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A BSTRA CT 

In a garden pond i n  London, tadpoles of the common frog, Rana temporaria, displayed a c lear diel pattern of 
movement and aggregation.  During the morning, tadpoles moved from the deeper area in the middle of the pond to 
the pond edges. The number of tadpoles around the edges peaked i n  the afternoon. At night tadpoles tended to 
disperse and move back to the  deeper area. This cycle was closely related to the  die l  cycles of i l lumination and 
temperature. Tadpoles were not evenly distributed around the pond edges, and a stationary feeding aggregation was 
formed each day on the west to south-west edge. As there was no thermal gradients along the pond edges, the  
formation of this aggregation was probably due  to factors other than temperature. 

INTRODUCTION 

Anuran tadpoles are rarely evenly distributed in a 
pond and frequently form dense aggregations 
consisting of several h undred individuals. The 
structure and function of such aggregations has been 
studied by a number of authors, but the m echanisms 
which bring tadpoles together are complex (e .g. Bragg, 
1 954 ; B rattstrom, 1 962; Wassersug and Hessler, 1 97 1 ;  
Beiswenger, 1 975) .  One classification system distin
guishes between social aggregates which are formed by 
"biosocial mutual attraction" and simple (or asocial)  
aggregates formed by tactic responses to environmental 
stimuli such as l ight, temperature or food (Bragg, 1 954; 
Wassersug. 1 973). Under natural conditions, however, 
both social and asocial factors are probably operant in 
tadpole aggregations. 

In  comparison with studies of aggregation, diel 
activity i n  amphibian larvae has been l i t t le  studied. 
Several species, however, have been shown to display 
diel movement patterns related to microhabitat 
selection (e.g. Mul la l ly ,  1 953 ;  Beiswenger, 1 977;  
Heath, 1 975 ; Dolmen, 1983 ;  Holomuzki  and Coll ins,  
1 983) . In common with the vast maj ority of 
vertebrates, it  is l ikely that such activity patterns are 
regulated primarily by dai ly fluctuations in i l lumination 
and temperature, possibly in conjunction with an 
endogenous t ime-keeping system. 

Clearly then, i l lumination and temperature are 
involved in the m odulat ion of both aggregative 
behaviour and diel m ovement patterns in larval 
amphibians.  The present study set out to investigate 
diel movements and aggregations in relation to these 
environmental factors in tadpoles of the common frog 
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Rana temporaria. Aggregations of tadpoles of th is 
species have been described by Savage ( 1 952) .  and 
Ashby ( 1969) describes common frog tadpoles 
aggregat ing in patches of sunlight fal l ing on a garden 
pond. There is, however, l i ttle other quantitat ive 
information relat ing to the behaviour of tadpoles of 
this species. 

MATERIALS AND METHODS 

The die! behaviour of common frog tadpoles was 
observed in a pond in the grounds of Westfield 
College. North London. in April 1 982 ( Fig. I). The 
pond was constructed from concrete and had a surface 
area of about 4 sq m .  Apart from encrustations of 
algae, the pond edges were bare and shelved at an angle 
of about 45° to a flat bottom covered by a layer of leaf 
l it ter. Pond depth was about 20 cm. Submerged 
vegetation consisted mainly of fi lamentous algae. 
Smooth newts Triturus vu/garis were also found in the 
pond. A description of the surrounding habitat is 
provided by Griffiths ( 1 984). 
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Fig.  I The study pond. The shelving pond edge is the a rea 
between the outer solid l ine and the inner  dotted l ine .  A 
square indicates the posit ion of each q ua drat in each 1 . 5 m 
section or shoreline. 

The total length of pond shorel ine was 9 m ,  and this 
was divided into s ix  1 . 5 m sections. At least 8 h r  before 
observations commenced, a 1 5  cm x 1 5  cm quadrat 
was placed in  the middle of each 1 . 5 m section.  such 
that it lay submerged on the shelving pond edge 
(Fig .  1 ). The position of each quadrat was secured with 
string t ied to a stick on land. Observat ions commenced 
at 0500 hr and were repeated at  intervals of 1 -2 hr unt i l  
0200 hr the fol lowing day .  During each observat ion 
per iod the number of frog tadpoles in each quadrat 
a long the pond edge was counted. Water temperatures 
at the pond edges and in the pond centre at 1 5  cm depth 
were taken with a mercury thermometer graduated at 
in tervals of0 . 1 °C. and i l lumination at the pond surface 
was measured with a E E L  photoelectric photometer. 
At n ight observat ions were made using dim, red 
torchlight. 

!'! I!! 

Observations of tadpole aggregn tions were made 
over 1 8- 1 9th .  20-2 l st and 28-29th April 1 982 (These 
dates will be subsequently referred to as days I .  2 and 
3 ) .  The tadpoles were all free-swimming. feeding 
independent ly.  and had internal gills (Gasner ( 1 960) 
stages 25-30). 

