cucumbers

reared under a mode which simulated the natural fluctuation of the temperature (mode C)

of seawater was significantly higher than that of sea cucumbers reared at the corresponding

constant temperatures. This enhancement of growth rate by use of mode C was attributed

to higher FCE and lower energy allocated to respiration and feces. In large-scale culture, a

temperature-control mode designed based on mode C could enhance not only growth but

also efficiency of food utilization by the young sea cucumber.

Keywords Energy budget � Temperature-fluctuation mode � Growth �
Sea cucumber

Introduction

As a commercially important echinoderm in China, sea cucumber Apostichopus japonicus
Selenka has become an increasingly important aquaculture species in the last decade. The

total area devoted to sea cucumber farming has reached 10,000 ha in China, and output of

the dried A. japonicus (beche-de-mer) reached 5,800 tons in 2000 (Chen 2004). As

reported after previous studies, water temperature is an important physical factor affecting

the metabolism (Yang et al. 2005), growth, and physiological performance of the sea
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cucumber (Dong et al. 2005). The optimum temperature for growth of young A. japonicus
is between 15 and 18�C (Liao 1997) and metabolism increases with increasing temperature

until the sea cucumber enters a state of estivation (Ji et al. 2008). Compared with constant

temperature, fluctuation of temperature can affect growth of sea cucumber dramatically.

Appropriate mean temperatures and amplitude of temperature fluctuation can enhance the

growth of sea cucumber and improper designs can significantly retard its growth (Dong

et al. 2006). Besides the mean temperature and thermal amplitude, the mode of temperature

fluctuation is another important aspect of temperature fluctuation design (Alderdice 1976;

Spigarelli et al. 1982) and the effects of temperature-fluctuation mode on growth of the sea

cucumber are still not well understood.

Conventionally, young sea cucumbers are reared indoors during their first year. In

winter, the temperature of natural seawater is often below 5�C in the aquaculture region of

A. japonicus. It is, therefore, necessary to heat the rearing water to satisfy the requirements

of the young sea cucumber. In order to develop a highly efficient temperature-control

scheme, in this study we studied the responses of A. japonicus to different modes of

temperature fluctuation by measuring specific growth rate (SGR) and energy budget.

Materials and methods

Source of animals

Test juvenile sea cucumbers were sampled at 15�C from Zhen-dong Aquaculture Corpo-

ration, Wei-hai, Shandong Province, P.R. China.

Acclimation and rearing conditions

Prior to the experiment, sea cucumbers were allocated to several fiberglass tanks with

natural seawater and continuous aeration, and acclimated at 15�C for 10 days.

Temperature was controlled by the methods of Dong et al. (2006). For constant above-

room-temperature treatments, the temperature of the water bath was regulated by use of a

thermostat, which controlled the on/off switch of a 1,500 W electric heater. For fluctuating

and below-room-temperature treatments, the temperature of the water bath was regulated by

a laboratory-designed temperature-control system. This system was composed of a pro-

grammed temperature controller, a heater, a refrigerator, a recirculation pump, and a cold

water reservoir; temperature control was achieved by alternately pumping cold water and

heating the water, controlled by the programmed temperature-controller. Aeration was

provided continuously and one-third of the water volume in all the experiment tanks was

exchanged every day. Dissolved oxygen was maintained above 4.0 mg l-1. A simulated

natural photoperiod cycle of 12 h light:12 h dark was used. During acclimation, juvenile sea

cucumbers were fed twice a day (0800 and 1800) with pieces of formulated feed made from

a mixture of commercial feed (Liuhe Marine Tech., Qingdao, China) and sodium alginate.

The composition of the feed was: 17.38 ± 0.22% crude protein, 1.67 ± 0.14% crude lipid,

22.89 ± 0.25% ash, and 9.31 ± 0.52% moisture; energy per unit was 8.55 kJ g-1.

Experimental design and procedure

After 10-day acclimation and 24 h starvation, the initial body wet weights of the sea

cucumbers were measured individually. Then 55 individuals (8.0 ± 1.2 g) were randomly
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selected and dried at 65�C to constant weight to measure the initial energy content. A total

of 275 individuals were randomly assigned to 55 aquaria filled with 30 l seawater

(450 9 250 9 350 mm). Five individuals were allocated to each aquarium. Four modes

(A, B, C and D) at two mean temperatures (15 ± 3�C and 18 ± 3�C) of diel fluctuating

temperature (15A, 15B, 15C, 15D, 18A, 18B, 18C, and 18D) were designed (Fig. 1). Three

constant-temperature treatments (15, 18, and 21�C) were designed as constant temperature

controls. There were five replicates in each treatment. No significant difference of initial

body weight was found among the treatments (P [ 0.05).

