
Introduction
Infrared (IR) sensitive snakes occur in the family 
Boidae (Boinae and Pythoninae) as well as in the 
family Viperidae (Crotalinae). Snakes of all three 
subfamilies developed their facial infrared sensitive 
organs independently. Their IR receptors are terminal 
nerve masses (TNMs), which are connected via nerve 
bundles and the trigeminal nerve to the central nervous 
system. Crotalinae possess two loreal pits (e.g. Crotalus 
atrox), in which the IR sensitive receptors lie in a thin 
membrane suspended between an inner and outer 
chamber. In contrast to the Crotalinae, the boas and 
pythons possess their receptors in specialized labial 
scales, which differ in number, size and shape from 
species to species. The IR sensitive receptors lie either in 
labial pits (e.g. Python reticulatus) (Gopalakrishnakone 
1984) or in the epidermis of the labial scales without 
specialized structures (e.g. Boa constrictor) (von 
Düring  1974). The surface structure of the epithelium 
in the IR receptor organs of Crotalinae, Boinae and 
Pythoninae reveals a characteristic array of pores, 
described as microscopic pores (Amemiya et al. 1995). 
The pores were only found in association with the IR 
sensitive TNMs. According to the family and snake 
species, differences in dimension and distribution of 
the pores exist. Amemiya et al. (1995) hypothesized the 
function of the microscopic pores to refl ect visible light 
in order to enhance the resolution of the IR radiation. 
However, experimental evidence is lacking. Several 
morphological investigations on the IR sensitive organs 
of crotaline species and pythons have been carried 

out, whereas little is known about boas. Among boas, 
nothing is known about species that possess labial pits. 
The Amazon Tree Boa Corallus hortulanus appears to 
be a suitable experimental animal since it possesses 
large IR sensitive pits. As this snake hunts at dawn 
and night (Bartlett 2003) a good resolution of the IR 
detection would be of great advantage. According to the 
existing hypothesis, specialized surface structures in the 
pits, e.g. microscopic pores, are to be expected. 

Material and methods
The labial scales of an anaesthetized and then dispatched juvenile C. 
hortulanus were dissected. The scales were dehydrated with ethanol 
and treated with hexamethyldisilizane (HMDS) for scanning electron 
microscopy (SEM). The HMDS treatment avoided shrinking or 
distortion of the tissue and thus well preserved the surface details. The 
labial scales were mounted on stainless steel stubs and sputter-coated 
with a gold layer (thickness: 30 nm) before the material was investigated 
with the SEM (Leo 440i, Leica, Nensheim). 
For the transmission electron microscopy (TEM) examination, the 
dissected upper labial scales were kept in fi xative (2.5% glutardialdehyde 
in 0.1M phosphate buffer) overnight. The material was washed with 
phosphate and cacodylate buffer, immersed in 2% osmium tetroxide 
for one hour, dehydrated in ethanol and embedded in Epon. Semi-
thin sections (0.5 μm) stained with toluidine blue were used for light 
microscopy and for selecting characteristic areas for TEM. The ultra-
thin sections for the TEM were stained with uranyl acetate and lead 
citrate and examined with a Zeiss 109 microscope. 

Results
The 6th upper labial scale was exemplarily examined 
with light and transmission electron microscopy. In the 
pit of this scale TNMs were found (Fig. 1a). These TNMs 
were densely packed with mitochondria (light grey 
matter) and several bundles of TNMs were interspaced 
with epithelial cells (dark grey matter). In addition, 
indentations (microscopic pores) were discovered in 
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the stratum corneum of the epidermis (Fig. 1b). The 
pores exhibit a diameter of less than 0.5 μm. In order 
to gain more information on the distribution and ultra 
structure of the pores, SEM studies were exemplarily 
undertaken with the 9th and 10th upper labial scales. The 
pit is situated between the scales and is one of the most 
pronounced pits of the caudal labial scales. The pit is 
covered with two different types of pores: i) pores with a 
diameter of about 0.3 - 0.5 μm and ii) small pores with a 
diameter of less than 0.2 μm (Fig. 2). The smaller pores 
are irregularly distributed over the pit fundus (Fig. 2b 

and c). The larger pores can only be found caudally in 
the pit of the 10th scale and are evenly distributed (Fig. 
2d). 

