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A BSTRACT 

(I) Protein electrophoret ic pat terns from early l i fe stages of two anurans, Bufo bu(o and Bufo ca/amita, were 
compared. Samples were taken from two widely-separated populations of each species. 
(2) Spawn jelly of the two toads could be distinguished reliably by t he difference in molecular weight of a single 
major component (30,000 in B. bufo, 35,000 in B. ca/amita). 

(3) S mall tadpole total proteins could be distinguished by the presence (B. bufo) or virtual absence (B. ca/amita) of 
two characteristic proteins of M rs 49,000 and 53 ,000. 
( 4) L arge tadpole tailfin proteins also differed in a species-specific way; B. bufo exh ibited a strong band of Mr 62 ,000 
that was almost absent in B. ea/am it a, while the latter species had a doublet (Mrs 57 ,OOO and 58 ,000) instead of the 
single 57,000 Mr  polypeptide seen in B. bufo. 

INTRODUCTION 

Molecular analyses offer great improvements in 
many areas of taxonomic biology where, in  the past, 
there has been almost total reliance on morphological 
criteria. The more precise molecular approach has 
many possible uses, including service to field studies in 
cases where there are difficult ies in recognising closely
related species. A good example of this situation arises 
within the amphibia; in Britain the two species of toad 
Bufo bufo and Bufo ca!amita are readily dist inguished 
as adults,  but with much greater difficulty as eggs and 
larvae. M orphological criteria for spawn and tadpoles · 
do exist (e .g.  see S mith ,  195 1 ;  Beebee, 1983)  but are 
notoriously unreliable. L arvae of both s pecies, for 
example, are uniformly black and of very similar 
shape; identification is currently based on difficult 
measurements of mouth-width or tooth patterns, or on 
the appearance later in development of a white 'chin 
patch' in  B. calamita. The first two of these criteria are 
very t ime-consuming on large samples, and all three 
have substantial error rates (e.g. M at h ias, 1 97 1 ;  
Beebee, 1 977). 

In t h is paper I describe a novel molecular approach 
to the  identification of toad eggs and larvae that,  for 
the above two species, has proved completely rel iable. 

MATERIALS A N D  M ETHODS 

MATERIALS 

Smal l  samples of spawn and tadpoles of both toads 
were collected (that of B. calamita under l i cence) from 
two widely separated sites (Hampshire and Cumbria) in  
England; development was  sustained t hereafter i n  the  
laboratory (Beebee and B eebee, 1 978).  Routine 
chemicals, including electrophoresis-grade acrylamide, 
were from BDH (Poole, UK) and molecular weight 
marker proteins (range: 29,000-205,000) were from 
Sigma (Poole, UK). 

SAM PLE PREPARATION 

0. 5- 1 . 0ml  batches of spawn jel ly were cut and 
detached from spawn strings using scissors and 
forceps, and stored unt i l  needed at -20°. Each sample 
was then lyophilised overnight ,  dissolved in 100-200µ1 
loading buffer (LB = 50mM Tris-HC I pH 6 .8 ,  0. I 5M 
merceptoethanol, 1 % SOS, 1 0% glycerol ,  0.00 I %  
phenol red) and immersed in a boiling water bath for 
5 minutes.  50µ1 were used immediately after cooling 
for electrophoretic analysis. Small (< 12mm) tadpoles 
were k i l led by flash-freezing, suspended in 1 00µ1 LB 
and treated as above prior to electrophoresis of 10-50µ1 
al iquots.  Sections of dorsal tai l  fin were rapidly exised 
from large ( 1 2-25mm) l arvae laid on a damp ti le,  using 
a razor to cut as shown in Fig. I .  Tadpoles were 
returned to the tanks,  and the fin sample suspended in 
1 00µ1 LB fol lowed by the same treatment employed for 
entire small  tadpoles . 

Fig. I Tailfin clipping regime. 



I DENTI FICATION O F  AMPHI BIAN LARVAE 455 

E LECTROPHORESIS 

This was carried out under strictly denaturing 
condit ions. Separating slab gels contained 7 .5- 1 2% 
acrylamide, 0.2-0. 35% bis acrylamide made up in 0. 33M 
Tris-HC l pH 8 .8 ,  0. 1 % SOS. A stack ing gel of 5% 
acry lamide, 60mM Tris-HC l pH 6.8,  0. 1 % SOS was 
used and a running buffer of 50mM Tris, 0 .38M glycine, 
0. 1 % SOS pH 8 .3 .  Electrophoresis was normally for 
about 6 hours at ! OOV. Staining was for 1 -2  hours in 
0. 1 % Coomassie blue in l 0% acet ic acid, 50% ethanol,  
fol lowed by overnight destaining in 1 0% acet ic acid. 
Gels were then photographed and, if requ ired, scanned 
densitometrically using a L K B  ultroscan with laser 
beam. 

