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A BSTRACT 

The d ie  I pa t t ern of act iv i ty a nd vert ica l  m igrat ion of common toad t adpoles, Bufo bufo, was s tudied at L lysdinam 
pond in mid-Wales in 1 985 and 1 986 .  Toad t adpoles were predominant ly day-active with peak s  ma in ly  occurri ng 
bet ween 1 400 h and 2000 h. The d i e] act iv i ty pat tern corresponded wi th  da i ly cycles of i l luminat ion and 
t emperatu re, bu t  no  cons is tent  rela t ions h ip wi th the activity of  preda tory dytiscid b eetl es was observed. D ifferences 
between 1 98 5  and 1 986 in the  patt ern of vert ica l m igrat ion wi th in  the water colu m n  could be related to t he  
d ist rib u t ion of submerged pla nts i n  the  pond .  I n  b o t h  years, however, tadpoles occurred ma in ly  i n  the  m iddle  of the 
water co l umn during t h e  day. 

INTRO D U CTION 

A l t hough  i t  is  we l l- k nown tha t  a n ura n tadpoles may 
form aggrega t i o ns around  t he edges of  ponds du r ing 
t he day ,  a n d  disperse in to  deeper water  by n ight  
(M u l l a l l y ,  1 953;  Bei swenger, 1 977;  Beebee, 1 985;  
G riffi t hs,  J 98 5 a )  other aspect s  of  t he i r  d a i ly a ct i v i t y 
p a t t erns have been l i t t l e  studied .  As w e l l  as horizo n t a l  
movemen t s  from shorel i ne  t o  deep w a t e r  wit h i n  a 
p o n d ,  a m p h ib ian l arvae may display vert ica l move
m en ts w i t h i n  t h e  wat er co lumn,  as demonstra ted by a 
n u m ber of u rodele  l arvae ( A nderson & G ra h a m ,  1 967; 
A n derson & W i l l ia mso n , 1 974; B ra nch & A l t ig , 1 98 1 ;  
H o l omuzk i & Col l ins ,  1 98 3 ) .  D a i l y  cycl es o f  
i l l u m i na t ion  a n d  t empera t u re a r e  cert ai n l y  i m port a n t  
i n regu la t i ng  tadpole act iv i ty pa t terns (Beiswenger, 
1 97 7 ;  Gr iffi t hs , l 985a) ,  but a lso of i mport a nce are t h e  
act iv i ty cycles of poten t i a l  predators.  T h e  l a rvae of 
t iger sa lamanders (Ambys1oma tigrinum) ,  for example,  
a lter t he i r  act iv i ty pat terns in the  presence of dyt iscid 
beet les and t h is may min imise the risk of predat ion 
( H olomuzk i ,  1 986) .  

At L lysdinam pond in mid-Wales co m mon toad  
(Bufo bufo) t adpo les suffer heavy predat ion from both 
l a rva l  and adult grea t d iv ing beet les (Dytiscus 
marginalis), and i n  some years t h e  tadpo l e popu la t ion 
may be el i m ina ted complete ly ( H arrison, 1 98 5 ) .  
Prel i m inary qua l i ta t ive observat ions revealed that  
d ur ing the  dayt ime t adpoles cou ld  be  seen  act ively 
swimming i n  the pond. At n ight ,  however, t h i s  
swimming act iv i ty becam e  much Jess evident ,  wit h 
tadpoles rem a in i ng i mmobile or swimming s h ort 
dis tances only. This suggested that catch es of  t adpoles 
in funnel  t raps might reflect act iv i ty . 

I n  this paper we ( I )  ex am i ne the  die l  act ivity pa tterns 
of  common toad tadpoles in relat ion t o  m icrohabi ta t ,  
i l l um inat ion,  t emperature, and great  diving beet le  
act iv i ty and (2)  describe the strat i ficat ion of t adpoles 
within the water col umn.  

