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TWO SYNTOPIC COLUBRID SNAKES DIFFER IN THEIR ENERGETIC
REQUIREMENTS AND IN THEIR USE OF SPACE
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ABSTRACT: Spatial ecology is crucial to determining how animals exploit resources in their environment.
Snakes display highly varied energetic and space use strategies; we hypothesized that snakes with higher
energy demands are more mobile to fulfill their energy needs. We studied the spatial ecology of two syntopic
colubrid snakes (Hierophis viridiflavus and Zamenis longissimus) that show a marked divergence in
energetics. Specifically, we predicted that H. viridiflavus should be more active than Z. longissimus because
of its higher energy requirements. Because reproductive status also influences movement patterns, we
investigated its effect within each species. We indeed found that H. viridiflavus moved more frequently and
covered longer distances during the postreproductive period, probably because of foraging activity. Both
species displayed similar activity during the reproductive period, however. The extended movements during
the reproductive period may be related to mate-searching in males and egg-laying in females.

Key words: Activity; Energetics; Home range; Reproduction; Snakes; Spatial ecology

SPATIAL ECOLOGY is crucial to assessing the
exploitation of resources by animals (Schick et
al., 2008). Movement patterns may be dictated
by complex relations between various factors
defining how individuals optimize the access
to resources despite environmental variability
in space and time (Morales and Ellner, 2002;
Armsworth and Roughgarden, 2005; Bowler
and Benton, 2005; Christ et al., 2008). These
individual strategies depend on resource
availability as well as physiological require-
ments of species or individuals (e.g., diet,
energetics, thermal needs; Mace and Harvey,
1983). The lower energy needs of ectothermic
reptiles are apparent in their spatial ecology as
they generally exploit smaller areas and show
limited movement compared to similar-sized
endotherms (Pough, 1980; Shine et al., 2003).
Despite limited requirements, however, ener-
getics may drive activity and space use in
reptiles (Turner et al., 1969; Christian and
Waldschmidt, 1984; Perry and Garland, 2002;
Smith and Griffiths, 2009).

In snakes, interspecific divergence in energy
requirements can result in significant variation

in movement patterns and home range size
(Carfagno and Weatherhead, 2008). Metabo-
lism is a major biological rate that summarizes
the way that organisms process energy (Ho-
chachka and Somero, 2002) and is strongly
temperature dependent in ectotherms. There-
fore, energy requirements for maintenance
will be directly dependent on field body
temperatures (Secor and Nagy, 1994). Hence,
major differences in thermal strategies are
likely to translate in contrasted spatial ecology
in ectotherms. Spatial ecology can also be
influenced by individual characteristics such
as sex (e.g., Webb and Shine, 1997; Bonnet et
al., 1999; Blouin-Demers and Weatherhead,
2002; Fitzgerald et al., 2002; Whitaker and
Shine, 2003; Brown et al., 2005) and body size
(Shine, 1987; Whitaker and Shine, 2003; Roth,
2005; Blouin-Demers et al., 2007). Move-
ments may differ between genders during the
reproductive period because of sex-specific
activities: mate-searching in males (Secor,
1994; Aldridge and Brown, 1995; Bonnet et
al., 1999) and nesting site selection in females
(e.g., Madsen, 1984; Blouin-Demers and
Weatherhead, 2002; Brown et al., 2005).

In this paper, we tested the hypothesis that
interspecific variation in movement patterns
can be, at least in part, explained by variation
in energetic requirements. To do this, we
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compared the spatial ecology of two syntopic
colubrid snakes, the European Whipsnake
(Hierophis viridiflavus) and the Aesculapian
Snake (Zamenis longissimus). Both species
share major ecological traits as they are both
medium-sized, oviparous snakes that are
generalist predators feeding mostly on mam-
mals (Capizzi et al., 1995; Rugiero and
Luiselli, 1995; Rugiero et al., 2002; Capizzi
et al., 2008). However, they exhibit contrasted
thermal strategies and consequently diverge in
energy requirements (Lelièvre et al., 2010).
Specifically, we predicted that H. viridiflavus
should have larger home ranges, more fre-
quent movements, and longer mean distances
moved per day than Z. longissimus to satisfy
higher maintenance requirements resulting
from their selection of higher body tempera-
tures (Lelièvre et al., 2010). Because repro-
duction can be a major source of variation in
movement patterns in snakes (Blouin-Demers
and Weatherhead, 2002), we compared the
two species both during and after the
reproductive period. We are fully cognizant
of the limitations associated with comparative
studies of two species (Garland and Adolph,
1994), but given the rarity of rich radiotelem-
etry data sets on more than one species in a
given area, we think our study is still a useful
first step in testing the energetics hypothesis.

