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A BSTRACT 

Recently-hatched L. fuscus tadpoles kept ou t  of water make  a heap of  foam which he lps them to survive. A t  fi rst .  
isolated t adpoles can make  foam (by  spi t t ing mucus bubbles). bu t  la ter. tadpoles can only make  foam when i n  a 

group o f  five or more. I f  tadpoles are separated from one another. out  of water.  t hey can aggregate bv active. 
apparently random wriggl i ng movements, but this abi l i ty too decl ines with time s ince hatch ing. 

I NTRODUCTION 

I have p reviously shown (Downie. 1 984. 1 989) that  
stage 27-28 tadpoles (Gosner, 1 960) of  the  foam­
nest ing frog L eptodact . Flus fuscus a re able t o  make a 
foam which rep laces the  origina l  nest foam made by 
the parents. The t adpoles are able to  live in  th is foam 
for up  to several weeks, normal ly in  t he  origina l  
nest ing burrow, and to  enter any nearby pool that  
forms ,  as feeding-stage t adpoles, once heavy ra in fal ls .  
Foam mak ing is a communa l  act ivity: the tadpoles 
s t imu la te  each other by contact ,  to wriggle and  spit out  
mucus-r ich bubbles, and the  wriggl ing m ovements 
t hemselves produce some bubbles. The 1 984 study 
p resented evidence t hat the abi l i ty to make foam 
d im in ished the  longer the  tadpo les rema ined in  t he  
nest .  I n  t h i s  no te ,  I report on aspects of  th i s  decline 

-the aggregative ab i l i ty  of  tadpoles out  of water and 
the abi l i ty of individuals to make foam. 

M ATE R I A L  AND M ETHODS 

C O Ll . FCTION A N O  M A I N TF NA NCF or T.!\ DPO l . F S  

Two foam nests o f  L. Ji1sc11s were col lected from 
burrows around the  margin ofa temporary pool s i te on 
the  Un iversity of West  I ndies campus at St. August ine.  
Trin idad. and from t he bank of  a ditch at Carmody 
Road,  also in St. A ugust ine. in June and .Ju ly 1 989. The 
first nest was col l ected on 23 June ,  and the tadpoles 
were a l ready s tage 27-28 and mak ing  foam. H owever. 
heavy ra in had occurred on 1 7  June, so th is must have 
been a recent ly-la id  nest ( i t  t akes 4-5 days to reach 
stage 27-28: Downie ,  1 984). The second nest was found 
o n  I 5 Ju ly  and the  tadpoles were recent ly h atched,  not  
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yet m a k ing foa m  ( s t age 24-25) .  A fter col lect ion .  foa m­
m a k ing  tadpoles were ma in ta ined on t h e  surface of  
mo i s t  t issue paper i n  2 l i t re rect angular  po ly t hene t u bs 
w i t h  t h e  l ids o n .  I have found mois t  t issue preferable t o  
m u d  as  a substrate  for laboratory m a i n t e nance o f  
foam-ma k i ng t a dpoles:  i t  is  eas ier  t o  keep  t o  t h e  r ight  
degree of moist ure and docs not su ffer from t he 
occas iona l  bacter ia l  problems fou n d  w i t h  mud as a 
StJbs t rate .  

B E l ' '' v 1 0 1 1 R ,\ 1. O ns F R  v,\ TJ O N S  

To moni tor  progress ive changes 1 11 t adpole 
behaviour. tadpo les were removed fro m foam at  
wee k ly in t erva ls .  and p laced s i ngly on  the su rface of 
damp t issue in  2 l i t re rec tangular  pol y t h ene t ubs. s i x  
t adpoles t o  a t u b. e i t her 2 c m  o r  6 c m  a p a rt a t  t h e  s t a rt .  
Tadpole movements  were m o n i tored a t  24h i n tervals  
for up to two days.  In add i t ion .  t adpoles were removed 
from foam.  placed 2cm a part  on moist t issue in pe tr i  
d i shes wi th  t he l i d  on a n d  watched con t i n uous ly  for  an  
hour  or  so. 

R ES U L TS 

A G G R EGATION 

A ggregat ion  resu l t s  are shown in  Table I .  I t  is  c lear 
t ha t  t adpoles i n i t i a l ly  set  2cm apart aggregated m ore 
s uccessfu l ly t h a n  t hose set 6cm apart . a n d  t h a t  t he 
a b i l i t y  to aggrega te  decl i ned w i t h  t i me s i nce ha tch ing. 
I t  is  also clear t hat  aggregat ion  most ly  occu rred w i t h i n  
t he fi rs t  day.  T h i s  does n o t  mean.  how ever. t ha t  t h e  
t ad po les t hen became i m mob i l e :  some aggrega t ion  d i d  
occur d u r i n g  t h e  second clay and .  o n ce an  aggrega t e  
formed.  t h e  t adpo les remained in  con t a ct w i t h  one  
a not her .  so the  scope for fu rther aggregat ion was 
lessened.  Fig .  I shows the act ua l  m ovements  of  
t adpoles i n  fou r  representa t ive cases. 

