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A BSTR ACT 

Snou t-vent lengths of  l a rge sam ples of  na t  t er jacks were measured at fou r  rc lat  ivcly isolated sand-du n e  brccdi ng  
s i t es i n  two success ive years .  I t  was  hoped t hat the  s ize  d i s t r ibu t ions would ind icate  whe t  her sat is factory recru i tment  
i n to  t he breed i n g  cohort was  t a k i n g  p lace .  S ign i fica n t  d i fferences were found between males a nd fema les.  between 
t he fou r  s i tes and between years.  It is i n ferr e d  tha t  one gro u p  consists ma i n ly of  young i nd iv iduals .  reflect i n g  h i gh 
toad let  product ion .  w h i l e  t he o ther  t h ree gro u ps have a l a rge proport ion  of older adu l t s  as a consequence of poorer 
breed i n g  success. The poss ib le  reasons for these d i fferences are d iscussed. 

I NTRODUCTION 

The na t ter. j ack  toad  Bu{o cala111i10 L a u r. is res tr ic ted 
to a bout  for ty .  m a i n ly coas ta l ,  loca l i t ies  i n  Br i t a in  
(Cooke .  B a n ks a n d  Langton .  1 984) a n d  is specia l ly 
pro t ected under the  W i l d l i fe and C o u n t ryside Act 
1 98 1 .  

The nort h M ersevside sand-dune syst em su pport s  
one  o f  t h e  l a rge popu la t ions  of  t h i s  s pecies i n  t he 
cou n t ry ( S m i t h  and Payne.  1 980) .  S i n ce t he 1 970's. 
efforts have been made to conserve t h is  popu l a t i o n  by 
s ta tu t ory protect ion and pos it ive m a n a gement  of i t s  
h a b i ta t s .  A t  t he same t i me.  a l most a n n u a l  mon i tor ing  
of  d i s t r i b u t i o n  and breed ing success has been 
attempted in  many  parts of  the dune sys tem .  

I n  1 978.  Smi th  and Pavnc  ( 1 980) reported t ha t  the  
t oads had enj oyed a sequence o f  successfu l  breed i n g  
seasons.  ass isted b y  a r ise in  t h e  water- tab le  s i nce 1 974. 
t h e  excava t i o n  of about  fi ftv new breed i n g  s i t es a n d  
l i censed rescue operat ions to  save t a d poles from 
desicca t ion .  The adu l t  female  popu la t ion was 
est i m ated to con t a i n  over 2000 ind iv idua ls .  wh i l e  m ;1ny  
i m m o t u re toads were observed in  t h e  dunes and 
adjacent u rban areas. 

Cont inued moni tor ing dur ing  the 1 980s suggests 
that breeding h as been su ccessfu l i n  some parts of  t he 
dune system but  re lat ivelv poor i n  ot her  areas.  
H owever. i t  has proved d i ffi cu l t  to  count the n u m bers 
of t o adlets l eav ing the water and. d esp i te  recent 
research i n t o  na t terjack popu la t ion  d y n a m ics (e .g .  
Dav i s .  1 985 ) .  i t  i s  not  known wha t  l evel o f  recru i t me n t  
i s  n ecessary t o  susta i n  a breed ing popu la t ion (Banks 
and Beebee. 1 988 ) .  

A n  indi rect way of determi n i n g  whether  satisfactory 
recru i tment is occurring i s  to  examine  t he  size range of 
i ndividuals in t h e breeding groups (Cooke. 1 98 1 ,  
1 982 ) .  Al though grow t h  rates are l i kely to  be variable 
and related to  environmental condi t ions ( H emmer and 
K adel .  1 972) .  a general rela t ionship between s ize and 
age may be ant icipated. T h us. Davis  ( 1 985 )  found  
s ign i ficant posit ive correlat ions between snout-ven t  

l engt h a n d  a g e  for bot h ma les and fema les i n  a 
Mcrsevsidc breed i n g  colony. 