MATERIAL AND METHODS

Study Site and Species

We conducted our study at the Centre
d’Études Biologiques de Chizé in western
France (468070N, 008250W; datum¼WGS84),
a 2600-ha biological reserve. Hierophis viridi-
flavus and Z. longissimus are medio-European
sympatric colubrid snakes that frequently
occur in syntopy (Rugiero et al., 2002). Both
species have approximately equal body size
(»100–120 cm in snout–vent length [SVL])
and exhibit important overlap in diet (Lelièvre
et al., 2012). However, these two species
differ strongly in their range of preferred body
temperature (Tset): H. viridiflavus is a ther-
mophilic snake (Tset, 27.5–318C) whereas Z.
longissimus prefers cooler temperatures (Tset,
21.5–25.58C) and these differences are also
expressed in the field (Lelièvre et al., 2010).
Maintenance requirements are significantly

different and reflect the contrasted thermal
preference (Lelièvre et al., 2010).

Radiotelemetry

Snakes (SVL¼ 89.5 6 1.3 cm SE and body
mass ¼ 234.1 6 11.9 g SE in 32 H.
viridiflavus; 95.4 6 1.6 cm SE and 249.3 6
12.0 g SE in 32 Z. longissimus) were captured
under undulated concrete boards dispersed
throughout the study area. A radio-transmitter
(R1650, Advanced Telemetry Systems, Isanti,
USA) sterilized in diluted benzalkonium
chloride was surgically implanted in the
abdominal cavity of each snake under isoflur-
ane anesthesia (Reinert and Cundall, 1982).
Transmitter mass was less than 2% of snake
body mass. We kept snakes under observation
for 6 d and then released them at their exact
point of capture.

Snakes were located every 48 h during the
day from May until September in 2007 and in
2008 using a radio receiver (Yaesu FT-817,
Vertex Standard, Cypress, CA, USA) and a
portative Yagi antenna (Wildlife Track Inc.,
Livermore, CA, USA). We systematically
changed the relocation order of the snakes
to avoid sampling the same individual at the
same time of day every day. Upon locating a
snake, we recorded its position using a global
positioning system (GPS; eTrex, Garmin,
Olathe, KS, USA) at an estimated accuracy
of 5–10 m.

Data Analyses

We calculated mean daily distance moved as
the straight-line distance between the GPS
coordinates of successive telemetry locations
divided by the number of days elapsed
(usually two) using the Hawth extension in
ArcGIS 9.2 (ESRI, Redlands, CA, USA).
Frequency of movement was calculated as
the proportion of snake relocations more than
10 m from the previous location. We also
calculated the mean resting duration as the
number of successive days without moving
more than 10 m. To assess the effects of
reproduction on snake activity, we divided the
activity season into reproductive (May–June)
and postreproductive (July–September) peri-
ods (Bonnet et al., 1999).

