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ABSTRACT: Five orthopteran specimens from the uppermost Middle-lowermost Upper Jurassic
of Daohugou, Inner Mongolia, China are described and attributed to the genus Sigmaboilus Fang,
Zhang & Wang, 2007 (Prophalangopsidae); and a new species, S. calophlebius sp. nov., is established
herein. The diagnostic characters for Sigmaboilus are revised and a key to species of Sigmaboilus, based
on male forewings, is provided. Intraspecific variation in forewings of this genus is also discussed.
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Prophalangopsidae belong to the superfamily Hagloidea, with
a tegminal stridulatory apparatus in the male known from the
Triassic onwards (Gorochov 1995, 2003). The extinct Aboilinae
are the most diverse subfamily of the Prophalangopsidae, in-
cluding 68 described species in 27 genera. Recently, five well
preserved specimens of Aboilinae were found in the famous
Daohugou beds of Inner Mongolia, China and are attributed
to the genus Sigmaboilus Fang, Zhang, Wang & Zhang, 2007.
Here we describe these specimens, assigning four to two known
species and establishing a new species for the fifth. Based on
these specimens, the forewing diagnostic characters for Sigma-
boilus are revised.

1. Material and methods

All specimens described herein are preserved on the surface of
grey tuffaceous siltstones and were collected from the Daohugou
beds of Daohugou (41°18'N, 119°13’E) in Ningcheng County,
Chifeng City, Inner Mongolia, China. The Daohugou beds
are considered herein to be Callovian/Oxfordian in age (latest
Middle—earliest Upper Jurassic; Zhang et al. 2014; Liu et al.
2015; Wang et al. 2015).

There is no consensus on the interpretation of the wing ve-
nation of Orthoptera or, consequently, its nomenclature: we
here follow Béthoux & Nel (2001, 2002). The venational terms
used by Zeuner (1939) and Sharov (1968, 1971), and amended
by Gorochov (1986, 1995), are listed here in parentheses follow-
ing the corresponding ones used by Béthoux & Nel (2001, 2002),
if any notable differences are present between the terminologies.
The wing-vein abbreviations used are: ScA (C) = costa; ScP
(Sc) = subcosta; RA = radius anterior; RP (RS) = radial
sector; M (MA) = media; MA (MA1) = media anterior; MP

Intraspecific variation, key, new specimens, new species.

(MA2) = media posterior; CuA (MP) = cubitus anterior; CuPa
(CuA) = first cubitus posterior; CuPao (CuAl) = anterior
branch of the first cubitus posterior; CuPaff (CuA2) = posterior
branch of the first cubitus posterior; CuPb (CuP) = second
cubitus posterior; A = analis (anal); and 1A = first anal vein.
All specimens were examined dry using a Nikon SMZ1000
stereomicroscope. The photographs were taken using a Nikon
D800 digital camera, and the line drawings were compiled
by tracing the photographs using the image-editing software
CorelDraw X5 and Adobe Photoshop CS. All specimens are
deposited in the Nanjing Institute of Geology and Palacontology
(NIGP), Chinese Academy of Sciences, Nanjing, China.

2. Systematic palaeontology

Order Orthoptera Olivier, 1789
Superfamily Hagloidea Handlirsch, 1906
Family Prophalangopsidae Kirby, 1906

Subfamily Aboilinaec Martynov, 1925
Genus Sigmaboilus Fang, Zhang, Wang & Zhang, 2007

Type species. Sigmaboilus gorochovi Fang, Zhang, Wang &
Zhang, 2007.