O n  the M erseys ide coas t .  n. calamita breeds in 
d i scre t e  gro u ps of dune  s lacks  a n d  excavated sca pes 
wh ich a re up to 3 k rn  from t he next  nearest breed i n g  
s i t e .  A l t hough n a t t er. j acks  arc n ot ed for t he i r  a b i l i t y  to  
' m i grate' .  espec ia l ly  i f  the i r  breedi ng poo l s  dry  up  
( Beebee. 1 983 ) .  m ost o f  t h e  adu l t s  are p ro ba bly 
rela t ive ly  site fa i t h fu l .  Thus. S m i t h  and Bownes ( 1 978 )  
fou n d  t ha t  70 per  cent  of  M e rseys ide toads m arked in  
one  breed i n g  season a n d  recovered i n  the next  h ad 
moved a max i m u m  of only  200m. The la rgest d is tance 
covered was 2 . 2km by one i nd iv idua l .  M ovements 
wi t h i n  a breed i n g  season are l i k e l y  to be less t h an t h is 
and i t  was t herefore just i fied,  for the purposes of  th i s  
s tudy .  to  t reat  t h e  ma in  breed i n g  gro u ps as isola ted 
popu la t ions.  

The a i ms o f  the s t udy were t o  i nvest igate  na t t erjack 
body lengths a t  four  major  breeding s i t es in two 
su ccess ive years and to  es tab l i sh  whether  t h is 
t echn ique  can be used to m o n i t o r  t h e  success , or  
ot herwise. of  recru i t ment in to t h e  breeding  populat ions.  

M A TE R I A LS A N D  M ET H O D S  

The fou r  s tudy  areas were chosen on the  basis of two 
criteria :  t hey were a t  least I k m  from t he nearest k nown 
breed ing site of B. calamita and t hey supported 
suffic ient numbers of adults t o  provide a l arge sample 
size. 

Fig. I shows the posi t ions of  the study areas which 
are described brieny as fol l ows: 
I .  A insdale Hills Local Nature Reserve. This narrow 

str ip of mobi le  and embryo dunes, l . 6km long and 
0 . 3km wide, conta ins 1 3  semi-natural s l acks with a 
t otal  area of about 2 .0ha ,  in which natterjacks 
h ave bred dur ing the present decade. Parts of some 
s lack basins were deepened from 1 980 onwards. 

2. The National Trust Estate. Formby Point. About 
3km south of  A i nsdale H i l ls ,  t h i s  s i te  consists of  
fou r  smal l  pools ( tota l  area about  0.04ha) on  the  
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Fig. I Locations of s tudy areas in the north M e rseyside 
sand-dune syste m .  I = A in s d a l e  H il l s :  2 = N a t ion a l  Trust 
tobacco d u m p :  3 = L i feboat Road: 4 = Cabin H il l .  B u i l t - u p  
areas a r e  hatched. 

so-ca l led ' tobacco dump' .  a waste tip of  denatured 
tobacco l eaves wh ich closed down in  the mid
I 970s. The h igh water-hold ing capacity of the 
waste mainta ins a perched water-table in an area 
of dunes lack ing nat ura l  s lacks .  The pools. which 
date back to the earlv 1 970s. have been deepened 
on several occasions. 

3 .  l. i(choa1 Road. ror111h 1 ·  ! 1n i11 1 . I n  a zone of  heavv 
recreational pressure .  th i s  s i te is an area of 
degraded mobi le  dunes rest ored s ince 1 978 under 
the auspices of the Sefton  Coast M anagement 
Scheme.  Four  smal l  scrapes ( tota l  a rea about 
0. 04ha) were excavated from 1 98 1  onwards: they 
l i e  about I km south of the  tobacco dump.  

4 .  Cabin Hill Na1ional Na111re Reserve. The breeding 
pools  are s i tuated in an area of fixed dunes 2 km  
sou t h  of L i feboat Road.  Most were formed as 
borrow pits during the  construct ion of a flood 
defence bank in  1 970. The largest of  t h ese sha l low 
pi ts ,  covering about I .6ha .  was the sample s i te .  

