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Abstract The presence of the two morphs, “typical” and
“large mouth”, in the Antarctic Wsh species Trematomus
newnesi (Perciformes, Notothenioidei) was recorded for the
Wrst time in nearshore waters of the South Shetland Islands
(Potter Cove) and western Antarctic Peninsula (Petermann
Island). The two morphs were distinguishable in specimens
of 60–241 mm total length (TL); about 30% of the speci-
mens constituted intermediate forms. In addition to the pre-
viously known characters separating the morphs, we found
that the “relative size of the eye” can also be used to iden-
tify smaller and larger Wsh of the typical morph. The eco-
logical signiWcance of the two morphs remains unclear.
Ratios of diagnostic characters for identiWcation of the spe-
cies at two size ranges (60–131 and 132–241 mm TL) are
provided.

Keywords Antarctic Wsh · Nototheniidae · Morphs · 
South Shetland Islands

Introduction

Discontinuous phenotypes in a population constitute the
greatest variability in most species. When all members of a
local population are products of the same gene pool and
members of a single taxonomic unit, the existence of mor-
phologically diVerent individuals reXects intraspeciWc vari-
ation (Mayr and Ashlock 1991).

Ichthyological research on trophic polymorphism indi-
cates that the diVerences between morphs are associated
with food and habitat (Smith and Skúlason 1996). In gen-
eral, morphs diVer in size and shape of body, head, Wns or
other characters. This widespread evolutionary phenome-
non is known for Wsh in diVerent fresh water and marine
environments. Examples include river cichlids Cichlasoma
spp. in Cuatro Ciénagas, Mexico (Sage and Selander 1975;
Dunnigan et al. 1994); cichlids in Lake Tanganyika
(Koblmüller et al. 2004); Arctic charr Salvelinus alpinus in
lakes of Iceland and Northern Norway (Peres-Neto and
Magnan 2004); Scandinavian white Wsh Coregonus spp. in
nine Norwegian lakes (Whiteley 2007) and serranid marine
Wsh Hypoplectrus spp. in Puerto Rico, U.S. Virgin Islands,
Curaçao, Honduras and Belize (Whiteman et al. 2007).

The Wrst case of phenotypic plasticity in Antarctic Wsh
was described by Eastman and DeVries (1997) for the spe-
cies Trematomus newnesi Boulenger 1902 from McMurdo
Sound, documenting diVerences between the “typical
morph” and a “large mouth morph”. T. newnesi is a coastal
circumpolar Antarctic Wsh of the family Nototheniidae
(Perciformes, Notothenioidei), widely distributed in waters
of the southern Scotia Arc (South Orkney Islands and South
Shetland Islands), the West Antarctic Peninsula and the
High Antarctic Zone (Gon and Heemstra 1990). Although
its depth distribution may reach 400 m (Tiedtke and Kock
1989), it is more abundant in shallow inshore waters in the
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range 20–50 m, primarily on rocky bottoms with macroal-
gae beds (Moreno et al. 1982; Barrera-Oro 2002).

The main diVerences between the two morphs recognised
by Eastman and DeVries (1997) are the wide and U-shaped
head in the large mouth morph and the more tapered and
V-shaped head in the typical morph. According to Eastman
and DeVries (1997), the holotype described by Boulenger
(1902) was the typical morph and the form exempliWed in
Fischer and Hureau (1985) and DeWitt et al. (1990) corre-
sponds to the large mouth morph. Further descriptions of
polymorphism in Antarctic Wsh are scarce and are found in
other members of the genus Trematomus: two colour morphs
of T. bernacchii (white blotch and brown) in McMurdo
Sound (Bernardi and Goswami 1997) and morphism in chro-
mosome number and morphology in T. eulepidotus and
T. hansoni (Ozouf-Costaz et al. 1997; Pisano et al. 1998).

Until 1990 the maximum total length (TL) known for
T. newnesi was 200 mm (Gon and Heemstra 1990). More
recent studies reported larger values, occasionally in the
range 230–250 mm TL (Vacchi and La Mesa 1995; La
Mesa et al. 2000; Casaux et al. 2003). The sample from
McMurdo Sound, where the two morphs in question were
found, included specimens from 113 mm to a maximum
size of 280 mm TL (Eastman and DeVries 1997).