Emended diagnosis. Forewing narrow and long, ratio of
length to maximal width 3.5-4.2:1; costal area subtriangular
(about one third—one half total width at base) with numerous
“radial veinlets” basally; ScA slightly sigmoidal, extremely
long, and ending on anterior margin beyond first branch of
RA; RA with 4-7 branches, RP with 6-8 branches; “handle
vein” (single cross-vein traversing some of the nearest cross-
veins between the base of CuA + CuPax and CuPap) slightly
curved, and almost parallel to nearest cross-vein between last
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branch of CuA + CuPax and CuPaf; CuPb slightly Z-shaped,
touching 1A at point close to hind margin.
Key to species of the genus Sigmaboilus based on male forewing

1. Whole forewing brown..............coooveiiiiiininiiiannn, 2
—. Colouration of forewing of irregular bands................... 3
2. Crossveins between “handle vein” and CuPa« regularly
arranged and subparallel to “handle vein...............ccc........
............ S. gorochovi Fang, Zhang, Wang & Zhang, 2007
—. Crossveins between “handle vein” and CuPax not parallel

to “handle vein”............ S. fuscus Gu, Zhao & Ren, 2009
3. Stridulatory vein (middle part of CuPb) and posterior
margin forming an acute angle............ccceeeeviiiieiinieeeennnn. 4

—. Stridulatory vein perpendicular to posterior margin ...........
............................................. S. calophlebius sp. nov.

4. Crossveins between “handle vein” and CuPax regularly
arranged with last one ending in “handle vein”..................
.............. S. sinensis Fang, Zhang, Wang & Zhang, 2007

—. Crossveins between “handle vein” and CuPao regularly
arranged and subparallel to “handle vein”.........................
........................... S. peregrinus Gu, Zhao & Ren, 2009.

Sigmaboilus gorochovi Fang, Zhang, Wang & Zhang, 2007
(Fig. 1)

Holotype. NIGP148111, incomplete male forewing with an-
terior part slightly damaged.

New material. Specimen NIGP161451 (Fig. 1), part and coun-
terpart, a male left forewing with costal area slightly damaged.

Horizon and locality. Uppermost Middle—lowermost Upper
Jurassic; Daohugou Village, Ningcheng County, Chifeng City,
Inner Mongolia, China.

Emended diagnosis. Male forewing only. ScA sigmoidal and
long; RA and RP pectinate, with 5-7 anterior and seven pos-
terior branches respectively; CuA + CuPaa with 4-5 terminal
branches; “handle vein” gently curved; stridulatory vein (middle
part of CuPb) and posterior margin forming an acute angle;
cross-veins between “handle vein” and CuPax regularly arranged
and subparallel to “handle vein”. Whole forewing brown.

Description of new specimen. Male forewing with preserved
length about 36 mm, width about 9 mm, ratio of length to
maximal width about 4:1. Costal area broad, with several
radial veinlets preserved. ScA sigmoidal and long, probably
ending in anterior margin beyond wing midlength; ScP nearly
straight, ending in anterior margin at 4/5ths of wing length
from base with eight branches preserved; RA and RP diverg-
ing at 11 mm distal of wing base and each with seven pectinate
branches. M + CuA diverging at about 1/5 of wing length;
stem CuA longer than stem M, and fused with CuPaox at about
9.5 mm distal of wing base; stem of CuA nearly straight; CuA
and CuPao fused, with five terminal branches; CuPb strongly
curved and Z-shaped, 1A slightly sigmoidal, close to and touch-
ing CuPb at one point. Whole forewing brown.

Remarks. Specimen NIGP161451 shares the same pigmen-
tation as the holotype and shows that the cross-veins between
the “handle vein” and CuPaa are subparallel to the “handle
vein”, and therefore it should be attributed to S. gorochovi.
But it differs from the holotype by RA and CuA + CuPax
possessing more branches and CuA connecting to CuPao and
forking earlier.

Sigmaboilus peregrinus Gu, Zhao & Ren, 2009
(Figs 2-4)

Holotype. CNU-ORT-NN2008018, male forewing with an-
terior part missing.

New material. Specimen NIGP164448 (Fig. 2), a pair of
male forewings, with right one damaged basally and left one
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with costal area missing; NIGP161449 (Fig. 3), a pair of male
forewings, with right one damaged anterior-medially and left
one apically; NIGP161450 (Fig. 4), a male left wing with costal
and anal areas partly lost.