Vis i ts  were made to the s tudy areas after  dark during 
Apri l  and M ay when peak nat te r. jack act ivi ty was 
expected. Pools were systemat ical ly searched wi th a 
torch: each unpai red an imal found  was caught wi th a 
pond net and sexed by reference to t h e  nu ptual  
pigmentation on the fore digi ts of the male ( Beebee. 
l 983) .  Snout-vent l ength on the dorsal surface was 
measu red to the nearest I mm by cupping t h e  an imal  in 
t he  pa lm  of the hand and gent ly compress ing  it under a 
t ransparent  plast ic ru ler .  M a t ing pai rs were not 
distu rbed.  M easured individuals were i mmediate ly 
returned to  the  s i te  of captu re. 
f t  h as been suggested that larger ind ividuals 
predominate  early in the  season, whi le  smal ler 

natterjacks breed later ( Fl indt and Hemmer. 1 968) .  As 
t h is cou ld  bias the  samples. it was decided to take  an 
ear ly and late breeding season sample from each study 
a rea in 1 988 .  I n  the  event. on ly  one sample was 
obta ined at the  at iona l  Trust s i te .  bu t  two were taken 
from t he o ther three areas at in tervals of 1 8-48 days. 
The resu l t s  ( see below) did not just ifv a second sample 
in  l 989, so each area was sampled once in that season. 

The data were ana lysed on a Dec-20 computer using 
the s tat i s t ical package 'Min itab' .  

R ESU LTS 

D t rTT R F N CTs B ET W EE N M A L ES A N D  F F M .-\ L FS  

Snout-vent l engths of  males ranged from 42mm to 
79mm and of females .  5 l mm to  82mm. The largest 
female was 2mm longer than the  largest Bri t ish I s l es 
spec imen known t o  Sm i th  ( l 95 l )  o r  Beebee ( l 983)  and 
equal led the  longest ind ividual reported by Banks and 
Beebee ( l 986). 

Frequency distr ibut ions of body lengths for each 
sample ( F ig. 2. Fig. 3) are approx imately normal and 
just ify the use of parametric stat ist ics. 

A tota l  of 622 ma les and 90 females was sampled in 
1 988 .  while 268 ma les and 57 females were measured 
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Fig. 2 Distrib u t ions of snout-vent lengt hs in s a m ples of 
breeding natterjack toads measured in 1 988 a t :  

I .  A i n s d a l e  H i l ls :  2.  N a t iona l  Tru s t :  3 .  L ifeboat Roa d :  

4 .  Cabin H i l l .  O pen Col u mns = m ales:  h a tched = females. 
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Fig.  J D i st r ihu t i n 1 1 s  nf s n o u t -n: n t  l e n g t h s  i 1 1 s;1 1 1 1p lcs of 
breedi n g  n :l l t crjack toads measured i n  1 989 a t :  

I .  A i n,da le  H i l l s: 2 .  N ; 1 t  i o n  a I Trusl :  J .  L i  fchnat Road:  
4. C a b i n  H i l l .  Open col u m n s = m a l es :  hat ched = fc 1 1 1 ; 1ks .  

the fol lowing year .  A pparent  sex ra t i os of 6 .9 :  I a n d  
4 . 7 :  I i n  t he two seasons renect the  fact t ha t  ma le  
n a t t er. j acks  spend much more t i me a t  t h e  breed i n g  s i te  
than  fema les ( A rak .  1 98 3 )  and  t herefore have a h i gher 
probab i l i t y  of  cap ture .  Davis ( 1 98 5 )  report ed sex rat ios 
rang ing from 1 2. 1 :  I t o  5 . 5 : I in samples of  na t terjacks  
breed i n g  at  Cab in  H i l l  between 1 98 1  a n d  1 983 .  