In Potter Cove, South Shetland Islands, several ichthyo-
logical studies have been carried out by means of trammel
nets with mesh sizes that allowed capture of specimens
over 150 mm TL (reviewed in Barrera-Oro and Casaux
2008). Recently, the scope of research at this locality was
expanded by the use of bottom trawling with nets of smaller
mesh capable of sampling earlier life history stages of Wsh,
including T. newnesi, down to approximately 40 mm TL
(Barrera-Oro and Piacentino 2007).

Through analysis of T. newnesi specimens collected
mostly at Potter Cove, the primary aim of this study is to
report on the occurrence of the typical and large mouth mor-
phs for Wrst time, and in smaller specimens (¸60 mm TL), in
the South Shetland Islands and western Antarctic Peninsula
region (Fig. 1). Furthermore, we found that the character
“eye diameter” sometimes separates the two morphs.
Because analysis of morphometric measurements throughout
ontogeny is a useful tool in taxonomic studies, our second
objective is to provide new diagnostic characters for two size
ranges of T. newnesi to aid in its identiWcation.

Materials and methods

Samples of T. newnesi were obtained primarily at Potter
Cove, King George Island, South Shetland Islands, close to
the scientiWc station Jubany (62°14�S; 58°40�W) by means
of a bottom trawl (mouth 1 m2, length 2 m, mesh 4 mm) and
trammel nets (length 25 m, inner mesh 25 mm) at 8–40 m

depth. The abiotic features and biotic components of this
area are described in Casaux et al. (1990). In addition, Wve
individuals (Museo Argentino de Ciencias Naturales B.
Rivadavia 5729) from Petermann Island, western Antarctic
Peninsula, were also analysed. Some specimens (n = 29)
were preserved in collection (MACN 9225 and MACN
9226). The sampling data and Wsh examined are summarised
in Table 1, with measurements following Hubbs and Lagler
(1958). Wilcoxon Matched-Pairs non-parametric test was
used to test the null hypothesis that there were no diVerences
in relative measurements between the two size classes.

Within the size range of the Wsh collected for study of onto-
genetic variation, many length intervals were not well repre-
sented or even absent (e.g., seven 1 cm length classes with
N < 3). Hence it was not possible, for instance, to recognise
gradual ontogenetic variation of selected characters and to
divide the whole sample into several, well represented, length
classes that putatively represent diVerent cohorts. Instead,
we arbitrarily separated the Wsh sample in two main size
ranges: specimens within the size ranges of 60–131 mm TL
[13–32 mm head length (HL)] and 132–241 mm TL (33–59
mm HL) are deWned as of small and large Wsh, respectively.

To analyse the degree of allometry, the allometric
growth function (y = axb) was Wtted to the values of some
morphometric characters (with x being the HLs). Values of
b < 1 and b > 1 indicate negative and positive allometry,

Fig. 1 Map of the Antarctic Peninsula showing the sampling sites:
Potter Cove and Petermann Island
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respectively. Values of b that are not signiWcantly diVerent
from 1 indicate isometric growth.

The specimens investigated were collected during four
intervals over the past 38–39 years and it was our original
intent to study only ontogenetic morphometric variation in
this species. However, upon learning of the existence of
phenotypic plasticity or morphism in T. newnesi (Eastman
and DeVries 1997) and recognising that this phenomenon
was also present in our samples, we retrospectively
expanded the scope of our study to include a documentation
of the incidence of the various morphs. Thus the size of the
sample we employed for the analysis of morphometric vari-
ation was larger (180 specimens) than that used for the
study of the morphism component (70 specimens). This is
because the specimens from the earlier collections were not
preserved in a museum collection and thus could not be
examined for morphism.

Results

IdentiWcation of morphs

Of the total Wsh examined for identiWcation of morphs
(n = 70), 41% corresponded to the typical morph, 29% to
the large mouth and the remaining 30% were intermediate
forms (Fig. 2).

