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We examined 170 museum specimens of the southern African gekkonid lizard Homopholis
wahlbergii, to quantify sexual dimorphism, male and female reproductive cycles and diet.
The largest male and female we recorded were 116 and 119 mm snout–vent length (SVL)
respectively. We compared SVL, tail length, head length, head width and eye diameter and
found no evidence of sexual dimorphism in any of these characters. The smallest female with
thickened muscular oviducts and follicles, indicating sexual maturity, was 59 mm SVL, but the
smallest female we found with fully developed eggs was 85 mm SVL. Virtually all females larger
than 59 mm appeared to be in some stage of reproduction, suggesting that females reproduce
every year once they reach sexual maturity. Egg size ranged from 17–19 mm long. Egg size was
not correlated with maternal SVL. We found adult females with ready-to-lay eggs during the
warmer months of the year, but not during winter and spring. The smallest sexually mature
male was 72 mm SVL. Virtually all males larger than this size displayed at least semi-turgid
testes and most adult male testes were at least semi-turgid for much of the year. The only signif-
icant decrease in testicular activity was in mid-winter (June–August), thus, spermatogenesis is
closely tied to female follicular development and ovulation. Velvet geckos are largely insectivo-
rous (92%) and feed on a broad spectrum of prey. Their diet was dominated both numerically
(34%) and volumetrically (22%) by beetles. Lepidoptera were the next most important prey
category, suggesting that they exploit both terrestrial and flying invertebrates. They are
unusual among lizards because they feed on millipedes. Males and females had very similar
diets which may be explained by their lack of sexual dimorphism, although females tended to
eat a greater volume of prey. Interestingly, less than half (37%) of the lizards examined
contained prey items, suggesting that most individuals were not in positive energy balance. We
also found evidence of prey size selection as a function of gape size, such that larger geckos
took advantage of larger prey items.
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INTRODUCTION
Developing life history theory requires an under-
standing of broad-scale patterns in the ecology
of a multitude of living organisms. Lizards have
repeatedly demonstrated their utility as models
for uncovering patterns in life history strategies
(e.g. Pianka 1986; Pianka & Vitt 2003; Vitt et al.
2003) because compared to many other verte-
brates they are often locally abundant, intact prey
items are easily recovered from their stomachs,
and they are readily observed. Squamate reptiles
are however, an extremely diverse group (c. 4330
species of lizards excluding snakes; Vitt et al. 2003)
with a global distribution. We still have only a

rudimentary understanding of ecology and life
history of many species and to fill these gaps,
we need to sample taxa from multiple clades and
from geographically disparate areas. Geckos
(Gekkonidae) have been relatively intensively
studied, but there is a bias towards specific taxa
and geographic areas. Southern Africa has one of
the most diverse gecko faunas per unit area in the
world (Branch 1998), and occupy a wide range of
habitat types and niches. Much of our under-
standing of gecko ecology is from early work by
Pianka and colleagues (summarized in Pianka
1986), who conducted intensive field studies of
several species of desert geckos in the Kalahari (see
also Hibbitts et al. 2005). Of these, most are terres-
trial species, although some do make use of trees
(e.g. Lygodactylus capensis, Pachydactylus spp.,
Pianka 1986: 162–163). However, the ecology of
any of the arboreal African geckos, particularly
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from mesic savanna, is largely unknown.
The African ‘velvet’ geckos of the genus

Homopholis comprise four species of medium-
sized to large arboreal lizards that are well known
for their soft skin. Homopholis boivini is endemic to
Madagascar and H. fasciata is found in east Africa.
The other two species are endemic to southern
Africa. Homopholis mulleri has a very restricted
distribution between the Soutpansberg mountain
range and the Limpopo River in the Limpopo
Province of South Africa, while H. wahlbergii has
a broad distribution over Zimbabwe, eastern
Botswana, southern Mozambique, Zululand, and
the Limpopo Province of South Africa (Branch
1998). Very little is known about the ecology of any
of the four species, but H. wahlbergii is well repre-
sented in museum collections because it is locally
common and widely distributed. This species
shelters in a range of habitats including under tree
bark, in tree holes, rock overhangs and even
empty bird nests (Branch 1998). Homopholis
wahlbergii are nocturnal, but are sometimes seen
during the day, particularly when making short
excursions from their refuge. There are currently
no quantitative data on sexual dimorphism, repro-
ductive cycles, or diet composition.

We studied the ecology of Wahlberg’s velvet
gecko, Homopholis wahlbergii, by dissecting museum
specimens. We had three main objectives: to test
for sexual size dimorphism, to examine diet, and to
quantify male and female reproductive ecology.

