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Jurassic invaders: flood-associated occurrence of arapaima and
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Climate change and invasive species are
two of the greatest threats to global bio-
diversity, and their impacts are com-
pounded when they interact with each
other'. For example, altered flow regime
as a result of climate change is one of the
major pathways by which alien species
are introduced into new aquatic eco-
systemsz, while storms and associated
flooding increase their dispersal through
escapes from aquaculture facilities®.

Freshwater ecosystems of Kerala are
considered as a global hotspot for fish
diversity (~200 species) and endemism
(30%)*°, with some rivers (e.g. Periyar
and Chalakudy) harbouring the only re-
maining global populations of several
threatened species (including Alliance
for Zero Extinction (AZE) species)®. Un-
fortunately, these irreplaceable sites are
under considerable threat from a range of
anthropogenic stressors, including hydro-
power dams, alien invasive species,
overharvest and pollution®”®.  The
unprecedented and catastrophic floods in
August 2018 has become an additional
and perhaps one of the most significant
threats to the native freshwater fishes of
Kerala, as evidenced by the increasing
occurrence of ‘fugitive fish>® — escapees
from aquaculture facilities. What makes
this case of fugitive fish hazardous from
a biodiversity perspective is the fact that
majority comprise of mostly predatory
exotic species, which are rapidly spread-
ing, acclimatizing and flourishing in new
environments across the globe'”.

Two most notorious alien species
which emerged during the 2018 floods,
that have the potential to threaten Kera-
la’s exceptionally rich native ichthyofau-
na are the arapaima, Arapaima gigas
(Schinz, 1822) and alligator gar, Atrac-
tosteus spatula (Lacepede, 1803) (Figure
1). Popularly known as ‘piscine living
fossils’, both arapaima and alligator gar
are ‘ancient fishes’'""'>, with their origin
dating back to the Cretaceous or even
carlier’>!®. Arapaima, endemic to the
Amazon, is one of the ‘megafishes’ of
the world, growing up to 4.5 m in length
and 200 kg in body weight, while the
alligator gar, native to USA and Mexico,
reaches a body length and weight up to
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3m and 137 kg respectively'’. Both
these species are the focus of organized
(and in some cases unregulated) food,
recreational and ornamental fisheries in
their range countries'>. While much of
the native arapaima populations are cur-
rently overfished and their international
trade regulated (i.e. Schedule II of
CITES)'®, habitat loss due to river engi-
neering structures and indiscriminate
fisheries have resulted in significant
decline in alligator gar populations in
their native range'’. Concomitant with
the population decline in their range
countries, is the increasing occurrence
of aquaculture associated ‘fugitives’ of
these two giant fishes from outside their
natural range, mostly as a result of the
unregulated ornamental fish trade'®2°.

As a result of its large body size, life
history and feeding ecology, A. gigas
demonstrates multiple impacts on the
ecosystems where it is introduced. For
example, in Bolivia, the introduction of
A. gigas resulted in considerable decline
of native species, subsequently affecting
fisher livelihoods'®. On the other hand,
impacts of alligator gar introduction/
invasion on native species are unknown
because of the relatively few studies on
this topic, mostly as a result of the recent
spread of this species into non-native ha-
bitats. Nevertheless, considering its high-
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Figure 1.

ly predatory nature, adaptations to wider
ecological niches and large body size,
the ‘precautionary principle’ needs to be
adopted and detailed research on impacts
carried out?'.

Both arapaima and alligator gar are
illegally introduced into India as they do
not figure in the indicative list of 92 or-
namental fishes considered for import®.
In addition, arapaima being listed in the
Schedule 1T of CITES, has been specifi-
cally prohibited for import into the coun-
try?. In Kerala, the ‘use of non-domestic
fish and fish seeds for fish farming with-
out subjecting them to quarantine pro-
ceedings and quality check’ has been
prohibited through the Kerala Inland
Fisheries and Aquaculture Act, 2010,
while the Kerala Fish Seed Bill, 2014
demands strict quarantine measures for
introduction of any non-native fish into
the state. Nevertheless, lack of mechan-
isms for implementing and enforcing
these provisions facilitates the illegal
farming of top predators like arapaima
and alligator gar in Kerala. Their culture,
exhibition and sale continue unabated
through public aquarium shows, social
media and e-commerce enterprises. Inter-
view and promotion videos of ornamen-
tal fish farmers and farms available in
the public domain (including several on
YouTube™) reveal that the fingerlings of

a, Arapaima caught from the Kodungaloor backwaters after the 2018 floods.

b, Alligator gar caught from the Kurumali River.
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these species originate from the markets
in Kolkata, probably illegally imported
through Bangladesh.