Morphometric measurements

Ratios of Wsh length and HL to a number of common diag-
nostic characters for both small and large specimens of
T. newnesi are shown in Table 2. Values are expressed as
ratios instead of relative sizes (as shown in Figs. 3, 4, 5, 6),
to make them directly comparable with those characters
described in the literature for the diagnosis of species of
genus Trematomus (Dewitt et al. 1990).

Ontogenetic growth patterns

In T. newnesi the growth pattern is isometric for some char-
acters. Their relative sizes varied from 29.16 to 43.33% for
HL/SL from 37.93 to 59.61% for the length of snout to anal
Wn origin/SL and from 37.67 to 69.39% for the length of
anal Wn origin to caudal Wn base/SL.

The growth pattern is also isometric (Table 3) for rela-
tive upper jaw length (Fig. 3b), relative mandible length
(Fig. 4b) and relative gape width (Fig. 5b). The values for
small and large Wsh ranged from 37.54 to 57.77% and from
42.85 to 58.82%, respectively, for relative upper jaw
length; from 30.67 to 44.44% and from 36.4 to 48.6%,
respectively, for relative mandible length from 28.33 to
45.18% and from 32.08 to 50.98%, respectively, for rela-
tive gape width. For relative mandible length and relative
gape width, two discrete morphologies were observed
(Figs. 4a, 5a). Eye diameter shows a slight negatively allo-
metric growth (Table 3), with percentage ratios of 21.82–
33.33% in small Wsh and 19.04–30.77% in large Wsh
(Fig. 6b). The growth pattern is positively allometric for
interorbital width/HL and for body depth/SL. The relative
interorbital widths range from 18.75 to 31.81% in small Wsh
and from 22.8 to 34.61% in large Wsh. For relative body
depth, the values range from 16.36 to 24.77% in small Wsh
and from 18.93 to 49.56% in large Wsh.

Discussion

The two distinct morphs described by Eastman and
DeVries (1997) were also identiWed by external characters
within the Wsh collected in the South Shetland Islands/west-
ern Antarctic Peninsula region (mainly at Potter Cove),

Table 1 Details of sampling and Wsh examined

Locality Date Gear No. of Wsh Size range (TL, mm)

Potter Cove February 1997 Trammel net 22 134–220

Potter Cove Dec. 2004 to Feb. 2005 Bottom trawl 100 60–154

Potter Cove Dec. 2005 to Mar. 2006 Bottom trawl 53 40–126

Petermann I. Dec. 1967 to Feb. 1968 Trammel net 5 181–215

Fig. 2 Photographs of Trematomus newnesi showing distinct
morphologies in similarly sized Wsh. a large mouth morph with compar-
atively large mouth and small eyes and U-shaped head; b typical morph
with comparatively small mouth and large eyes and V-shaped head
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including smaller Wsh (from 60 mm TL), which were not
present in the sample from McMurdo Sound (113–280 mm
TL). This indicates that this phenomenon is evident in
juveniles and is not conWned to later periods of ontogeny.
In dorsal and ventral views, the head was more pointed,
V-shaped in the typical morph and more wide, U-shaped
and darker in the large mouth morph. In addition to this

distinct colouration and morphology of the head, originally
pointed out by Eastman and DeVries (1997), we observed
that the pigmentation of the head and body was orange-
brownish in the typical morph and dark grey in the large
mouth morph (Fig. 2). We also noted that the relative size
of the eye was, in some cases (n = 21) with the reservations

Table 2 Morphometric ratios of standard length (SL) and head length (HL) to a number of morphological characters in small and large specimens
of Trematomus newnesi

SD standard deviation. p level determined by Wilcoxon Matched Pairs Test. SigniWcance at * p < 0.05

Morphometric ratios n Small Wsh 
(48–110 mm SL; 60–131 mm TL)

n Large Wsh 
(111–201 mm SL; 132–241 mm TL)

p

Range Mean SD Range Mean SD

HL/eye diameter 94 2.7–4.0 3.49 0.29 33 3.7–5.2 4.20 0.42 0.000*

HL/upper jaw length 94 1.7–2.9 2.37 0.18 33 1.7–2.9 2.11 0.21 0.000*

HL/gape width 94 2.2–3.5 2.73 0.27 33 1.9–3.3 2.43 0.35 0.000*

HL/mandible length 94 2.3–3.2 2.69 0.21 33 2.0–2.6 2.44 0.21 0.000*

HL/interorbital width 94 3.1–5.1 4.03 0.37 33 2.8–4.3 3.47 0.36 0.000*

SL/head length 94 3.0–4.3 3.63 0.34 33 3.2–4.2 3.50 0.24 0.306

SL/length of snout to anal Wn origin 57 1.5–2.5 2.04 0.24 26 1.8–2.6 2.04 0.20 0.242