Horizon and locality. Uppermost Middle—lowermost Upper
Jurassic; Daohugou Village, Ningcheng County, Chifeng City,
Inner Mongolia, China.

Emended diagnosis. Forewing only. ScA ending on anterior
margin at about wing mid-length; CuA and CuPa« fused for a
short distance; stridulatory vein and posterior margin forming
an acute angle; cross-veins between “handle vein” and CuPa«x
regularly arranged and subparallel to “handle vein”. Pigmen-
tation present on most of forewing.

Descriptions of new specimens. Specimen NIGP164448. Male
forewings with preserved length 35 mm (left forewing) and
30 mm (right forewing). Forewing long and narrow, base con-
stricted. Costal area not visible; ScA slightly sigmoidal, incom-
pletely preserved, and probably extending to wing mid-length;
ScP nearly straight, ending on anterior margin at four fifths
of wing length from base, with eight branches preserved; RA
and RP diverging at about one third of wing length, with RA
pectinately three-branched and RP seven-branched (left fore-
wing) or six-branched (right forewing); M + CuA diverging at
about one quarter of wing length; stem M short, about 2 mm
long; both MA and MP very long, simple and slightly arched;
stem CuA nearly straight, and as long as stem M; CuA and
CuPaox fused for a short interval, with six terminal branches;
CuPb strongly curved and Z-shaped; 1A slightly sigmoidal,
close to and touching CuPb at one point. Pigmentation present
on most of forewing.

Specimen NIGP161449. Male forewings long and narrow,
with preserved length 24 mm for left forewing and 36 mm for
right. Costal area broad with 11 radial veinlets preserved. ScA
sigmoidal and long, probably reaching middle of anterior
margin of forewing; ScP nearly straight, ending on anterior
margin at four fifths of wing length from base, with numerous
branches; RA and RP diverging at 12.5 mm distal of wing
base, with RA pectinately six-branched and RP eight-branched
(right forewing); M + CuA diverging at about one quarter of
wing length; stem CuA nearly straight, as long as stem M and
fused with CuPax at about 10.5 mm from wing base; CuA and
CuPao fused for a short interval, with six terminal branches;
CuPb strongly curved and Z-shaped; 1A slightly sigmoidal,
close to and touching CuPb at one point. Pigmentation present
on most of forewing.

Specimen NIGP161450. Male forewing, with preserved length
36.0 mm, width 8.9 mm, ratio of length to maximal width about
4:1. Costal area not visible. ScA sigmoidal, and probably ex-
tending to wing mid-length as estimated; ScP nearly straight,
ending in anterior margin at four fifths of wing length from
base, with nine branches preserved; RA and RP diverging at
12 mm distal of wing base, with RA pectinately five-branched
and RP six-branched; M + CuA diverging at about one quarter
of forewing length; stem CuA slightly sinuate, as long as stem
M and fused with CuPax at about 10 mm distal of wing base;
CuA and CuPao fused for a short interval, with five terminal
branches; CuPb strongly curved and Z-shaped; 1A slightly
sigmoidal, close to and touching CuPb at one point. Pigmenta-
tion present on most of forewing.