Home ranges were calculated with 100%
minimum convex polygons (MCP) using Rang-
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es6 V1.2 (Anatrack, Wareham, Dorset, UK).
MCPs are simple to conceptualize, do not
require the data to have some underlying
statistical distribution (Powell, 2000), and do
not require the estimation of parameters (e.g.,
smoothing factor) that influence home range
size (Row and Blouin-Demers, 2006). Home
range size increased significantly with the
duration of radio-tracking (linear model: F1,62

¼ 7.13; P , 0.01). Hence, we performed an
incremental analysis in Ranges6 on the home
ranges estimated with the longest durations
(.60 d). This analysis revealed that snakes
followed for at least 58 d (i.e., 26 locations)
reached the asymptote in home range area
(Fig. 1). We then used the relationship between
the number of relocations and the proportion
of total home range size as a weighting factor to
estimate home range size when the number of
relocations was below 26 locations. We ensured
that weighted home range values were not
related to survey duration (linear model: F1,62¼
0.34; P¼0.56). Of the 32 H. viridiflavus and 32
Z. longissimus we tracked in 2007–2008, 12 H.
viridiflavus (8 males, 4 females) and 14 Z.
longissimus (9 males, 5 females) were tracked
for more than 60 d.

Habitat type may influence spatial ecology;
for instance, snakes could need to move more
in certain habitats if some habitats are less
productive than others. To control for this
effect, we calculated the mean proportions of
habitat available (grassland, scrubland, and
forest) in each home range using ArcGIS 9.2.
We then used the dominant habitat type to
categorize each home range and used this as a
control variable in our analyses.

Statistical analyses were performed with R
(The R Foundation for Statistical Computing,
Vienna, Austria). We used linear models or
linear mixed models with individual as random
effect when the number of contributions varied
among individuals (pseudoreplication) to test
whether differences were significant (with a¼
0.05). Results are presented as means 6 SE.

RESULTS

Movement Patterns

In both species, most of the distances
traveled between two successive relocations
were shorter than 100 m (Fig. 2). Particularly

long movements were observed in H. viridi-
flavus (eight observations .600 m, maximum
of 1628 m), but not in Z. longissimus (only two
observations .600 m, maximum of 768 m).
When snakes did not move between reloca-
tions, it was usually for less than 2 d (Fig. 3).
Resting duration was on average shorter in H.
viridiflavus than in Z. longissimus during the
postreproductive period (linear mixed model
with individual as random effect: P ¼ 0.05;
Table 1), but not during the reproductive
period (P¼0.85). No sex differences in resting
duration were detected within species neither
during the reproductive period (P¼ 0.09 in H.
viridiflavus; P ¼ 0.54 in Z. longissimus) nor
during the postreproductive period (P ¼ 0.41
in H. viridiflavus; P¼ 0.48 in Z. longissimus).

FIG. 1.—Incremental area analysis with all individuals
radio-tracked for more than 60 d (using Ranges6 software)
in Chizé, western France. Mean proportion of total home
range size is represented 695% confidence interval for
Zamenis longissimus (A.) and Hierophis viridiflavus (B.).
Long dashed line represents the 95% estimate of total size
which occurs at »55 d in both species.
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During the reproductive period, H. viridi-
flavus moved with similar frequency as Z.
longissimus (72% vs. 75% of relocations
respectively) and traveled similar daily dis-
tances (F1,51¼ 0.39, P¼ 0.54; Table 1; Fig. 4).
Males moved more frequently (80% vs. 65%
of relocations respectively) and traveled lon-
ger distances (43.5 6 8.0 m vs. 24.0 6 6.4 m
respectively; F1,25 ¼ 5.92, P ¼ 0.02) than
females in Z. longissimus, but the sex differ-
ence was not significant in H. viridiflavus
(70% vs. 74% of relocations; 48.3 6 13.8 m vs.
29.9 6 10.9 m; F1,24 ¼ 1.77, P ¼ 0.20).

During the postreproductive period, H.
viridiflavus moved more frequently (75% vs.
64% of relocations) and traveled longer
distances than Z. longissimus (F1,45 ¼ 4.38, P
¼ 0.04; Table 1). In both species, males and
females moved similarly following reproduc-
tion (for males and females, respectively: 64%
vs. 58% of relocations; 31.3 6 8.2 m vs. 24.9
6 7.1 m in Z. longissimus; F1,23 ¼ 0.79, P ¼
0.44; and 75% vs. 76% of relocations; 47.2 6
16.5 m vs. 32.0 6 14.9 m in H. viridiflavus;
F1,20 ¼ 0.85, P ¼ 0.37).

