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Abstract We investigated the subspecific identity of a
rediscovered population of American martens within the
range of a presumed extinct subspecies (Martes americana
humboldtensis) by comparing mitochondrial DNA sequence
diversity from contemporary individuals within the descri-
bed ranges of M. a. humboldtensis, nearby ranges of M. a.
caurina and M. a. sierrae, and a museum specimen of M. a.
humboldtensis. Martens from the rediscovered population
shared a haplotype (#2) with the museum specimen. This
haplotype was found only in the coastal regions of Oregon
and California, suggesting that the rediscovered population
represents descendants of a relictual population that previ-
ously existed in coastal California. The subspecific boundary
between M. a. humboldtensis and M. a. caurina may not be
valid, because haplotype #2 was shared between coastal
Oregon and coastal California populations and no known
contemporary or historical biogeographic barriers prevent
north—south movement. Thus, marten populations currently
located in coastal forests of California and Oregon should be
managed collectively to preserve the connectivity that our data
suggest occurred historically. M. a. sierrae differed substan-
tially from both M. a. humboldtensis and M. a. caurina,
suggesting marten populations were not a historically geneti-
cally homogeneous population and divergence may have
occurred in separate glacial refugia.
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Introduction

The American marten (Martes americana) is a carnivorous,
forest-dwelling mustelid associated with late-successional
coniferous forests (Powell et al. 2003). During the last
glaciation, martens were restricted to Pleistocene refugia in
the southeastern and southwestern portions of continental
North America (Graham and Graham 1994; Stone et al.
2002). Since then, martens have recolonized northern
regions and are currently recognized as 14 subspecies (Hall
1981). This species has long been of conservation concern
due to its sensitivity to the loss and fragmentation of
mature forests (Bissonette et al. 1997; Potvin et al. 1999;
Heinemeyer 2002) and its value as a furbearer, which
caused dramatic declines from trapping in the late 1800s
and early 1900s (Dixon 1925; Zielinski et al. 2001).

In California and Oregon, martens were historically
found throughout most mesic coniferous forests (Grinnell
et al. 1937; Bailey 1936) and are represented by four sub-
species (Fig. 1). Of these subspecies, M. a. humboldtensis
has received the greatest conservation attention (Zielinski
and Golightly 1996) and was considered extirpated until
1996 when a single population was rediscovered in its
historical range (Zielinski et al. 2001; Slauson 2003). M. a.
caurina in coastal Oregon also appears to have declined,
known only from two disjunct populations (Slauson and
Zielinski 2004). The contemporary distributions of M. a.
caurina in the Oregon Cascades, and M. a. sierrae in the
California Cascade and Sierra Nevada mountains have
remained relatively similar to their historical ranges except
in the northern Sierra Nevada (Zielinski et al. 2005; Fig. 1).
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Fig. 1 Historical distribution of the American marten in Oregon and
California (modified from Zielinski et al. 2001) and Alaska (Giblisco
1994). Solid black lines represent ranges of recognized subspecies.
Thin black lines represent county lines. Numbers in solid black circles
represent haplotypes from Table 1. The rediscovered population of
M. a. h. is in the region under haplotype 3, all other subspecies
sampling locations are under their single hapltoype numbers

The contemporary distribution of M. a. vulpina in the Blue
mountains of northeastern Oregon is unknown.

Original subspecific designations were based on the
comparisons of morphological and pelage characteristics
and have been challenged (Hagmeier 1958, 1961) and
defended (Dillon 1961). Additionally, several of the sub-
species in California and Oregon have nearby boundaries
(e.g., M. a. sierrae, M. a. caurina, and M. a. humboldten-
sis). Most interesting is the subspecific boundary between
M. a. humboldtensis and M. a. caurina, drawn largely
coincident with the California/Oregon state boundary (e.g.,
Grinnell et al. 1937; Bailey 1936; Fig. 1). We are aware of
no contemporary or historical biogeographic barrier that
would represent a boundary to north—south movement of
martens and support the location of a subspecific boundary
in this region.

Although the recently rediscovered population is within
the boundaries of M. a. humboldtensis (Grinnell et al.
1937), it is on the eastern edge and its genetic affinity with
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martens that were originally described as M. a. humbolt-
ensis by Grinnell and Dixon (1926) is unknown. One
hypothesis is that the existing population has descended
from the population originally described in 1926. Alter-
natively, the extant population may have been founded
from dispersers from adjacent subspecies. Therefore, we
compared mitochondrial DNA sequence diversity of con-
temporary martens from within the described ranges of
M. a. humboldtensis, M. a. caurina and M. a. sierrae, with
a 1927 museum specimen of M. a. humboldtensis repre-
senting the historic subspecies in order to clarify their
genetic relationships.

