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A BSTRACT 

In a l abora t o ry e x peri men t . L. f11srns t a d poles.  a k nown pred a t o r  o f  P.  p11.\'//tlos11s foa m  n es t s .  took a much h igher 
proport ion o f  noat i n g  eggs presented a s  i nd i v i d u a l s  t h a n  as gro u ps e m bedded i n  foa m :  t he bigger t he gro u p .  t he 
grea ter  t h e  pro t ect ion . L. (i1srns tadpoles d i d  not t a k e  post- h a t c h i n g  st ages o f  P. p11.\'//i/o.rns b u t  t hese were p reda t cd 
by d ragonny n y m phs.  

I NTRODUCTION 

In  a prev ious paper ( Down ie . 1 988) . 1 d iscussed t he 
possible funct ions of t h e  noat ing foa m  n es t s  p ro d u ced 
by some a n u ra n s .  Evi dence based on e x p e r i m e n t s  with 
foa m  nests  of t h e  w idely- d is t r ibu t ed n eot ropical  
Leptodactyl id Phrsalae11111s p11s111/os11s suggested t h a t .  
co n t ra ry t o  prev ious publ ications ( Do b k i n  a n d  
Get t inger. 1 985 :  Gorzu l a .  1 97 7 )  t he foam has no 
sign ifi ca n t  t h ermal  p ro pert ies:  t h e  foa m  also has very 
l im i ted ab i l i ty  t o protect eggs and hatch l ings from 
desiccat ion.  A t h ird poss ible funct ion is protec t i o n  of 
eggs from predat ion :  evidence presented showed t ha t  
foa m  nests  are at tacked by predators. part icu lar ly t h e  
t a d po l es of another Lep tod acty l id .  Lep 1odac1 . l'l11s 
.fi1srns. and that P. p11s/ii/os11s eggs are consumed by 
t hese t adpoles, and by odonate larvae. However. it 
seemed l i kely tha t  embedding  eggs in a m ass of foam 
shou ld help a proport ion of them to survive. The 
experimen ts described in th i s  note were d esigned to test 
th i s  suggest ion .  

MATER IALS AND METHODS 

C O ! . l . ECTION O F  N ESTS A N D  P R E D ATORS 

The P. p11s!11/osus foam n es ts used i n  t h is study were 
fo u n d  i n  drainage di tches near t he University of West 
I nd ies campus at  St. August ine. Trin idad, dur ing June 
and Ju ly 1 989 .  Freshly-made nests were col lected early 
i n  the morning after wet days or n ights .  A l though June  
a n d  Ju ly  a re  normal ly very wet months  in Trin idad. 
1 989 had unusua l ly low ra infa l l .  and the number of  
foam nests collected was therefore less than ant icipated. 

The potent ia l  predators used in t h is s t u d y  were 
dragonny nymphs. tadpoles of L (i1srns and t adpoles 
of P. pus1u/osus. Dragonny nymphs were coll ected by 
handnet from the mud surface of the same d itches used 
for the col lec t ion of foam nests and k ept i n  2 l i t re 
po ly thene t u bs ,  in water wi th  a m u ddy bottom .  
L. fuscus tadpoles were reared i n  the laboratory i n  glass 
tanks  from foam nests found i n  burrows adjacent t o  
dra inage d i t ches and  temporary pool s i tes i n  the  S t .  
A ugust ine  area. L. fuscus t adpoles were fed ad lib with 
a proprietary fish food. P. pus11t!osus tadpoles were 

reared from foa m  nests in t he same wav a s  L . fi1sc11s 
t ad p o l es .  