During the course of the experiment the daily supply of feed was precisely weighed and

recorded. Feces were collected by siphon in time to avoid decomposition. Collected

uneaten feed and feces were dried at 65�C and kept for further analysis. After the 38-day

trial, all the specimens were weighed after 24 h starvation and dried at 65�C for 48 h for

analysis of energy and nitrogen content.

Energy determination and estimation of energy budget

The energy content of the food, sea cucumber bodies, feed, and feces were measured with a

Parr (USA) 1281 oxygen bomb calorimeter. The energy budget was calculated by use of

the equation (Carfoot 1987; An et al. 2007):

C ¼ Gþ F þ U þ R

where C is the energy consumed in food, G the energy used for growth, F the energy lost in

feces, U the energy lost in excretion, and R the energy used for respiration. The values of C
and F can be calculated from the weight of the samples of food intake, feces weight, and

their energy content per gram. G can be calculated by use of the equation:

G ¼ Fw � Efð Þ � Iw � Eið Þ

Fig. 1 Diagram of the four modes of diel temperature fluctuation. The photoperiod regime is depicted by
the horizontal white (light period) and black (dark period) bars. Tmax, Tavg, and Tmin represent the maximum,
average, and minimum temperatures of the designed temperature fluctuations
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where Fw and Iw are the final body weight and initial body weight, respectively, of the sea

cucumbers and Ef and Ei are, respectively, the energy content per gram of final body and

initial body of the sea cucumbers.

The nitrogen content of the sea cucumber bodies, food, and feces was measured with an

Elementar (Germany) VarioEL III elemental analyzer. Estimation of U was based on the

nitrogen budget equation (Levine and Sulkin 1979):

U ¼ CN � GN � FNð Þ � 24,830

where CN is the nitrogen consumed in food, FN the nitrogen lost in feces, GN the nitrogen

deposited in the body, and 24,830 is the energy content (J g-1) of excreted nitrogen.

The value of R was calculated using the energy budget equation:

R ¼ C � G� F � U

Data analysis

Specific growth rate in terms of weight (SGRw) and energy (SGRe), feed intake (FI), and

food conversion efficiency (FCE) in terms of weight (FCEw) and energy (FCEe) were

calculated as:

SGRw (% day-1) = 100 9 (ln W2 – ln W1)/D
SGRe (% day-1) = 100 9 (ln E2 – ln E1)/D
FI (% body weight day-1) = 100 9 F/[D 9 (W2 ? W1)/2]

FCEw (%) = 100 9 (W2 - W1)/F
FCEe (%) = 100 9 (E2 - E1)/Fe

where W2 and W1 are, respectively, the final and initial wet body weight of the sea

cucumbers, E2 and E1 the final and initial body energy, respectively, of the sea cucumbers,

D the duration of the experiment, F the total food taken by sea cucumbers during the whole

experiment, and Fe the total energy taken by sea cucumbers from food during the whole

experiment.

The data were analyzed using the SPSS for Windows statistical package (Version 10.0;

SPSS, Chicago, IL, USA). Inter-treatment differences of SGRw, SGRe, FI, FCEw, and

FCEe were analyzed by one-way ANOVA followed by post-hoc Duncan multiple-range

tests. Differences were considered significant if P \ 0.05.

Results

Growth

Among constant-temperature treatments, the relationship between SGR (SGRw and SGRe)

and temperature (T) (from 15 to 21�C) could be described by the regression equations:

SGRw = 1.043 - 0.032T (R2 = 0.704, P \ 0.01 n = 15)

SGRe = 0.531 - 0.013T (R2 = 0.610, P \ 0.01 n = 15)

According to these equations, the growth of sea cucumber A. japonicus decreased with

increasing temperature when the temperature was above 15�C.

The SGRw in treatments 15C and 18C were significantly higher than in the other

treatments at the same average temperature (P \ 0.05) (Fig. 2a). The SGRe of the sea
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cucumbers in the 18C treatment was significantly higher than that in the other treatments

except in the 18D treatment (P \ 0.01) (Fig. 2b).

Food intake (FI) and food conversion efficiency (FCE)

There was no significant difference in FI among different modes of temperature fluctuation

and constant temperatures (P [ 0.05).