Materials and methods
Sampling

Most source material from contemporary populations came
from small (2 x 2 mm) pieces of tissue collected from ear
margins of live-trapped or road-killed martens. Live-trap-
ping occurred in three locations in California: (1) extreme
northwestern California (Del Norte County, M. a. hum-
boltensis) (2) northern Sierra Nevada (Lassen National
Park, northern M. a. sierrae) (3) southern Sierra Nevada
(Sequoia National Forest, southern M. a. sierrae; Table 1,
Fig. 1). Live capture and chemical immobilization were
carried out using standard protocols (Slauson 2003). Once
chemically immobilized, a tissue sample was collected
from pinna margin, which was then cauterized. Coastal
Oregon samples were obtained from road killed individuals
provided by the Oregon Department of Fish and Wildlife
(ODFW) and Portland State University. All tissue samples
were placed in a plastic microcentrifuge tube with silica
desiccant and frozen prior to extraction. Contemporary
samples from the southern Cascades of Oregon (M. a.
caurina) and southeastern Alaska (M. a. nesophila; inclu-
ded as an out-group) were provided by trappers through
ODFW and the Alaska Department of Fish and Game,
respectively (Table 1, Fig. 1). Clippings of museum skins
of M. a. humboldtensis were obtained from eight specimens
at the Museum of Vertebrate Zoology (MVZ), University
of California, Berkeley.

DNA sequencing and data analysis

Whole genomic DNA was extracted from skin clippings
using DNeasy Tissue Kit (Qiagen, Valencia, CA, USA).
DNA was extracted under a laminar flow hood, where UV
lights were used to sterilize surfaces before and after
extractions. Additionally, special care was used while
extracting DNA from museum specimens by using new
reagents. DNA amplification, PCR product purification,
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Table 1 Population locations, subspecific designations according to
Hall (1981), Genbank accession numbers, number of haplotypes (H#),
frequency of haplotypes, and sample sizes (n) for mtDNA cytochrome

b, tRNA-Pro and partial control region variation in American martens
(Martes americana)

Population County Subspecies

Coastal California

Coastal California (1927
museum skin)

Humboldt humboldtensis

Coastal Oregon Lane caurina

Southern Cascade Mountains Klamath  caurina
of Oregon

Southern Cascade Mountains Shasta sierrae
of California

Southern Sierra Nevada of Tulare sierrae
California

Southeastern Alaska Kuiu Is.  nesophila

Total

Del Norte humboldtensis (presumed)

Genbank accession # H# Frequency of haplotype
1 23 4567n
EU73287-EU873300 3 -3101-- - 14
MVZ38869 I -1 - - - - = 1
EU873302-EU873304 1 -3 - - - - - 3
AF154972, AF448238, EU873305, 1 2 - - — — — - 2
EU873306

EU873307-EU873309 1 - - - - - - = 3
EU873310-EU873311 I - - - - -2 - 2
AY121318, AFTC17552 1 - - - - - -1 1

7 27 10132126

sequencing and alignment of sequences were carried out
using standard protocols (Fleming and Cook 2002). The
following primer pairs amplified cyt b for most samples:
MVZ4 and 5, 14 and 23, 16 (Smith and Patton 1993)
and Marten37 (Demboski et al. 1999). Primers CYTBI1F-
CYTB4R (1F:5 CCGAGCTTGATATGAAAAACCY, IR:5
AGTATAGGCCYCGTCCRACGT?3, 2F:5TACGGCTGA
ATTATCCGATACA3Z, 2R:5’ACTGCTGCYAATGCTRA
GA3', 3F:5 ATCTGAGGAGGATTCTCGGTA3Z', 3R:5'GG
ATCGYARGATTGCATATGC3/, 4F:5CCCRCTCAACA
CRCCACC3/, 4R:5GACCAAGGTAATCAATATACT3?')
were designed and used to amplify shorter fragments of cytb
in the museum skin. Primers CTRL-L (Bidlack and Cook
2001) and TDKD (Kocher et al. 1993) were used to amplify
tRNA-Pro and 263 base pairs of the 5’ end of the control
region. Both forward and reverse strands were sequenced for
each individual.

