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INTRODUCTION

According to season and topography, the timing and duration
of sunset and sunrise changes. The behavior of the organisms
that depend on sunset and sunrise for information changes
with respect to the sunrise and sunset. The circadian rhythm
of the organism exhibits comparable variation with sunset
and sunrise in different seasons. This has been fairly seen in
several avian and mammalian species, including bat of
temperate region (Esterla, 1973; Bateman and Vaughan, 1974;
Fenton and Kunz, 1977; Anthony et al., 1981). Conservation
of various bat species depend on an in depth study on their
daily and migratory behavior (Vendan et al., 2008). Some
information on the daily onset and end of activity of tropical
cave dwelling bats is available (Subbaraj and
Chandrashekaran, 1977; Usman, 1981; Marimuthu, 1984;
Vaughan and Vaughan, 1986; Biswas and Kanoje, 1992;
O’Brien et al., 1993). Therefore the present study was
undertaken to observe the emergence and returning activities
in a cave dwelling Fulvous fruit bat (Rousetteus lechenaulti)
in two isolated caves of Orissa state, India.

MATERIALS AND METHODS

Study site

Two caves namely Udayagiri in Bhubaneswar and Ganesh
cave, Hinjilikatu, Orissa were selected for observations.

Udayagiri cave (Lat 20°15’ N, Long 85°47’ E) is located atop

Approximately 330 cave dwelling bats of Udayagiri cave in Bhubaneswar and 170 bats of Ganesh cave,
Hinjilikatu in Orissa, India were observed during four different season’s spring, summer, Autumn and Winter.
The longest pre emergence activity was recorded on June 21, 2009 for Ganesh cave and on June 22, 2009 for
Udayagiri cave. The shortest pre emergence activity was recorded on December 20, 2009 for Ganesh cave and
on December, 21, 2009 for Udayagiri cave. Significant correlation (p <0.05) was observed between the pre
emergence activity and length of the day during all the seasons of study. The intensity of the emergence activity
increased sharply and then declined slowly in both the caves. Statistically significant correlation (p <0.05)
was observed between the timing of emergence of first bat and the time of sunset in both the caves. The timing
of end activity (the time when the last bat returned) precisely preceded the timing of sunrise (of next day)
irrespective of the month of study. A statistically significant correlation (p <0.05) was observed between the
timing of return of the last bat and the time of sunset. Diurnal rhythm in the activity patterns of the bat colonies
were greatly influenced by natural light- dark cycle, temperature and availability of food.

Kumari parvat on Kumari hill at an altitude of 82 m from MSL.
Udayagiri cave is a combination of natural cavern and cared
structure of sandstone. There are total 18 caves of which two
storied Ranigumpha cave was selected for present study. The
cave has two openings, each opening leads to a singe inner
chamber. The inner chamber is 3-7 m in width, 15-20 m in
length and %2 to 1 and 2 m in height. There are 3 large holes
leads to tunnels about 2 m diameter and 1 to 5m long. Many
small holes and crevices are also there. Shelves like structures
are also present. Out of three large tunnels, one tunnel is very
moist throughout the year and in rainy season it is flooded
with rain water. Except two entrances, there is another very
small outlet of the inner chamber. The temperature inside the
cave remains constant throughout the year (28 +2°C). A
colony of about 330 bats (Rousetteus lechenaulti) inhabits
this cave as there roosting site.

The second study site Ganesh cave (Lat 19°29’ N, Long 84°44’
E) near Hinjilikatu at an altitude of 172 m from MSL atop
Mendhamara hill, in Ganjam district of Orissa. A small crevice
is the entrance of this cave. The main chamber leads to two
downward small chambers and two upward large crevices
.One of the crevices open outside through a tunnel like
opening. A colony of about 170 bats (Rousetteus lechenaulti)
inhabits this cave as the roosting site.

The timing of emergence and return of the first bat were
recorded visually using a hand tally counter (Vendan et al.,
2008) during dusk and dawn respectively at the mouth of the
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caves during different seasons, Winter (December), Spring
(March), Summer (June) and Autumn (September).
Observations were made during dusk and dawn until the last
bat emerged or returned. The total number of bats emerged or
returned during a single daily (dusk of a day with dawn of the
next day) activity cycle was noted.

