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Abstract

Tessaratoma javanica (Thunberg) (Hemiptera: Tessaratomidae) an important sucking pest of litchi is studied for supple-
menting information on its biology, morphometrics of life stages and mtCOI (DNA barcodes). More details generated on
the study add to the description of stages namely egg, 1% to 5™ nymphal instars and adults. The evaluation of morphomet-
rics of the life stages reveal that the progression of growth is more during 2™ to 3™ nymphal stages, and these are critical
as far as the growth and development is concerned. The life cycle takes about 141.7+4.25 days; eggs last for 12.81+1.4
days with 97.14+2.86% hatchability; and duration of 1%, 2™, 3", 4™ and 5" nymphal instars were 11.69+0.58, 7.23+0.2,
8.6340.55, 13.04+0.55 and 26.31+0.97 days, respectively. In addition mtCOI analyses have been done employing stan-
dard 658 bp barcode fragments facilitating molecular diagnostics of the adults and other life stages and the phylogenetic
tree with available sequence in the GenBank.
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Introduction

Tessaratoma javanica (Thunberg) (Hemiptera: Tessaratomidae) is an economically important sucking pest of
Litchi chinensis Sonn. (Sapindaceae) from India (Kumar and Singh 2007; Choudhary et al. 2012). Like T javanica,
T. papillosa Drury causes damage to litchi in China (Kershaw 1907) and are commonly known as litchi bugs. Apart
from litchi, it is causing damage to kusum (Glover 1933; Mehra and Kapur 1955) and also been reported feeding
on Sapindus sp. (Distant 1902; Scahefer and Ahmad 1987), Schleichera oleosa (Mehra and Kapur 1955) and
Michelia champaca (Kumar and Singh 2007). In view of economic importance, the biology of these bugs had been
studied earlier by many workers (Liu 1965; Liu and Gu 2000; Mehra and Kapur 1955; Kumar and Singh 2007).
The genus Tessaratoma has about 26 species of which only 6 species are known from India.

Litchi is a tropical and subtropical tree native to Southern China, Taiwan and South East Asia, and now
cultivated in many parts of the world. India is the second largest producer of litchi in the world after China, with an
area and production of 77,600 ha and 497,300 t, respectively, during 2010—11 (http.nhb.gov.in). There are many
species of bugs that attack litchi, among them 7. javanica is the most destructive. The damage is caused due to the
sap sucking habit of its gregarious nymphs as well as adults on tender parts of the litchi tree, such as growing buds,
leaf petioles, inflorescence, fruit stalks, and fruits. This results in drying of growing buds and tender shoots and
further heavy fruit drop lead to total loss.

Recently, an outbreak of 7. javanica was observed in the Chotanagpur plateau of Jharkhand with damage
exceeding 80% (Choudhary et al. 2012). Despite its economic importance, 7. javanica biology and life cycle stages
are less understood and a taxonomy oriented morphological description especially of nymphal instars is lacking.
Also, there is a need to develop mtCOI barcodes so that these life stages could be subjected to molecular
diagnostics in a demanding situation, such as phytosanitation. The present study is thus an attempt in this direction,
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females and males were found longer than the studies of Kumar Singh (2007). Similar trends were observed in case
of incubation period as well as in all immature life stages. Total duration of development from egg to adult is 79.6
days which differs slightly from earlier findings i.e. 86.7 days by Mehra and Kapur (1955) and 66.6 days by Kumar
and Singh (2007). In contrast to the five nymphal stages, Mehra and Kapur (1955) recorded six nymphal stages of
T javanica.

Tessaratoma species show a high degree of similarity in appearance, particularly in these immature stages and
making species differentiation difficult. So far there are only few molecular studies like those of Lis ez al. (2012) on
the relationship between Tessaratomidae and Dinidoridae, and Song er al. (2013) who sequenced the complete
mitochondrial genome of the tessaratomid Eusthenes cupreus (Westwood). The present study provides the mtCOI
sequences as molecular identification tools for all life stages of 7. javanica and incidentally adds to the molecular
data of the Tessaratomidae. It was also observed that 7. javanica shared 99% of mtCO1 identity with Tessaratoma
sp. from Maharashtra, India and 98% identity with 7. papillosa from USA, respectively, the sequences available in
the NCBI GenBank. Also the ML tree of two Tessaratoma species produced two separate clades for 7. javanica and
T papilliosa. 1t is the first study on 7. javanica integrating biology, morphology, and the mtCO1 variations in the
Indian populations. This study also contributes to the DNA barcode library for Heteroptera, with all life stage data.
The present results provide an approach towards linking of the DNA barcodes with biology and morphology of the
litchi bug and these might be critical in its diagnostics under special situations like plant quarantine or
phytosanitary applications. Moreover, this enables the quick and accurate identification of immature stages during
the import or export of litchi.

