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thus risk ext inct ion,  or secondly,  the  populat ion may 
st abi l ise at  a new,  lower level .  Only  long term field 
work would provide the answer. 

The benefi t s  afforded by terrestrial  vegetat ion along 
the shores of a pond are of t wo types. The first ,  d i rect 
benefi ts ,  i nclude the ut i l isat ion of the habitat  as a 
refuge dur i ng the  w inter.  This was certa in ly the case for 
Cleaver Pond i n  the win ter of 1 984, when the newts (as 
well as common toads, Bufo bufo) were k nown to have 
used rabbit  burrows in  the vegetat ion as hibernaculae 
(Verre l l ,  J 985) .  These burrows were destroyed in the 
a u t u m n  of 1 985 .  The second type of ben efi t  can be 
t ermed ' i ndirect ' ,  and includes protec t ion from human 
in terference. As ide from the dumping of domestic and 
garden refuse,  t h e  most common form of interference 
in Conn i bu rrow is the collection of breeding 
amphibians by children (the ' smal l  child effect') .  It 
seems un l ikel y  that th is effect was more severe for 
Cleaver Pond than for M arigold Pon d  in 1 986, and 
thus un l i ke ly that different ia l  in terference was  the  
major fa ctor responsible for the  sharp decl ine  i n  
smooth newt population size seen a t  t he former site .  

In summary, the  act iv i t ies of a l ocal government  
provided an unfortunate opportun it y  to assess the  
importance of  the terrest ri a l  habi tat  surrounding a 
pond for t h e  smooth newt populat ion breeding and 
feeding there .  Destruct ion of this  habi ta t  resu l t ed in  a 
sharp reduction in the size of the  breeding populat ion , 
probably due  to the removal of overwin tering refuges . 
I mproved accessibi l i ty to the  pond ,  and a con
com m i tant  increase in the  i n t ens i ty of the 'small chi ld 

H E R PETOLOG JCA L J O U R N A L, Vol .  I ,  pp .  1 77- 1 80 ( 1 987) 

effect ' ,  probably  exacerbated this .  I t  is thus clear that  
there can be a serious confl ict over the interests of 
those com mit ted to  a mphibian conservation and those 
who wish to  make  ponds safe and accessible public 
amenit ies .  In such confl icts ,  it seems probable that the 
amphibians will be dealt the worst hand.  
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A B STRACT 

l n  this  s tudy we examined the adaptat ion of the  enzyme Aldol ase from frogs and toads to d ifferent tem perat u res 
and t o  hyperosmotic media of 400- 1 OOOmOsm/Kg of urea or N aCl . M axim u m  enzyme activity was foun d  between 
200-400m0sm/Kg NaCl, both in enzymes from green toads and from marsh frogs .  However, a bove 500m0sm/Kg, 
the act iv i ty  of enzymes from green toads was s ignificant ly h igher t h an the act ivi ty of enzymes from marsh frogs . 

The act iv i t y  of a ldolase from green toads decreased very slowly as the media concen trat ion of urea i ncreased. 
H owever, the  act ivity of aldolase from m arsh frogs decreased rapidly under the same con dit ions .  

The maximum activity of aldolase from both frogs and toads was at 25°C.  The activity of a ldolase from green 
toads was significant ly h igher than the  act ivi ty of a ldolase from marsh frogs when m easured only at  h igh 
tem peratures (35°C).  Th e resu l ts of t h i s  s tudy support the  idea that  the  biochemical systems of t errestrial  amphibia 
are tolerant to  hyperosmotic media.  
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I NTRODUCTI ON 

The green t oad is  t errestr ial and l ives in  a wide range 
of habitats reaching t h e  southern l im i t  of i t s  
d istribution in  Israel,  where i t  penetrates in to  t h e  
desert (Warburg, 1 972) .  K a t z  ( 1 973) succeeded in  
adapt ing green toads  t o  800m0sm/Kg NaCl and 
Degan i  (I  985b) adapted the  green toad to  
800m0sm/Kg urea. Degani e1  al. ( 1 984) fou n d  that 
after t hree months in  the soi l ,  blood plasma 
concentrat ion reached a max imum of 1 400m 0s m/Kg 
with u rea concentrat ion a t  900mM .  I nt racel lu lar  u rea 
concentrat i on in  the muscle of t h ese t oads amounted 
to 500mM urea. The plasma osmolari ty of R. ridibunda 
did not reach 600m0sm / Kg i n  any of t hese condit ions 
(Katz,  1 973; Degani ,  I 985a) .  B. viridis a ppears t o  show 
an abil i ty  to  tolerate a w id e  variety of osmotic  plasma 
concentrations, which help i t  to  adapt t o  a wide variety 
of osmotic envi ronments .  