1 988 

Ill/Ill'\' 

N o .  sa mpled 622 
M ea n  hodv length ( 111 111 ) 6 1 . 5 

S . D .  5 . 9  

Two s a m ple t 6 . J  
p <0.00 1 

Table  I compares the  body lengt hs of ma les and 
fema les i n  t he two seasons. Females were s ign i fican t ly 
larger t han  ma les ( p  <0.00 1 ) . be ing on average 3 . 7 m rn  
longer i n  1 988 a n d  4 . 9 m m  longer in  1 989.  A lso. t here 
was a ign i fica n t  (p <0.00 1 )  increase in  t he lengt hs of 
bot h  sexes between years .  m al es averaging 3 . 0m rn 
longer a n d  fem ales 4 .2 111111 longer in 1 989. 

D t F IT R F NCTS BETWITN E 1\ R l. Y AND L ATE S A M PL ES I N  

1 988 

Table 2 compares ear ly and late breed i n g  season 
sam ples of  males a t  t h ree s i t es .  Female sample s izes 
were too sma l l  for a sa t i s factory t es t .  At A i nsdale ,  t he 
second sample has a s ign i fican t ly  h igher mean 
(p = 0 .03 ) .  wh i l e .  a t  Cabin H i l l .  the mean of t h e  second 
sample  i s  s ign ifi ca n t ly  lower t han  the fi rst ( p  = 0.0 1 ) . 
The mean of t he second L i feboat Road sample  is 
h igher t h a n  t he fi rst but  not  s ign i fi ca n t l v  so ( p  = 0 . 1 ) .  I t  

seems reasonable  t o  conclude t hat t here is  no 
syste m a t i c t rend t owards larger an imals  i n  t he la ter 
sam ples .  Therefore.  a second s a m ple was not  t a ken in  
1 989.  For s u bseq uent comparisons .  t he t wo 1 988 
sam ples were pooled for each s i t e .  

0 J FITR ENCFS B ETW F F N  S ITES A N D  B FT W F F N  Y E A R S  
There arc  considera ble d i fferences i n  mean body 

lengt hs bet ween t he fou r  s i tes.  A i nsdale t oads being t he 
sma l l es t .  N a t i on a l  Trust t he largest and Cab in  H i l l  and 
L i feboat Road a n i mals in termediate i n  s ize .  These 
t rends arc shown i n  both  ma les and females and are 
cons is tent  between seasons (Table 3 ) .  One-way 
ana lys i s  of  var ia nce (Table 3 )  shows t h a t  t he 
d i fferences between s i t es are s ign i fican t  i n  both  years 
for bot h sexes ( p  <0.0 1 ) . 

/ 9fl9 

(c111alcs 111alcs .fcnrnles 

90 268 5 7  
65 .2  64 . 5  69.4 

) I 5 4 5 . 5  

6. 1 
<0.00 1 

T A B L E  I :  D i fference' hct wcen male  ; 1 11 d  fem a l e  hoclv lengths  i n  1 988 a n d  1 9 89. 

.1l i11.1d11/c 1.i(chnar Rnad Cahin Hill 

car/
.
1 ·  /arc carh /arc carh fare 

N o .  sampled I I J  1 04 89 54 1 2 1  84 

M e a n  boclv 54. 7 5 5 . 8  65 . 2 66. 3 64. 1 63  

l ength  ( 111111) 

S . D .  J . 2  3 . 6  4 . 3  4 0  3 I 3 . 2  

Two sample t 2 . 24 1 . 5 I 2 .53  

p 0.03 0 . 1 3  0. 0 1  

TA B L E  2 :  Differences between bodv lengths of males i n  early a n d  l a t e  season samples .  1 988 .  
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1 988 1 989 

Males Females k fales Females 

11 x SD 11 .\" SD II .\" SD II .\" SD 

A insda l e  2 1 7  55 .2  3 . 44 I I  56 .5  3 .86 83 58 .6  3 . 26 4 59 .8  2 .06 

Cabin H i l l  205 63.  7 3 . 1 7  29 64. 3 3 . 2 9  60 66 .2  J 02 9 6 5 . 6  3. 40 

Lifeboat R oad 1 43 65.6 4. 1 6  38 66.8 3 .94 72 66 .2  3 .86 2 1  69.8 4 . 74 

Nation a l  Trust 5 7  66.9 3 . 5 5  1 2  70.3 2.05 53 69 .6  3 .65 23  72 .2  4 .43  

ANOV A f ratio 362 . 3  3 3 . 8  1 30 6 1 2 .4 

p <0.0 1 <0.0 1 <0.0 1 <0.0 1 

TA B L E  3: A na lysis of body lengt h differences bet ween s i tes in t h e  two seasons.  