MATERIALS & METHODS

Morphology and reproduction
We examined 170 museum specimens from the

Transvaal Museum (Pretoria) in South Africa. We
made a mid-ventral incision to expose the gonads
in order to score sex and reproductive condition.
Males were recorded as sexually mature if testes
were thick (as opposed to flat and ribbon-like in
immature males), and sexually active at the time of
preservation if testes were turgid and/or the efferent
ducts were opaque due to the presence of sperm.
Females were recorded as sexually mature if the
oviducts appeared muscular, and sexually active
at the time of preservation if large ovarian follicles
or eggs were present. The diameter of the largest
follicle or egg was recorded. For each specimen
we also recorded the following morphological
variables to examine sexual size dimorphism:
snout–vent length (SVL), tail length (excluding
individuals with broken tails), head length, head

width at the widest point and eye diameter. SVL
and tail length were measured with a plastic ruler
to the nearest 0.01 mm while remaining morpho-
logical measurements were made to the nearest
0.01 mm using digital calipers. Body size vari-
ables were log-transformed prior to analyses to
meet the assumptions of parametric statistics. We
used two sample, two-tailed t-tests and analysis
of covariance (ANCOVA) to test for sexual size
dimorphism and regression analysis to examine
correlations between maternal body size and egg
size.

Diet
We determined diet by examining the stomach

contents of preserved specimens. Prey were
spread out in a Petri dish and generally identified
to Order and the length and width of all intact
prey items were measured to the nearest 0.01 mm
using digital callipers. Prey volume was calculated
using the formula for a prolate spheroid (Vitt et al.
1993; Vitt & Zani 2005),

volume = 4/3p(length/2)*(width/2)2.

We estimated niche breadth using the reciprocal
of Simpson’s (1949) diversity measure:

β =
=
∑1

1

2/ pi
i

n

,

where i = resource category, p = proportion of
resource category i, and n = total number of
categories. Values vary from 1 (exclusive use of 1
prey type) to n (even use of all prey types). Prey
categories were the arthropod orders of prey items
found in the gut contents (Table 2). All means are
reported ±1 S.E. Differences were considered
significant when alpha was <0.05.

RESULTS

Morphology

The largest male and female we recorded were
116 and 119 mm SVL respectively. The smallest
specimen measured had a SVL of 34 mm. Mean
values for adult SVL, tail length, head length, head
width, and eye diameter show no significant
sexual size dimorphism in any of the measured
traits based on mean values alone (Table 1). The
result was unchanged when we controlled for
differences in body size. Using ANCOVA (SVL as
covariate), the sexes were not significantly differ-
ent in tail length (slopes homogeneous F1,106 =
0.273, P = 0.602; intercepts F1,107 = 0.073, P =
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0.787), head length (slopes homogeneous F1,160 =
1.991, P = 0.160; intercepts F1,161 = 0.934, P =
0.335), head width (slopes homogeneous F1,160 =
2.085, P = 0.151; intercepts F1,161 = 0.832, P = 0.363)
and using head length as the covariate, eye diame-
ter was not significantly different between the
sexes (slopes homogeneous F1,160 = 0.480, P =
0.489; intercepts F1,161 = 2.258, P = 0.135).

Reproduction

The smallest reproductively mature female was
only 59 mm SVL. However, the smallest female we
found with fully developed eggs was 85 mm SVL.
Virtually all females larger than 59 mm appeared
to be in some stage of reproduction, either with
developing follicles or eggs, suggesting that
females reproduce every year once they reach
sexual maturity. Like most geckos, Homopholis
wahlbergii has a fixed clutch size of two eggs. The
size of fully developed (shelled) eggs ranged from
17–19 mm long but we did find one female with
19 mm eggs that were still unshelled (Fig. 1). Based
on 12 females we found with fully developed eggs,
egg size did not appear to be correlated with
maternal SVL (r = 0.013, n = 12, P = 0.969). A plot
of ovarian follicle or egg diameter against the
month of capture revealed that ovarian follicles
were less than 10 mm throughout winter but
vitellogenic follicles or fully shelled eggs were
found throughout the rest of the year (November–
June, Fig. 1). Therefore, females appear to lay eggs
for all of the warm months of the year.

The smallest mature male was 72 mm SVL. Virtu-
ally all males larger than this size displayed
semi-turgid or turgid testes (Fig. 2a). In most adult
males, testes were at least semi-turgid for much of
the year, with visibly opaque efferent ducts (indi-
cating the presence of sperm) in many cases. The
only significant decrease in testicular activity was
in mid-winter (June–August; Fig. 2b). Thus,

spermatogenesis coincides with female follicular
development and ovulation. The frequency of
gecko body sizes relative to sexual maturity and
mean adult body size is shown in Fig. 3.