1428 base pairs were sequenced (1140 bp from cyt b,
25 bp from tRNA-Pro and 263 bp for the control region)
from 26 M. americana. All DNA sequences were deposited
in GenBank under accession numbers: EU873287-
EU873312, AF154972, AF448238, AY121318 (Table 1).
A minimum spanning tree (Kruskal 1956; Rohlf 1973) was
constructed to display relationships among haplotypes
using Arlequin (version 2.0; Schneider et al. 2000).

Results

Genetic variation among individuals was slight and dis-
tributed across both the cyt b gene (10 mutations) and
control region (6 mutations). Of the 10 mutations in the
coding cyt b gene, we observed: 7 third position synony-
mous transitions; 1 third position non-synonymous

transversion coding for an amino acid located within the
mitochondrial membrane; 1 first position non-synonymous
transition coding for an amino acid located within the
mitochondrial membrane but this mutation was function-
ally conservative; and 1 first position non-synonymous
transversion coding for an amino acid located on the inner
surface of the protein but this mutation was also func-
tionally conservative. These results were expected for PCR
amplifications of genuine mt cyt b (as opposed to a nuclear
pseudogene). Inter-subspecific sequence divergence ranged
from O to 1.0%; whereas, within subspecies, sequence
divergence ranged from 0 to 0.4%. The number of haplo-
types per location and per subspecies ranged from 1 to 3
(Table 1). Of the eight skins sampled from MVZ, only one
sample (MVZ38869) was successfully sequenced. This
1927 museum skin possessed the second most common
haplotype (#2; Table 1) which was shared across martens
from coastal Oregon and coastal California, a region
included within range maps for both M. a. caurina and
M. a. humboldtensis (Fig. 1).

Two groups were apparent in the minimum spanning
network (Fig. 2), one including the closely related haplo-
types from M. a. caurina and M. a. humboldtensis (coastal
California and Oregon samples) and another including
haplotypes from M. a. sierrae and M. a. nesophila (interior
California and Alaska samples). Individuals from these two
groups share 6 fixed mutations, including both first position
mutations in cyt b.

Discussion

Two distinct clades are evident, separated by 7 base pairs
(0.5%); one containing samples from southern Cascade
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Fig. 2 Minimum spanning tree 4
showing relationships among
American marten haplotypes.
Size of circle is proportional to
the frequency of the haplotype
(see Table 1 for specific values).
Slash marks indicate the number
of nucleotide substitutions
found between haplotypes. No
slash marks present indicates a
single substitution separates
haplotypes. Subspecific names
listed refer to the location of the
haplotype relative to the range
of recognized subspecies.
Numbers represent haplotypes
from Table 1

Mountains of California, Sierra Nevada and southeastern
Alaska and another including samples from coastal Cali-
fornia, coastal Oregon and southern Cascades of Oregon.
This substantial split supports the subspecific designation
of M. a. sierrae versus M. a. humboldtensis and M. a.
caurina, despite the relatively short geographic distances
between these populations and lack of significant biogeo-
graphic barriers. At a minimum, this suggests that marten
populations were not one large, genetically homogeneous
population in the Pacific states. Past glaciations had pro-
found genetic consequences on populations (Hewitt 1996).
The relatively deep divergence between these clades, as
indicated by the number of mutations and position (i.e.,
first), is presumably one of these consequences, suggesting
divergence in separate glacial refugia. The close affinity of
M. a. nesophila (southeastern Alaska) and M. a. sierrae
(southern Cascades and Sierra Nevada mountains of Cali-
fornia), to the exclusion of M. a. caurina (Oregon),
indicates a possibly complex history of recolonization of
northerly regions. Schwartz et al. (2007) similarly found
that wolverines historically occupying the Sierra Nevada of
California were more closely related to geographically
distant populations than those in the western U.S.

Our results support the hypothesis that the population
currently in coastal California (Del Norte County) repre-
sents descendants of a relictual population of martens that
previously existed along the coast; supported by a common
haplotype (#2) present in both the historical Humboldt
marten museum skin of 1927 and coastal California and
coastal Oregon populations but not found in the 8 individ-
uals analyzed from outside of this region (Fig. 1). Further
resolution of either the relationship of the historical museum
skins or subspecific validity within the M. a. caurina/lM. a.
humboldtensis clade is hampered due to failure of 7 of 8
museum skins to amplify and small sample sizes from the
coastal and Cascades populations of Oregon, respectively.
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Furthermore, because we are only using mtDNA, we are
limited to examination of matrilineal patterns of genetic
variation. The 2 unique haplotypes (#3, #4) present in the
coastal California population is most likely due to increased
sample size. Additional sampling in this region (coastal and
Cascade mountains of Oregon) and the adjacent Salmon,
Trinity and Marble mountains in the western extent of the
range of M. a. sierrae may allow for a more detailed analysis
of the region and mapping of haplotypes #3 and #4. Finally,
museum samples should be re-analyzed to document the
extent of genetic variation and distribution of haplotypes
possessed by the historic population.