Sire 

A in s d a l e  H i l l s  

N a t io n a l  Trust  

Lifeboat Road 

Cabin H i l l  

1 980 

I 

2 

2 

1 98 1  

3 

2 

2 

2-3 

1 982 1 983 

2 

I 3 

I 2 

2 2 

Year 

1 984 1 985 1 986 1 98 7  Mean 
Score 

3 3 3 3 2.4 

0 I 1 .4 

2 2 3 3 2 . 1 

2 1 . 8 

TA B L E  4: N atterjack breeding s uccess fro m  1 980 to 1 987 at t h e  fo ur s tudy a rca based on estimates of t o a d l et p roduct  ion during 
routine monitoring. (0 = no toadlets .  I = sm a l l  n u m bers. 2 = moderate n u m bers. J = la rge n u m bers. - = no cou n t ) .  

D ISCUSSION 

I t  wou ld be  surpr is ing i f  nat terjack toads l i v ing  on ly 
a few k i lometres apart i n  the same dune system showed 
marked variat ions in growth rates. Therefore, i t  is 
l i kely t hat the d ifferences observed reflect d i fferent age 
struc tures in the four breed ing groups. 

Davis ( 1 985) measured natterjacks at Cabin H i l l .  
ageing i ndividuals of known sex by reference to growth 
r ings in the phalanges. Comparisons w i th  his data 
suggest that, in 1 988, most ma les at A insdale were 3-4 
years o ld ,  whi le  most females were aged 4-5 years. The 
o ldest group was at the  Nat iona l  Trus t  Site where, in 
1 988, most males were a t  least  6 years o ld  and most 
fema les about 7 .  At the  other two s it es, i t  seems that the 
major ity  of males were aged 5-6 years and most 
females 7 .  The d i fference in ages between the  sexes is  
expla ined by Davis's ( 1 985) find ing that  females 
mature one year later than males. 

The 3-4mm increase in mean body length between 
years corresponds closely to the  expected i ncrement 
from one year's growth in older an imals derived from 
Davis 's ( 1 985) regress ion equat ions .  This suggests that  
t here was l i t t l e  or no recru i tment to  the breeding 
cohorts i n  1 989. 

Merseys ide natterjacks can begin breed ing at 2 years 
(ma les) or 3 years ( females), a l though they may not be 
fu l ly  act ive un t i l  1 -2 years later ( Davis ,  1 985). 
Therefore, i n  the 1 988 breeding season,  t he first 
appea rance of t oads which metamorphosed in 1 986 
(males) or 1 985 ( females)  cou ld be an t i cipated. 
H owever, the A i nsdale adu l t s  seem to have been a year 
o lder t han this wh i le t hose at the Nat iona l  Trust s i te 
probably der ive from the 1 98 1  and 1 982 spawn i ngs, 

implyi ng a sequence of  four  years' poor recru itment at 
t he latter s i te .  

Low apparent recru i tment cou l d  be due to  a number 
of  factors. inc luding: 
I .  E m igrat ion o f  juven i les or young adults t o  other 

parts of the dune system; 
2 .  Young adu l ts  not appearing a t  the breeding s i tes ;  
3 .  Poor breed ing success in earl i er years; 
4. H igh mortal i ty of immature t oads. 