Our observations based on field sur-
veys carried out in three major river sys-
tems affected by the floods, viz. Periyar,
Chalakudy and Pampa, and local know-
ledge of fishers, riverine-dwelling com-
munities, fish vendors, as well as an
extensive review of social, print and
electronic media revealed that post-
flooding, fugitive arapaima were caught
from the Chalakudy (a river that har-
bours many Western Ghats endemic fish
species), the Malankara reservoir on the
Muvattupuzha River and the backwaters
near Kodungallor, while alligator gar
were caught from the Periyar and Kuru-
mali rivers and Perumbalam Lake near
Cochin. It is more or less certain that the
illegal introduction of arapaima has only
started recently in farms around River
Chalakudy, as previous studies from this
river did not record this alien species®*.
Though only a limited number of indi-
viduals of these two species were caught
from the wild, many could still be
remaining unrecorded in these water
bodies (for example, a farmer from Eda-
thua (9.37N, 76.46E) reported loss of an
alligator gar from his stock), as personal
communication with expert respondents
suggests that rampant farming and rear-
ing of these giant fishes were carried out
in many parts of Kerala, which were
greatly affected by the floods.

Arapaima has many life-history traits
that make it adaptable to the existing
eco-biological conditions in the rivers of
Kerala. These fishes are obligate, air
breathing species that surface every 5-
15 min to gulp atmospheric air®’, making
them fit for survival even in polluted
waters and giving them a competitive
edge over many other native species.
Arapaima is also a top predator capable
of preying upon all native fish species of
Kerala®®; and possessing specialized
scales that protect it from other preda-
tors’’. These fishes also demonstrate
parental care, a biological trait that is
significantly associated with establish-
ment success of non-native fish*®, which
ensures greater recruitment success.
Though large rapids and waterfalls are
known to be barriers to the movement of
this species®’, the actual dispersal capa-
bilities of arapaima fugitives in the rivers
of Kerala need to be examined in detail.
However, we suggest that a precautio-
nary approach be taken in this regard, as

the species could successfully invade
lakes and reservoirs, which are its ideal
habitats. Like the arapaima, the alligator
gar is also a top-level carnivore feeding
on a range of organisms, including fish,
crustaceans, reptiles as well as aquatic
birds and mammals'®, threatening the
very existence of freshwater-dependent
biodiversity in regions where it is re-
leased (or escapes into). Unfortunately,
alligator gar has already been recorded in
public water bodies from many regions
of India*®?!, indicating its extensive (and
illegal) use in ornamental fish trade and
aquarium-keeping.

If a novel species is introduced for
aquaculture or aquarium fish trade to a
new region, it is unreasonable to assume
that it will not disperse geographically™.
This is because escapes from aquaculture
systems are unavoidable due to ineffi-
cient control systems for avoiding
them®', and natural calamities like floods
make such situations more complicated.
Much of the aquaculture of ornamental
fishes in Kerala is carried out in farms,
granite quarries and homestead ponds in
the vicinity of major river systems’.
These farming and rearing systems have
very little infrastructure to prevent the
escape of captive fish into the adjoining
natural ecosystems (in most cases rivers
or backwaters)’. In the absence of proper
biosecurity measures as well as a general
lack of enforcement mechanisms for the
existing legal provisions, the only way to
safeguard the endemic aquatic biodiver-
sity of the Kerala part of the Western
Ghats from alien invasions is to impose a
total ban on import and farming of dan-
gerous species, such as the alligator gar
and arapaima. It is also imperative that
urgent audits be carried out to determine
the actual numbers of these two species
that existed (and currently existing) in
captive facilities (both for sale and exhi-
bition) in the state, and a continuous
awareness and monitoring scheme ini-
tiated to record the occurrence of fugitive
individuals of these two species (as well
as other aliens) in the future.