SL/length of anal Wn origin 
to caudal Wn base

57 1.5–2.7 2.06 0.27 26 1.8–2.6 2.09 0.17 0.227

SL/body depth 94 4.0–6.1 4.76 0.51 33 2.0–5.3 4.14 0.43 0.003*

Fig. 3 a Histogram showing frequencies of relative upper jaw lengths
(%) of T. newnesi; b Plot of relative upper jaw lengths (%) in relation
to head lengths (mm) for small and large specimens

Fig. 4 a Histogram showing frequencies of relative mandible lengths
(%) of T. newnesi; b Plot of relative mandible lengths (%) in relation
to head lengths (mm) for small and large specimens
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noted below, a useful new character in separating morphs,
with a larger eye diameter in the typical morph and smaller
in the large mouth morph (Fig. 2). Nevertheless, despite the

general validity of these characters, approximately 30% of
the T. newnesi specimens analysed were intermediate
forms, which could not be assigned to any of the morphs
regardless of size. This could be a reXection of the variabil-
ity of the phenotypic characters analysed. Intermediate
morphs have also been collected recently in McMurdo
Sound (J. T. Eastman, personal communication).

In the present study we observed, within Wsh of the
same length interval, variability in eye diameter and pro-
jection of the maxillary relative to the eye. Many smaller
and larger specimens had a larger eye diameter and the
maxillary projected in some cases beyond the anterior
one-third of the eye. This could be due to heterochrony,
because this pattern remained constant with increasing
Wsh size. Similar variability was also observed by Boulenger
(1902) and by Eastman and DeVries (1997) for sizes of
116–239 mm SL.

Based on morphology and measurements Eastman and
DeVries (1997) suggested that the large mouth morph
could be more benthic than the typical semipelagic morph,
as a response to a diVerent diet. Two studies on the diet of
T. newnesi have been carried out at Potter Cove. The most
recent showed that early juvenile stages (4–154 mm TL)
fed on a few benthic-demersal taxonomic groups associated
with algae communities, with no diVerences in feeding hab-
its between Wsh sizes (Barrera-Oro and Piacentino 2007). In
the earlier study, larger juveniles and adult Wsh (123–
233 mm TL) preyed on both benthic-demersal and pelagic
organisms, becoming secondary plankton/water-column
feeders (Casaux et al. 1990). These studies did not give
conclusive evidence for niche diversiWcation, since the die-
tary analysis was carried out over the total Wsh sample with-
out separation of the two distinct morphs. The information
in Barrera-Oro and Piacentino (2007) does not support this
hypothesis because either diVerences in habitat or diet
between juvenile Wsh was found in a sample that was com-
posed of specimens of both morphs. We share the view of
Eastman and DeVries (1997) on the need to clarify this
hypothesis by a representative trophic analysis. Thus this
phenotypic polymorphism is not yet a documented example
of trophic polymorphism.

Fig. 5 a Histogram showing frequencies of relative gape width (%) of
T. newnesi; b Plot of relative mouth gape widths (%) in relation to
head lengths (mm) for small and large specimens

Fig. 6 a Histogram showing frequencies of relative eye diameter (%)
of T. newnesi; b Plot of relative eye diameters (%) in relation to head
lengths (mm) for small and large specimens

Table 3 Allometric parameters for relationship of morphometric
characters with head length (HL)

n number of individuals, a constant of allometric equation, b allometric
coeYcient; r2 determination coeYcient. SigniWcance at *p < 0.005

Characters n a b r2 p

Eye diameter/HL 150 0.568 0.765 0.950 0.000*

Gape width/HL 150 0.244 1.140 0.955 0.000*

Upper jaw/HL 126 0.286 1.333 0.966 0.000*

Mandible length/HL 140 0.259 1.124 0.962 0.000*
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It is necessary to make clear that our samples were not
processed to see strict morphometric diVerences between
the two morphs (except for a comparison between eye sizes
of a limited number of Wsh), but to see ontogenetic changes
of T. newnesi without separation into morphs (see
“Material and methods”). Hence, Figs. 3, 4, 5, 6 and
Tables 2, 3 refer to morphometric diVerences between the
two size ranges of the species and not to diVerences
between the morphs.