Home Ranges

We found no difference in estimated home
range size between H. viridiflavus and Z.
longissimus. Both methods gave similar re-
sults: using the whole data set with weighted
estimates (F1,62 ¼ 1.85, P ¼ 0.18; Table 1) or
using only animals tracked for more than 60 d

(F1,23 ¼ 1.14, P ¼ 0.30; Table 1). No sex
differences in home range area were observed
with the weighted data (for females and males
respectively: 5.23 6 4.87 ha vs. 14.99 6 5.88
ha in H. viridiflavus; F1,30 ¼ 2.76, P ¼ 0.11;
6.88 6 3.98 ha vs. 7.53 6 4.51 ha in Z.
longissimus; F1,30 ¼ 0.02, P ¼ 0.89) or for
animals tracked for more than 60 d (10.50 6
5.00 ha vs. 11.42 6 6.26 ha for H. viridiflavus;
F1,9 ¼ 0.02, P ¼ 0.89; 8.55 6 2.86 ha vs. 7.28
6 3.57 ha for Z. longissimus; F1,12¼ 0.13, P¼
0.73).

DISCUSSION

Our study confirmed that contrasted ther-
mal strategies in H. viridiflavus and Z.
longissimus translate in different movement
patterns. Following our predictions, spatial
ecology was correlated with both reproductive
and energetic demands in those species.
During the reproductive period, individuals
from both species, particularly males, moved
frequently and traveled longer distances.
Reproductive behavior may explain this sea-
sonal pattern (Bonnet et al., 1999; Row et al.,
2007; Sperry and Weatherhead, 2009). Mate-
searching can increase movement distances in
spring in males (Ciofi and Chelazzi, 1994;
Bonnet et al., 1999), but also in females
(Blouin-Demers and Weatherhead, 2002).
Females punctually travel long distances in
early summer to reach appropriate egg-laying

FIG. 2.—Frequency distribution of distances traveled
between two successive telemetry locations in syntopic
Zamenis longissimus (ZL) and Hierophis viridiflavus (HV)
in Chizé, western France.

FIG. 3.—Frequency distribution of resting durations in
syntopic Zamenis longissimus (ZL) and Hierophis viridi-
f lavus (HV) in Chizé, western France.
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sites (Blouin-Demers and Weatherhead, 2002;
Lowenborg et al., 2010). We did not assess
reproductive state in all tracked females, but
the two species are usually annual breeders in
our area. Frequent movements of females in
spring may also correspond to active foraging
to sustain the massive energy requirements of
vitellogenesis or to active mate-searching
(Blouin-Demers and Weatherhead, 2002).
Several females moved suddenly and exten-
sively in late spring, and these movements
were probably related to egg-laying as de-
scribed in other colubrids (Blouin-Demers
and Weatherhead, 2002).

Although both species exhibited similar
movement patterns during the reproductive
period, they diverged markedly during sum-
mer. Zamenis longissimus became less active
whereas H. viridiflavus still moved frequently.

Higher maintenance requirements reported
for H. viridiflavus compared to Z. longissimus
probably necessitate more active foraging. In
addition, we observed that resting duration
was longer in Z. longissimus. Contrasted
thermal preferences in those species may
explain this observation. In a previous study
(Lelièvre et al., 2010), we found that Z.
longissimus digested and molted at lower
temperatures than H. viridiflavus, but conse-
quently spent more time doing so. Thus, this
ability to operate physiological processes at
cooler temperature could be associated with
longer resting durations. On the other hand,
H. viridiflavus should be thermally more
constrained because activity in this species
requires elevated environmental tempera-
tures.

Estimation of home range size posed some
methodological difficulties because several
snakes were not tracked for the duration of
the active season. Consequently, we used a
new method to estimate home range size for
these individuals. Estimated sizes were similar
to those of snakes followed for most of the
active season, at least when the sexes were
pooled. Both species and both sexes within
each species exhibited home ranges of similar
size due to large distances covered during the
reproductive period. Variability among indi-
viduals was very high in both species, and
some snakes used very large home ranges (up
to »50 ha).