P R E D1\ T I ON E X l' E R I M l : NTS 

! '. p11.rnilosus eggs . h a t c h l i ngs o r  stage 27 tadpo les 
( G os n e r. 1 960) were ex posed to pot e n t i a l  p red a t o rs 
u n d e r  s t a n d ard l a boratory c o n d i t i o n s .  in 2 l i t re 
rect a n g u l a r  poly t h ene t ubs .  con ta in ing 1 . 5 l i t res w a t er 
( 6cm deep)  for a period of I 8 h  when t he nu 111 ber of 
s u rvivors was reco rded.  ln most  cases.  the t u bs h a d  a 
clear bot t o m .  b u t  i n  a few. a t h i n  coveri n g  of mud was 
present to s imu late ditch condi t ions .  Eggs floated on 
t h e  s u r face of t h e  w a t er. buoyed by surroun d i ng foa m .  
as i nd ividuals ,  o r  groups of 5 ,  I 0 or 20  eggs, each tub 
c o n t a i n i n g 20 eggs i n  a l l .  I n  i s o l a t i n g  i n d i v i d u a l  eggs 
a n d  gro u p s  fro m foam. it was difficu l t  to s t a n dardise 
the number of  foam bubbles s tuck to each egg or group, 
so th i s  was qu ite variable .  I n  exper iments us ing 
P.  p11s1ii/os11s hatch l i ngs o r  s t age 2 7  t a dpoles . 20 
i n d i v i du a l s  were aga i n  used.  b u t  they were free t o  swim 
in the tub .  Predat o rs had no access t o  a l t e rn a t i v e  food 
during the I 8 h of t he ex peri m e n t .  

T h e  predator classes u s e d  were : L . . fi1scus - fou r  
l a rge m a t u re t a d p o l es ( a ro u n d  s t age 3 5 )  o r  e i g h t  
smal ler  t ad poles ( aro u n d  s t age 30) ;  dragon ny n ymph s  
(sp ecies not k n o w n )  - two mediu m-sized nymphs. 
around l . Sc m  l o n g; P. pus1u/osus - e i g h t  t ad poles 
around stage 30. 

R ESULTS 

P R E D.i\TION O F  FLOATING EGGS 

The resu l t s  of the  predat ion exper iments involving 
float ing P. pus/U/osus eggs ( ind iv iduals and groups)  are 
shown in Table I .  The number of trials possible was 
not l arge, because of  shortage of t ime and scarcity of 
m ater ia l ,  but the overa l l  trend in the resu l t s  i s  clear. 
E xposed to  large L. fuscus t adpoles, i nd iv idua l  eggs 
were nearly a l l  consumed, whereas eggs in grou ps 
survived better. Smal ler L. fuscus t adpol es also 
predated ind iv idua l  eggs, t hough l ess heavi ly .  Groups 
aga i n  survived better. I n  genera l ,  w i th  both size c lasses 
of  predator, the larger the group, the better t he survival 
chance, with one resu l t  - groups of  five exposed to 
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large L . fuscus being anomalous :  unfortunately .  on ly 
two tr ia ls  were made in th is c lass .  Wi th l arge L. .fuscus 
as predators. foam bubbles were usual ly consumed as 
well as eggs : wi th  sma l l er  L. .fi1sc11s more foam was 
usual ly left .  Occasional ly, fragments of  partly 
consumed eggs were left at the bottom of the tub. As 
previous ly described (Downie .  1 988) L. .fuscus tadpoles 
swam to t he surface and bit at foam and eggs. 

Dragonny nymphs took a few indiv idual  noat ing 
eggs, but  none from groups. and P. pustulosus tadpoles 
took n o  eggs at a l l .  Dragonny nymphs spent most of 
their t i me at the bottom. as d id P. pustu!osus tadpo les . 

P R E DATION OF H 1\TCI I I . I NG 1\ N D  0 1 . DF R  TA D PO I . FS 

The resu l ts of a smal l  number of predat ion 
experiments i nvolv ing P. p11s1ulos11s hatch l ings and 
stage 27 tadpoles are shown i n  Table 2 .  I n  no  case did 
L . .fusrns tadpoles consume any post-hatching 
P. pustu!osus, whereas dragonny nymphs took signi­
fi cant numbers of  them. There was no evidence from 
the experiments t hat the  nature of the bottom - clear 
or muddy - mattered to the effectiveness of dragonny 
nymph predat ion .  but t he  n umber of tr ia l s  was very 
smal l .  

B H I A V I O l J R O F  P. pu.rnilosus H ,\ TC l l I J NG S .·\ :\ D  0 1 . D E R  

T1\ DPO I . ES 

On hatch i ng. P. p11s111/os11s tadpo les were observed 
to  hang mot ion less from the base of the foam nest .  or 
t he s ide o f  tub the nest was noat ing in: a few lay on the 
bot tom: swimming occurred very occas ional ly .  As 
development proceeded over the next two days to 
about st age 27. tadpoles became more act ive. but spent 
much of  their t ime at rest on the bot tom. On a mud 
bottom. t hese tadpoles were very crypt ic .  mostly 
mot ion less. but capable of rapid movement when 
disturbed. 