Discussion
The investigations of the labial pits of C. hortulanus 
revealed TNMs in the pits. Furthermore, this study was 
the fi rst to demonstrate that the pits are covered with 
different types of microscopic pores. However, the exact 
TNM area size and congruence with the labial pits was 
only demonstrated for one upper labial scale so far, and 

Figure1. a: Electronmicrograph of the epidermal region of the 6th upper labial scale. b: Higher magnifi cation of the surface of the 
Stratum corneum. Arrows indicate indentations.

Figure 2. a: SEM picture of the labial pit between the 9th & 10th scale. The lower part leads towards the mouth, the upper part 
to the eye. b-d: Higher magnifi cations of the scale surface. Note the two different types of pores in the pit and their different 
distribution. 
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has to be thoroughly investigated for all labial scales in 
a forthcoming study. This information is necessary for 
an exact description of the IR sensitive areas and will 
serve as the base for the estimation of the sensitivity and 
resolution of the IR sense in this species. 
The results of the SEM investigations revealed 
indentations in the Stratum corneum with diameters 
of less than 0.5 μm. These structures are similar to the 
microscopic pores of the crotaline and boid species 
examined so far (Amemiya et al. 1995). Amemiya and 
co-authors revealed only one pore type with a diameter 
of about 0.1 μm to 0.25 μm which was found in the pit 
fundus of the boid snakes Python regius and P. molurus, 
as well as on the membrane of the crotaline snake 
Agkistrodon blomhoffi . In these species the TNMs lie 
only in regions where pores are present. Boa constrictor, 
however, possesses larger pores (0.3 – 0.5μm) which 
are not confi ned to the IR sensitive areas of the labial 
scales (Amemiya et al. 1995). The larger pore type in 
the pits of C. hortulanus looks similar in size, shape 
and distribution to the pores found in B. constrictor. 
However, C. hortulanus´ pit fundus is also covered by 
much smaller pores (about 0.2 μm in diameter), which 
have not been described so far. 
The present study shows that boas with labial pits 
possess specialised surface structures (two different 
types of pores) in the IR sensitive regions. Therefore, 
these fi ndings support the hypothesis that microscopic 
pores possibly enhance IR vision in snakes. Effi cient 

absorption of IR radiation will be different between the 
loreal pits of crotaline snakes, the labial pits of boids 
and the IR sensitive scales of pitless boids. The form 
of the labial pits combined with the distribution of the 
pores and the TNMs probably allows and enhances 
a directional perception of the IR radiation. Further 
investigations of the differences and similarities of 
microscopic pores in different snake taxa will increase 
our knowledge on IR detection in snakes.  

Acknowledgements. We are grateful to Helmut Schmitz for taking the 
scanning electron micrographs. We also like to thank the NEES Institute 
for Biodiversity of Plants at the University of Bonn for the use of the 
SEM. This study was supported by the German Science Foundation 
(WE 2835). 

References
Amemiya, F., Goris, R. C., Masuda, Y., Kishida, R.,  Atobe, Y., Ishii, 

N., Kusunoki, T. (1995): The surface architecture of snake infrared 
receptor organs. Biomedical Research , Tokyo 16: 411-421.

Bartlett, R.D. (2003): Reptiles and Amphibians of the Amazon – An 
Ecotourist´s Guide. University Press of Florida.

Gopalakrishnakone, P. (1984): Light and scanning electron microscopic 
study of the pit organ of the reticulated python, Python reticulatus. 
The Snake 16: 33-42.

Düring, M. v. (1974): The radiant heat receptor and other tissue receptors 
in the scales of the upper jaw of Boa constrictor: Z. Anat. Entwickl.- 
Gesch. 145: 299-319.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