Despite the aforementioned sample size limitations, the
occurrence of haplotype #2 in coastal Oregon and in coastal
California populations, and its absence in the individuals
from Oregon Cascades, suggest that coastal populations of
California and Oregon are more similar to each other than to
Oregon Cascades populations. While additional samples
will be needed to confirm this relationship, it suggests the
subspecific boundary between M. a. humboldtensis and
M. a. caurina at the Oregon—California state border may not
be valid and that M. a. humboldtensis may occur along
the Oregon coast; this result would not be surprising due to
the apparent absence of a biogeographical barrier in this
region.

Our results support that marten populations currently
located in the coastal forests of California and Oregon
should be managed collectively to preserve the connec-
tivity that our data suggest occurred historically. These
populations are small and isolated due to natural distribu-
tion of suitable habitat, historical and contemporary effects
of timber harvest, and historical effects of fur trapping
(Zielinski et al. 2001; Slauson 2003). We have serious
concerns about the viability of these coastal populations of
martens. Maintaining and restoring suitable habitat to
encourage population expansion as well as enhancing
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functional connectivity between populations should benefit
the marten populations in California and Oregon.

Acknowledgments Richard Truex and Michael Schwartz: USFS,
Joseph Cook and Natalie Dawson: University of New Mexico, Erin
O’Leary: Idaho State University, John Perrine: University of Cali-
fornia Berkeley, Lassen Volcanic National Monument resource staff,
Chris Conroy and Eileen Lacey: Museum of Vertebrate Zoology,
Berkeley, and Jessica Flayer, Tony Hacking, Ben Marckmann, Chet
Ogan, David Prins and Noel Soucy, field assistants. Samples of
museum skins were graciously provided by Museum of Vertebrate
Zoology, University of California, Berkeley. Project funding: US-
DAFS Pacific Southwest Research Station, Western Section of The
Wildlife Society, USFWS Arcata Office and National Science
Foundation (#DBI-0115892).

References

Bailey V (1936) The mammals and life zones of Oregon. North Am
Fauna 55:1-416

Bidlack A, Cook JA (2001) Reduced genetic variation in insular
northern flying squirrels (Glaucomys sabrinus) along the North
Pacific Coast. Anim Conserv 4:283-290

Bissonette J, Harrison D, Hargis C, Chapin T (1997) The influence of
spatial scale and scale-sensitive properties on habitat selection
by American marten. In: Bissonette J (ed) Wildlife and
landscape ecology. Springer-Verlag, New York

Demboski J, Stone K, Cook J (1999) Further perspectives on the
Haida Gwaii glacial refugium. Evol Int J Org Evol 53:2008-
2012. doi:10.2307/2640462

Dillon L (1961) Historical subspeciation in the North American
Marten. Syst Zool 10:49-64. doi:10.2307/2411722

Dixon J (1925) A closed season needed for fisher, marten, and
wolverine in California. Calif Fish Game 11:23-25

Fleming M, Cook J (2002) Phylogeography of endemic ermine
(Mustela erminea) in southeast Alaska. Mol Ecol 11:795-807.
doi:10.1046/j.1365-294X.2002.01472.x

Giblisco C (1994) Distributional dynamics of modern Martes in North
America. In: Buskirk S, Harestad A, Raphael M, Powell R (eds)
Martens, sables, and fishers: biology and conservation. Cornell
University Press, Ithaca, NY

Graham R, Graham M (1994) Late quaternary distribution of Martes
in North America. In: Buskirk S, Harestad A, Raphael M, Powell
R (eds) Martens, sables, and fishers: biology and conservation.
Cornell University Press, Ithaca, NY

Grinnell J, Dixon J (1926) Two new races of the pine marten from the
Pacific Coast of North America. Univ Calif Publ Zool 21:411-417