A R t J N D '\ NC r  OF P R r D ATORS IN N ATt ' R .-\ 1 .  Co� D I TIONS 

I t  would requ ire a large scale su rvey to establ ish t he  
overa l l  relat ive abundance of  the  predators used in t h i s  
s t udy. I n  the drai nage di tches and temporary pools I 
have sampled. L .fi1srns and P. p11s111/ns11s nearly always 
occur toget her. and dragonny nymphs are very 
abundant .  The di tch used to col l ect the foam nests for 
th is  study was choked. with l i t t l e  through now of 
water. I t  genera l ly  conta ined water about 2-3cm deep 
on a mud bot tom.  wi th sparse overhanging vegetat ion .  
and was 50cm wide. Two hand-net samples of  50cm 

A rra11gcn1c11r n_f T:ggs 

4 J 
Potential JO Cro1111s of" (;roups of" Croup of" 

Predator !11dil'id11als 5 / (J ]() 
Class 11 110 r;; 11 110 (7, 11 110 r·· 

I II 110 r;; 

4 stage 35 4 0 .25  1 . 25 2 1 1 . 5  57 .5  5 1 . 6 8 .0 6 7 .2  35 .8  
l .(ilSCllS ( 0- 1 )  ( 5- 1 8 ) (0-3 )  ( 0- 1 7) 

8 st age 30 4 2 1 0 . 0  2 9 45.0 4 1 2 . 8  6:us ·' 1 4  70.0 
l. fllSCllS ( 0-6) ( 3- 1 5) ( 0-20) ( I J- 1 6) 

2 dragonny 2 1 8  90. 0 2 20 1 00.0 
nymphs ( 1 7- 1 9) (20)  

8 st age 30 2 20 1 00.0 
P. p11st11lorns (20)  

TA B L E  l :  Survival of P. pustulosus eggs as individuals or groups after l Sh  exposu re t o  various classes o f  potent ia l  predator. 
(n = n um ber of t ria ls ;  No = mean n umber of s u rvivors per t r ia l  ( ra nge in brackets) : % = percentage of s urvivors) .  

Potrntial Pre\' Class 

]() ]() I() ; n  
Potential lwtchlings lwrchli11gs stage J 7  stage J 7  
PrNlator clear hot to111 11111d h0/10111 clear ho/10111 11111d ho/10111 

Class II 110 f7, 11 110 'I 11 110 ( . . I II 110 r1, 

4 stage 35 2 20 J OO 2 J O  J OO 

L. f11sc11s (20)  ( 1 0) 

8 s tage 30 2 20 J OO 
L . f11sc11s ( 20)  

2 dragonny 2 1 7  85  2 1 7  85  2 5 50 4 5 50 
nymphs ( 1 4-20) ( 1 7 ) (4-6) (3-8)  

TA B L E  2 :  Survival  o f  P .  p11st11los11s hat chl ings a n d  s tage 27  t a d poles after J 8h exposu re to  various classes of poten t i a l  p redator.  
(n = n u m ber of t ri a ls: No = mean n u m ber of survivors per t ri a l  ( range i n  brackets ) :  9i- = percentage of  survivors) 
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lengt hs from t h e  muddv bot tom of  the d i t ch  �1 ie lded 22 
and 2 7  dragonny nymphs. of  a range o f  t ages. 
respect ive ly .  These nvmphs lav mot ion less on  t he 
bot t o m .  often part ly covered i n  mud p a rt i c les : l i k e  t he 
P. p11s111/os11s t adpoles. t hey were very crypt ic .  The 
predators used i n  this study clearly occur and have 
access t o  P. p11s111/os11s nests a n d  t adpoles .  

D I SCUSS I ON 

The main resu l t  of th i s  s tudy is the  demonst rat ion  
t hat  P.  p11s111/o.rns eggs do ge t  some p ro tect ion from 
preda t ion  by being surrounded i n  foam .  I nd iv idua l  
noat ing eggs were ver�1 l i ke ly  t o  be ea ten  by L .fi1scus 
t adpo les .  The same nu m ber of eggs. ex posed for t he 
same t i me to t he same nu mber of predators had a much 
bet ter  chance o f  surv ival  when presented i n  gro u ps 
he ld together by foam bubbles.  

