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Cannibalism amongst anurans is a  
well-known phenomenon across different onto- 
genetic stages: on eggs, tadpoles and post- 
metamorphic specimens (Crump, 1983; Petranka & 
Thomas, 1995; Pirani et al., 2010; Sousa et al., 2016), al-
though it is mainly considered an opportunistic 
form of predation (Duellman & Trueb, 1994). From 
an evolutionary point of view, it could seem dis- 
advantageous to eat a close relative. Nevertheless, 
Eickwort (1973) showed mathematically that only 
a very small increase in individual fitness of the 
cannibal would be required to maintain this beha-
viour, even if full siblings are eaten (Crump, 1983). 

We report here the first record of canniba-
lism in the African green toad Bufotes boulengeri 
(Lataste, 1879), previously considered the Euro-
pean green toad Bufotes viridis (Laurenti, 1768) 
(Jiménez-Robles & Martínez del Mármol Marín, 2013) 
but currently deemed a species within the radia-
tion of the genus Bufotes (see Dufresnes et al., 2019). 
Cannibalistic behaviours have been reported in  
B. viridis in different scenarios: adult/juvenile, ta-
dpole/tadpole or tadpole/eggs (Kovács & Sas, 2009; 
Vlček et al., 2013). The same holds true for other 
Bufonidae species such as the cane toad Rhinella 
marina (Linnaeus, 1758) (Pizzatto & Shine, 2008).
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Figure 1: a) A subtle movement of the post-metamorphic toad in the right, b) triggers the attack of the adult conspecific. 
Following, c) the prey is grasped and d) swallowed.
Figura 1: a) Un leve movimiento del sapo post-metamórfico en la derecha, b) desencadena el ataque del adulto coespecífico. 
A continuación, c) agarra la presa y d) se la traga.

RESUMEN: Se describe el primer caso conocido de canibalismo en el sapo verde norteafricano 
Bufotes boulengeri, por parte de un adulto sobre tres individuos post-metamórficos atrapados en 
el interior de un aljibe seco del sur de Marruecos. Asimismo, se cita la contracción estereotipada 
del dedo medio del pie como posible señuelo, descrita previamente en otro bufónido: el sapo 
de caña Rhinella marina.
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An adult male B. boulengeri was seen predating 
on three post-metamorphic conspecifics while 
we were rescuing trapped animals from a dry wa-
ter cistern in August 2019 near Tan-Tan, Moroc-
co (28º31’03.3”N / 11º08’40.4”W, 166 masl).  
We noticed the abnormal behaviour just before 
releasing them back into the wild. The increa-
sing number of these wells and cisterns, which 
often attract desert vertebrates and act as dea-
th traps, is known to have a substantial impact 
upon amphibian populations (García-Cardenete et 
al., 2014). Bufotes boulengeri uses a wide range of 
permanent and ephemeral habitats, including 
these cisterns and concrete reservoirs, amongst 
other human-altered water sources (Bons & Ge-
niez, 1996; Sicilia et al., 2009). Consequently, it is the 
most common amphibian species found in this 
type of buildings (García-Cardenete et al., 2014). 

Although B. boulengeri mainly feeds on in-
vertebrates (Schlein et al., 2004), for large enough  
accidentally-captive specimens, post-meta-
morphic conspecifics might turn out to be 
a feasible food resource to avoid starvation. 
According to Pizzatto & Shine (2008), since 
toads are a poor-quality prey, switching from 
insectivory to cannibalism might be favoured 

by the high densities of small conspecifics and 
the scarcity of alternatives. Both circumstan-
ces occur inside drying water cisterns, and 
very likely, around the natural ephemeral wa-
ter points where that species often breeds.

As Pizzatto & Shine (2008) pointed out in  
R. marina, predation was elicited by the prey 
movements (Figure 1). Furthermore, B. boulen-
geri performed a toe-twitching display, which 
lasted 9 seconds and consisted in simultaneous-
ly flexing the long middle toe from both hind 
feet, after targeting a post-metamorphic. This 
kind of movements have been described in at 
least 38 amphibian species (Erdmann, 2017), and 
they seem to aim at agitating prey into conti-
nued movement: this makes the prey easier to 
detect since amphibians use visual cues (Sloggett 
& Zeilstra, 2008). This toe-twitching could have 
ended up as a visual luring beyond the original 
vibrational stimulus in the particular case of the 
also cannibalistic R. marina, which displays it 
in order to attract smaller conspecifics (Hagman 
& Shine, 2008; Sloggett & Zeilstra, 2008). Thus, the 
pedal movements of B. boulengeri might be 
another instance of actual toe-luring derived 
from toe-twitching.
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The golden-striped salamander (Chioglos-
sa lusitanica) is an endemic species found in 
the northwestern corner of the Iberian Pe-
ninsula. This streamside salamander is able 
to drop its tail as anti-predatory behaviour, a 
mechanism called caudal autotomy (Arntzen, 
1999; García-París et al., 2004; Vences, 2014). 

Chioglossa lusitanica is the only Iberian uro-
dele that has this ability and subsequently is 
able to regenerate the tail (Vences, 1990, 2014; 
Arntzen, 1999). The importance of the tail in this 
species is very remarkable, having functional 
importance in locomotion, respiration, energy 
storage and behaviour (Wake & Dresner, 1967).

Occasionally after mechanical damage, ge-
nerally caused by an attempted predation, the 
tail may undergo a bifurcation process. This is 
the most common cause of the appearance of 
bifid-tail animals (Dawson, 1932; Lynn, 1950). In 
European urodels, tail bifurcation has been re-
ported in Calotriton arnoldi (Martínez-Silvestre et al., 
2014), Ichthyosaura alpestris (Hachtel, 2011), Lisso-
triton helveticus (Giltay, 1932; Gosá, 2018), Lissotri-
ton montandoni (Smirnov, 2014), Salamandrina 
perspicillata (Romano et al., 2017), Triturus carnifex 
(Brandt, 1933; Henle et al., 2012), T. cristatus (Bruch, 
1864) and T. dobrogicus (Henle et al., 2012). In the 
case of C. lusitanica, Sequeira et al. (1999) have 
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RESUMEN: La cola bífida es una malformación que se ha registrado en diversas especies de anfi-
bios en todo el mundo, estando asociada en numerosas ocasiones a una hiperregeneración des-
encadenada por un daño mecánico. En esta nota presentamos un nuevo caso de cola bifurcada 
para el salamándrido ibérico Chioglossa lusitanica.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 (Europe Web/Internet)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 240
  /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 240
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /ESP <>
  >>
  /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