Remarks. Specimens NIGP161448-161450 share almost
the same pigmentation as the holotype and the cross-veins
between the “handle vein” and CuPao are regularly arranged
and subparallel to the “handle vein”. They are, however,
different from the holotype in some aspects. In detail,
NIGP161448 differs from the holotype in having fewer
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Figure 1  Sigmaboilus gorochovi Fang, Zhang, Wang & Zhang, 2007, male forewing: (A) NIGP161451a, part;
(B) NIGP161451b, counterpart; (C, D) interpretation based on part and counterpart of specimen NIGP161451.
Scale bar = 10 mm.
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Figure 2 Sigmaboilus peregrinus Gu, Zhao & Ren, 2009, male forewing, NIGP161448: (A) Photograph;
(B) interpretation. Scale bar = 10 mm.
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Figure 3  Sigmaboilus peregrinus Gu, Zhao & Ren, 2009, male forewing: (A) NIGP161449a, part; (B) NIGP161449b,
counterpart; (C, D) interpretation based on part and counterpart of specimen NIGP161449. Scale bar = 10 mm.
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Figure 4 Sigmaboilus peregrinus Gu, Zhao & Ren, 2009, male forewing, NIGP161450: (A) Photograph;
(B) interpretation. Scale bar = 10 mm.
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Figure 5 Sigmaboilus calophlebius sp. nov., male forewing, holotype, NIGP161447: (A) Photograph; (B) inter-
pretation. Scale bar = 10 mm.
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branches of RA and more branches of CuA + CuPao;
NIGP161449 in having more branches of RP and CuA +
CuPax dividing into two branches, with the anterior one sub-
dividing into three branches and the posterior into two; and
NIGP161450 in having fewer branches of RA and RP.

Sigmaboilus calophlebius Wang, Fang & Zhang, sp. nov.
(Fig. 5)

Holotype. NIGP161447, incomplete male left forewing with
anterior—medial and posterior—apical parts missing.

Etymology. Specific name derived from Latin in reference to
the special and beautiful stridulatory vein.

Type horizon and locality. Uppermost Middle—lowermost
Upper Jurassic; Daohugou Village, Ningcheng County, Chifeng
City, Inner Mongolia, China.

Diagnosis. Based on male forewing. Wing narrow and long;
ScA slightly sigmoidal, CuA short, connected to CuPaf, and
forked immediately beyond, with five terminal branches;
“handle vein” slightly curved; cross-vein fused with “handle
vein” at base of CuA + CuPaux; “oblique veins” (cross-veins
between CuPaf and CuPb) straight or gently curved and regu-
larly arranged; CuPb strongly curved, with middle section
perpendicular to posterior wing margin; 1A much less bent
than CuPb.

Description. Incomplete male forewing (Fig. 5). Preserved
length 39.5 mm, width 9.5 mm as estimated; ratio of length
to maximal width 4.2:1. Precostal area incomplete; ScA with
only basal section preserved just before R fork (into RA and
RP) and slightly sigmoidal; ScP straight, with distal part miss-
ing and reaching anterior margin at three quarters of wing
length from base (estimated), four branches preserved, with
cross-veins between them reticulated. Area between ScP and
R very narrow, and cross-veins in this area almost straight. R
slightly oblique anteriorly; RA and RP diverging at about one
quarter of wing length from base, with RP pectinately seven-
branched, and only two branches of RA preserved; cross-veins
between branches of RP reticulated. M + CuA diverging at
about one sixth of wing length; stem M short, 2 mm long,
forking into MA and MP at 8 mm distal of wing base; both
MA and MP very long, simple and slightly arched; area be-
tween R and MA broad, cross-veins between M + CuA and
R, RP and MA, MA and MP almost straight and simple and
regularly spaced. Stem CuA shorter (about 1.0 mm) than stem
M and fused with CuPax at 8.5 mm distal of wing base; stem
CuA nearly straight; CuPao diverging from CuPa at 5.0 mm
distal of forewing base; CuA connected to CuPao at 2.0 mm
distal of origin of CuPaf and dividing immediately beyond,
with five terminal branches. Stridulatory vein strong; cross-
veins between M + CuA and CuPa, “oblique veins” (cross-
veins between CuPaf and CuPb) and “handle vein” slightly
curved; cross-vein fused with “handle vein” at base of CuA +
CuPau; cross-veins between last branch of CuA + CuPao and
CuPap slightly curved. CuPb strongly curved and Z-shaped;
1A slightly sigmoidal. Area between 1A and 2A slightly
broader than between CuPb and 1A. Pigmentation present on
most of forewing.