I n  a dd i t i o n .  the st udy showed t ha t  noat ing  eggs. 
s ingly or in groups .  are not much at risk from 
dragonny nym p hs.  whereas on ha tch ing. t h e  r isks are 
reversed. w i t h  L. .fuscus tadpoles not  :1t t ack i ng 
P. p11s1 11/osus l a rvae  at a l l .  but  dragonny l a rvae t a k ing  
t h e m .  part i cu l a rly  when t hey become more  ac t ive .  Not  
surpr is ingly. perhaps .  P.  p11s1 11/os11s tadpoles d i d  not  
preda te  eggs of  the i r  own species .  Preda t ion  tests i n  t he 
l a boratory need to be in terpreted wi th  caut ion.  bu t .  as 
po in ted  ou t  ear l ier  ( Downie .  1 988)  L .fi1sC11s t adpoles 
are ser ious poten t ia l  predators o f  P. pu.rnilosis. They 
i n h a b i t  the same tem porary pools and dra inage 
d i t c hes.  but L. .f11sC11 1 eggs arc la id  in advance of  ra i n .  
so t ha t  t h e i r  t a d po les enter t h e  water a t  t h e  s a m e  t i m e  
as eggs of  o t h er tem pora ry pool  nest i n g  species l i k e  
P .  pustu!o.rns. L. .fuscus t adpoles have been seen t o  
a t tack  P .  pustu/osus nests i n  t h e  w i l d ,  a n d  the  resu l t s  
reported here show how effect ively t hey can consu me 
eggs i n  t he l aboratory .  I t  is a l i t t l e  puz� l i ng  t h a t  
L .fuscus t adpoles s t o p  predat ing P. 1w rni/o.rns a fter  
t hey h ave h atched .  The resu l ts  for dragonny nym phs 
are less surpri s i ng: t hey spend most o f  t he i r  t i me at  the 
bot tom as 's i t -and-wai t '  predators and wou l d  
t herefore b e  e xpected to  a t tack m a in ly  mob i l e  
swi m m ing prey .  Their  very h igh n u m bers m ust make  
t hem t h e  most  ser ious  t h reat to t h e  surv i va l  of  
P.  pustu/osus t adpoles s ince fis h  are  usua l ly  absent 
from t hese pools and dra inage d i t ches. The absence of  
a d i fference between t h e  preda t ion  success of  
drago n n y  nymphs  on  m u ddy and c lear  bot toms i s  
perhaps su rpris ing. H owever. on m uddy bottoms.  
bot h predator  and prey a re h igh ly crypt ic.  anJ 
changing t h e  backgro u n d  may t h erefo re not  a l ter  
s ign i ficant ly  the outcome of  the i n teract i o n .  A l arger 
scale experi ment  on tadpole-drago n fly nvmph i n ter­
act ions would be of in terest .  

The  pro tect ion  offered to  eggs by  be ing i n  a Ooat i n g  
foa m  nes t  m ay b e  of  t wo k i n ds. n o t  d i s t i nguished i n  

t h is s tu clv .  As suggested b v  M art i n  ( 1 967 ) .  Hever 
( 1 989)  and R . an ( 1 985 ) .  most of  t he eggs in  a floa t ing  
foam n est  are above t h e  wa ter  su rface and t herefore 
removed from t h e  hab i ta t  oft he most l i k ely preda tors .  
t adpoles.  fish a n d  predat ory aquat ic  i nsects .  T h is effect 
must be much grea ter in i n tact nest s .  wh ich  con t a i n  
several h u n dred eggs. t han  i n  even the  biggest gro u ps 1 
tested o f  20 eggs. 

I n  add i t ion .  t he s t i c k iness and adhesiveness of foam 
may m a k e  removal  or t he eggs d i fficul t  for poten t ia l  
predators .  Disen tang l ing eggs from foam is not an  easv 
bus iness  for h u mans .  and L .fi1sC11s tadpoles do sce111 to 
have to  expand some effort i n  feed i ng on foa 111 bubbles 
and eggs . \.Vhe ther  foam gives better m ech: 1 11 i cal  
pro tect ion t han  o t her dev i ces used by frogs. such as egg 
s tr i ngs or je l ly  masses. cou ld perhaps be tes ted by 
experi ment  at ion .  The d i scovery by Robert s ( 1 989)  or a 
popula t ion of t h e  A ustra l ian  mvobatrachid 
Li11111odrnas1cs 1as111a11ie11sis w hich makes floa t i ng 
foam nests i n  one  part of i t s  range. but  non- foamy eggs 
masses in anot her part offers t he oppo rt u n i t y  of a 
n a t u ra l  t est of t h e  d i fferences bet ween foam and je l ly  
nests .  
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