The inferential power of comparative stud-
ies with only two species is limited (Garland
and Adolph, 1994). Fortunately, however, in
our case we can compare our results to those
of a very similar study on the space use of two
North American colubrids that differ in
energy requirements. Carfagno and Weather-
head (2008) compared the space use of
Elaphe obsoleta, a species with low preferred

TABLE 1.—Summary of movement statistics for Zamenis longissimus and Hierophis viridiflavus, two colubrid snakes
followed by radio-telemetry in Chizé, western France.

Zamenis longissimus Hierophis viridiflavus

Reproductive Postreproductive Reproductive Postreproductive

Resting duration (d) 5.11 6 0.67 4.88 6 0.39 4.92 6 1.00 3.72 6 0.58
Daily distance moved (m) 41.3 6 8.0 29.8 6 4.8 36.3 6 5.6 44.4 6 7.0
Home range area (ha), all snakes 7.39 6 2.37 11.94 6 3.35
Home range area (ha), snakes with .60 locations 7.74 6 2.08 11.09 6 3.14

FIG. 4.—Daily distances moved by syntopic Zamenis
longissimus (ZL) and Hierophis viridiflavus (HV) in
Chizé, western France during reproductive (May–June)
and postreproductive (July–September) periods. The
median is represented by the middle horizontal line in
the box plot. Interval between 25% and 75% quartiles is
represented by boxes and range is represented by
whiskers. Open circles are outliers.
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body temperature, and thus low energy
requirements, to that of Coluber constrictor,
a species with high preferred body tempera-
ture, and thus high energy requirements.
Mirroring our own results, Carfagno and
Weatherhead (2008) found that Coluber
moved more often and further per move than
Elaphe; in their case, however, this difference
in movements resulted in Coluber having
home ranges approximately four times the
area of those of Elaphe. Although H. viridi-
flavus moved significantly more frequently
than Z. longissimus in our study, there was no
statistically significant difference in home
range area even though H. viridiflavus had
home ranges that were, on average, 40%
larger than those of Z. longissimus. The
different relationships between frequency of
movement and home range area in the two
studies may be surprising at first, but we must
keep in mind that more frequent movements
do not necessarily result in larger home
ranges; home range area depends on how
those movements are made on the landscape
(Whitaker and Shine, 2003). Therefore, a
detailed understanding of the causal links
between energy requirements, frequency of
movements, and home range area requires
information on the spatial distribution and
heterogeneity of productivity from the snakes’
perspective, a measure that will be difficult to
obtain.

In conclusion, our results and those of
Carfagno and Weatherhead (2008) offer
support for the hypothesis that interspecific
variation in the spatial ecology of snakes could
be explained, at least in part, by variation in
energetic requirements. All else being equal,
snakes with higher energy needs should move
more often and use more space for prey
acquisition. The major challenge of most
interspecific studies, however, is to satisfy
the ‘‘all else being equal’’ condition. We
believe we were able to satisfy this critical
assumption in the present study. To deter-
mine how broadly applicable the energetics
hypothesis is, however, will require obtaining
detailed information on space use of a larger
number of species that differ in energy
requirements.
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Lelièvre, H., P. Legagneux, G. Blouin-Demers, X.
Bonnet, and O. Lourdais. 2012. Trophic niche overlap
in two syntopic colubrid snakes (Hierophis viridiflavus
and Zamenis longissimus) with contrasted lifestyles.
Amphibia–Reptilia 33:37–44.

Lowenborg, K., R. Shine, S. Karvemo, and M. Hagman.
2010. Grass Snakes exploit anthropogenic heat sources
to overcome distributional limits imposed by oviparity.
Functional Ecology 24:1095–1102.

Mace, G.M., and P.H. Harvey. 1983. Energetic con-
straints on home-range size. American Naturalist
121:120–132.

Madsen, T. 1984. Movements, home range size and
habitat use of radio-tracked Grass Snakes (Natrix
natrix) in southern Sweden. Copeia 1984:707–713.