RESU LTS 

Frog tadpoles displayed a clear die!  pattern of 
movement and aggregation.  During the morning 
tadpoles moved shoreward from the centre of the 
pond. and numbers of tadpoles around the pond edges 
peaked in the afternoon ( Fig.  2). During this period. 
tadpoles were observed grazing on the algae at the 
pond edges. At n ight the tadpoles tended to disperse 
from the edges and move back into deeper water. On 
day I this d ie !  distribution pattern closely fol lowed the 
i l lumination cycle. On days 2 and 3 .  however. the 
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Fig. 2 Diel  m ovement of common frog tadpoles in relation 
to i l luminat ion and pond edge water temperature. Tadpole 
numbers are expresed as percentages ( no .  counted/total 
counted on that  day x 1 00 )  fo r easier comparison of resu lts .  
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numbers of tadpoles around the pond edges showed a 
closer correspondence with temperature than i l lumi
nation.  During the daytime ( i .e .  0600- 1 800 hr) the 
pond edges were significantly warmer than deeper 
water in the middle of the pond (Wilcoxon matched
pairs signed-ranks test (one-tai led): N = 1 5 .  T =  25 .5 .  
P<0.05) .  At n ight ( i .e .  0200-0500 hr) th is  relationship 
was reversed and the deep water was warmest (N = 1 1 . 
T = 1 1 . P = 0.025) .  However, the temperature 
difference between the pond edges and the deeper 
water never exceeded I .5°C. 

During the daytime tadpoles were not evenly 
distributed around the pond edge ( Fig. 3 ) . As tadpoles 
moved shoreward in the morning, numbers became 
more closely aggregated towards one end of the pond. 
and were densest in  area 4. The densest aggregation 
was observed at 1 700 hr on day 2.  when 75  tadpoles 
were counted in quadrat 4. Overal l ,  over 40 per cent of 
all tadpoles counted were observed in quadrat 4 .  
Moreover, this aggregation was stationary and did not 
change in posit ion over the diel cycle.  To assess 
whether this non-un iform distribution of tadpoles was 
related to a temperature gradient along the pond 
edges, on day I the water tem perature was taken in 
each quadrat during each observat ion period from 
0500- 1 800 hr. H owever. pond edge temperatures did 
not differ significantly between the six areas ( Friedman 
two-way analysis of variance, x2r = I 0 . 3 .  P>0.05) .  
Although inactive and unaggregated tadpoles fre
quently oriented perpendicularly to the shoreline. with · 

the h ead point ing away from the pond, tadpole 
aggregations were unpolarized. 

DISCUSSION 

The diel  cycle of  shoreward movement in  tadpoles 
of Rana 1emporaria fol lows closely the pattern 
observed in two species of toad tadpoles (Mullal ly .  
1953:  Beiswenger. 1 977) .  Moreover. s imilar die!  
movement patterns have been observed in  salamander 
larvae (e.g. Heath, 1 975:  Holomuzki and Coll ins.  
1 983) .  Beiswenger ( 1 977) observed that the increase in 
American toad (Bufo americanus) tadpole activity in  
the  morn ing was more closely related to l ight than 
temperature. and suggested that this al lows tadpoles to 
anticipate the heating of the shal low areas and to move 
into them accordingly. Certa in ly ,  behavioural thermo
regulat ion is well-developed in larval amphibians (e.g. 
Lucas and Reynolds . 1 967: de Vlaming and Bury. 
1 970) and even in the shallow Westfield pond there was 
a s l ight (but sign i ficant) temperature difference 
between the pond edges and the deeper water during 
both the day and the night.  A lthough the die! 
movements of frog tadpoles were therefore probably 
thermoregulatory in funct ion. responses to changes in 
i l lumination may assist in the orientation t o  warmer 
waters . 

Although there existed a s l ight thermal stratfication 
in the Westfield pond. there did not appear to be any 
therma l grad ients a long the pond shorel ine.  The dai ly  
aggregation of frog tadpoles on the west to south-west 
edge was therefore probably due to factors other than 
tem peratu re. Daytime aggregat ions of frog tadpoles 
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Fig . . 3 D iel pattern nf aggregation of tadpoles along the 
pond edge. Tadrolc numbers are expressed as percentages 
(no. coun ted/total counted x I OOl  using data from all three 
davs of observa t ions. 
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along the same shoreline were also observed in 198 1 
(unpublished observation). The growth of algae along 
this edge may have been more luxuriant than in other 
areas (although this was not visual ly apparent) .  
A lternatively,  the tadpoles may have had an innate 
directional preference for this area. Beiswenger ( 1 977) 
a lso reports of two aggregations of Bufo americanus 
tadpoles which were observed to for� in the same 
places each day. The reasons for such behaviour, 
however, remain unclear. 

Beiswenger ( 1 975) classifies the aggregations formed 
by Bufo americanus tadpoles into stationary and 
moving types. Stationary aggregations are sub-divided 
into necrophagous groups, feeding groups and 
metamorphic groups. The aggregat ions of Rana 
temporaria tadpoles reported here correspond to 
Beiswenger's feeding groups. These groups are usually 
confined to shallow areas with l itt le or no vegetation,  
and are characterized by tadpoles which are primarily 
engaged in feeding behaviour. Feeding is interspersed 
by short swims, during which tadpoles may "butt" 
each other. Such aggregations constantly stir the 
substrate and thus make the food supply more readily 
available. No moving aggregations were observed in 
Rana temporaria, but this may have been related to the 
small size of the pond. 

As Beiswenger ( 1 977) points out, it is more 
meaningful to interpret the formation of tadpole 
aggregations in terms of a complex of several variables 
(both social and asocial) operating s imultaneously or 
sequential ly, rather than in terms of a single 
environmental variable. As a result  of the close 
relationship between the daily cycle of light and 
temperature it is often tenuous to attempt to 
distinguish between a phototactic and a thermotactic 
response under field conditions. Moreover, factors 
such as light and temperature should not be assumed 
to be directly causative in the regulation of diet 
behaviour patterns when their role as synchronizers of 
endogenous biological c locks has not been fu l ly  
evaluated. 
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