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André NEL1* and Edmund A. JARZEMBOWSKI2,3

1 Muséum National d’Histoire Naturelle, Institut de Systématique, Evolution, Biodiversité, ISYEB, UMR 7205

CNRS UPMC EPHE, CP50, 45 rue Buffon, F-75005 Paris, France.

Email: anel@mnhn.fr
2 State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology,

Chinese Academy of Sciences, 39 East Beijing Road, Nanjing 210008, People’s Republic of China.
3 Department of Earth Sciences, The Natural History Museum, Cromwell Road, London SW7 5BD, UK.

*Corresponding author

ABSTRACT: New fossils of the families Nemopteridae and Chrysopidae are recorded and a new

species of Hemerobiidae, Sympherobius yulei sp. nov., is described from the late Eocene Insect Bed

of the Isle of Wight. The new nemopterid belongs to the tribe Stenonemiini and is very similar to a

specimen already recorded from the Early Oligocene of Alsace (France), suggesting that these

warm-climate insects were not affected by the ‘Oi-1 Glaciation’ cooling.
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Neuroptera are uncommon insects in nearly all Cenozoic

lacustrine deposits, usually comprising less than 1 % (and

never more than 5 %) of the insects found (Archibald &

Makarkin 2006). This is also the case for the late Eocene

lagoon setting of the Isle of Wight where this order is repre-

sented by nine species distributed in four families in the Insect

Bed (Bembridge Marls: Jarzembowski 1980). The family

Hemerobiidae (brown lacewings) is represented by ‘Megalomus’

tinctus (Jarzembowski 1980, pp. 254, 257, 259, fig. 31; Makarkin

1991, pp. 57, 60), two unnamed ?Neuronema species (Jarzem-

bowski 1980, pp. 258–259, figs 39, 40) and three species in

undetermined genera. Furthermore, Mantispidae (mantis flies)

are represented by Vectispa relicta (Cockerell 1921, pp. 477–

478, fig. 46; Jarzembowski 1980, pp. 254–255, 257, fig. 29;

Lambkin 1986, pp. 16, 23; Wedmann & Makarkin 2007),

Sisyridae (spongilla flies) by unnamed Species A (Jarzembowski

1980, pp. 254, 261, fig. 27) and Chrysopidae (green lacewings)

by another Species A (Jarzembowski 1980, pp. 258, 260–261,

fig. 42). This could appear a rather low count, but it is higher

than what has been found in the fossiliferous Oligocene

deposits of the palaeolake Céreste: one ascalaphid and one

undescribed chrysopid (Nel 1991). New acquisitions at the Isle

of Wight County Museum and Natural History Museum have

added the family Nemopteridae (spoon-winged lacewings),

another species of Chrysopidae and a new species of Hemero-

biidae to the Isle of Wight Eocene entomofauna and are

described herein. Nemopterids are weakly flying insects no

longer found in the UK, with distinctly elongate hindwings

used in courtship display. The adults rest on flowers where they

feed on small insects and pollen, whereas the larvae are ground

predators.

The insects are preserved in concretions or tabular bands of

very fine-grained micrite, known as Insect Limestone. The unit

in which these concretions/bands occur is known as the Insect

Bed, which lies towards the base of the Bembridge Marls

Member (Solent Group: Bouldnor Formation). The Bembridge

Marls are currently considered to be late Eocene in age (Ross &

Self 2014). The specimens described herein are from the coastal

outcrop on the W of Burnt Wood behind Saltmead Ledge

(National Grid Reference SZ 439928). Repositories of specimens

are the Natural History Museum, London (NHMUK) and the

Isle of Wight County Museum Service (IWCMS).

1. Systematic palaeontology

Order Neuroptera von Linnaeus, 1758

Family Nemopteridae Burmeister, 1839

(spoon-winged lacewings)

Subfamily Nemopterinae Burmeister, 1839

Tribe Stenonemiini Orfila, 1954

Genus and species undetermined A

(Figs 1, 2a, b)

Material. Specimen no. IWCMS.2006.102a,b (Yule 28a, b).

Insect Bed, NW Isle of Wight. A. Yule collection.