A l though natterjacks are known to abandon 
breeding  sites and m ove elsewhere (Beebee, 1 983), 
there i s  no  evidence tha t  t h is has happened recent ly in 
the Merseyside dunes. I ndeed, the colon isat ion of new 
scrapes dug in the last few years has been relat ively 
slow. 

A rak ( 1 983) showed that l a rge males can displace 
smal ler mal es by antagon is t ic behavioural i nteractions 
at cal l i ng  sites. This could lead to fewer smal l  males 
being sampled. especia l ly at the  smal ler pools, such as 
t hose at L i feboat Road and t h e  t obacco dump where 
h igh densit ies of  ma les can occur. However. th is  
shou ld not affect t he  size dis tr ibut ion of  females 
arr iving t o  spawn. As  has been shown in th i s  s tudy, the 
trend of  female body size fol l ows t hat of  the  males 
(F ig. 2, F ig. 3 ) .  

Breed ing success has been rou t inely moni tored by 
est ima t ing t he number of toadlets emerging from the 
pools .  The resu l ts  for the  1 980s are summarised i n  
Table 4. This shows t hat large numbers metamorphosed 
at A insdale ,  especial ly from 1 984 onwards, but fewer 
toadlets appeared at o ther s ites ,  t he Nat ional Trust 
area hav ing t he worst record overa l l .  H owever, i t  is 
i mportan t  to note t hat some metamorphosis occurred 
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at t h e  l ess su cces s fu l  s i t es i n  most vcars .  g i,· i n g  t h e  
i m press ion t h a t  s a t i s factorv breeding.was t ak i n g  pl a ce.  
a l t h o u g h  with d ec l i n i n g  performa nce a t  Cabin H i l l  :rnd 
the N a t i o n a l  Trust s i t e .  

The L i feboat R o a d  res u l t s  a ppear a n omalous  i n  
t h a t .  despi te  a t  l east · m oderate ·  m et a m o r p h i c  s u ccess 
s i nce 1 98 3 .  few voung a d u l t s  have appeared in t h e 
bree d i n g  pop u l a t i o n .  The most l i kelv e x p l a n a t i o n  is 
t h at  what are p erceived as · m oderate'  toad let  n u m be rs 
at t hese t i n v .  eas i l y  searched ponds a rc st i l l  t o o  few t o  
o u t weigh t h e  h i gh m o rt a l i t v  s u ffered bv i m m a t u r e  
a n i m a l s  i n  t h e  v�a rs bcfo rc

. 
t h cv e n t e r  t i 1 c  breed i n g  

coho rt . 
· . -

Fact ors con t r i b u t i n g  to low toadlct n u m bers at 
s o m e  s i t es were s p r i n g/s u m me r  droughts  i n  1 98 2 .  1 9 84 
a n d  1 98 5 .  p red a t ion of t a d p o l es bv a q u a t i c  i nverte
brates and growt h  i n h i bi t i o n  o f n a t t e r j a c k  t a dpoles by 
t h ose o f  o t h er a nu rans.  especi a l l y  B. bu(o. 

C a t a s t ro p h i c  m o rt al i t y  o f  deve l o p m e n t a l  s t ages d u e  
t o  d r y i n g  o u t  o f  w a t e r  bodies i s  an e x pected problem 
for a n  a m ph i bi a n  wh ich habi t u a l l v  spawns in  
e p h e m eral  pools  ( Beebee. 1 979: Davis .  1 98 5 ) .  
H owever. cm ergcncv deepe n i ng. b y  h a n d .  o f  s o m e  
s i t es .  p a r t i c u l a r l y  at  A i nsdalc .  h a s  u n d o u btcdlv  a i ded 
m e t a m orphosis  i n  some years .  

. 