Several studies have documented the
distribution of exotic fish species in the
natural waters of Kerala, and a list of 27
exotic species introduced into the natural
water bodies of India has been recently
published by the National Biodiversity
Authority®®. The pre-flood assessment of
alien species from the inland waters of
Kerala recorded both invasive species
(Cyprinus carpio, Gambusia affinis,
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Poecilia reticulata, Oreochromis mos-
sambicus, Oreochromis niloticus, Pter-
goplichthys sp. and Clarias gariepinus),
and alien species without any confirmed
report of invasion (Ctenopharyngodon
idella, Hypophthalmichthys molitrix, Xi-
phophorus hellerii, X. maculatus, Piarac-
tus brachypomus, Oncorhynchus cf.
mykiss, Pangasianodon hypophthalmus,
and Osphronemus goramy)**, but no
records of either of the two fugitive spe-
cies, A. gigas and A. spatula were avail-
able prior to the floods.

The lack of strict policies and enforce-
ment mechanisms in the fight against
alien invasive species in India, is a clas-
sic example of how national policies
conflict and contradict with international
conservation goals and agreements such
as the Convention on Biological Diversi-
ty>>. The most important and significant
conflict is with the Aichi Biodiversity
Targets (https://www.cbd.int/sp/targets/).
The issue of alien species invasions, and
the continued absence of policies and
management measures in India are in
direct conflict with Target 9 (i.e. control
and eradication of alien species), as the
country has not yet initiated any policies
to control and eradicate alien aquatic or-
ganisms and at the same time continues
to support the aquaculture of non-native
species. Continuing neglect of the issue
of invasive species in India is also directly
conflicting other Aichi Targets, includ-
ing Target 1 (education and awareness on
biodiversity), Target 3 (ceasing harmful
incentives and perverse subsidies), Tar-
get 7 (sustainable management of aqua-
culture) and Target 13 (preservation of
genetic diversity). There is thus an
urgent need for adopting and initiating a
nationwide ‘alien species management
and eradication scheme’ following the
precautionary and preventive principles,
and developing a strict policy by involv-
ing local, regional and national biodiver-
sity managers, fisheries experts and
policy makers, for managing invasions at
the ground level and for meeting interna-
tional biodiversity targets.

1. Mainka, S. A. and Howard, G. W.,
Integr. Zool., 2010, 5, 102—111.

2. Rahel, F. J. and Olden, J. D., Conserv.
Biol., 2008, 22, 521-533.

3. Padilla, D. K. and Williams, S. L., Front.
Ecol. Environ., 2004, 2, 131-138.

4. Biju Kumar, A. and Raghavan, R.,
J. Threat. Taxa, 2015, 7, 8036—-8080.

1629



OPINION

10.

11.

12.

13.

14.

15.

16.

17.

Dahanukar, N., Raghavan, R., Ali, A.,
Abraham, R. and Shaji, C. P., In The Sta-
tus and Distribution of Freshwater Bio-
diversity in the Western Ghats, India.
(eds Molur, S. et al.), IUCN, Cambridge,
UK and Gland, Switzerland and Zoo
Outreach  Organization, Coimbatore,
2011, pp. 21-48.

Molur, S. and Raghavan, R., In Protected
Asia Planet Report (eds Juffe-Bignoli, D.
et al.), UNEP-WCMC Cambridge, UK,
2011, p. 67.

Krishnakumar, K. et al., Curr. Sci., 2009,
97, 474-476.

Raghavan, R., Ali, A., Dahanukar, N.
and Rosser, A., Fish. Res., 2011, 110,
29-38.

Naylor, R. et al., Bioscience, 2005, 55,
427-437.
https://www.indiatimes.com/news/india/
predatory-fish-like-arapaima-red-belly-
piranha-and-alligator-gar-spotted-after-
kerala-floods-352136.html (accessed on
2 September 2018).

Wright, J. J., David, S. R. and Near, T.
J., Mol. Phylogenet. Evol., 2012, 63,
848-856.
https://blog.nationalgeographic.org/2016/
08/08/conservation-of-ancient-fishes-
reintroducing-the-alligator-gar-and-what-
about-those-carp/ (accessed 2 September
2018).

