
Introduction
Larvae of a number of anuran species are known to form 
different kinds of aggregations. In some cases, these 
look like an irregular distribution of individuals with 
permanent rotation (schools), whereas others form larger 
groups with directed moves and one-way orientated 
polarized shoals (Beiswenger, 1975; Wassersug et 
al., 1981). The reasons for these aggregations could 
be different: external factors, e.g., food, temperature, 
anti predator behaviour, hydrodynamic features, 
etc. (Wassersug, 1973; Branch, 1983; Spieler 
and Linsenmair, 1999) or internal factors, like 
thermoregulation or preference of familiar individuals 
(O’Hara and Blaustein, 1981; Surova, 1988; Caldwell, 
1989). Wassersug (1973) recognized simple and social 
aggregations. The fi rst one is based on taxis only (biotic 
and abiotic) and the reason of its formation is obvious. 
The second one is based on social mutual attraction. The 
existence of social aggregations implies an importance 
of the group as an entire system. Any system implies 
the existence of some features qualitatively different 
compared to separately taken elements (Prigogine and 
Stengers, 2000). Maintenance of integrity in particular 
biological systems requires rather intensive interactions 
between its members. Such an approach proposes a new 
interpretation of the importance of groups in tadpoles. 
Unfortunately, behavioural analyses of tadpoles are 
sparse (Lehner, 1996). In this study we characterize 
the behaviour of tadpoles of two anuran species by 

describing their motor activity. The purpose of the study 
is to examine the alterations in motor activity of Bufo 
bufo and Rana temporaria tadpoles in natural ponds and 
in the lab with and without the presence of conspecifi cs 
and/or predators.

Material  and methods
The study in natural ponds was conducted at the biological station 
of Moscow State University in Zvenigorod. The pond with B. bufo 
is located in the forest and had a total surface area of 800 m2. The 
pond with R. temporaria is located in fl ood-land and its size was 
1500 m2. Abundance was estimated using mesh traps (0.2 m2), fi xed 
with fi shing-line to fl oats. In random samples we recorded the daily 
motor activity of tadpole aggregations in the ponds and estimated the 
density of tadpoles in aggregations. Temperature inside and outside 
aggregations were measured at 2-3 points 10-15 cm apart from each 
other. Laboratory experiments were done in aquariums (40 x 20 x 30 
cm) with 5 cm water level. The bottom was lined with a 36 square 
grid, each four centimeters wide. After 5 min of adaptation, the squares 
crossed by tadpoles and the time of stops were registered during a 5 min 
period. Using these parameters, we recorded the tracks of larvae, the 
total distance of movement, and the total time spend with movement. 
We compared motor activity manifested by single tadpoles which were 
put in aquariums either in groups of 5 or 30 conspecifi c individuals or 
alone. Predator experiments were done using large larvae of Dytiscus 
marginalis which were exposed in a small sack to groups of 30 tadpoles. 
In experiments on vertical activity water level was increased to 20 cm. 
The observer searched for individuals in a group of 10 and recorded 
the number, duration and depth of diving incidents. Water temperature 
in aquariums was 18-20°С. Five replications were carried out for each 
series of experiment. Signifi cance was estimated by a Mann-Whitney 
U-Test.

Results
Field study
Aggregations of both species started to form at about 
9:00-10:00 h near the fi rst light spot where the water 
temperature seems to be a little higher compared 
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to other parts of the pond. Later during the day a 
correlation between tadpole aggregations and sun 
light was not observed. As the water in the pond was 
warming up aggregations formed along the shore line 
and subsequently in the water column. At any time, 
aggregations included groups from few dozens to 
several thousand individuals which aggregated around 
food sources (e.g., water plants, surface of snags 
where tadpoles eat epibioses, remains of invertebrates, 
detritus). This kind of aggregation is easy to identify by 
gnawing moves of tadpoles mouthparts. Aggregations 
with similar density formed in the warmest parts of the 
ponds. Here tadpoles did not move at all or they did 
it slowly in an irregularly shift from the periphery to 
center. Typical aggregations included those along the 
shore line before metamorphosis. Tadpoles stayed there 
the whole day but at night moved to deeper water. The 
reasons for these three different types of aggregations 
are almost obvious. 
Besides that, both species formed large aggregations 
in the water column without obvious reasons. These 
aggregations had an irregular globe shape, sometimes 
a diffuse shape. They suspended for 10 to 60 min, 
sometimes longer. Then aggregations completely split 
or spilled over different parts of the pond. Individuals 
moved inside aggregations and others out. As a result, 
we observed that the composition of this aggregation 
was not constant over time. In R. temporaria 30% 
substitutions happened during 10-20 minutes. The 
number of aggregations per pond varied from two up 
to dozens. Sometimes, app. 80% of the population 
was located in aggregations that occupied about 1.5% 
of the total pond area, with the density of individuals 
inside aggregation being several times higher than the 
average density in the pond (10 and 0.09 individuals/l, 
respectively). Temperature data show that aggregations 
may have a pronounced thermoregulatory function 
(Fig. 1). During cloudy days the temperature inside 
aggregations is higher compared to ambient ones, but in 
sunny days vice versa. We suppose that permanent moves 
of tadpoles up and down create convective streams. 