Tadpole p redat ion has been shown to be m aj o r  
m o r t a l i t y  fa c t o r  b v  B a n k s  a n d  Beebee ( 1 98 8 )  a n d  
Davis ( 1 9 8 5 ) .  There is  a l s o  some e v i dence t h a t  
i n v ert ebrate predators o f n a t t er jack t a d p o l es a r c  m o re 
a b u n d a n t  i n  deeper pools  t h a t  are less l i k elv to drv u p  
( Ba n k s  a n d  B eebee. 1 98 8 ) .  I n  M e rseys ide.  o l d e r  
s c r a p e s  appear t o  s u p po rt h igher dens i t ies  o f  predators 
t h a n  y o u n ger o nes . Those at Cabin  H i l l  a n d  L i feboat 
Road have p a r t i c u l a r l y  l a rge n u m bers o f  drago n n i es 
( O d o n a t a ) .  especi a l l y  S r111pc11·11111 .1 1 rio/a111111 . B a n k s  
a n d  Beebee ( I  9 8 8 )  l is t  n y m p h s  of t h i s  g e n u s  a s  b e i n g  
e ffect ive pred a t o rs o f  n a t t er j a c k  t a d po l e s .  The t w o  
m i l d  w i n t ers o f  1 987-88 a n d  I 988-89 m ay w e l l  have 
e n h an ced predat o r  n u m bers a t  the M erseys ide s i t es .  

I t  i s  k nown t h a t  h i gh d e n s i t i es o f  o t h er a n u ra n  
t ad po l es c a n  i n h i bi t  t h e growth o f n a t t cr j a c k  t ad po l e s .  
m a k i n g  t h e m  more suscep t i b l e  t o  desicca t i o n  a n d  
predat ion ( Ba n k s  a n d  Bee bee.  1 98 7 ) .  I n  M e rscvs ide.  
B. hu(o a nd t o  a l esser e x t e n t . Rana 1c111poraria. arc 
associated w i t h  older .  more perm a n e n t  water bodies in 
the fi xed d u n es .  w h i l e  R. rn/ami!a favours  ephem eral  
or recen t l y  created pools n e a rer the sea.  A s  yet , few 
c o m m o n  toads have bred i n  t h e A i n s d a l e  fro n t a l  d u n e  
s lacks. a l t h o u g h  t h ey began to i n vade t h i s  area i n  t h e  
m i d- I 980s.  At ot h e r  s i t e s .  p a rt i cu l a rl y  C a b i n  H i l l  and 
the  tobacco d u m p .  common toad n u m bers increased 
during t he 1 9 70s a n d .  bv t h e  1 9 80s. tadpole d en s i t i es 
were probably h i gh enough t o  p ro d u ce i n h i b i t i o n  
effects . 

L i t t l e  i s  k n ow n  a bo u t  m o rt a l i t y  factors affect i ng  
toadlets and i m m a t u re n a t t e rjacks  ( Davis. 1 98 5 ) .  I t  is 
poss i ble that  toadlets a r i s i n g  from growth-inh ib ited 
t adpoles show reduced survival because. for exa mp l e . 
th ey have less t i m e  to gain weight  before h ibernat ion .  

Adu l t  natterjacks are long- l i ved (Beebee. 1 98 3 )  and 
have prev ious ly survived several successive years w i t h  
adverse breeding condit ions i n  Merseys ide (Smith and 
Payne.  1 98 1  ) .  Cooke ( I  98 1 ). however. p o i n t s  out t h at 

o l d  fe m a l es ( ov e r  70mm long)  mav lav s p a w n  w i t h  
red uce I v i a b i l i t �1 .  H e  descr ibes ·sen i le' populat ions .  
res u l t i n g  fro m m i n i m a l  recru it ment  over  at l east t h ree 
years. in w h i c h  m a les e xceed a n  a verage o l' <iOmm long.  
with n o  i n d i v i d u a ls l ess than 55mm. B y  1 989. t h is  
descri p t i o n  a p p l ied t o  t h ree o f  t h e  fou r  breed i n g  grou ps 
s t u d ied here w i t h t h e  poss i b l e  e x cep t i o n  of L i feboat 
Road w h ere one m a l e  measure d  5 2 111 111  ( F ig.  3).  Banks  
and Beebee ( 1 98 6 )  a lso fou nd t h at o l d  fem a l e  
n a t t e r. j a c k s  c o u l d  produce spawn w i t h  red u ced 
v i a b i l i t y .  Two o u t  of about  20 aged females l a i d  some 
n o n - v i a bl e  eggs . t h ose i n d i v i d u a ls being 1 1  a nd 1 2  
VL'ars o l d .  