At a mean temperature of 15�C, FCEw and FCEe of the sea cucumbers in treatment 15C

was significant higher than that of the sea cucumbers in treatments 15A, 15B, 15D, and

15�C constant temperature. At a mean temperature of 18�C, FCEw and FCEe for treatment

18C were significantly higher than for the other treatments (P \ 0.05) (Fig. 3).

Energy allocation

The energy budget for the tested sea cucumbers changed among the different temper-

ature regimes (Table 1). At a mean temperature of 15�C, the ratio G/C in treatment 15C

was significantly higher than that in the other modes. The ratio F/C in treatment 15C

Fig. 2 The effects of patterns of diel fluctuating temperature on the SGRw and SGRe of the sea cucumber,
Apostichopus japonicus for temperature regimes (a) 15 ± 3�C and (b) 18 ± 3�C. Histograms sharing a
common letter are not significantly different (P [ 0.05)
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was significantly lower than that in treatments 15A and 15D (P \ 0.01). Except for sea

cucumbers in treatment 15B, the ratio R/C for sea cucumbers reared at fluctuating

temperatures was significantly lower than that for sea cucumbers reared at constant

temperature (15�C) (P \ 0.05).

At a mean temperature of 18�C, the ratio G/C in treatment 18C was significantly higher

than those in the other treatments (P \ 0.05). R/C ratios in treatments 18A, 18C, and 18D

were significantly lower than that for the constant temperature of 18�C (P \ 0.05). The

ratio F/C in treatment 18C was significantly lower than that in 18A and 18D (P \ 0.05).

Discussion

Fluctuating temperatures can significantly affect the growth of the young sea cucumber A.
japonicus, depending on the mean temperature and the amplitude of temperature fluctu-

ation (Dong et al. 2006). Compared with the corresponding constant temperatures, growth

rate increased for fluctuating temperatures with the mean temperature below the constant

temperature optimum for growth (18�C) and decreased for fluctuating temperatures when

the mean temperature was above 18�C.

Fig. 3 The effects of patterns of diel fluctuating temperature on the FCEw and FCEe of the sea cucumber
Apostichopus japonicus in the temperature regimes (a) 15 ± 3�C and (b) 18 ± 3�C. Histograms sharing a
common letter are not significantly different (P [ 0.05)
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To set up a more favorable temperature-fluctuation scheme, it is necessary to investigate

the effect of mode of temperature fluctuation on growth of the sea cucumber A. japonicus.

In this experiment, the modes of temperature fluctuation could affect growth of juvenile A.
japonicus. Among the four modes of temperature fluctuation, the growth rate of sea

cucumber in mode C was significantly higher than that for the corresponding constant

temperatures. The other three modes, however, had no significant effect on growth of the

sea cucumber. As reported after a previous study (Wei et al. 2004) and our observation

(Meng and Dong unpublished data), the minimum and maximum values of water tem-

perature in Jiaozhou Bay (120�070 E–120�270 E, 35�520 N–36�130 N) occurred at 0000 and

1400, respectively. The temperature-change mode is similar to that of mode C. Therefore,

the higher growth rate of young sea cucumbers for mode C may be a evolutionary

adaptation to natural seawater temperature.

Previous studies attributed the increase in growth under fluctuating temperature con-

ditions to enhanced food intake (Diana 1984), reduced metabolism (Tian et al. 2004), and a

change in the pattern of energy allocation (Cox and Coutant 1981; Konstantinov et al.

1989; Pilditch and Grant 1999). In this study, the values of FCE in mode C were signif-

icantly higher than for the other modes and the corresponding constant temperatures. This

result indicates that sea cucumbers reared under optimum temperature-fluctuation condi-

tions can utilize feed with greater efficiency. The data for energy allocation showed that

sea cucumbers allocated more energy to growth and less energy to respiration when the

mode of temperature fluctuation was optimum (Table 1). Energy allocated to feces was

also different for different modes of temperature fluctuation, and the energy allocated to

feces for sea cucumbers reared in mode C was significantly lower than that for the sea

cucumbers reared in modes A and D.