It may optimize the temperature regime and improve 
aeration. It becomes especially important in ditch-water 
with high probability of over heating and suffocation. 
This phenomenon has already been described for fi sh 
shoals in ditch-water (Gerasimov, 1983).
Bufo bufo had a constant aggregation structure and 
tadpoles moved in polarized shoals as a whole group. 
There were several or just one shoal of toad tadpoles 
in the pond. Shoals may form globes or spirals to form 
bands again. Such a band might be up to 12 m long 
and 0.5 m in diameter. It included practically the whole 
population of the pond (about 96,000 individuals). Some 
tadpoles left the shoal and came back but rotation was 
not active as in thermoregulatory aggregation. Average 
speed of single tadpoles was 2.4 cm/sec while in shoals 
it was 3.4 cm/sec (n = 10,  P = 0.005). Shoals obviously 
increased the capacity of tadpole movements.

Laboratory tests
Figure 2 shows changes in registered parameters of 
motor activity (distance, time of active moves). Toad 
tadpoles demonstrate maximum values for single 
maintenance. After fi ve individuals had been added the 
activity decreased and after adding 30 animals it sharply 
goes down. The exposition of a predator did suppress the 
activity even more and the tadpoles looked congealed. 
On the contrary, tadpoles of R. temporaria were more 
active in groups of 30 individuals, whereas the activity 
got lower when only fi ve animals were present in the 
aquarium and reached its minimum when one tadpole 
stayed alone. The exposition of the predator suppressed 
tadpole activity in the group. Thus, both species react 
completely different on the presence of conspecifi c 
neighbours. After each test with the 30 tadpoles groups, 
we calculated the number of tadpoles located in each 
grid cell at the bottom and estimated the portion of 
grouped tadpoles compared to their total number. The 
portion of crowding tadpoles of Bufo was 57%, that of 
Rana was 24% (P  = 0.0007). One hour subsequent to the 
tests, we documented the distribution of tadpoles within 
the aquarium. Rana tadpoles were evenly distributed at 
the bottom of the aquarium while Bufo tadpoles were 
crowded in the corner. 
Table 1 shows the results of vertical activity tests. B. 
bufo tadpoles spent more time than R. temporaria close 
to the water surface - they rarely dive but stay longer 
under water. Visual observations indicate that Bufo 
tadpoles prefer upper levels and swim in groups along 
the aquarium walls. In contrast, frog tadpoles were 
mostly ungrouped in all water columns. 

(mean ± SE)

Species Swimming on the 

surface (sec)

Duration of 

diving (sec)

Number  of 

diving

Bufo 166.7 ± 5.16** 13.0 ± 227** 5.7 ± 0.93**

Rana 20.0 ± 5.91 6.2 ± 0.30 17.3 ± 0.26

Table 1. Motor activity of tadpoles in vertical water column 
(** = P < 0.01).
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Discussion
Our study in natural ponds shows that for R. temporaria 
tadpoles the most effective form of integration 
is thermoregulatory aggregations (schools) with 
permanent vertical activity and non-stable composition. 
In B. bufo more organized and long-living units (shoals) 
with directed movements of the entire group and 
distinct polarized orientation of individuals prevail. In 
conclusion, Bufo tadpoles obviously interacted. The same 
shoal type with directed orientation was documented for 
Xenopus, Scaphiopus, Rhinophrynus and Phyllomedusa 
(Stuart, 1961; Wassersug, 1973; Beiswenger, 1977; Katz 
et al., 1981; Branch, 1983). In species of Hyla, Rana, 
Pseudacris and some others very large aggregations 
(up to several thousand individuals) were reported, but 
these did not show directed movements (Bragg, 1968; 
Wassersug, 1973; Caldwell, 1989).
Simple taxis (food, temperature, oxygen) may result 
in aggregations as a sum of individual responses to an 
environmental gradient. Movements of animals in such 
kind of aggregations are not adjusted to each other and 
do not lead to the appearance of a new function. The 
types of aggregation in Rana and Bufo described above 
differ clearly from this and contain a social component 
where individuals mutually interact (Wassersug, 1973). 
As a reason to form non-polarized social aggregations 
heat accumulation by masses of dark coloured animals 
and coordination of tail moves during feeding was 
assumed. This results in directed water fl ow or stirring 
silt at the bottom that makes food resources like detritus 
and plankton available (Beiswenger, 1975). We found 
another function of non-polarized aggregations, namely 
active control of the temperature regime. Mutual 
vertical shifts in aggregations as well as fl ow of food 
items require coordination of behaviour and provide an 
obvious advantage for individuals. 
The existence of long-life polarized shoals has to be 
explained as well. Short distance between animals 
and a one way direction create very mobile structure, 
which is able to move quickly. That is why this type 
of aggregation (especially in Bufo) usually is connected 
with predator escape behaviour (Altig and Christensen, 
1981; Spieler and Linsenmair, 1999; Richardson, 
2001). Nevertheless, formation of shoals can not 
impute just utilitarian signifi cance. In our ponds there 
are not predator fi shes and carnivorous insect larvae 
are rare (we never found them in the center part of the 
ponds and just occasionally along shore line - note that 
aggregations mostly are formed at the center). Taking 
into consideration tadpole and insect distribution, as well 

as total number of tadpoles (at the moment of the study 

Figure 1. Temperature dynamics in Rana temporaria schools 
and ambient environment.