G F N F R A J .  O n s r R V ATJONs ON T1\ l wo 1 . r  B n 1 A·V J01 1 R 

Once  an aggregate formed i t  could s t a y  i n  t h e  same  
p lace  for t h e  d u ra t ion  of t h e  experi m e n t :  but  t h i s  was 

24'1 
lirnup si:e 

Tadpnle age II ] 4 

a)  ]c/11 Of'O/'/ 

I week 2 0 . 5  0. 5 0 .5  

2 weeks 5 1 . 2  1 . 2 0. 2 0 .2  
:i weeks 5 5 . 6  0 . 2  

4 weeks 2 4 .0 1 . 0 

b) 0011  a1>ar1 

I week 2 1 . 5 0 . 5  0 . 5  0 . 5  

2 weeks 5 6 .0 

:i weeks 5 5 . 6  0 . 2  

4 weeks 6.0 

not a lways the case - a complete aggrega t e  could 
mow as a u n i t  ( s hown in  Fig.  I ) . Th is  was a l so n o t i ced 
i n  t he s t oc k  t ad po les .  where t he foam heap. cont a i n i ng 
up t o  1 00 tadpoles.  could move from t he cen t re ofa  t u b  
to t h e  m argi n .  

A n  u nex pected o bservat ion  was  t hat  t adpoles 
i so la ted w i t h i n  t h e  first week after  ha tch ing  were able  
t o  make foam e i t h er as ind iv idua l s  or  i n  smal l  groups 
( 2 .  3 or 4 tadpoles) .  O f 24 week one  tadpoles.  a ft e r48h .  
one s i ngle t adpole  had made  no  foam.  but  t h ree s i ngles 
had made foa m .  as h a d  two p a i rs . t h ree gro u ps of fou r  
a n d  one  gro u p  of  five .  T h i s  o bservat ion  i s  shown i n  
Fig. I a n d  discussed l a ter in  t he l ight of  previous 
resu l t s .  A l t hough L .fi1srns tadpole  surv iva l  out  of 
water i s  genera l l y  very good .  for up  to severa l  days 
( Downie .  1 984 a n d  u n pu bl ished observat ions ) .  I d id  
ex per ience a few casu a l t i es amongs t  older t adpoles .  
A mongst t adpoles t h ree weeks  post ha tch ing.  n i ne out  
of  48 d ied after  48h .  A mongst t a d poles four weeks  post 
ha tch ing.  one out of  1 8  d ied a fter 24h. Casual t ies 
a lways involved tadpoles t h a t  had rem a i n ed as 
ind iv idua l s .  

Tadpoles watched con t i n u ous ly  a fter  i so la t ion  on 
moist  t issue showed the fol lowing feat ures .  M ovements  
were gen era l l y  v io lent  wriggles. o ften wi th no  progress 
in a n y  d i rect ion .  but occas ional ly  w i t h  a few 
m i l l i met res movement  from t h e  or ig ina l  spot .  
E p isodes of  movement  by i so la ted tadpoles were not  
r igorous ly  q u a n t i fied .  but  i t  was c lear  tha t  rece n t ly 
h a tched tadpo les were more act ive than  older tadpoles ,  
that  t a d poles were more act i ve soon after  iso la t ion 
t h a n  l a ter. and t ha t  t adpo les were more act ive on  very 
damp t issue t h a n  on  ra t her dry t issue.  Wriggles olten 
led to the re-or ien t at ion of  t he head of  a t adpole.  but  
t here was no s ign t ha t  t adpoles were able t o  or ienta te  
a n d  m ove t owards one anot her :  when aggregat ion 
occurred.  i t  appeared to be t h e  res u l t  of  essen t ia l l y  
random movements ;  a n d  two t a d po les c lose toge t her 
o ften  t h en moved away from one another.  H owever, 
o n ce t wo t adpoles had t ouched,  no case was observed 
where t h ey t hen moved apart  aga in .  

Ti111e aft er .1 c1 1i11g llf' 

4/1,h 
Grnul' si:e 

5 () ] 3 4 5 () 

0.5 0 .5  0 . 5  0 . 5  0 . 5  
0. 2 0 .8  1 .0 0 .2  0.4 0 .2  

4 .8  0 .6 
4 .0  1 .0 

! .  5 0 .5  0 . 5  0 .5  
5 . 2  0.4 
5.6 0 .2  
6 .0 

T A B L E ! :  Aggregat ion of isolated L fusrns foa m-mak i ng s tage tadpoles. a )  tadpoles set 2cm apart at t he s tart .  b) t adpoles set 
6cm apart at the start .  n = n u m ber of  tr ia ls  a t  each t adpole age. A ggregat ion  resul ts  are given as t he mean n u m ber of groups of 
each s ize (2-6) or  mean n u m ber rem ain ing  as i n dividuals ( I )  per t rial  afte r  24h and 48h .  Tadpoles were t ested I .  2 .  3 and 4 weeks 
after  hatching. 