Diet

We identified 11 prey categories (Table 2). Of the
170 lizards (including lizards that contained un-
identifiable prey) we examined, 64 (37%) con-
tained 159 food items. All food items, with the
exception of shed skins, were arthropods and the
majority (92.1%) of identifiable prey were insects
(Table 2). Beetles (Coleoptera) dominated the diet
numerically, were also the most important prey
item by volume, and were also found in more
individual lizards (38.4%) than any other prey
category. Adult Lepidoptera and Isoptera (termites)
were of approximately equal value and followed
beetles as the next most important prey category
by both number and volume, although the per-
centage of lizards containing adult Lepidoptera
was slightly higher than the Isoptera. Termites
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Table 1. Summary of sexual size dimorphism in morphological traits in Homopholis wahlbergii from southern Africa.
The last three columns show results from unpaired two-tailed t-tests for sexual size dimorphism.Statistical tests were
performed on natural log-transformed data.

Adult male Adult female

Trait (mm) n Mean ± S.E. Range n Mean ± S.E. Range d.f. t P

Snout–vent length 59 92.31 ± 1.39 72–116 77 94.57 ± 1.27 71–119 134 1.18 0.2403
Tail length 36 71.86 ± 2.23 36–96 49 72.59 ± 1.73 42–94 83 0.26 0.7931
Head length 59 25.28 ± 0.43 19–32 77 25.50 ± 0.33 19–33 134 0.52 0.6071
Head width 59 18.77 ± 0.31 13–25 77 18.92 ± 0.26 14–24 134 0.40 0.6913
Eye diameter 59 5.09 ± 0.09 3.50–6.50 77 5.21 ± 0.07 3.5–6.50 134 1.26 0.2083

Fig. 1. Reproductive biology of female Homopholis
wahlbergii relative to time of year.Open circles represent
unshelled ovarian follicles and closed circles represent
fully shelled eggs.
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may represent somewhat of a bias because a few
lizards (n = 5) ate large quantities of termites.
Orthopterans were also eaten by relatively few
lizards (c. 12%), but represent a significant prey
volume.

Mean prey length was 11.76 ± 0.49 (3–27.88)
mm, while prey width was 4.76 ± 0.18 (1.39–9.95)
mm, and prey volume was 179.44 ± 16.92 (4.78–
793.14) mm3 . On average, prey were medium-
sized but did include large prey items such as
millipedes and certain Orthoptera (Table 2).

Lizard SVL was significantly positively corre-
lated with prey volume (n = 42, r = 0.44, P =
0.0035), but not the number of prey an individual
lizard consumed (n = 42, r = 0.25, P = 0.1105).
Lizard gape size was also significantly positively
correlated with the largest prey item (n = 39, r =
0.45, P = 0.004; Fig. 4), but not the number of prey
an individual lizard consumed (n = 42, r = 0.22,
P = 0.1699). Males and females ate similar
numbers of prey categories (χ2

5 = 6.55, P = 0.26).
Furthermore, males and females had similar niche

breadths for both prey frequency (male mean: 1.5
± 0.22, female mean: 1.55 ± 0.21; t37 = –0.15, P =
0.89) and prey volume (male mean: 1.31 ± 0.2,
female mean: 1.35 ± 0.16; t27 = –0.14, P = 0.886).
However, males and females ate significantly
different volumes of prey (χ2

5 = 1018.6, P < 0.0001;
Fig. 5). When SVL was controlled for, females con-
sumed significantly greater prey volume than
males (male mean: 477.53 ± 116.37 mm3, female
mean: 501.39 ± 83.91 mm3; ANCOVA, F1,39 = 9.5,
P = 0.004), but the number of arthropods con-
sumed was independent of sex (male mean: 3.58 ±
0.67, female mean: 2.78 ± 0.49; ANCOVA, F1,39 =
3.4, P = 0.073).

DISCUSSION
Sexual size dimorphism in lizards can evolve for
a wide range of reasons, including male contest
competition (males are the larger sex) or fecundity
selection (females are the larger sex; Shine 1989;
Olsson et al. 2002). Gekkonid lizards as a group
display the full range of sex-biased dimorphism
including species that display no bias to others
that display strongly biased dimorphism. Overall,

Fig. 2. Reproductive biology of male Homopholis wahl-
bergii relative to (A) SVL and (B) time of year. A shows
that most males >72 mm SVL had at least semi-turgid
testes, indicating sexual maturity. B shows that males
appear to have at least semi-turgid testes during all of the
warmer months and this coincides with the female repro-
ductive cycle.