In the morphometric analysis of T. newnesi the ratios of
the diagnostic characters used for taxonomic identiWcation
(Table 2) extend the range of values given in the literature for
nototheniids in general (DeWitt et al. 1990). Although it was
not possible to divide the whole sample into several length
classes and gradually follow the ontogenetic variation in the
selected characters, the data presented for two main size
ranges reXect size-related changes in growth of the species.

The joint analysis of mandible length, gape width and
upper jaw length with increasing Wsh size indicate that the
gape of the mouth was determined by the last character.
Upper jaw lengths are proportionally larger in smaller spec-
imens (Fig. 3b) allowing for a larger mouth opening, up to
a position of the maxillary perpendicular to the dentary.
This morphology was not observed in Wsh larger than
132 mm TL and could be interpreted as an adaptation in
smaller Wsh for an eVective ambush feeding on some rela-
tively large prey, such as amphipods and krill (Barrera-Oro
and Piacentino 2007).

Likewise, the characters mandible length and gape width
in relation to HL separate the investigated specimens in a
nearly bimodal fashion (each mode putatively being repre-
sentative of a diVerent morph) (Figs. 4a, 5a, respectively),
similarly to the description in Eastman and DeVries (1997)
for the relative upper jaw length and gape width of T. new-
nesi from McMurdo Sound. Because T. newnesi is a poly-
morphic species with intermediate morphs, some characters
did not exhibit a clear bimodal distribution, as was the case
in our data for upper jaw length and eye diameter (Figs. 3a,
6a, respectively). QuantiWcation and further analysis of the
occurrence of the typical and large mouth morphs of
T. newnesi at Potter Cove will be the aim of a future work.

Acknowledgments We thank C. Bellisio for his help in Weld activi-
ties, M. Canevari for his assistance in photograph procedures and
A. Gonzalez for providing the map of the Antarctic Peninsula. We are
particularly grateful to Prof. J. Eastman for his valuable comments on
the manuscript. This paper was also kindly reviewed by an anonymous
referee.

References

Barrera-Oro ER (2002) The role of Wsh in the Antarctic marine food web:
diVerences between inshore and oVshore waters in the southern
Scotia Arc and west Antarctic Peninsula. Antarct Sci 14:293–309

Barrera-Oro ER, Casaux RJ (2008) General ecology of coastal Wsh
from the South Shetland Island and west Antarctic Peninsula
areas. Ber Polar Meeresforsch 571:95–110

Barrera-Oro ER, Piacentino GLM (2007) Feeding habits of juvenile
Trematomus newnesi (Pisces, Nototheniidae) at Potter Cove,
South Shetland Islands, Antarctica. Polar Biol 30:789–796

Bernardi G, Goswami U (1997) Molecular evidence for cryptic species
among the Antarctic Wsh Trematomus bernacchii and Tremato-
mus hansoni. Antarct Sci 9:381–385

Casaux RJ, Mazzotta AS, Barrera-Oro ER (1990) Seasonal aspects of
the biology and diet of nearshore nototheniid Wsh at Potter Cove,
South Shetland Islands, Antarctica. Polar Biol 11:63–72

Casaux RJ, Barrera-Oro ER, Baroni A, Ramón A (2003) Ecology of
inshore notothenioid Wsh from the Danco Coast, Antarctic Penin-
sula. Polar Biol 26:157–165

DeWitt HH, Heemstra PC, Gon O (1990) Nototheniidae. In: Gon O,
Heemstra PC (eds) Fishes of the Southern Ocean. JLB Smith
Institute of Ichthyology, Grahamstown, pp 279–331