M AT ER I A LS A ND M ETHODS 

L lysd inam Pond ,  Newbridge-on-Wye,  is  s i t uated 
about  2 00m above sea leve l ,  h as a s urface area bf just 
u nder 900m2,  and had a m ax i m u m  depth of0 . 7m a t  t h e  
t i m e  o f t  he  s tudy .  Open water occupies about  300m2 o f  
t h e  t ot a l  surface a r e a  of the p o n d ,  t h e  rem a in ing 600m2 
cons ist ing of Glyceria maxima swamp.  Th e pond is 
comple te ly  surro u nded by a plas t ic  barr ier  and p i t fa l l  
t rap system a n d  t be breedi n g  m igra t ions o f  amph ibians 
a t  t he pond have been moni tored annua l ly  s ince 1 98 1  
(H arrison , er al. , 1 983 ;  G i t t ins ,  1 98 3 ;  G ri ffiths er al. , 
1 986) .  

The s t u dy sites within t he pond were ( J )  t he 
sh o rel ine of t he open water,  whi c h  was a bout  30m in  
lengt h and l ined with Glyceria maxima, and (2) t h e 
deep, cen tral  area of the  pond w h i ch was about  0. 7 111 
deep. f n  1 985 the water colu m n  i n  t h e  deep area of t h e  
pond was  free of  vegeta t i o n .  This  was  a resu l t  of  the  
drought  during the  previous  year, which e l im inated a 
l a rge proportion  of the submerged plants .  B y  1 986,  
h owever, the  vegetat ion had recovered and the water 
col u m n  was occupied by a dense growth o f  submerged 
plants  (main ly  Ceratophyl/um demersum). 

The funnel  t raps described by G riffit hs ( I  985 b) were 
used for monitor ing t a dpole behaviour i n  each of the 
t wo s tudy areas.  In t h e  shore l ine  area,  t en  t raps were 
s u bm erged close to the  edge of t h e  pond in about 
0.  l 5m of  water .  The t raps were spaced ou t  a t  3 m  
in tervals and were posi t ioned s o  tha t  they faced 
t owards the pond centre. In the deep water area 
t adpoles were ea ptured at different depths us ing sets o f  
t hree traps strung t ogeth er vertical ly.  E ach vertica l  set 
consisted of  one trap posit ione d  just  below the water 
surface, the  second at about 0.35m depth, and the third 
rest ing on the pond bottom a t  0. 7m .  Four sets of traps 
were s uspended a bo u t  3 m  apart from a 0 . 2m wide 
wooden bridge whic h  spanned the open water a rea of 
the  pond.  To reduce shading effects,  the traps were 
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suspended from the ends of 0 .5m l o ng rods placed at  
right-angles to t he bridge. A further fou r  sets of traps 
were placed along the  edge of the  Glyceria swamp 
where i t  bordered the open water area.  H ere the traps 
were at tached to canes driven in to  the pond bottom 
with access being ga ined by a d ingy .  This t rappi ng 
regime t herefore covered all the m icrohabitats 
available to tadpoles in the  open water areas of the 
pond. 

Toad tadpole behaviour was t udied during M ay 
and J u ne of J 985 and  1 986 by check ing  t h e  t raps every 
2h over several 24h periods. I n  1 985 these were 27-
28 M ay and 3 1  M ay- I J u ne ( i . e .  two 24h periods),  
whi lst in  1 986 t he dates were 27-28, 29-30 M ay,  J -2 ,  
5-6, 1 1 - 1 2  and 1 7- 1 8  J u ne ( s i x  24h periods) .  Trapping 
sessions conducted after  these dates revealed very few 
tadpoles. The toad tadpoles captured in each t rap were 
counted and then released. It was assumed that the 
n um ber of tadpoles captured per 2h interval renected 
tadpole act ivity over that  period.  Al l  tadpole were at 
Gosner ( 1 960) stages 26-30 and were between 1 5  and 
20mm in length .  

Over the last t hree days of the  tudy  in 1 986 t he 
nu m ber of adult and larval stage great diving beet les ,  
Dytiscus marginalis, captured i n  the  traps was  also 
reco;ded. Measurements of water temperat ure at the  
top and bot  tom oft he water  col u m n  were taken  using a 
mercury thermometer, and i l lum i nat ion at the pond 
surface was recorded us ing a portable i l lum inometer.  