Fig. 3. Frequency distribution of SVL of female and male
Homopholis wahlbergii examined in this study. Dashed
lines indicate the smallest SVL at sexual maturity and
arrows indicate mean SVLs of adults only.See Table 1 for
statistical comparisons of mean values.



female biased sexual size dimorphism is most
common in geckos (Fitch 1981). We found a com-
plete absence of sexual size dimorphism in H.
wahlbergii in any of the traits that we measured.
Given that most geckos have a fixed clutch size of
two and that we found no evidence of any rela-
tionship between egg size and maternal size, fe-
cundity selection is unlikely. Based on the lack of
dimorphism, we also speculate that H. wahlbergii
probably displays comparatively little male–male
competition, although field observations and/or
laboratory trials are required to test this.

Both sexes appear to attain sexual maturity at
comparatively small sizes (59 mm for females,

72 mm for males). While we found very small
females with developing follicles, the smallest
female we found with fully developed eggs was
85 mm, so it is possible that females do not reach
full maturity until they are significantly larger
than 59 mm. We found females with fully devel-
oped ready-to-lay eggs throughout all the warmer
months of the year. While we were not able to
determine if individual females lay multiple
clutches in a season, the temporal distribution of
fully developed eggs raises the possibility that
they are laying multiple clutches. Our data on
male reproductive cycles is also suggestive of this
because males were found with highly turgid
testes during all the warmer months. Males
appear to commence spermatogenesis one to two
months earlier in spring (September–October)
than females commence vitellogenesis (November).
The smallest lizards we observed were 34 mm SVL
and individuals of this size were found in both
January and May. This can be explained by one of
two scenarios: either females are layingy multiple
clutches or certain females reproduce later, possi-
bly because they were born later and therefore ma-
tured later.

Branch (1998) suggested that H. wahlbergii feeds
on large insects, particularly grasshoppers and
cockroaches, but that it also eats termites and milli-
pedes. We found that H. wahlbergii was largely
insectivorous, but that the diet was dominated by
beetles. Prey volume was a function of body size
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Fig. 4. The relationship between gape size (head
length × head width) and volume for the largest individual
prey item in the gecko Homopholis wahlbergi. The fitted
trend line is logarithmic.

Table 2. Summary of the diet of 61 Homopholis wahlbergii from southern Africa. Insect prey were identified to order.
N represents the number of insect prey recovered from stomachs and the associated percentage; volume was
calculated using the formula for a prolate spheroid (see text) and reported by invertebrate category; and frequency
refers to the number of lizards containing a particular prey item. Three additional lizards each contained a shed skin,
which have not been included in calculations in this table. There were also 16 unidentifiable prey items in 15 lizards,
comprising a volume of 565.27 mm3, which are not included in calculations below.

Prey type n %N Volume (mm3) % Volume Frequency % Frequency

Orthoptera 11 7.86 2866.62 14.24 9 12.33
Coleoptera 47 33.57 4516.84 22.43 28 38.36
Lepidoptera (adults) 21 15.00 4361.14 21.66 8 10.96
Lepidoptera (larvae) 11 7.86 786.75 3.91 6 8.22
Hemiptera 1 0.71 40.54 0.2 1 1.37
Hymenoptera 4 2.86 41.62 0.21 3 4.11
Diptera 7 5.00 217.15 1.08 3 4.11
Isoptera 27 19.29 4412.73 21.92 5 6.85
Diplopoda 6 4.29 2160.12 10.73 6 8.22
Chilopoda 1 0.71 42.58 0.21 1 1.37
Spiders 4 2.86 688.64 3.42 3 4.11

TOTAL 140 100.00 20134.73 100.00 73 100.00
Niche breadths 5.24 5.56
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such that larger lizards ate prey of greater volume.
Because of the expected link between body and
gape size, lizards with larger heads ate larger prey.
The number of prey an individual lizard ingested
appeared to be unrelated to body size, but this
may be because most lizards contained relatively
few prey items. Interestingly, a relatively low
number of lizards (37%) contained prey in their
stomachs, suggesting that they may eat less fre-
quently than many other lizard species. Huey et al.
(2001) examined an extensive data set of 18 223 indi-
viduals representing 127 species from four conti-
nents and found that most individuals (86.8%)
were in positive energy balance (i.e. stomachs con-
tained food). However, they did note that noctur-
nal lizards had a higher frequency of empty
stomachs compared to diurnal lizards and that this
relationship still held when nocturnal and diurnal
geckos were compared (24.1 vs 10.5%). In compari-
son, the proportion of velvet geckos with empty
stomachs was much higher (63%) and suggests an
intriguing result that may warrant further investi-
gation. Alternatively, this may be an artefact of
how long lizards were maintained alive (without
feeding) before being preserved.