Remarks. The new species is confidently referable to Sigma-
boilus, based on the following features: forewing narrow and
long, ratio of length to maximal width about 4; ScA sigmoi-
dal; CuPb slightly Z-shaped, touching 1A at one point close
to hind margin. It differs from all congeners by the following
forewing features: the stridulatory vein is strongly curved
and perpendicular to the posterior margin; CuPb ends on the
posterior margin much closer to the wing base; the cross-vein
between the “handle vein” and CuPao is fused with the former
at the base of CuA + CuPac; and the anal area is nearly
square in shape.
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3. Discussion

The phenomenon of sexual dimorphism is common in fore-
wings of the Jurassic Hagloidea (in which most males have an
acoustic mating system) and the Middle Jurassic is an im-
portant period for the evolution of the stridulatory apparatus
in Hagloidea (Fang et al. 2010). The stridulatory apparatus
(part of CuPb) and the area between the “handle vein” and
CuPao are of great significance in evolution in association
with sound production. Two opposite trends, improvement
and reduction, were considered by Gorochov (2003) to be
present in the evolution of the stridulatory apparatus of
Hagloidea. One of the most common ways of improving the
stridulatory apparatus is a widening of the stridulatory area
in the middle of the tegmina (up to occupying most of the
tegmina), and one of way of reduction is decreasing the strid-
ulatory area in the middle part of the tegmina, whilst increas-
ing the proximal part (Gorochov 2003).

The genus Sigmaboilus is considered transitional between
the improvement and reduction models and is probably closer
to the latter because of the inconspicuous “handle vein”. It is
difficult to identify females of this genus (which is only based
on forewings), due to their lack of stridulatory apparatus. It is
reasonable to suppose that the differentiation of the stridula-
tory apparatus in Prophalangopsidae originated in the late
Middle Jurassic, or even earlier. Intraspecific variation in the
forewing venation is a universal feature of prophalangopsids
(Gu et al. 2009). So it is questionable, at least sometimes, to
use the number of branches of RA, RS and CuA + CuPax as
diagnostic characters, especially in species of Sigmaboilus.
Here, a new key to the species of this genus is proposed, based
on male tegmina, especially their stridulatory apparatus and
its related veins (or cross-veins); the genus shows a nearly uni-
form “handle vein”.

Although specimens NIGP161448-161450 (Figs 2-4) are
assigned to S. peregrinus and NIGP161451 (Fig. 1) to S. goro-
chovi, there are some differences between these specimens and
the holotypes that are considered as intraspecific variations
herein. Furthermore, some differences are recognised between
the left and right forewings in the same individual, as shown
in specimen NIGP161448 (differences in the position of RP
branches, the position of the MA + MP fork and the cross-
veins between CuA and M) and specimen NIGP161449 (dif-
ferences in the cross-veins between CuA and M, and between
CuPb and CuPaf, and the length of CuA). These all add to
our understanding of natural variation in these extinct pro-
phalangopsids.

4. Acknowledgements

We thank the two anonymous reviewers for providing some
constructive suggestions. Thanks also go to the Editor for his
editorial assistance. This research was financially supported by
the National Basic Research Program of China (Grant no.
2012CB821900), the National Natural Science Foundation of
China (Grant nos. 41272013 and 41572010), and the Chinese
Academy of Sciences President’s International Fellowship Ini-
tiative (Grant no. 2011T2Z04).

5. References

Béthoux, O. & Nel, A. 2001. Venation pattern of Orthoptera. Journal
of Orthoptera Research 10, 195-98.

Béthoux, O. & Nel, A. 2002. Venational pattern and revision of
Orthoptera sensu nov. and sister group. Phylogeny of Orthoptera
sensu nov. Zootaxa 96, 1-88.

Fang, Y., Zhang, H. C., Wang, B. & Zhang, Y. T. 2007. New taxa of
Aboilinae (Insecta, Orthoptera, Prophalangopsidae) from the


https://doi.org/10.1017/S1755691017000172

NEW MATERIAL OF SIGMABOILUS FROM INNER MONGOLIA 183

Middle Jurassic of Daohugou, Inner Mongolia, China. Zootaxa
1637, 55-62.