A: 6 

B :  

Fig. 2 Electrophoresis of spawn jelly proteins. 

R ESU LTS 

Examples of spawn jelly protein separa t ions are 
shown in Fig. 2. Al l  B. calamita samples showed strong 
bands at or about M r  35 ,500 (band A on figure) whereas 
B. bufo spawn always showed a band of h igher 
mobil i ty (Mr  around 30 ,000 posit ion B) . These were 
the strongest bands visible in the jel ly extracts, and 
could be seen easily even in old spawn at  the point of 
hatch ( i . e .  up to 1 4  days after deposit ion) although 
there was evidence of substant ial  degradation at these 
later t imes. The d ist inction was highly rel iable, with 
s imi lar patterns evident in spawn samples from 
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A :  Samples from Hampshire populations on a 10% acrylamide gel. Lanes: I ,  1 2  = molecular weight markers; 2-Rana temporaria; 
3-4 = fresh la id B. bufo spawn; 5 ,  6 = fresh la id B. calamita spawn; 7, 8 = B. bufo spawn at point of hatch; 9, 1 0 ,  1 1  = B. calamita 
spawn at point of hatch. 

B :  Samples from Cumbria populations on 1 2% gel. Lanes: I, 2 = fresh B. bufo spawn; 3 , 4  = fresh B. calamita spawn; 5 ,  6 = hatching 
B. bufo spawn; 7 ,  8 = hatching B. calamita spawn. 
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Fig. 3 Electrophoresis of small tadpole proteins .  

A: Electrophoretogram (7.5% gel). Lanes: I ,  8 = Molecular weight markers; 2 .  3 .  4 = B. lm(o larvae ( 2  from Hampshire, I from 
Cumbria); 5, 6, 7 = B. calamita larvae ( 1 from Hampshire, 2 from Cumbria). 

B:  Scans of lanes 4 ( above) and 5 (below). 
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Fig. 4 Electrophoresis of large tadpole tai lfin p roteins. 

A: Electrophoretogram ( 1 2% gel) .  Lanes: I ,  8 = Molecular weight markers (different from those used in  Figs. 2 and 3); 
2 ,  3 = B. ca/amita tail fins; 4, 5 = B. bufo tail fins; 6 ,  7 = R. temporaria tai lfins. In each case one specimen was from Hampsh ire and 
the other from Cumbria. 

B:  Scans of lanes 4 (above) and 3 (below). 
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northern and s o u t hern E n g l a n d .  Spawn j e l l y  from a 
more dis tant ly  related a n u ra n .  Rana 1e111poraria ( la n e  2) 
was qu ite different and sh owed a m o re complex 
banding pattern than t h e  bufo n id materi a l .  

T o t a l  pro t e i n  pat terns fro m t h ree B .  bufo a nd t h ree 
B. cala111i1a s m a l l  t a d po l es arc shown in F i.g . 3A .  A ga i n  
t h e  p a t t erns were genera l l y  reproducib le �  t h ough- t he 
rel a t ive i n t e n s i t i es of t h e  h i o h  molec u l a r  wc i o h t  
p ro t e i n s  (90 .000- 1 20.000) a n d  �o m c  very s m a l l  o�es 
v a ried subst a n t i a l l v  bet ween tadpole  ext racts.  O f  
grea t est  value was t h e  region V. i n  w h i c h  4 bands a .  b.  c 
a n d  cl were a l ways clearly d iscern i b le i n  B. bufo 
wh e reas b a n d  c were i nd is t i nct  or a bsen t i n  ;i l l  
B .  calamiw s a m ples.  The presence or absence o f  s t ro n g  
b a n d  c bands (M rs 53 .000 and 49.000).  rel a t ive t o  a 
and d .  was a p p a r e n t l y  d i agnost ic ;  d i fferences i n  t h i s  
part of the gel were confi r med by dens i t o m et e r  t racing 
( Fig . 38) .  