Grinnell J, Dixon J, Linsdale J (1937) Fur-bearing mammals of
California, vol 1. Univ of California Press, Berkeley, CA

Hagmeier E (1958) Inapplicability of the subspecies concept to North
American marten. Syst Zool 7:1-7. doi:10.2307/2411472

Hagmeier E (1961) Variation and relationships in North American
marten. Can Field Nat 75:122-137

Hall E (1981) The mammals of North America, 2nd edn. Wiley, New
York

Heinemeyer K (2002) Translating individual movements into popu-
lation patterns: American marten in fragmented forested
landscapes. Dissertation, University of California, Santa Cruz

Hewitt G (1996) Some genetic consequences of ice ages, and their
role in divergence and speciation. Biol J Linn Soc 58:247-276

Kocher TD, Conroy JA, McKaye KR, Stauffer JR (1993) Similar
morphologies of cichlid fish in Lakes Tanganyika and Malawi
are due to convergence. Mol Phylogenet Evol 2:158-165. doi:
10.1006/mpev.1993.1016

Kruskal J (1956) On the shortest spanning subtree of a graph and the
traveling salesman problem. Proc Am Math Soc 7:48-50. doi:
10.2307/2033241

Potvin F, Belanger F, Lowell K (1999) Marten habitat selection in a
clearcut boreal landscape. Cons Bio 14:844-857

Powell R, Buskirk S, Zielinski W (2003) Fisher and marten. In:
Feldhamer G, Thompson B, Chapman J (eds) Wild mammals of
North American, 2nd edn. Johns Hopkins University Press,
Baltimore, MD

Rohlf F (1973) Algorithm 76: hierarchical clustering using the
minimum spanning tree. Comput J 16:93-95

Schneider S, Roessli L, Excoffier S (2000) Arlequin, Version 2.0: a
software for population genetics data analysis. Genetics and
Biometry Laboratory, University of Geneva, Switzerland

Schwartz M, Aubry K, McKelvey K, Pilgrim K, Copeland J, Squires J
et al (2007) Inferring geographic isolation of wolverines in
California using historical DNA. J Wildl Manage 71:2170-2179.
doi:10.2193/2007-026

Slauson K (2003) Habitat selection by a remnant population of
American martens in coastal Northwestern California. Thesis,
Oregon State University

Slauson K, Zielinski W (2004) Conservation status of American
martens and fishers in the Klamath-Siskiyou bioregion. In:
Merganther K, Williams J, Jules E (eds) Proceedings of the 2nd
conference on Klamath-Siskiyou ecology, Cave Junction, OR

Smith M, Patton J (1993) The diversification of south American
murid rodents: evidence from mitochondrial DNA sequence data
for the Akodontine tribe. Biol J Linn Soc 50:149-177

Stone K, Flynn R, Cook J (2002) Post-glacial colonization of
northwestern North America by the forest-associated American
marten (Martes americana, Mammalia: Carnivora: Mustelidae).
Mol Ecol 11:2049-2063. doi:10.1046/j.1365-294X.2002.01596.x

Zielinski W, Golightly R (1996) The status of marten in redwoods: is
the Humboldt marten extinct? In: LeBlanc J (ed) Conference on
coast redwood forest ecology and management, 18-20 June
1996, Humboldt State University, Arcata, CA

Zielinski W, Slauson K, Carroll C, Kent C, Kudrna D (2001) Status of
American marten populations in the coastal forests of the Pacific
States. J Mammal 82:478-490. doi:10.1644/1545-1542(2001)
082<0478:SOAMIC>2.0.CO;2

Zielinski W, Truex R, Schlexer F, Campbell L, Carroll C (2005)
Historical and contemporary distributions of carnivores in forests
of the Sierra Nevada, California. J Biogeogr 32:1385-1407

@ Springer


http://dx.doi.org/10.2307/2640462
http://dx.doi.org/10.2307/2411722
http://dx.doi.org/10.1046/j.1365-294X.2002.01472.x
http://dx.doi.org/10.2307/2411472
http://dx.doi.org/10.1006/mpev.1993.1016
http://dx.doi.org/10.2307/2033241
http://dx.doi.org/10.2193/2007-026
http://dx.doi.org/10.1046/j.1365-294X.2002.01596.x

	Characterizing the molecular variation among American marten (Martes americana) subspecies from Oregon and California
	Abstract
	Introduction
	Materials and methods
	Sampling
	DNA sequencing and data analysis

	Results
	Discussion
	Acknowledgments
	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