The median timings (m) of emergence or return were computed
for calculating the phase angle difference for median
emergence (PDM) in relation to seasonal variations in the
timings of sunset(c) and sunrise(y). In case of sunset, PDM =
m-c and in case of sunrise, PDM= m-y (Biswas and Kanoje,
1992).

RESULTS

Figs. 1 to 4 (23 March 2009, 22 June, 09, 21 September, 09
and 21 December, 09) and Figs. 5 to 8 (22 March 2009, 21
June, 09, 20 September, 09 and 20 December, 09) represent
daily exodus of bat of Udayagiri and Ganesh cave respectively.

Figs. 9 to 10 (24 March 2009, 23 June, 09, 22 September, 09
and 22 December, 09) and Figs. 11 to 16 (23 March 2009, 22
June, 09, 21 September, 09 and 21 December, 09) represent
the daily return of bat of Udayagiri and Ganesh cave
respectively.

Pre emergence activity

The time of pre emergence activity (a) was recorded just prior
to the beginning of sunset during all the four seasons. The
length of the pre emergence activity was found to be different
during different months of study. PEAD (pre-emergence activity
duration) = b-a, where “b” is the time of emergence of first bat
and “a” is the time of start of pre-emergence activity. The longest
pre emergence activity was recorded on June 21, 2009 for
Ganesh cave of Hinjilikatu and June 22, 2009 for Udayagiri
cave of Bhubaneswar and shortest on December, 20, 2009
for Ganesh cave of Hinjilikatu and December, 21, 2009 for
Udayagiri cave, Bhubaneswar. The length of the pre emergence
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activity was statistically analyzed by using correlation test and
found to be significant with the length of the day. (For Udayagiri
cave r= 0.87, p<0.05, Fig. 19; for Ganesh cave r=0.84,
p<0.05, Fig. 20).

Emergence activity

In the beginning, emergence of bats occurs singly or in small
groups. The intensity of the emergence activity increased
rapidly and then declined slowly in both the caves. Median
timings (m) of emergence activities were computed and phase
angle difference were determined in relation to respective
sunset timings during different months under study.

A statistically significant linear relationship was observed
between the timing of emergence of first bat and the time of
sunset (For Udayagiri cave r= 0.82, (p<0.05), Fig. 21; for
Ganesh cave r=0.87, p<0.05, Fig. 22).

Return activity

The timing of end activity(x) (the time when the last bat returned)
precisely preceded the timing of sunrise (of next day)
irrespective of the month of study. A statistically significant
correlation was observed between the timing of return of the
last bat and the time of sunset. (For Udyagiri cave r= 0.84,
(p<0.05), Fig. 23; for Ganesh cave r=0.82, p<0.05, Fig. 24).

DISCUSSION

The activity of animals are very much dependant on the timing
of sunrise and sunset. In nocturnal animals the sunset and
sunrise timings is most important factor for beginning and for
end of activity respectively. (Davis and Dixon, 1976; Erkert,
1982). The bats are nocturnal mammals and depends more
upon auditory rather than visual stimuli (Griffin, 1958;
Vaughan, 1976). Therefore, the relationship between bats
exodus flight activity and daily light cycle are of great interest.

Under natural day length condition the onset of emergence
activity in Hipposideros speonis at lower latitude (Madurai,
Lat 9°58’ N, Long 78°10’ E) was found to occur within a
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Figure 1 and 2: (for Udayagiri cave) x axis represnets time, y axis represented by bar, the total number of bats leave the cave over 5 minutes.
The arrow marking a, b,c in each column indicates the time of pre emergence activity, emergence of 1st bat and time of sunset respectively.PEAD =
pre existing activity duration (b-a). PDM =phase angle differences for median emergence (m-c)
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Figure 3 and 4: (for Udayagiri cave) x axis represnets time, y axis represented by bar, the total number of bats leave the cave over 5 minutes.
The arrow marking a, b,c in each column indicates the time of pre emergence activity, emergence of 1st bat and time of sunset respectively.PEAD =
pre existing activity duration (b-a). PDM =phase angle differences for median emergence (m-c)
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Figure 5 and 6: (for Ganesh cave) x axis represnets time, y axis represented by bar, the total number of bats leave the cave over 5 minutes. The
arrow marking a, b,c in each column indicates the time of pre emergence activity, emergence of 1st bat and time of sunset respectively.PEAD =
pre existing activity duration (b-a). PDM = phase angle differences for median emergence (m-c)
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Figure 7 and 8: (for Ganesh cave)ngeaxis represnets time, y axis represented by bar, the total number of bats leave the cave over 5 minutes. The
arrow marking a, b,c in each column indicates the time of pre emergence activity, emergence of 1st bat and time of sunset respectively.PEAD =
pre existing activity duration (b-a). PDM = phase angle differences for median emergence (m-c)
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Figure 9 and 10: (for Udayagiri cave) x axis represnets time, y axis represented by bar, the total number of bats
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return to the cave over 5

