
Mode and time of reproduction in amphibians 
depends strictly on physiological and morphological 
responses of these vertebrates to the environment, on 
the basis of endogenous and exogenous mechanisms. 
The result is an extraordinary variety of breeding 
patterns refl ecting a compromise among many 
selective pressures (Duellman and Trueb, 1986).  
All amphibians of temperate areas, therefore 
including Europe, show a seasonal reproductive 
activity that ensures that mating, egg-laying and 
larval development can take place at those times of 
the year when environmental conditions are most 
favourable (Halliday, 1990; Griffi ths, 1996). As a 
rule, the reproductive season is initiated by rising 
temperatures and spring rains and in some cases 
extends into the summer. The autumn, usually 
characterized by an equally suitable climate (at 
least in the Mediterranean regions) is less used 
by the amphibians for reproduction. Possibly, this 
depends on selective and adaptive processes related 
to the short duration of appropriate conditions, 
followed by a rapid decrease of temperatures and 
considerable diffi culties for the larvae to complete 
their development before the winter.  
However, the tight correlation between reproductive 
pattern and climatic parameters is underlined 
by the comparison of populations of the same 
species distributed in different areas, for example 
populations on mainland and islands, or on plains 
and mountains. Accordingly, the sexual activity is 

early or late. The only European amphibians which 
do not display a clear cyclic pattern of breeding 
are those that live permanently in caves (Proteus 
anguinus; Durand & Bouillon, 1964), as these 
environments fl uctuate much less in temperature 
and other physical parameters than surface habitats.
In amphibians, reproduction uses up a lot of 
energy resources (mainly stored in the form of fat 
bodies) and both sexes must be ready as soon as 
environmental conditions become favourable. For 
this reason, all amphibians of temperate regions go 
through an annual cycle of physiological changes 
which produces growth and regression of gonads 
and hormonal changes related to the reproductive 
activity. At present, it is well known that the 
mechanisms of hormonal controls are subject to 
some genetic limitations and their integration 
produces certain reproductive patterns as a reaction 
to environmental variables and further constraints 
imposed by the organism’s microhabitat and its 
species-specifi c characteristics (Duellman and 
Trueb, 1986; Houck and Woodley, 1995). 
In this respect, we wish to recall the researches of 
Mario Galgano (1907-1985; Fig. 1) in clarifying 
the role of exogenous (climatic) and endogenous 
(mainly hormonal) factors on the reproductive 
cycles of the European amphibians, both anurans 
and urodeles. M. Galgano has been one of the most 
active researchers of the 20th century in the fi eld 
of amphibian reproduction. On the basis of his 
wide knowledge of the international literature on 
this subject, he produced about 80 papers devoted 
to amphibian caryology, sexual determination 
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and male and female sexual cycles (Figs 2-3); for 
the complete list of Galgano’s papers see Ghiara, 
1987. Nonetheless, his results roused scarcely in 
the international panorama, as they were published 
as reviews in Italian, according to the custom of 
that time. At present, about half a century later, 
an examination of Galgano’s research reveals the 
general value of the scientifi c methods and general 
concepts he reported with full details on amphibian 
reproduction. The fi rst studies of this author were 

devoted to male and female gametogenesis of various 
amphibians in natural conditions, particularly in 
Hydromantes italicus, Rana esculenta and Triturus 
carnifex (Galgano, 1932, 1935, 1936; Galgano and 
Falchetti, 1940; Galgano, 1943a, 1944, 1958, 1960) 
(fi gs 4-6). In the meantime, such data were compared 
with those obtained by means of experimental 
working on some environmental factors such as 
photoperiod and thermoperiod (Galgano, 1943b, 
1947, 1949). The results demonstrated that, in 
general, amphibian reproduction depends upon 
seasonal and local variations of the temperature, 
but differently for each sex and species. The roles 
of other exogenous factors as light and feeding were 
considered as less important.
In particular, Galgano showed two different models 
of temperature activity on the reproductive cycles: 
in some species (e.g. Rana temporaria, R. dalmatina 
and R. arvalis), we can observe a really discontinuous 
gametogenesis, where endogenous rhythms regulate 
the sexual activity, on the basis of climatic-temporal 
correlations strictly codifi ed inside the genome. 
In these species, the dynamics of the reproductive 
cycle cannot be changed by modifi cations of natural 
or experimental conditions.
 In other species (e.g. Rana esculenta sensu lato, R. 
italica, R. latastei, Triturus alpestris, T. carnifex, 
Speleomantes italicus) the reproductive processes 
depend directly on the temperature. They get 

Figure 1. Mario Galgano (1907-1985) worker and pioneer in 
the amphibian reproductive biology (in a photo at the onset 
of his  brilliant career) 

Figure 2. Seasonal characteristic of the male sexual cycle of 
Triturus carnifex: ________ period of spermatogenetic acti-
vity; …….. spermatogonial degenerations;  _ _ _ _ degene-
rations of germinal cells during maturation; + + + + presence 
of fat bodies; _ . _ . _ . _ . development of secondary sexual 
characters (from the original paper of Galgano, 1944, p. 49).

Figure 3. Seasonal characteristic of the female sexual cycle 
of Triturus carnifex: ________ fi rst part of the oogenesis; _ 
. _ . _ . _ . second part of the oogenesis and development of 
secondary sexual characters; …….. oogonial degenerations 
during the fi rst part of oogenesis; ◦ ─ ◦ ─ ◦ ─ ◦ degenerations 
of oocytes during the second part of the oogenesis; + + + + 
presence of yellow bodies (from the original paper of Galga-
no, 1944, p. 88).
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blocked by inappropriate environmental conditions, 
but can start again when the climatic conditions become 
better. In these cases we have a potentially continuous 
gametogenesis (Galgano, 1952 a,b).
The dynamics of reproductive cycles in Amphibia is 
also under endocrine control, as pointed out by further 
Galgano studies. From 1940 on, the author focused 
his attention on the effects of hormonal applications 
to amphibians at different phases of their reproductive 
cycles and maintained in experimental conditions 
(Galgano, 1942a, Galgano and Lanza, 1951). Besides 
the tight correlation between hypophysis and gonadic 
activity, the author noticed hormonal control also on 
secondary sexual characters (Galgano, 1940, 1942b), 
for example the mating livery (fi g. 7). In particular, 
he demonstrated that the gametogenetic stasis and 
the regression of the secondary sexual characters  
depend upon a scarce release of gonadotrophins by the 
hypophysis. Concerning the production of the latter, this 
may depend on external factors -as in the case of the 
potentially continuous cycles- or on strictly endogenous 
mechanisms, as typical in the really discontinuous 
cycles.The identifi cation of these two different types 
of mechanisms is one of the most important results of 
Galgano’s research, and still today these criteria are 
fundamental for all studies on the reproductive biology 
of the amphibians (for a review of Galgano’s results and 
a wide discussion on the sexual cycles of the European 
amphibians see Lanza, 1951). 
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1944, Tab.I). 



<<
  /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