R ES U LTS 

l n  1 985 t he total n u mber of tadpoles capt ured was 
1 429 on day I and 379 on day 3 .  This  dra mat ic  drop in 
numbers over a few days was also observed in I 986.  On 
days I to 5 in this  year the  number of tadpoles capt ured 
ranged from 1 366 ( day 2)  to 3 I 62 (day 5 )  and t hen fel l  
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Fig. 1 Die l  pat terns of act iv i ty  of toad tadpoles in d ifferent 
regions of Llysdinam pond in  1 985 and 1 986.  Percentage 
act ivi ty every 2h was averaged over 2 days ( 1 985)  and 6 days 
( 1 986). 

to only 38  on  day 6 .  I n  tota l ,  J 1 ,643 tadpoles were 
captured over the six days in 1 986.  

Fig .  2 The d ie  I act iv i ty  pal  tern of toad tadpole on days 4 ,  5 
and 6 1 986, displayed in re la t ion to i l l umi nat ion ,  
t empe ra t u re (mean of measurements  taken a t  t h e top and 
bot tom of water  col u m n )  and dyt iscid beet l e  act iv i ty .  
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Fig. 3 D iel pat terns of toad t a dpole s trat i fica t ion in l he 
water  column in 1 985 and 1 986.  The percentage capt ured at  
each level  was averaged over 2 days ( 1 985)  and  5 days ( 1 986). 
Data from day 6 in 1 986 were omi tted from t he ana lysis as 
few t adpoles were cap tured in t h e  deep water area on t h i s  
day.  
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Toad tadpo les were m a i n ly day-act i ve with most 
captu res being made in t h e  aft e rn oon and ear ly  
even ing ( Fig .  I ) . W i t h  the except i o n  of  t h e  shore l i ne  in  
1 985 ,  tadpole  act iv i ty pea k ed between 1 400h-2000h .  
The  overa l l  d ie !  ac t iv i ty  pa t t e rn  appeared to  be  re la t ed 
t o  bot h i l l u m ina t ion  and water t empera t u re ( Fig .  2 ) .  
The  ac t iv i ty  of dyt isc id beet les varied from day t o  day  
and  was ne it her  c lear ly noct urna l  or  d iurna l .  N o  c l ear  
re l a t ionsh i p  between 1adpo le  act iv i ty  and dyt i sc id  
beet le  act iv i 1y  was  eviden t .  H owever, on a l l  t h ree days 
beet l e  cap1 ures were h igh from 2400h-0400 h ,  a per iod 
when t here was l i 1 t l e t adpole  act iv i ty .  

In  t he deep water areas most  t adpo les were captured 
in t h e  m idd l e  of t h e  water  col u m n  i n  bo1 h years 
( F ig.  3).  How ever, t here were c lear d i fferences between 
t he t wo years in the pa l t ern of vert ica l  m igra t i on .  I n  
1 9 85 ! h e  major i ty  o f  t adpoles spent t h e  n i g h t  o n  t he 
bot tom of t h e  pond .  Dur ing  t h e  morn ing  t here 
appeared t o  be a steady m igra t i on i n t o  the m i d d l e  of 
t he water  col u m n  where most tadpo les s tayed u n t i l  
n i g h 1 fa l l .  This  was fo l lowed b y  a ret u rn  t o  t h e  pond 
bot t om .  The  fo l l owing year ,  however, t a dpo les were 
captured in  m idwater t h roughout  t h e  diel  cycle and a 
c lear  pa t t ern of vert i ca l  m igrat ion was m u c h  l ess 
eviden \ .  Ra t her more t adpoles were captured at t h e  top  
o f  t h e wa ter  col umn i n  1 986 than  i n  1 98 5  a l t hough t h is 
s u rfa ce-d w e l l i n g  behaviour was largely confined to t h e  
a ft ernoon hours .  

Over days 4-6 in 1 986 the percentage o f  tadpoles 
ea p t  u r ed i n  deep water  ranged from 3 2  t o  9 1  per  cen t ,  
w h i l s t  t ha t  o f  beet les was 48-69 per cen t .  T h u s  t h e  
d i s t r ibu t ion o f  bot h tadpo les a n d  beet l es be1 ween 
sh orel i n e  a n d  deep water varied fro m day to day and  
n o  cons i s t en t  re la t ionsh ip  bet ween t he two cou ld  be 
es tab l ished.  The n u m ber of beet l es capt u red  was too 
low t o  obt a i n  a meani ngfu l  p i ct u re o f  t he i r  d i e l ver t i ca l  
d ist r ibut ion pat tern .  H owever, poo l i ng d a t a  over days 
4-6 sugges ted t ha t  beet l es preferred t h e  u pp er layers of 
the water co l u m n  bot h by day and by n i g h t  (Table  1 ) ,  
a l t hough s ta t i s t ical  ana lyses o f  t hese d a t a  showed t h a t  
t h is t rend was n o t  s ign ificant . 