Taphonomy. Incomplete wing in a fossiliferous parting

associated with other insect remains (Odonata, formicid

Hymenoptera and Diptera inc. Dixa-like species), ostracods

and a seed.

Description. Part and counterpart of the costo-basal one-

third of a hyaline forewing, 23.6 mm long, 7.7 mm wide;

costal area narrow, 0.8 mm wide with 30 preserved simple
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crossveins; subcosta posterior (ScP) and radius anterior (RA)

very close, straight and parallel; radial sector (Rs) þmedia

anterior (MA) emerges from radius (R) 19.5 mm from wing

base; area between R and media posterior (MP)1 narrow with

more than 22 simple crossveins basal of Rs þMA; area

between MP1 and MP2þ cubitus anterior (CuA)1 very narrow

with about 28 preserved crossveins; CuA2 and CuA1 separat-

ing 4.6 mm from wing base; area between MP2 þ CuA1 and

CuA2 very broad, with more than 13 parallel branches of

MP2þ CuA1; area between CuA2 and cubitus posterior (CuP)

very narrow distally; 1A short, 5.3 mm long, with only two

posterior branches; 2A very short, 2.6 mm long.

Discussion. This fragment belongs to the Nemopteridae in

the tribe Stenonemiini (¼Stenorrhachiini sensu Tjeder 1967)

because of the following typical features: MP1 and MP2 þ
CuA1 closely parallel, very long and nearly straight; area

between MP2 þ CuA1 and CuA2 very broad, with more than

13 parallel branches of MP2 þ CuA1; base of RsþMA in a

very distal position; and 1A short with only two posterior

branches (Orfila 1954).

Affinities with the Cretaceous family Roeslerianidae Martins-

Neto are excluded because the costal crossveins are simple

and not dichotomous (Martins-Neto 2000). The Mesozoic

nemopterid genus Cratonemopteryx Martins-Neto, 1992 differs

from the Bembridge Marls fossil in having a narrower area

between MP2þ CuA1 and CuA2 and the base of RsþMA in

a more basal position (Martins-Neto 1992).

The forewing venations of numerous genera of the extant

tribe Stenonemiini are very similar to that of this fossil, viz.

Nemopistha Navás, 1910; Sicyoptera Navás, 1910, Nemeura

Navás, 1910, Brevistoma Tjeder, 1967, Semirhynchia Tjeder,

1967, etc. (Tjeder 1967; Navás 1912). Thus, it is not possible

to attribute this fossil to an extant genus.

Fossil Nemopteridae belonging to the same tribe are also

represented by the fossil genus Marquettia Navás, 1913, with

two species – M. americana (Cockerell, 1907) and M. metzeli

Pierce & Kirkby, 1959 – from the late Eocene of the USA

(Carpenter 1960). Our fossil differs from Marquettia in the

organisation of the veins in the area between MP2 þ CuA1

and CuA2; that is, the branches of MP2þ CuA1 are more

regularly spaced. Nel (1991) described a unnamed fossil

belonging to the same tribe from the early Oligocene of the

‘Potasse d’Alsace’, Haut-Rhin, France, which could well belong

to the same genus, if not the same species as our one, based on

the similar wing proportions and venation.

The UK fossil is the second record of this tribe in the Euro-

pean Cenozoic. Recent Stenonemiini are known from Africa,

South America and Asia, and are represented by one species

in Europe (from Bulgaria). The new find confirms the previous

inference of a rather warm palaeoclimate in Western Europe

during the late Eocene (Nel 1991) corresponding to the

cooling associated with the 33.5 mya ‘Oi-1 Glaciation’ (sensu

Van Simaeys et al. 2005). This cooling is perceptible through

the proportions of the bibionid genera in the Insect Bed

(Collomb et al. 2008; Krzeminski et al. 2019), but it did

not affect several taxa whose recent relatives live in warm

climates, e.g., these Nemopteridae, the Isoptera: Mastoter-

mitidae and the leaf-mimicking Orthoptera: Tettigoniidae:

Pseudophyllinae (Nel et al. 2008).

Family Chrysopidae Schneider, 1851

Genus undetermined species B

(Figs 2c, 3)

Material. Specimen no. IWCMS.2006.103a, b. Insect Bed,

NW Isle of Wight.