Use of cDNA microarray analysis to examine changes in gene expression reveals that

fluctuating temperature can affect cell growth and proliferation (Podrabsky and Somero

2004). At an appropriate fluctuation temperature, possible greater utilization of

Table 1 Energy budget for young Apostichopus japonicus for different modes of temperature fluctuation
with mean temperatures 15 or 18�C and constant temperature of 15 or 18�C

Treatment G/Ca F/Cb U/Cc R/Cd

15A 33.83 ± 3.43ab 26.48 ± 1.97b 7.36 ± 0.54ab 32.44 ± 3.49a

15B 35.60 ± 3.06b 24.34 ± 1.24ab 6.71 ± 1.28ab 33.41 ± 2.28ab

15C 39.35 ± 2.58c 22.97 ± 0.76a 6.21 ± 1.25a 31.44 ± 1.10a

15D 34.23 ± 1.81ab 26.67 ± 2.15b 7.83 ± 0.51b 31.44 ± 2.72a

15�C 31.48 ± 2.67a 24.11 ± 1.95a 7.24 ± 1.29ab 36.24 ± 2.04b

18A 30.80 ± 1.52a 26.00 ± 2.39b 7.43 ± 0.33a 35.82 ± 2.07a

18B 30.98 ± 1.04a 24.63 ± 1.72ab 6.48 ± 1.49a 37.91 ± 1.70ab

18C 34.44 ± 1.61b 22.58 ± 1.14a 6.26 ± 0.48a 36.76 ± 1.64a

18D 30.90 ± 3.22a 25.32 ± 2.06b 7.44 ± 0.71a 36.37 ± 1.40a

18�C 30.99 ± 1.74a 23.54 ± 1.05ab 6.13 ± 1.57a 39.32 ± 1.53b

Values (expressed as mean ± SE, n = 5) with different lower case letters in the same column are signif-
icantly different from each other (P \ 0.05)
a G/C (%) = (Energy for growth)/(energy consumed in food)
b F/C (%) = (Energy for feces)/(energy consumed in food)
c U/C (%) = (Energy for excretion)/(energy consumed in food)
d R/C (%) = (Energy for respiration)/(energy consumed in food)
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carbohydrate in the glycolytic cycle was found in our previous work (Dong et al. 2008),

and for the large temperature fluctuation a higher level of Hsp70 indicated a possible high

level of protein damage which might result in increased energy cost that could retard

growth of sea cucumbers. In this study, different modes of temperature fluctuation might

have different effects on gene expression and protein synthesis. More detailed studies are

necessary to elucidate the biochemical and molecular mechanisms which affect the growth

of the sea cucumber at fluctuating temperatures.

In conclusion, a temperature-control mode designed according to mode C, which

simulates the natural fluctuation of the temperature of seawater, could significantly

accelerate growth of juvenile sea cucumber A. japonicus. Growth rate was enhanced

because less energy was allocated to respiration and feces. In culture of the sea cucumber,

the temperature-control scheme designated mode C can enhance not only growth, but also

efficiency of food utilization by the young sea cucumber.

Acknowledgments We thank Dr F. Wang for her technical support. We are grateful to X.W. Ren, F. Liu
and C.Y. Ma for their help. The National Natural Science Foundation of China (grant no. 30400333,
30771661) supported this study.

References

Alderdice DF (1976) Some concepts and descriptions of physiological tolerance, rate-temperature curves of
poikilotherms as transects of response surfaces. J Fish Res Board Can 33:299–307

An ZH, Dong YW, Dong SL (2007) Temperature effects on growth-ration relationships of juvenile sea
cucumber Apostichopus japonicus (Selenka). Aquaculture 272:644–648. doi:10.1016/j.aquaculture.
2007.08.038

Carfoot TH (1987) Animal energetics. Academic, New York
Chen JX (2004) Present status and prospects of sea cucumber industry in China. In: Lovatelli A, Conand C,

Purcell S, Uthicke S, Hamel JF, Mercier A (eds) Advances in sea cucumber aquaculture and man-
agement. FAO Fisheries Technical paper, No 463, Rome, pp 25–38

Cox DK, Coutant CC (1981) Growth dynamics of juvenile striped bass as functions of temperature and
ration. Trans Am Fish Soc 110:226–238. doi :10.1577/1548-8659(1981)110\226:GDOJSB[2.0.CO;2

Diana JS (1984) The growth of largemouth bass, Micropterus salmoides (Lacepede), under constant and
fluctuating temperatures. J Fish Biol 24:165–172. doi:10.1111/j.1095-8649.1984.tb04787.x

Dong YW, Dong SL, Tian XL, Zhang MZ, Wang F (2005) Effects of water temperature on growth,
respiration and body composition of young sea cucumber Apostichopus japonicus. J Fish Sci China
12(1):33–37 (in Chinese with English abstract)