500 J .  R .  DOW I E  

wl A B O h  
• • • 

• • • 

• • • 

• • • 

24 h <S· 
• I. 

• 

ii;· . .  
·�/ 

48 h �· ---
• {�.� 

rji;• �- �.' ,-, t�) 
w 3  
2 4 h  • • 

.. • 
• 

.. 
• • • • 

48h 
• • 

' • 
• 

• .. 
• • • 

2 cm 
.._.. 

Fig. 1 E x a m ples of movements  of isolated L. .fi1srns foam­
m a k i n g  t adpoles .  C o l u m n  A - t a dpoles 2cm a part a t  t h e  
s t a r t .  C o l u m n  B - tadpoles 6 c m  apart at  t h e  s t a r t .  
A p p ro x i m a t e  i n i t i a l  posi t i o n s  are  shown at O h .  A l l  tadpo les 
a re from t h e  c lutch t a k e n  o n  1 5  J u l y .  and records a re shown 
for t ad poles observed d u r i ng the first and t h i rd weeks a ft e r  
h a t ch i n g. E a c h  tadpole  is  d e n o t e d  by a b l a c k  d o t .  i ndica t i n g  
t h e  pos i t i o n  of t he t a d p o l e  b o d y .  Tadpoles d e n o t e d  a s  verv 
close t o gether  are in con t a c t .  A dot ted l i ne s u rrou nd i n g  an 

i n d i v i d u a l  or gro u p  denotes foam made by the t adpoles.  

D ISCUSS I O N  

The experiments reported here show that  isolated 
stage 27-28 L. fusrns t adpoles are able to aggregate in to 
groups .  but tha t  th i s  ab i l i ty  dec l ines w i th  t ime  s ince 
hatching. Presumably t hese tadpo les. which a re not 
feeding .  are con t inuous ly us ing up  t he i r  yo l k  reserves . 
and t h is is reflected eventua l l y  in a dec l ine in energy 
ava i l ab le  for mobi l i ty .  Tadpoles p laced i n i t i a l l y  2cm 
apart aggregated more effect ive ly than t hose i n i t ia l l y  
6cm apar t .  This is not surpr i s ing  given tha t  each 
t adpo le, ful ly  extended. i s  around  ! cm long.  and that  
once in contact wi th one another .  they t end to rema in  
so .  R andom movements can  easi l y  expla in aggregat ion :  
t here i s  no evidence. from the  observed behaviour of 
t he tadpo les . for di rected aggregat ive movement .  

Tadpole survival out  of water for the  two days 
i nvolved in  t h ese experiments was good. but some 
casua l t ies occurred amongst o lder tadpoles that d id 

not  aggregate .  S ince o lder tadpoles that  survived well 
did not aggregate as  wel l  as younger t adpoles. the 
d ifferences in  aggregat ion ab i l i ty  were not s imply due 
to tadpole death . 

I n  addi t ion .  the  most recent ly-hatched tadpoles 
were not on ly very act ive. showing highly aggregat ive 
behavio u r: they were also able to make foam as 
indiv idua ls .  Downie ( 1 989) found that individuals 
could not make foa m  and that foam-making abi l i ty 
increased as group  s ize increased from J t o  5 .  to 10 . 
Caldwel l  and Lopez ( 1 989) have reported a s imi lar  
fi nding for L m1·s1ace11s. H owever. in bot h of  these 
previous reports. t he  tadpoles tested were at least s ix 
days post-hatching. H ere then is another s ign of 
developmental  dec l ine :  the  longer the t ime since 
hatch i ng. the  lesser t he abi l i ty  to make foam .  Foam­
mak ing requ i res a certa in  frequency of bubble 
format ion :  recent ly ha tched tadpoles can make 
enough bubbles on  the ir  own: la ter  ones requ i re the 
s t imu lus  of contact wi th the ir  neighbours. 

Ca ldwel l  and Lopez ( 1 989) support the  idea that 
foam m ade by tadpoles hel ps survival  in the nest. but 
q ues t ion my s uggest ion ( Downie .  1 984) tha t  
regenerat ion of such foam cou ld  hel p tadpoles that had 
left the nest i f  t he i r  pool happened to dry. Their 
a rgu ment is that such tadpoles wou ld be scattered 
ind iv idua ls  unab le  to make  foa m .  H owever. I have 
shown here t hat tadpo les are ab le to  aggregate. and my 
field observat ions show that ifa pool dries up . 1. . /i11rn1 
t adpoles a re found in  congregat ions. in  low points of 
t he pool .  under leaves or rocks .  

Foam-mak ing by tadpoles has now been reported 
from two members of  the f_ep1odac1 r/11s ' fuscus' 
species group ( H eyer. 1 978) .  I t  would be interest ing to 
test other members. 
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