Dunnigan B, McElroy DM, Douglas ME (1994) Sexual dimorphism
and morphological variation in Cichlasoma minckleyi from
the Cuatro Ciénegas basin, México. Proc Des Fish Counc
XXV:45–46 did trophic diVerences. These re the hypothesis that
C. minckleyi

Eastman JT, DeVries AL (1997) Biology and phenotypic plasticity of
the Antarctic nototheniid Wsh Trematomus newnesi in McMurdo
Sound. Antarct Sci 9:27–35

Fischer W, Hureau JC (eds) (1985) FAO species identiWcation
sheets for Wshery purposes. Southern Ocean (Fishing areas 48,
58 and 88) (CCAMLR Convention Area), vol 2. FAO, Rome,
pp 233–470

Gon O, Heemstra PC (eds) (1990) Fishes of the Southern Ocean. JLB
Smith Institute of Ichthyology, Grahamstown, pp 462

Hubbs CL, Lagler KF (1958) Fishes of the Great Lakes Region.
Cranbrook Institute of Science, BloomWeld Hills

Koblmüller S, Duftner N, Katongo C, Phiri H, Sturmbauer C (2004)
Ancient divergence in bathypelagic Lake Tanganyika deepwater
cichlids: mitochondrial phylogeny of the tribe bathybatini. J Mol
Evol 60:297–314

La Mesa M, Vacchi M, Sertorio TZ (2000) Feeding plasticity of
Trematomus newnesi (Pisces, Nototheniidae) in Terra Nova Bay,
Ross Sea, in relation to environmental conditions. Polar Biol
23:38–45

Mayr E, Ashlock PD (1991) Principles of systematic zoology.
McGraw-Hill, New York

Moreno CA, Zamorano JH, Duarte WE, Jara HF (1982) Abundance of
Antarctic juvenile Wshes on soft-bottom substrates: the impor-
tance of the refuge. Cybium 6:37–41

Ozouf-Costaz C, Pisano E, Thaeron C, Hureau JC (1997) Antarctic Wsh
chromosome Banding, signiWcance for evolutionary studies.
Cybium 21:399–409

Peres-Neto PR, Magnan P (2004) The inXuence of swimming
demand on phenotypic plasticity and morphological integra-
tion: a comparison of two polymorphic charr species. Oecolo-
gia 140:36–45

Pisano E, Ozouf-Costaz C, Prirodina V (1998) Chromosome diversiW-
cation in Antartic Wsh (Notothenioidei). In: di Prisco G, Pisano E,
Clarke A (eds) Fishes of Antarctica: a biological overview.
Springer-Verlag Italia, Milan, pp 275–285

Sage RD, Selander RK (1975) Trophic radiation through
polymorphism in cichlid Wshes. Proc Natl Acad Sci USA
72:4669–4673

Smith TB, Skúlason S (1996) Evolutionary signiWcance of resource
polymorphisms in Wshes, amphibians, and birds. Annu Rev Ecol
Syst 27:111–133

Tiedtke JE, Kock KH (1989) Structure and composition of the Wsh fau-
na around Elephant Island. Arch Fisch Wiss 39:143–169
123



Polar Biol (2009) 32:1407–1413 1413
Vacchi M, La Mesa M (1995) The diet of the Antarctic Wsh Tremato-
mus newnesi Boulenger, 1902 (Nototheniidae) from Terra Nova
Bay, Ross Sea. Antarct Sci 7:37–38

Whiteley AR (2007) Trophic polymorphism in a riverine Wsh: morpho-
logical, dietary, and genetic analysis of mountain whiteWsh. B
J Linn Soc 92:253–267

Whiteman EA, Côté IM, Reynolds JD (2007) Ecological diVerences
between hamlet (Hypoplectrus: Serranidae) colour morphs:
between-morph variation in diet. J Fish Biol 71:235–244
123


	Phenotypic plasticity in the Antarctic Wsh Trematomus newnesi (Nototheniidae) from the South Shetland Islands
	Abstract
	Introduction
	Materials and methods
	Results
	IdentiWcation of morphs
	Morphometric measurements
	Ontogenetic growth patterns

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