D A Y  
(0600-2000h) 

N I G H T 
( 2200-040011 ) 

N 

45 

1 9  

Top 

36% 

63% 

Midd le  B ot t o m 

36% 29% 

2 J % 1 6% 

TA B LE I :  The d i s r r ibu t ion of Dytiscus margina/is ( l a rva l  a n d  
a d u l t  beet l es pooled) w i t h i n  t h e  water co lumn d u r ing day t i m e  
a n d  n i g h t - t ime .  D i fferences bet ween t h e  t hree reg ions  were 
no t  sign i ficant  ( Friedman 1wo-way a na lyses of var iance: day, 
X2r = 1 . 3 I ,  P<0.05 ;  n igh t ,  X2r = 4 .87 ,  P<0.05) .  

D I SCU S S I O N  

There i s  s o m e  evidence 1 0  suggest t ha t  toad t adpoles 
may display changes i n  m i crohab i ta t  se lect i o n  d u r i ng 
development ( Beebee, 1 985 ) .  Unfortu n ate ly ,  i t  was not  
poss ib le  to moni tor onto genet i c  changes i n  behaviour 
d u r i ng the p resent s tudy as no tadpoles  beyond Gasner 

( 1 960) s tage 30 were captured in  the pond in  e i ther 
year.  Th is was a res u l t  of  the dramat i c  drop in tadpole 
n um bers o bserved in J une  of bot h  years.  A possible 
exp lanat ion  for t hi s  dec l i n e  i s  t h at t ad poles move in to  
the  swamp a rea o f  t he p o n d  a t  t h i s  s tage of  
development and are  consequ e n t l y  no longer  cap t u red 
around t h e  shore l i n e  a nd i n  deep w a t er .  H owever, 
t raps p laced in t he swamp a fter  t h e  decl i n e  cap t u red 
very few tadpoles .  A m u ch more l i ke ly  cause of  the  
drop  i n  n u mbers i s  predat i on by  invertebrates ,  
especia l l y  by larvae and adu l ts of  t h e  beet l e  Dy1iscus 
marginalis. These have been s hown t o  be respons ib le  
for heavy predat ion  of  toad t adpoles i n  the  pond over 
short periods of t ime  ( Harrison,  1 98 5 ) .  

Occasiona l ly ,  cert a i n  t raps captur e d  except iona l ly  
l a rge n u m bers of t adpoles w h i ch may have reflected 
social  aggregat ions .  A s  t hese aggrega t i ons would have 
resu l ted in  fewer tadpoles avai l ab le  for captu re at other  
t rap s i t es i t  seems u n l i ke ly that  the  dayti m e  peaks  in  
t rap cat ches were a reflect ion  of  aggregat ion  ra ther 
t h a n  genera l  swi m m i ng act ivi t y .  I ndeed,  t h e  d ie!  
pat tern of t ra p  cat ches corresponds w i t h  d i rect 
observat ions  of tadpo le  act iv i ty  d u r i ng t he day and  t he 
n igh t .  

U n l i k e  sa lamander l a rvae ( H o lomuzk i ,  1 986) ,  t he 
act iv i t y  pat tern of t oad t adpoles was no t  c learly re lated 
t o  t hat  of great diving beet l es .  A l t hough the present 
s tudy was based on fa i rl y  low captu res of bee t l es ,  and 
la rva l and a d u l t  bee t l es were pooled in  the a n alysis ,  t h e  
c l ea r-cut  noct urnal/l i t tora l  h a b i t s  observed i n  o ther 
species of Dytiscus ( A i ken ,  1 986 ;  H o lomuzk i ,  1 986) 
were no t  apparent  in D. marginalis a t  Llysd i nam pond.  