Taphonomy. Specimen preserved in weathered ‘rind’ of the

insect limestone.

Description. A body with the fore- and hindwings preserved

but twisted and deformed. Forewing only partly preserved and

only the basal part of the costal area is clearly visible and

rather broad, up to 1.1 mm wide; hindwing 14.5 mm long,

width unknown; costal area narrow, 0.4 mm wide, with about

14 simple crossveins; pterostigmal area not well preserved;

veins subcosta (Sc) and RA fused apically; vein pseudo-

median vein (psm) straight with five branches of RsþMA

ending on it; RsþMA with eight branches ending on the

posterior wing margin; six inner gradate veins regularly spaced;

only the apical outer gradate veins are preserved.

Discussion. Jarzembowski (1980) has already recorded the

family Chrysopidae from the Insect Bed. The new fossil con-

firms the presence of this family supported by the characteristic

vein psm, and inner gradate (i.g.) and outer gradate (o.g.) cross-

veins (Brooks & Barnard 1990; Nel et al. 2005). Like the

previous records, affinities with the Apochrysinae seem un-

likely because the o.g. veins are few and not well aligned, and

this fossil could well be related to Chrysopinae sensu stricto or

Nothochrysinae. It is not possible to give a more precise attri-

bution because the forewing intramedian cell is not preserved.

Jarzembowski’s chrysopid species A is based on a small

fragment of wing apex (specimen NHMUK I.8643). The new

find differs from it in that Sc and RA are fused distally, sug-

gesting a generic difference. The new fossil is more intact,

also suggesting less transportation than the previous record.

Chrysopidae are well known from the Palaeogene of con-

tinental Europe (Nel et al. 2005); future fieldwork may well

yield critical material.

Remark. Another specimen (NHMUK II.2989a, b, A. Yule

collection) could be attributed to the Chrysopidae on the basis

of the apparent presence of a straight vein psm, but this is

uncertain (Fig. 4a). This last fossil is remarkable by its very

Figure 1 Nemopteridae Stenonemiini species A, specimen IWCMS.2006.102a, b (field no. 28a, b), drawing of forewing. Scale bar ¼ 4 mm.
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Figure 2 (A) Nemopterinae Stenonemiini genus and species undetermined A, no. IWCMS.2006.102a (part).
(B) Counterpart of (A). (C) Chrysopidae genus undetermined species B, no. IWCMS.2006.103a (part).
(D) Sympherobius yulei sp. nov., holotype NHM II.2973a (print), left wings. (E) Counterpart of (D). (F) Part of
(D), general habitus. (G, H) Specimen NHMUK II.2979b, part and counterpart of the base of a forewing, coll.
Andy Yule, NHM. Scale bars ¼ 4 mm (A, B, D, E); 5 mm (C); 3.5 mm (F); 4 mm (G, H).
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long antennae, a character present in Chrysopidae but also in

some other neuropteran families, e.g., Osmylidae.

Family Hemerobiidae Latreille, 1802

Genus Sympherobius Banks, 1904

Sympherobius yulei sp. nov.

(Figs 2d–f, 5)

Holotype. NHMUK II.2973a, b. Insect Bed, Saltmead Ledge,

Isle of Wight. A. Yule collection.

Diagnosis. Fossil species of Sympherobius with forewing

crossvein 3 intercalary radial vein (ir) just distal of first fork

of branches of radial sector (ORB) 3; ORB3 with only one

fork; 1 median-cubital (m-cu) crossvein nearly aligned with base

of CuP.

Etymology. Named after Andy Yule who found and donated

the type specimen to the NHM.

Taphonomy. Part and counterpart of a body, a forewing

with apical fifth missing, base of the opposite forewing and

fragments of a hindwing; legs and antennae not visible; spider

on same bedding plane.

Description. We follow the wing venation nomenclature of

Oswald (1993a). The body is probably complete, but shows

no taxonomically useful characters, unlike the forewing.