minutes. The arrow marking x, y in each column indicates the time of returning of last bat and time of sunrise respectively. PDM = phase angle

differences for median emergence (m-y)
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and 12: (for Udayagiri cave) x axis represnets time, y axis represented by bar, the total number of bats return to the cave over 5

minutes. The arrow marking x, y in each column indicates the time of returning of last bat and time of sunrise respectively. PDM =phase angle

differences for median emergence (m-y)
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Figure 13 and 14: (for Ganesh cave) x axis represnets time, y axis represented by bar, the total number of bats return to the cave over 5 minutes.
The arrow marking x, y in each column indicates the time of returning of last bat and time of sunrise respectively. PDM =phase angle

differences for median emergence (m-y)
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Figure 15 and 16: (for Ganesh cave) x axis represnets time, y axis represented by bar, the total number of bats return to the cave over 5 minutes.
The arrow marking x, y in each column indicates the time of returning of last bat and time of sunrise respectively. PDM =phase angle
differences for median emergence (m-y)
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certain range of environmental light which varied over the
season. However, it was found to be independent of any fixed
threshold value of light (Davis and Dixon, 1976; Marimuthu,
1984). It was also found that the seasonal changes in the
timing of daily activity in tropical bat Hipposideros fulvus keep
pac with the different components of the changing light- dark
cycle during different seasons of the year (Biswas and Kanoje,
1992). But all the previous studies were conducted in single
study site. The present study was conducted in two different
caves at two different regions. The time lag between the onset
of pre emergence activity and emergence timing was fund to
be different during different seasons for the year for Rousetteus
lechenaulti at both the caves. The caves exhibited striking
similarities.

In this study the median timings for both the emergence and
returning activities have been completed and the phase angle
differences have been determined taking into consideration
median timings of these activities rather than the time when
the 1% bat emerged or the last bat entered in to the cave. The
central tendency in the behavioural pattern of the entire
population reflects the characteristic of a circadian oscillation

more precisely (Biswas and Kanoje, 1992). The spread of the
phase angle calculated was found to be minimum (10m in
Udayagiri cave, 11m in Ganesh cave) with respect to sunset
times. In contrast, in relation to sunrise timings the spread
phase angle was relatively more. On the basis of these
observations it could be concluded that the sunset timings are
more important for synchronization of the daily activity rhythm
of Rousetteus lechenaulti. Similar pattern of emergence has
been observed in different bat species by several authors (Licht
and Leitner, 1967; Usman, 1981; Erkert, 1982; Marimuthu,
1984; Speakman, 1990). Even median timing of emergence
and returning activity has been taken into consideration for
computation of the phase angles during different seasons of
the year (Vaughan and Vaughan, 1986; Biswas and Kanoje,
1992). Yet none has taken more than one study site of the two
different locations for new results.

Bats inhabiting temperate zone caves have been known to
undergo hibernation (Davis, 1970; Ransome, 1990; Fleming
and Eby, 2003; Cryan, 2003; Isabelle et al., 2009). Usually
the temperature of any cave reflects the annual mean
temperature of the particular area where the cave is located
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(Barr, 1968). Results of the present study clearly reveals that
Rousetteus lechenaulti does not undergo hibernation.
However, the duration of activity during winter months was
found to be greatly reduced. A marked difference in the intensity
of emergence and return during December in both the caves
(Figs. 17 and 18) suggest that the time duration for return is
relatively wider and spreads all over the night length. It shows
that the external temperature may be unfavorable for activity
of bats during winter but not bad enough for total suspension
of the activity. Similarly the unusual pattern in September
reflects that the temperature at night is very favorable to bats.
So the number of bats exits and return during night is very
common throughout the night.

ACKNOWLEDGEMENTS

We are very thankful to Dr. Siba P. Parida of Regional Museum
of Natural History, Bhubaneswar and Dr. Jayant Biswas of
National Cave Research and Protection Organization, Raipur
for their support and valuable inputs.