Wassersug ( 1 97 3 )  descr i bes two modes o f  school ing 
i n  t adpoles .  The 'Xenopus' mode cons is t s  of  
aggregat ions  of polar ised tadpo l es i n  m idwater ,  and 
cont rasts w i th  the  'Buja ' mode,  i n  w h i ch tadpoles form 
up in sha l lows or on t h e  pond bot t o m .  These two 
modes of schoo l ing  ca n be re la ted to t h e  morpho logy , 
pa la tab i l i t y  and ecology of t a d poles ,  and w hereas 
X enopus are wel l-adapted for fi l t er-feed ing in midwater,  
Bufo t adpoles are bet t er adapted for a scaveng ing 
ex is tence on the  pond bot tom ( Wassersug, 1 973 ) .  J t  
was  not  c lear  wh et her  t h e  t oad t a dpol es o bserved i n  
m idwat er i n  L lysd inam pond were i n  polarised 
schools ,  but i n  other respects t he ir  dayt ime behaviour  
conformed more cl osely t o  t h e Xenopus mode.  
l nt erest ing ly ,  t h ese resu l t s  are consis t ent  with t hose 
ob ta ined on Bufo americanus by H eyer  ( 1 976) ,  who 
n et ted most  t adpoles i n  the  m i d d l e  of the  water  co l u m n  
d u r i n g  t .J1e  day. 

The c lear d ifference between 1 98 5  a n d  1 986 in t h e  
d i e l  pat tern o f  ver t i ca l  m igrat ion  o f  tadpo les can be 
related t o  t h e  growt h of submerged p lants  over t he two 
years .  I n  1 985 ,  when t h e  water col u m n  was devoid of 
veget a t ion ,  toad t adpoles cou l d  rest at night on ly  
amongst  dead  vegeta t i o n  on the  bot tom of t he pond .  I n  
1 986 ,  h owever, i nact ive  tadpoles cou l d  rest a mongst  
the  vegetat i o n  wh ich fi l l ed the  water  co lumn ,  and  t h u s  
ma in ta in  t he i r  m idwater  pos i t ion  t h rough o u t  t h e  d i e l  
cycle (even d u r i n g  t h is 'rest ing'  per iod,  h owever, 
tadpo les are not  complete ly  i nac t i ve and m a y  
i nt e rsperse long per iods of  i mmob i l i ty  w i th  short  
swims) .  
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Why tadpoles should congregate at  a l l  in  m idwater 
is l ess clear. Salamander larvae have been o bserved to 
s trat ify at  t he pond surface and on the pond bottom at 
different phases of the diel cycle ( H olomuzki & 
Co l l i ns ,  1 983) .  M ovement i n t o  warm water at t h e  
s urface o r  i n  shallows during t h e  dayt ime m a y  be a 
res u l t  of behavi o u ral  t hermoregu lat ion,  whi lst strat i fi
c a t io n  at t h e  s u rface at  night  may be associated w i t h  
feeding a c t i v i t y  ( A n derson & G raham, 1 967; H ea t h ,  
1 975 ;  Branch & A lt ig, 1 98 1 ) . I f  behavioural  
t hermoregulat ion was t ak i ng p la ce i n  Llysdinam pond,  
toad t a d poles would  be expected to  congregate at  the 
h ighest t e m pera t u res ( i . e .  shorel ine a n d  pond s u rface) 
d uring t h e  day, but t h i s  was not t he case. M ost toad 
tadpole act ivity i s  proba bly concerned with fi l t er
feeding a n d  vert ica l  m igra t i ons may fol l o w  t hose of t h e  
p l a n k t on u pon w h i c h  t h e  t a d poles feed.  I n deed , t h e  
m idwater congrega t i o n  o bserved at  L l ysdi n a m  p o n d  i s  
consistent wi th  a s t u d y  of  t o a d  tadpole g u t  contents  
from the  same s i te ,  w h ich h as s h o w n  that  t h e  d iet 
conta i ns a high proport ion of mot i l e  p l a n k t o n  b u t  l it t l e 
det r i t u s  ( H arrison, 1 985) .  A lt ernat ively,  as Buja bufo 
t ad poles are lu ngless u n t i l  j ust  before met a m orphosis 
(S avage, 1 96 1 ) , variations in  oxygen con cen t ra t ion 
wit h i n  the  water  col u m n  may i n fl u e n ce act iv i ty .  
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