Urea accumulat ion in the  i ntra  - and -
extracellular fluids appear to play a crit ical role in  
adaptation of amphib ians to  t erres t ria l  l i fe ( Bent ley,  
1 966; M cClanahan, 1 967 and 1 972;  Johns,  1 980; 1 982; 
Degan i  et al. , 1 98 1 ;  1 984). Data presented by 
McClanahan ( 1 972);  and Jones ( 1 982) suggested that  
the rate of u rea synthes is  i ncreases i n  Xenopus /aevis, 
Scaphiopus couchi, Bu(o ivoodhousei and Hy/a 
cadaverina, when the  water potent ia l  of the environ
ment decreases . During dehydrat ion ,  the plasma ,  urine 
and in t racel l ular body flu i d  osmolal i t i es of t hese 
amphibians were elevated. Th is was caused not only by 
increased u rea but also by i n creased concentrations of 
Na+,  CJ- and K 1  (Degani  and Warburg, 1 984). 
H owever, there is no informat ion on the adaptat ion of 
enzymes to such high concentrat ions of u rea and NaCl .  

The hypot hesis examined in  th i s  s tudy is  whether  the 
enzymes of terrestrial amphibia are more tolerant to 
h igh t emperatures , and to urea and NaCl con
centrat ions,  than aquat ic  species . In t h e  present s tudy 
the activity of Aldolase was compared in the green 
toad (Bu(o viridis) and the  semi-aquat ic  marsh frog 
(Rana ridibunda). 

MATE R I A L  A N D  M ETHODS 

Green toads (B. viridis) and marsh frogs (R. ridibunda) 
were collected from the same loca l i ty  in Northern 
Israel (Naharia)  and were kept in t he laboratory in a 
t errariu m  containing soi l  and smal l  vessels of water, a t  
a temperature of 20-23°C. 

Samples of muscle were taken (200mg) from the 
hind-legs of green toads and marsh frogs and the  
fructose - 1 . 6 Diphosphate A ldolase act ivi t y  was 
determined after homogeni zat ion (polytron homo
genizer, model K inemat ic  C H-60 1 0  Kr ins-LU
Switzerland) in !ml TEM buffer phosphate p H  7 .8 .  

The assay of  act iv i ty was  performed as described by 
Gracy et al. ( 1 970). Aldolase act iv i ty was measured 
after the  enzymes were accl i mated for 20 minutes in  
different solut ions of NaCl  (from 1 00 to  
I OOOmOsm/Kg) or  urea (from 400 to  I OOOm Osm/Kg). 
Enzyme act ivity was also m easured at d ifferent 
t emperat ures ( l 5°C, 20°C, 25°C, 30° and 35°C) in a 

.solution of 300m0sm/Kg. A l dolase act ivity was 
measured by moni toring t h e  rat e  of oxidation of 
NADH at  340nm on a Gi lford Spect rophotometer at 
25°C. One uni t  of enzyme act iv i ty  is  defined as Iµmole 
of substrate (FOP) that is  cleaved in one minute at 
25°C.  Aldolase activi ty was calcul at ed to m U by the 
equat ion : ! OOO = 0.0806µmole/m l/m i n .  = 0.0806 un i t  
of activity (U). 

RESULTS 

The activity (%) of aldolase during accl imat ion to 
NaCl solut ion up to I OOOm Osm/Kg is  shown in Fig. I .  
Maximum enzyme act ivi ty was found between 200-
400m0sm/Kg NaCl,  both i n  enzymes from green 
toads and from marsh frogs. However, above 
500m0sm/Kg NaCl,  the act ivi ty of enzyme from green 
toads was sign ificantly h igher than the  enzyme act iv i ty 
of marsh frogs. 
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Fig. J Com parison between enzyme act iv i ty  of Buf'o l'iridi.1 
and Rana ridibunda in  different NaCl  osmot ic  pressures. 