REFERENCES

Anthony, E. L. P., Stack, M. H. and Kunj, T. H. 1981. Night roosting
and the nocturnal time budget of the little brown bat Myotis lucifugus
: effect of reproductive status, prey density and environmental
conditions. Oecologia. 51: 151-56.

Barr, T. C. Jr. 1968: Evolutionary Biology (T. Dobzhancty, M. K.
Hecst, W. C. Steere Eds.) (2)35 Plenum Press, New York, London.
Bateman, G. C. and Vaughan, T. A. 1974. Nightly activities of
mormoopud bats. . Mamm. 55: 45-65.

Biswas J. and Kanoje, S.1992. Seasonal and photoperiodic control of
the activity and daily exodus of a colony of cave-dwelling bat. /.
Ravishankar Univ. Vol 4-5 No. B (Sc.) 91-92 pp 33-41.

Cryan, P. M. 2003. Seasonal distribution of migratory tree bats in
North America. J. Mammal. 84: 579-593.

Davis, W. H. 1970. Hibernation: Ecology and physiological ecology.
In Wimsatt, W. A., ed., Biology of bats, vol-I, Academic press. New
York. pp. 265-300.

Davis, W. B. and Dixon, . R. 1976. Activity of bats in a small village
cleaning near Iquitus, Peru. /. Mamm. 48: 222-23.

Erkert, H. G. 1982. Ecological aspects of bat activity rhythms. In Kunz,
T. H., Ed., Ecology of bats, Plenum press. New York. pp. 201-42.

Esterla, D. A. 1973. Ecology of the 18 species of chiroptera at Big
Bend National Park, Texas. Part-Il. Northwest Missuri state Unvi.
Studies. 34: 54-165.

Fenton, M. B. and Kunz, T. H. 1977. Movement and behavour in
bats. In Baker, Jones and Carter, 1977. pp. 351-64.

Fleming, T. H.and Eby, P. 2003. Ecology of bat migration. In: Kunz T.
H., Fenton M.B., eds. Bat ecology. Chicago: Univ. of Chicago press.
pp. 156-208.

Griffin, D. R. 1958. Listening in the dark: Yale Univ Pess New Havn.
pp. 413-27.

Isabelle, A. B., Safi, K. and Holland, R. A. 2009. Evidence for repeated
independent evolution of migration in the largest family of bats.
Plosone. 4(10): E7504.

Licht, P. and Leitner, P. 1967. Behavioral responses to light,
temperature in three species of bats. London: Christopher Helm Pub
Ltd. pp.77-85.

Marimuthu, G. 1984. Seasonal changes in the prevision of the circadian
clock of a tropical bat under natural photoperiod. Oecologia. 61:
352-58.

O’ Brien, G. M., Curlewis, J. D. and Martin, L. 1993. Effect of
photoperiod on the annual cycle of testis growth in a tropical mammal,
the little red flying fox, Pteropus scapulatus. J. Reprod. Fert. 98: 121-27.

Ransome, R. D. 1990. The natural history of hibernating bats. London:
Christopher Helm Pub Ltd. pp. 235.

Speakman, J. R. 1990. The function of daylight flying in British bats.
J. Zool. 220: 101-13.

Subbaraj, R. and Chandrashakaran, M. K. 1977. ‘Rigid’ internal timing
in the circadian rhythm of flight activity in a tropical bat. Oecologia.
29: 341-48.

Usman, K. 1981. Ecological and Ethological studies on the
Insectiverous bat. S. D. Publ. New Delhi. pp. 82-93.

Vaughan, T. A. 1976. Nocturnal behavior of the African false vampire
bat. . Mamm. 57: 227-48.

Vaughan, T. A. and Vaughan, R. P. 1986. Seasonality and behavior of
the African yellow-winged bat. L. . Mamm. 67: 91-102.

Vendan, S. E., Kaleeswaran, B., Bhaskar, K. and Anand, A. A. P.
2008. Conservation status for Indian flying fox Pteropus giganteus, in
Tamilnadu,South India, chapter 9 in wildlife biodiversity conservation,
Eds M. V. Reddy, D. P. H. Publ. New Delhi. pp. 81-91.








<<
  /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 /CMYK
  /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 <<
    /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