Lundberg, J. G. and Chernoff, B., Bio-
tropica, 1992, 24, 2—14.

Cavin, L., Naturwissenschaften, 2010,
97, 1035-1040.

Froese, R. and Pauly, D., FishBase,
2018; www.fishbase.org, accessed on 2
September 2018.

Castello, L. and Stewart, D. J., J. Appl.
Ichthyol., 2010, 26, 49-56.
https://www.nationalgeographic.com/envi-

ronment/freshwater/alligator-gar/  (acces-
sed on 2 September 2018).

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Miranda-Chumacero, G. et al., Bioinvas.

Rec., 2012, 1, 129-138.

. Mutlak, F., Jawad, L. and Al-Faisal, A.,

Acta Ichthyol. Piscat., 2017, 47, 205—
207.

Howells, R. G., Introduced non-native
shellfishes in Texas waters: an updated
list and discussion, Texas Parks and
Wildlife Department, Austin, Texas,
p. 33.

Fuller, P., Alligator Gar (Attractostens
spatuala) — species profile; 2019;
https://nas.er.usgs.gov/queries/Factsheet.
aspx?speciesID=755 (accessed on 10
March 2019).

Anon., Guidelines for the import of
Ornamental Fishes into India; http://
aqcsindia.gov.in/pdf/trade-14.pdf;  (ac-
cessed on 6 September 2018).

Raghavan, R., Prasad, G., Anvar-Ali, P.
H. and Pereira, B., Biodivers. Conserv.,
2008, 17,3119-3131.

Raghavan, R., Prasad, G., Anvar-Ali, P.
H. and Pereira, B., Biol. Invas., 2008, 10,
37-40.

Castello, L. and Stewart, D. J., J. Appl.
Ichthyol., 2010, 26, 49-56.

Castello, L., Stewart, D. J. and Arantes,
C. C., Rev. Fish Biol. Fish., 2011, 21,
623-640.

Yang, W. et al., Acta Biomater., 2014,
10, 3599-3614.

Drake, J. M., Function. Ecol., 2007, 21,
963-968.

Torrente-Vilara, G. et al., Ecol. Fresh-
water Fish, 2011, 20, 588-597.

Thakur, J., Hindustan Times, 2016;
https://www.hindustantimes.com/kolkata/
kolkata-discovery-of-predator-fish-that-
resembles-an-alligator-concerns-experts/
story-0fkEMG3VAcgCouDRFGQgEM.
html (accessed on 6 September 2018)
Pradhan, H., The Times of India, 2017,

https://timesofindia.indiatimes.com/city/bh

ubaneswar/alligator-gar-fish-found-in-
bindusagar-tank/articleshow/59290611.

cms (accessed on 6 September 2018)

32. Garcia, D. A. Z. et al., Biodivers. Con-
serv., 2018, 27, 3545-3558.

33. Sandilyan, S., Meenakumari, B., Biju
Kumar, A. and Mandal, R., A review on
impacts of invasive alien species on

Indian inland aquatic ecosystems.
National Biodiversity Authority, Chen-
nai, 2018.

34. Biju Kumar, A., Survey and mapping of
exotic freshwater biodiversity in Kerala
using Geographic Information System.
Final Project Report submitted to the
Directorate of Environment and Climate
Change, Government of Kerala, 2019.

35. Junior, D. P. L. et al., Ambio, 2018, 47,
427-440.

A. Biju Kumar and Smrithy Raj are in the
Department of Aquatic Biology and
Fisheries, University of Kerala, Thiruva-
nanthapuram 695 581, India; C. P. Arjun
is in the C.V. Raman Laboratory of Eco-
logical Informatics, Indian Institute of
Information Technology and Management,
Thiruvananthapuram 695 581, India;
Unmesh Katwate is in the School of
Ocean Science and Technology, Kerala
University of Fisheries and Ocean Stu-
dies, Kochi 682 506, India and the Bom-
bay Natural History Society, Mumbai
400 001, India; Rajeev Raghavan® is in
the Department of Fisheries Resource
Management, Kerala University of Fishe-
ries and Ocean Studies, Kochi 682 506,
India.

*e-mail. rajeevrag@hotmail.com

1630

CURRENT SCIENCE, VOL. 116, NO. 10, 25 MAY 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /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
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