Tailfin proteins from larger tadpoles of t·he two 
species were different again ( Fig. 4A). The most 
rel iable area of comparison, V,  indicated that band a 
(Mr 62 ,000) was a lways strong in B. bufo but weak in 
B. ca/amiw; and in region b, B. ca/amila showed a 
doublet (Mrs 5 7 ,000 and 58 ,000) whereas B. bufo had 
just a s inglet of 57 ,000. Region X was often di fferent, 
with a dense band of estimated Mr around 7,000 in 
B. bufo and l i t t le or noth ing in B. ca/amila, bu t 
comparison of larger numbers of samples ind icated 
that this difference was less reliable than impl ied by the 
part icular examples shown here. Tail fin samples from 
Rana temporaria larvae ( lanes 6 and 7) were once again 
more different from the bufonids than the bufonids 
were from each other. Region V differences were 
total ly  conserved; these are highlighted by a 
densitometer trace ( Fig. 48) .  

DISCUSSION 

Bufo bufo and Bufo calami/rfJ probably diver
.
ged·from 

a common ancestor at least I 5 mill ion years ago ( Blair, 
1 97 I ;  Beebee, 1 983) .  Nevertheless, their early develop
mental stages remain difficult to dist inguish on 
morphological grounds and this poses considerable 
problems for ecological and other studies where the 
two species are sympatric. S imilar difficulties arise 
with other species (e.g. among the amphibia, larvae of 
the newts Triturus vulgaris and T. helveticus), and it 
seems that molecular techniques will be increasingly 
useful to population studies where identification of 
large numbers of larvae is essential .  It has already been 
shown that eggs of European newts (genus Triturus) 
can be identified by soluble protein e lectrophoreto
grams (Veith ,  1 987).  

The electrophoretic fingerprinting approach 
described here is reasonably quick, simple, inexpensive 
and precise. It is easy to collect ! ml spawn jel ly 
samples, or individual small tadpoles, for later 
analysis; even tailfin sections can be taken in less than a 
minute .  The whole e lectrophoretic analysis, from the 
start of lyophil isation (only  necessary with spawn, 

wh ere p ro t e i n  is t oo d i l u t e  t o  ru n d i rect lv)  t o  
dest a i n i ng. t a kes l ess t h a n  36 h o u r s  a n d  l a rge n u � bers 
o f  s a m p les ( a t  l c a ' 1  1 2  per gel )  can be p ro cessed 
s i 111 u l t a neou,; l �1 •  I de n t i fi ca t i o n  can be by i n s pect i o n :  
p h ot ographv or sca n n i n g  is o n l y  req u i red i i' a 
per m a n e n t  record i,; needed . T h e  chemic; t ls  � ire a l l  
c h e a p  a n d  t h e  necessa ry a p paratus present i n  most 
reaso na blv-eq u i ppcd laboratories.  I n  t h e  n rn l t i p l c  
s a m p l es s t u d i ed so fo r.  a l l  or k n o w n  paren t a ge .  not  a 
s ingle a m bigu i t y  has a risen w i t h  respect to ident i fica t i o n  
a fter  c c-; a m i n a t i o n  of tens of s pec i mens a nd t he 
d i fferen ces seem wel l conserved between p o p u l a t i o n s  
h u n d reds o f  k i lo m e t res a part . S o m e  b a n d s .  h owever. 
were m o re erra t i c  i n  i n tens i ty  between i n d i v i d u a ls t h a n  
ot hers a n d  t hese were excl uded from u s e  in 
i de n t i fi c a t i o n .  T h e  reaso ns for t h  i s  varia b i l i t y  were not 
clear but I sus pect reflect d i fferent prot e in  sol u b i l is a t i o n  
effic iencies rat h e r  t h a n  rea l  d i ffe ren ces bet ween 
individuals: the variation was usual ly greatest with the 
h igh Mr proteins,  which may be l ess soluble or more 
prone to aggregation ( thus not entering the gel 
properly) .  As a genera l  rule it would seem wise to 
include reference samples of known parentage in such 
ana lyses when samples from the field are under study. 
Final ly ,  much of the work can be clone non
dest ructively; tak ing spawn jel ly does not damage 
embryos, and tai lfin clipping leaves viable tadpoles 
capable of virtually normal swimming. Only small 
tadpole identification involves mortal ity, but th is  is at 
a stage where abundance is usually so high that small
scale  sampling will have negligible effects on 
population dynamics (both toads lay more than I ,OOO 
eggs, natterjacks up to more than 7,000) .  
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