Figure 2. Motor activity of tadpoles in differently sized 
groups and with the presence of predators (larvae of Dytiscus 
marginalis).
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the number of tadpoles was estimated to be 100,000), 
predator pressure can not be a signifi cant factor for 
distribution and behavioural changes. Our laboratory 
tests with predators showed decreases of motor activity 
but did not increase the rate of aggregation formation. 
We suppose that shoals of Bufo tadpoles do not have 
signifi cance to supply particular biological functions but 
carry important information about population condition 
in the pond. It was demonstrated for fi sh shoals 
(Gerasimov, 1983) that living in group greatly decreases 
oxygen consumption compared to isolated individuals 
conduced to quite behavior. We noted this phenomenon 
in our tests with toad tadpoles. We conclude that 
different reactions to the group size in Bufo and Rana 
tadpoles (declining motor activity in groups of Bufo and 
increasing one in Rana) refl ect different capabilities of 
studied species to form intra-population aggregations 
– schools and shoals.

Acknowledgments. I am grateful to my friends Natalia Lavrova and 
Ksenia Perfi lieva for their help conducting the tests and my husband 
Alexei Surov for critics and help in preparing this contribution. This 
study was supported by grants RFBR 05-04-48701a and Leading 
Research Teams 8045.2006.4.

References
Altig, R., Christensen, M. (1981): Behavioral characteristics on the 

tadpoles of Rana heckscheri. J. Herpetol. 5(2): 151–154.
Beiswenger, R.E. (1975): Structure and function in aggregations of 

tadpoles of the American toad, Bufo americanus. Herpetologica 31: 
222–233.

Beiswenger, R.E. (1977): Diel patterns of aggregative behavior in 
tadpoles of Bufo americanus, in relation to light and temperature. 
Ecology 58(1): 98–108.

Branch, L.C. (1983): Social behavior of the tadpoles of Phyllomedusa 
vaillanti. Copeia 2: 420–428.

Bragg, A.N. (1968): The formation of feeding schools in tadpoles of 
spadefoots. Wasmann J. Biol. 26: 11-16.

Caldwell, J. P. (1989): Structure and behavior of Hyla geografi ca 
tadpole schools, with comments on classifi cation of group behavior 
in tadpoles. Copeia 1989: 938–950.

Gerasimov, V.V. (1983): Ecologo-physiologicheskie zaconomernosty 
staynogo povedeniya rib. Moscow, Science.

Katz, L.C., Potel, M.J., Wassersug, R.J. (1981): Structure and 
mechanisms of schooling in tadpoles of the clawed frog, Xenopus 
laevis. Anim. Behav. 29(1): 20–23.

Lehner, P.N. (1996): Handbook of ethological methods, 2nd Edition. 
Cambridge University Press.

O`Hara, R.K., Blaustein, R.R. (1981): An investigation of sibling 
recognition in Rana cascadae tadpoles. Anim. Behav. 29(4): 1121–
1126.

Prigogine, I., Stengers, I. (2000): Poryadok iz haosa. Noviy dialog 
cheloveka s prirodoy. Moscow, Editorial URSS.

Richardson, J.M.L. (2001): A comparative-study of activity levels in 
larval anurans and response to the presence of different predators. 
Behav. Ecol. 12(1): 51–58.

Spieler, M.L., Linsenmair, K.E. (1999): Aggregation behavior of Bufo 
maculatus tadpoles as an antipredator mechanism. Ethology 105(8): 
665–686.

Stuart, L.C. (1961): Some observations on the natural history of tadpoles 
of Rhynophrynus dorsalis Dumerion and Bibron. Herpetologica 17: 
73–79.

Surova, G.S.,(1988): Vzaimodeystvie lichinok burih lyagushek v 
estestvennih usloviyah. Ecologia 4: 49–54.

Wassersug, R.J., (1973): Aspects of social behavior in anuran larvae. In: 
Evolutionary biology of the Anurans, p. 273 – 298. Vial, J.L., Eds. 
University of Missouri Press, Columbia.

Wassersug, R.J., Lum A.M., Potel M.J. (1981): An analysis of school 
structure for tadpoles (Anura: Amphibia). Behav. Ecol. Sociobiol. 9: 
15–22.



<<
  /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