Dong YW, Dong SL, Tian XL, Wang F (2006) Effects of diel temperature fluctuations on growth, oxygen
consumption and proximate body composition in the sea cucumber Apostichopus japonicus Selenka.
Aquaculture 255:514–521. doi:10.1016/j.aquaculture.2005.12.013

Dong YW, Dong SL, Ji TT (2008) Effect of different thermal regimes on growth and physiological
performance of the sea cucumber Apostichopus japonicus Selenka. Aquaculture 275:329–334. doi:
10.1016/j.aquaculture.2007.12.006

Ji TT, Dong YW, Dong SL (2008) Growth and physiological responses in the sea cucumber, Apostichopus
japonicus Selenka: aestivation and temperature. Aquaculture 283:180–187. doi:10.1016/
j.aquaculture.2008.07.006

Konstantinov AS, Zdanovich VV, Kalashnikov YN (1989) Effects of temperature variation on the growth of
eurythermous and stenothermous fishes. J Ichthyol 28:61–67

Levine DM, Sulkin SD (1979) Partitioning and utilization of energy during the larval development of the
xanthid crab, Rithropanopeus harrisii (Gould). J Exp Mar Biol Ecol 40:247–257. doi:10.1016/
0022-0981(79)90054-6

Liao YL (1997) Phylum Echinodermata, class Holothuroidea. In: Zhu HF (ed) Fauna sinica. Science,
Beijing, 334 pp

Pilditch CA, Grant J (1999) Effects of temperature fluctuations and food supply on the growth and
metabolism of juvenile sea scallops Placopecten magellanicus. Mar Biol (Berl) 134:235–248. doi:
10.1007/s002270050542

466 Aquacult Int (2009) 17:459–467

123

http://dx.doi.org/10.1016/j.aquaculture.2007.08.038
http://dx.doi.org/10.1016/j.aquaculture.2007.08.038
http://dx.doi.org/10.1111/j.1095-8649.1984.tb04787.x
http://dx.doi.org/10.1016/j.aquaculture.2005.12.013
http://dx.doi.org/10.1016/j.aquaculture.2007.12.006
http://dx.doi.org/10.1016/j.aquaculture.2008.07.006
http://dx.doi.org/10.1016/j.aquaculture.2008.07.006
http://dx.doi.org/10.1016/0022-0981(79)90054-6
http://dx.doi.org/10.1016/0022-0981(79)90054-6
http://dx.doi.org/10.1007/s002270050542


Podrabsky JE, Somero GN (2004) Changes in gene expression associated with acclimation to constant
temperatures and fluctuating daily temperatures in an annual killifish Austrofundulus limnaeus. J Exp
Biol 207:2237–2254. doi:10.1242/jeb.01016

Spigarelli SA, Thomas MM, Prepejchal W (1982) Feeding, growth, and fat deposition by brown trout in
constant and fluctuating temperatures. Trans Am Fish Soc 111:199–209. doi :10.1577/1548-
8659(1982)111\199:FGAFDB[2.0.CO;2

Tian XL, Dong SL, Wang F, Wu LX (2004) The effects of temperature changes on the oxygen consumption
of Chinese shrimp, Fenneropanaeus chinensis (Osbeck). J Exp Mar Biol Ecol 310:59–72. doi:
10.1016/j.jembe.2004.04.002

Wei H, Wang HT, Liu Z (2004) Calculation of mixing parameters in Jiaozhou bay by intensive observation
of hydrographic factors. Period Ocean Univ China 34:737–741 (in Chinese with English abstract)

Yang HS, Yuan XT, Zhou Y, Mao YZ, Zhang T, Liu Y (2005) Effects of body size and water temperature
on food consumption and growth in the sea cucumber Apostichopus japonicus (Selenka) with special
reference to aestivation. Aquacult Res 36:1085–1092. doi:10.1111/j.1365-2109.2005.01325.x

Aquacult Int (2009) 17:459–467 467

123

http://dx.doi.org/10.1242/jeb.01016
http://dx.doi.org/10.1016/j.jembe.2004.04.002
http://dx.doi.org/10.1111/j.1365-2109.2005.01325.x

	A high-performance temperature-control scheme: growth of sea cucumber Apostichopus japonicus �with different modes of diel temperature fluctuation
	Abstract
	Introduction
	Materials and methods
	Source of animals
	Acclimation and rearing conditions
	Experimental design and procedure
	Energy determination and estimation of energy budget
	Data analysis

	Results
	Growth
	Food intake (FI) and food conversion efficiency (FCE)
	Energy allocation

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