Morales, J.M., and S.P. Ellner. 2002. Scaling up animal
movements in heterogeneous landscapes: The impor-
tance of behavior. Ecology 83:2240–2247.

Perry, G., and T. Garland. 2002. Lizard home ranges
revisited: Effects of sex, body size, diet, habitat, and
phylogeny. Ecology 83:1870–1885.

Pough, F.H. 1980. The advantages of ectothermy for
tetrapods. The American Naturalist 115:92–112.

Powell, R.A. 2000. Animal home ranges and territories
and home range estimators. Pp. 65–110 in L. Boitani,
and T. Fuller (Eds.), Research Techniques in Animal
Ecology: Controversies and Consequences. Columbia
University Press, USA.

Reinert, H.R., and D. Cundall. 1982. An improved
surgical implantation method for radio-tracking snakes.
Copeia 1982:702–705.

Roth, E.D. 2005. Spatial ecology of a Cottonmouth
(Agkistrodon piscivorus) population in East Texas.
Journal of Herpetology 39:312–315.

Row, J.R., and G. Blouin-Demers. 2006. Kernels are not
accurate estimators of home-range size for herpetofau-
na. Copeia 2006:797–802.

Row, J.R., G. Blouin-Demers, and P.J. Weatherhead.
2007. Demographic effects of road mortality in Black

Ratsnakes (Elaphe obsoleta). Biological Conservation
137:117–124.

Rugiero, L., D. Capizzi, and L. Luiselli. 2002. Interactions
between sympatric snakes, Coluber viridiflavus and
Elaphe longissima: Are there significant inter-annual
differences in coexistence patterns? Ecologia Mediter-
ranea 28:75–91.

Rugiero, L., and L. Luiselli. 1995. Food habits of the
snake Coluber viridiflavus in relation to prey availabil-
ity. Amphibia–Reptilia 16:407–411.

Schick, R.S., S.R. Loarie, F. Colchero, B.D. Best, A.
Boustany, D.A. Conde, P.N. Halpin, L.N. Joppa, C.M.
McClellan, and J.S. Clark. 2008. Understanding move-
ment data and movement processes: Current and
emerging directions. Ecology Letters 11:1338–1350.

Secor, S.M. 1994. Ecological significance of movements
and activity range for the Sidewinder, Crotalus cerastes.
Copeia:631–645.

Secor, S.M., and K.A. Nagy. 1994. Bioenergetic correlates
of foraging mode for the snakes Crotalus cerastes and
Masticophis flagellum. Ecology 75:1600–1614.

Shine, R. 1987. Intraspecific variation in thermoregula-
tion, movements and habitat use by Australian Black-
snakes, Pseudechis porphyriacus (Elapidae). Journal of
Herpetology 21:165–177.

Shine, R., L. Sun, M. Fitzgerald, and M. Kearney. 2003. A
radiotelemetric study of movements and thermal
biology of insular Chinese Pit-vipers (Gloydius she-
daoensis, Viperidae). Oikos 100:342–352.

Smith, J.G., and A.D. Griffiths. 2009. Determinants of
home range and activity in two semi-aquatic lizards.
Journal of Zoology 279:349–357.

Sperry, J.H., and P.J. Weatherhead. 2009. Sex differences
in behavior associated with sex-biased mortality in an
oviparous snake species. Oikos 118:627–633.

Turner, F.B., R.I. Jennrich, and J.D. Weintrau. 1969.
Home ranges and body size of lizards. Ecology
50:1076–1081.

Webb, J.K., and R. Shine. 1997. A field study of spatial
ecology and movements of a threatened snake species,
Hoplocephalus bungaroides. Biological Conservation
82:203–217.

Whitaker, P.B., and R. Shine. 2003. A radiotelemetric
study of movements and shelter-site selection by free-
ranging Brownsnakes (Pseudonaja textilis, Elapidae).
Herpetological Monographs 17:130–144.

Accepted: 21 May 2012
Associate Editor: Lance McBrayer

364 [Vol. 68, No. 3HERPETOLOGICA



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