Although we did not study lizards in the field,
their diet suggests that they are able to exploit

both terrestrial (e.g. millipedes) and flying (e.g.
Lepidoptera) invertebrates. Six lizards each con-
tained a single millipede while one individual
contained a centipede. Millipedes are avoided by
numerous lizards because they are noxious (Vitt &
Cooper 1986; Wapstra & Swain 1996), while centi-
pedes can be venomous. We identified millipedes
only to Order and have no knowledge of their
noxiousness or toxicity. However, African tree
agamas (Acanthocercus a. atricollis) are also known
to eat millipedes (Reaney & Whiting 2002), as do
some other African lizards (Branch 1998). Either
these millipedes are less noxious than their North
American counterparts, or African lizards are
adapted to deal with noxious prey. Field studies of
velvet geckos are a necessary next step in further
uncovering their unique ecology, and determin-
ing whether they really are tougher than their
North American counterparts.

ACKNOWLEDGEMENTS

This study would not have been possible with-
out the co-operation of Wulf Haacke at the
Transvaal Museum, who allowed us to examine
the specimens in his care. Joanne Keogh helped
with all aspects of data collection and ensured
that coffee breaks were kept to a minimum. For

Fig. 5. Mean (±1 S.E.) prey selection by male and female Homopholis wahlbergii by (A) number and (B) volume.

A

B



44 African Zoology Vol. 42, No. 1, April 2007

ongoing financial support, M.J.W. thanks the
National Research Foundation and J.S.K. thanks
the National Geographic Society and the Austra-
lian Research Council.

REFERENCES

BRANCH, B. 1998. Field Guide to Snakes and Other Reptiles
of Southern Africa, 3rd edn. Struik Publishers, Cape
Town.

FITCH, H.S. 1981. Sexual size differences in reptiles. Mis-
cellaneous Publications of the Natural History Museum,
University of Kansas 70: 1–72.

HIBBITTS, T.J., PIANKA, E.R., HUEY, R.B. & WHITING,
M.J. 2005. Ecology of the common barking gecko
(Ptenopus garrulus) in southern Africa. Journal of
Herpetology 39: 509–515.

OLSSON, M., SHINE, R., WAPSTRA, E., UJVARI, B. &
MADSEN, T. 2002. Sexual dimorphism in lizard body
shape: the roles of sexual selection and fecundity se-
lection. Evolution 56: 1538–1542.

PIANKA, E.R. 1986. Ecology and Natural History of Desert
Lizards. Princeton University Press, Princeton, New
Jersey.

PIANKA, E.R. & VITT, L.J. 2003. Lizards: Windows to the

Evolution of Diversity. University of California Press,
Berkeley, CA.

REANEY, L.T. & WHITING, M.J. 2002. Life on a limb:
ecology of the tree agama (Acanthocercus a. atricollis)
in southern Africa. Journal of Zoology, London 257:
439–448.

SHINE, R. 1989. Ecological causes for the evolution
of sexual dimorphism: a review of the evidence.
Quarterly Review of Biology 64: 419–461.

VITT, L.J. & COOPER, W.E. Jr 1986. Foraging and diet of a
diurnal predator (Eumeces laticeps) feeding on hidden
prey. Journal of Herpetology 20: 208–415.

VITT, L.J. & ZANI, P.A. 2005. Ecology and reproduction of
Anolis capito in rain forest of southeastern Nicaragua.
Journal of Herpetology 39: 36–42.

VITT, L.J., ZANI, P.A., CALDWELL, J.P. & DURTSCHE,
R.D. 1993. Ecology of the whiptail lizard Cnemido-
phorus deppii on a tropical beach. Canadian Journal of
Zoology 71: 2391–2400.

VITT, L.J., PIANKA, E.R., COOPER, W.E. Jr & SCHWENK,
K. 2003. History and the global ecology of squamate
reptiles. The American Naturalist 162: 44–60.

WAPSTRA, E. & SWAIN, R. 1996. Feeding ecology of the
Tasmanian skink, Niveoscincus ocellatus (Squamata:
Scincidae). Australian Journal of Zoology 44: 205–21.

Responsible Editor: P. le F. N. Mouton



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /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 /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