Fang, Y., Zhang, H. C. & Wang, B. 2010. New Haglidae (Insecta:
Orthoptera: Hagloidea) from the Jurassic of China and their im-
plications for the early evolution of acoustic communication.
Earth Science Frontiers 17, 169-70.

Gorochov, A.V. 1986. [Triassic insects of the superfamily Hagloidea
(Orthoptera).] Proceedings of the Zoological Institute, USSR
Academy of Sciences 143, 6—100. [In Russian.]

Gorochov, A. V. 1995. [System and evolution of the Suborder Ensifera
(Orthoptera).] (In 2 parts.) Proceedings of the Zoological Institute,
Russian Academy of Sciences 260(1, 2), 1-224, 1-213. [In Russian.]

Gorochov, A. V. 2003. New data on the taxonomy and evolution of
fossil and Recent Prophalangopsidae (Orthoptera: Hagloidea).
Acta Zoologica Ccracoviensia 46 (suppl. Fossil Insects), 117-27.

Gu, J. J., Zhao, Y. Y. & Ren, D. 2009. New taxa of Aboilinae (In-
secta, Orthoptera, Prophalangopsidae) from the Middle Jurassic
of Daohugou, Inner Mongolia, China. Zootaxa 2004, 16-24.

Handlirsch, A. 1906-08. Die fossilen Insekten und die Phylogenie der
rezenten Formen. Leipzig: Wilhelm Engelmann. 1430 pp; 51 pls.

Kirby, W. F. 1906. A synonymic catalogue of Orthoptera. Vol. II. Orthop-
tera Saltatoria. Part I (Achetidae et Phasgomuridae). London:
Trustees of the British Museum. 562 pp.

Liu, Q., Khramov, A. V., Zhang, H. C. & Jarzembowski, E. A. 2015.
Two new species of Kalligrammula Handlirsch, 1919 (Insecta,

Neuroptera, Kalligrammatidae) from the Jurassic of China and
Kazakhstan. Journal of Paleontology 89(3), 405-10.

Martynov, A. V. 1925. To our knowledge of fossil insects from Juras-
sic beds in Turkestan 2. Raphidioptera (cont.), Orthoptera (s. 1.),
Odonata, Neuroptera. Bulletin de I'Académie des Sciences de
I'URSS 19, 569-98.

Olivier, A. G. 1789. Encyclopédie méthodique. Dictionnaire des Insectes,
Vol. 4. Paris: Pankouke. 331 pp.

Sharov, A. G. 1968. Filogeniya Orthopteroidnykh nasekomykn [Phy-
logeny of the Orthoptera). Trudy Paleontologicheskogo Instituta,
Akademii Nauk SSSR 118, 1-217.

Sharov, A. G. 1971. Phylogeny of the Orthopteroidea. Jerusalem:
Israel Program for Scientific Translations. 251 pp.

Wang, H., Li, S., Zhang, Q., Fang, Y., Wang, B. & Zhang, H. C.
2015. A new species of Aboilus (Insecta, Orthoptera) from the
Jurassic Daohugou beds of China, and discussion of forewing
colouration in Aboilus. Alcheringa 39, 250-58.

Zeuner, F. E. 1939. Fossil Orthoptera Ensifera. London: British Mu-
seum (Natural History). 321 pp.

Zhang, Q., Zhang, H. C., Rasnitsyn, A. P., Wang, H. & Ding, M.
2014. New Ephialtitidae (Insecta: Hymenoptera) from the Jurassic
Daohugou beds of Inner Mongolia, China. Palacoworld 23, 276
84.

MS received 29 May 2016. Accepted for publication 18 November 2016.

https://doi.org/10.1017/51755691017000172 Published online by Cambridge University Press


https://doi.org/10.1017/S1755691017000172


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