Forewing 4.4 mm long (the complete length of the wing was

certainly only slightly longer than what is preserved), 2.3 mm

wide as preserved; costal area very broad near its base,

0.5 mm wide, trichosors of anterior wing margin present;

humeral marginal silhouette convex; prestigmal width of sub-

costal space narrow but broader than adjacent Sc throughout;

subcostal crossvein 2 subcosta-radial (sc-r) present; radial vein

with three ORBs and ORB1 shallowly forked; ORB3 with

only one fork; radial veins straight, not sinuate; pre-3ir1 intra-

radial crossveins absent; crossvein 3ir1 just distal of first fork

of ORB3; posterodistal marginal silhouette convex; anterior

border of third intercalary radial-median cell (c3r-m) straight;

radiomedial crossvein 3 radial-median crossvein (r-m) present,

3r-m connecting ORB1 and MA; intersection of 2m-cu with

MP located more than the crossvein’s length distal to fork

MA/MP; cell c2m-cu narrow distally; intramedial crossvein 2

intercalary median cell (im) absent; three mediocubital cross-

veins present; mediocubital flexion line present; intercubital

crossvein 1 cubital crossvein (cua-cup) absent; proximal forks

of CuP and A1 absent.

Discussion. Based on the phylogenetic analysis of the

hemerobiid genera by Oswald (1993a, b), the pre-3ir1 intraradial

crossvein is a synapomorphy of the Hemerobiidae, even if

reversed in the two genera Neuronema and Gayomyia.

Sympherobius yulei sp. nov. differs strongly from the ‘basal’

subfamily Adelphomerobiinae Oswald, 1994 in the structure

of the radial sector (Oswald 1994). Following the key to

genera of Oswald (1993a), it would fall near the genera

Hemerobiella, Hemerobius, Wesmaelius or Sympherobius (in

part), because of the presence of three prestigmal ‘radial

sectors’, forewing humeral vein narrow and forewing with

three m-cu veins. Wesmaelius differs from Sympherobius yulei

sp. nov. in ORB3 possessing three forks and 2r-m displaced

Figure 3 Chrysopidae species B, specimen IWCMS.2006.103a,vb. (A) Drawing of forewing costal area. (B) Drawing of left hindwing. (C) Drawing
of right hindwing. Scale bars ¼ 2 mm.
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proximad of crossvein 2m-cu; the latter feature is an apomorphy

of Hemerobius. Also, the anterior border of cell c3r-m being

straight and the radial veins not sinuate exclude the fossil

from Hemerobiella. S. yulei sp. nov. differs from the extant

Hemerobius species in the position of the crossvein 3ir1, just

distal of the first fork of ORB3 (Aspöck et al. 1980). Also in

Hemerobius, 2r-m is either lost or located much proximal to the

fork of median vein (M) and ORB1. The fossil shows more

similarities with Sympherobius (Oswald 1988). Thus, we tenta-

tively place the fossil in this genus, even if the absence of the

body and hindwing characters renders its attribution uncertain.

Among the fossil Sympherobius species, Sympherobius yulei

sp. nov. differs from the Baltic amber Sympherobius completus

Makarkin & Wedmann, 2009 in its ORB3 with only one fork

(although some uncertainty remains about this character as

the wings are not completely preserved), and more proximal

position of crossvein 1m-cu (Makarkin & Wedmann 2009).

Sympherobius yulei sp. nov. differs from the Baltic amber

Sympherobius siriae Jepson et al., 2010 in the shorter forewing

(ca.4.4 mm instead of 5.9 mm long; Jepson et al. 2010). The

Sympherobius sp. described by Engel & Grimaldi (2007) from

the Dominican amber has retained the crossvein 4m-cu.

Sympherobius yulei sp. nov. differs from all fossil Hemero-

biidae already described and figured from the Isle of Wight,

except Hemerobiidae species B in the few branches of Rs

separated by broad intercalary areas (Jarzembowski 1980);

the latter is based on a rather fragmentary specimen but is

possibly congeneric with the new fossil, even if they are not

conspecific, S. yulei having an ORB3 with a distinct angle near

its base while this vein is straight in species B. Sympherobius yulei

sp. nov. also differs from ‘Hemerobius’ tinctus Jarzembowski,

1980, from the Isle of Wight Eocene – later transferred to the

genus Megalomus by Makarkin (1991) – in the presence of

the crossvein 2r-m, simple ORB1 and only two forks of

ORB3. We agree with Oswald (1993a), who considered that

the wing venation of ‘Megalomus’ tinctus resembles more that

of Psychobiella than Hemerobius and Megalomus, especially in

the structure of the radial sector.