Acknowledgements

Acknowledgements are attributed to the Indian Council of Agricultural Research (ICAR), New Delhi for providing
the financial assistance through the Network Project on Insect Biosystematics (NPIB 21-17).

References

Choudhary, J.S., Prabhakar, C.S., Moanaro, D.B. & Kumar, S. (2012) Litchi stink bug (7essaratoma javanica) outbreak in
Jharkhand, India, on litchi. Phytoparasitica, 41 (10), 73-77.
http://dx.doi.org/10.1007/s12600-012-0265-x

Distant, W.L. (1902) The fauna of British India including Ceylon and Burma, Rhynchota. Vol. 1. (Heteroptera). Taylor and
Francis, London, 432 pp.

Folmer, O.M., Black, M., Hoeh, B.W., Lutz, R. & Vrijenhoek, R. (1994) DNA primers for amplification of mitochondrial
cytochrome ¢ oxidase subunit 1 from diverse metazoan vertebrates. Molecular Marine Biology and Biotechnology, 3,
294-299.

Glover, P.M. (1933) Department of Entomology. Annual Report of Indian Lac Research Institute, 1932/33, 13-33. [pp. 15]

National Horticulture Board (NHB) (1984—present) Area and production estimates for horticulture crops for 2010-2011.
available from: http://nhb.gov.in (Accessed 13 October 2014)

Kershaw, J.C. (1907) Life-history of Tessaratoma papillosa, Thunberg. Transaction of The Royal Entomological Society of
London, 55, 253-255, plate XXIII.
http://dx.doi.org/10.1111/.1365-2311.1907.tb01763.x

Kumar, H. & Singh, G. (2007) Biology of litchi bug, Tessaratoma javanica Thunberg (Hemiptera: Pentatomidae) on litchi.
Pantanagar Journal of Research, 5 (1), 17-20.

Lis, J.A., Balas, M.B., Lis, P., Ziaja, D. & Kocorek, A. (2012) Systematic position of Dinidoridae and Tessaratomidae of the
superfamily Pentatomoidea (Hemiptera: Heteroptera) based on the analysis of the mitochondrial cytochrome oxidase I1
sequence. Opole Scientific Society Nature Journal, 45, 4354

Liu, C.C. (1965) A preliminary study of the biology of litchee stink bug, 7 papillosa and its control. Acta phytophyl Sinica, 4
(4), 329-340.

Liu, Y.F. & Gu, D.X. (2000) An investigation on feeding behavior of litchi stink bug, 7' papillosa. Acta Entomologica Sinica,
43 (2), 152—-158.

Mehra, B.P. & Kapur, A.P. (1955) Bionomics and control of 7. javanica (Thunberg): A sporadic pest of Kusum, Schleichera
oleosa in Chota Nagpur. Indian Journal of Entomology, 17 (1), 76-88.

Schaefer, C.W. & Ahmad, 1. (1987) The food plants of four pentatomoid families (Hemiptera: Acanthosomatidae,
Tessaratomidae, Urostylidae and Dinidoridae). Phytophaga, 1, 21-34.

270 - Zootaxa 3936 (2) © 2015 Magnolia Press SHAMA ET AL



Song, W., Li., H., Song, F., Liu, L., Xun, H., Dai, X., Chang, J. & Cai, W. (2013) The complete mitochondrial genome of a
Tessaratomid bug, Eusthenes cupreus (Hemiptera: Heteroptera: Pentatomorpha: Tessaratomidae. Zootaxa, 3620 (2),
260-272.
http://dx.doi.org/10.11646/zootaxa.3620.2.4

Tamura, K., Stecher, G., Peterson, D., Filipski, A. & Kumar, S. (2013) MEGAG6: Molecular Evolutionary Genetics Analysis
version 6.0. Molecular Biology and Evolution, 30, 2725-2729.
http://dx.doi.org/10.1093/molbev/mst197

Thompson, J.D., Higgins, D.G. & Gibson, T.I. (1994) CLUSTAL W: Improving the sensitivity of progressive multiple
sequence alignment through sequence weighting, position-specific gap penalties and weight matrix choice. Nucleic Acids
Research, 22, 4673-4680.
http://dx.doi.org/10.1093/nar/22.22.4673

BIOLOGY, MORPHOLOGY & DNA BARCODES OF T. JAVANICA Zootaxa 3936 (2) © 2015 Magnolia Press - 271



	Abstract
	Introduction
	Material and methods
	Results
	Key to the nymphal instars of Tessaratoma javanica
	Discussion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /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 2.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