R o u t i n e  m o n i t or i n e.  d ur i n e. 1 98 8  a nd 1 989 s h owed 
t h a t  a l l  s i t es s u p po rt ed l a rge n u m bers o f  breed i n g  
a d u l t s  w h i c h  l a i d  many s p a w n  st ri ngs. There w a s  no 
evidence of red u ced spawn v iabi l i t y .  H owever. i t  seems 
c lear t h at recru i t m e n t  to t h ree o f  the breed i n g  gro u ps 
i n  recen t  years has  been i n s u ffi c ient  t o  p revent t h e  s ize 
d i s t r i b u t i o n  s h i ft i n g  t owards a p repondera n ce of 
l a rger a n d  o l d e r  i n d i v i d u a l s .  This  t rend is m ost 
a p p a r e n t  at  t h e  t o bacco cl u m p  a n d  L i feboat  R oad 
( Fig.  2 .  Fig. 3) w h e re the s m a l l  s i ze of the pools may 
m a k e  n a t t erj a c k  t a d poles p a rt icu lar ly  suscept i bl e  to 
preda t i on a n d  i n h i b i t ion problems.  

Conserv a t i o n  measures t o  i nc rease rec ru i t m e n t  at  
t h ree o f  t he s t u dv a reas seem just i fied .  T h ese cou l d  
i n c l u d e  removal  o f  complet i n g  a n u ra n s .  pred a t o r  a n d  
scru b cont rol a n d  t h e  e x ca v a t i o n  of m o re s h a l low 
scrapes .  w h i c h  s h o u l d  be s i t u a t ed i n  the fro n t a l  d u nes 
a n d  h ave as l a rge an area a s  poss i bl e .  C o n t i n u ed 
m o n i t o r i n g  o f  a d u l t  s ize d i s t r i b u t ion is a l s o  des irable .  

The res u l t s  o f  t h is  s t u d y  c o n fi r m  t h a t  recru i t m e n t  
c a n  be m o n i t ored by measu r i n g  s n o u t-ven t  l e n g t h s  o f  
a d u l t  n a t t erj a c k s  assembl i n g  t o  breed i n g  s i t es .  T h e  
t ech n i q u e  is s i m p l e  and s e e m s  t o  b e  more sensit ive t ha n  
t h e  i n e v i t a b l y  cru d e  and poss i b l y  mis lead i n g  est i m a t i o n  
o f  t oa d l ct p ro d u c t i o n .  O n e  d isadva n tage is t h a t  a 
l i cence is req u i red to h a n d l e  t h e a n i m a l s .  t h i s  being 
u n n ecess a ry fo r co u n t i n g  t oa d l et s .  A lso.  c o m parisons 
s h o u l d  be co n fi n e d  t o  the same general  a re a .  
N a t  t e rjacks from o t h e r  regions o f  t h e  cou n t ry m ay wel l 
have d i fferent  g ro wt h  rat es .  The a p p ro a c h  has 
potent ia l  b o t h  for a lert i ng s i te managers to  the need for 
act i o n  to p ro m o t e  recru i t m e n t  a n d  for m on i to r i n g  t h e  
e ffe c t s  o f  conserv a t i o n  management over a period of  
years .  
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TEMPO R A L  C H A N G E S  I N  THE BEH AV IO U R  OF FOAM-M A K I N G  
LEP TODA C T YLUS FUSCUS TAD P O L E S  

J .  R .  DOWN I E  

/Jcpar1111c111 n(Zno/og1". Unii·crsil.1' o (  (;/a.1gr111. (,'fasgmr (, I} 8QQ. Scri//mzd. l '. f.:. 

(.4 CCl'/I I rd 18. In. 89) 

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  