Among the fossil hemerobiid genera, Sympherobius yulei

differs from the Early Eocene Cretomerobius Makarkin et al.,

2003 in the organisation of the radial sector (Makarkin et al.

2003). Sympherobius yulei sp. nov. also differs from the

enigmatic Baltic amber Prolachlanius Krüger, 1923 and

Prophlebonema Krüger, 1923 in the position of the crossvein

1r-m, and from Prospadobius Krüger, 1923 and Promegalomus

Panfilov, 1980 in the organisation of the radial sector (Pictet &

Hagen 1856; Krüger 1923; Panfilov 1980; Oswald 1993a). The

forewing venation of the Canadian genus Bothromicromus

Figure 4 (A) ?Chrysopidae genus and species undetermined, NHMUK II.2989a, A. Yule collection.
(B) Hemerobiidae genus and species undetermined, NHMUK II.2988, A. Yule collection. (C, D) NHMUK
II.2981a, b part and counterpart of Neuroptera family, genus and species undetermined, II2981a, A. Yule collec-
tion. Scale bars ¼ 4 mm.
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Scudder, 1878 resembles that of Drepanepteryx (Scudder 1890;

Oswald 1993a). Mesohemerobius Ping, 1928 is a very enigmatic

and incomplete wing differing from S. yulei sp. nov. in its very

numerous radial branches (Ping 1928).

In addition, Rumbucker (1995) described two Lower Creta-

ceous genera Brasilopsychopsis and Cratopsychopsis, but

Makarkin et al. (2003) indicated that they should be revised.

Remark. A new specimen (NHMUK II.2979a, b, part and

counterpart of the base of a forewing, A. Yule collection) has

its preserved veins similar to those of the type specimen of

Sympherobius yulei. It is larger than this fossil, and has five

dark coloured bands in the subcostal space (Fig. 2g, h), not

present in the type specimen of S. yulei, but this could be due

to variation or a problem of taphonomy, or it could be a

different species, maybe in the same genus.

A further specimen (NHMUK II.2988, A. Yule collection)

can also be attributed to the Hemerobiidae, but as only the

basal part of costal area is preserved with traces of dark

bands, it is impossible to attribute it to a precise genus or

subfamily, although the dense venation would suggest some

similarities with the ?Neuronema species already known from

the same bed. We consider it as a Genus undetermined species C

(Fig. 4b).

For another Neuroptera specimen (NHMUK II2981a,b,

A. Yule collection), it is impossible to suggest a family attribu-

tion because the organisation of the radial area is not pre-

served, although an aberrant osmylid affinity cannot be ruled

out, due to the long distal fusion of R and Sc with a series of

long, parallel, anterior branches (Fig. 4c, d).

Note. Makarkin (1998) described the Oligocene–Miocene

genus Oligogetes and attributed it to the Jurassic family Sole-

noptilidae Handlirsch, 1906. However, Oligogetes relictum

Makarkin, 1998 is based on fragments of wing apices that do

not show any character, which is typical of Neuroptera. In

particular, the holotype specimen (PIN 3429/305) is much

more likely to be a hindwing apex of an orthopteran (cf.

Carpenter 1992; Makarkin 1998, text-fig. 4a; Makarkin &

Archibald 2003). The attribution of Oligogetes to the Solenop-

tilidae is very doubtful.
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Annales de la Société Entomologique de France 41, 29–68.

Nel, A., Prokop, J. & Ross, A. J. 2008. New genus of leaf-mimicking
katydids (Orthoptera: Tettigoniidae) from the Late Eocene–Early
Oligocene of France and England. Comptes Rendus Palevol 7,
211–16.

Orfila, R. N. 1954. Un nuevo Nemopteridae americano con una
sinopsis de la familia. Revista Societa Entomologica Argentina,
Buenos Aires 17, 29–32.

Oswald, J. D. 1988. A revision of the genus Sympherobius Banks
(Neuroptera: Hemerobiidae) of America north of Mexico with a
synonymical list of the world species. Journal of the New York
Entomological Society 96, 390–451.

Oswald, J. D. 1993a. Revision and cladistic analysis of the world
genera of the family Hemerobiidae (Neuroptera). Journal of the
New York Entomological Society 101, 143–299.

Oswald, J. D. 1993b. A new genus and species of brown lacewing
from Venezuela (Neuroptera: Hemerobiidae), with comments on
the evolution of the hemerobiid forewing radial vein. Systematic
Entomology 18, 363–70.

Oswald, J. D. 1994. A new phylogenetically basal subfamily of brown
lacewings from Chile (Neuroptera: Hemerobiidae). Entomologica
Scandinavica 25, 295–302.

Panfilov, D. V. 1980. Novye predstaviteli setcharokrylykh (Neuro-
ptera) iz yury Karatau. [A new representative of Neuroptera
from the Jurassic in the Karatau region.] In Dolin, V. G.,
Panfilov, D. V., Ponomarenko, A. G. & Pritykina, L. N. (eds)
Iskopajemye nasekomyje mezozoja, 82–111. [Fossil insects of the
Mesozoic.] Kiev: Akademiya nauk Ukrainskoj SSR, Institut
Zoologii, Naukova Dumka. 135 pp. [In Russian.]

Pictet De La Rive, F. J. & Hagen, H. A. 1856. Die im Bernstein
befindlichen Neuroptera der Vorwelt. In Berendt, G. C. (ed) Die
im bernstein befindlinchen organischen reste der Worvelt 2(2), 41–
126. Berlin: Commission der Nicolaischen Buchhandlung.

Pierce, W. D. & Kirkby, R. A. 1959. Fossil insects from Montana. 1.
A new fossil nemopterid (Neuroptera). Bulletin of the Southern
California Academy of Sciences 58, 47–50.

Ping, C. 1928. Cretaceous fossil insects of China. Palaeontologia
Sinica, (B) 13, 1–56.

Ross, A. J. & Self, A. 2014. The fauna and flora of the Insect Lime-
stone (late Eocene), Isle of Wight, UK: introduction, history and
geology. Earth and Environmental Science Transactions of the
Royal Society of Edinburgh 104, 233–44.

Rumbucher, K. 1995. Hemerobiidae (Insecta: Planipennia), a hitherto
unknown family of the Santana Formation from the Brazilian
Lower Cretaceous. Bericht der Naturforschenden Gesellschaft
Augsburg 55, 46–61.

Scudder, S. H. 1878. Additions to the insect fauna of the Tertiary beds
at Quesnel, British Columbia. Geological Survey of Canada, Report
of Progress 1876–1877, 457–64.

Scudder, S. H. 1890. The fossil insects of North America (with notes
on some European species). 2. The Tertiary insects. Report of the
United States Geological Survey of the Territories 13, 1–734.

Tjeder, B. 1967. Neuroptera-Planipennia. The lace-wings of Southern
Africa. 6. Family Nemopteridae. South African Animal Life 13,
290–501.

Van Simaeys, S., Brinkhuis, H., Pross, J., Williams, G. L. & Zachos,
J. C. 2005. Arctic dinoflagellate migrations mark the strongest
Oligocene glaciations. Geology 33, 709–12.

von Linnaeus, C. 1758. Systema naturae per regna tria naturae
secundum classes, ordines, genera, species cum characteribus,
differentiis, synonymis, locis. Ed. decima reformata. Holmiae,
Laur. Salvii 1, 1–823.

Wedmann, S. & Makarkin, V. N. 2007. A new genus of Mantispidae
(Insecta: Neuroptera) from the Eocene of Germany, with a review
of the fossil record and palaeobiogeography of the family. Zoo-
logical Journal of the Linnean Society 149, 701–16.

MS received 1 May 2014. Accepted for publication 31 May 2015

NEW LACEWINGS FROM THE INSECT BED OF THE ISLE OF WIGHT 403

https://doi.org/10.1017/S1755691018000476 Published online by Cambridge University Press

https://doi.org/10.1017/S1755691018000476


<<
  /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