There were no significant differences found bet ween 
the  aldolase act ivi ty  from green toads or marsh frogs 
accl imated to 400m 0sm/Kg (200m0sm/Kg NaCl and 
200m0sm/Kg u rea) (Fig. 2) .  Jn media of osmolarity 
above 400m0sm/Kg increase due to add i t ional urea 
caused the  act iv i ty  of aldolase from B. viridis to be 
h igher than that  of the enzyme from R. ridibunda. The 
act ivi ty of aldolase from marsh frogs decreased rapidly 
after accl imat isation to a high urea concentrat ion ,  and 
the activity of aldolase from green toads decreased 
slowly (Fig. 2). Both enzymes from green toads and 
from marsh frogs decreased with a l inear correlat ion to 
increasing media u rea concentrat ion (Ta ble J ). The 
slope of the l inear equation for green toads is smaller 
than the slope of the l inear equation for marsh frogs. 

The maximum activity of a ldolase from both green 
toads and marsh frogs was found at 25°C (Fig. 3). There 
was no sign i ficant difference between the act iv i ty of 
aldolase from green toads and marsh frogs at 
temperatures of I 5-30°C. However, there is a significant 
d ifference only at a temperature of 35°C (P<0.05; t
test) .  At  this temperature the act iv i ty of aldolase from 
green toads was h igher than the activity of aldolase 
from marsh frogs . 
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Fig. 2 Enzym e  activity from Bufo 11iridis and Rana ridibunda 
i n  d ifferent u rea solut ions .  
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Fig. 3 Tem pera t u re effect on enzyme activity from 
Bufo viridis and Rana ridibunda. 

Bujo 

Equation N p 
NaCl 

y = -0. 5430 x + 1 2 59 .87 1 3  <0.05  

Urea 

y = -0.3946 x + 1 523 . 7 1  1 2  <0. 0 1  

TA B L E  l :  Enzyme ac t iv i t y  equations o f  Bu(o viridis a nd Rana ridibunda a ccl imated t o  differe n t  so lu t ions  a ccording t o  the  most 
s ignificant correlat ion.  

Notat i ons : 
Y = E nzyme act iv ity ( m u )  a n d  X = osmolality ( m Osm/kg). 

There are sign i ficant  differences (P<0.05) between the s l opes of both pairs Rana : Bufo i n  NaCl,  Rana : Bufo in  Urea. 

DISCUSSION 

The osmot ic  concent rat ion recorded i n  the  body 
fl u id  of green toads fo llowing prolonged dehydrat ion 
i n  the  soi l  i s  the  h ighest reported so far for any 
t errestr ia l  amphibian (Degani et al. , 1 984) .  A s imi lar  
h igh osmot ic  concentrat ion was recorded in  t he 
terres t ri al spade foot toad (Scaphiopus couch) (Shoe
maker ,  1 969; McClanahan , 1 972) from t he A rizona 
desert . Both Bufo and Scaphiopus store u rea i n  the i r  
body flu ids and th i s  a l lows them t o  ra ise  the  bod i ly  
osmatic pressure more efficiently than acquat ic  species 
(Ba l insky ,  1 98 1 ;  Degani et al. , 1 984) .  

There are some physiol ogical mechanisms described 
w h ich increased the plasma osmolal i ty by i ncreasing 
the p lasma Na+, CJ- and u rea during dehydrat ion or 
sa l ine adapta t ion .  For example by reducing t he 
g lomerular  fi l t ra t ion rate of the nephrone and 
increasing t he infl u x  of Na+,  CJ- through the  nephrone,  
bladder and the  sk in  (Jorgensen , 1 950; Bent ley,  1 958 ;  
Maetz ,  1 968) .  Accumu lat ion of urea occu rs s lowly and 
may be due to both u rea retent ion and,  possibly to 
i ncreased synthesis due to a higher concentrat ion of 
presu rsors i n  the  urea cycle (Jones ,  1 980; Bal insky,  
1 98 1 ;  Lee et  al. , 1 982) .  

Jn t h is s tudy we found that a ldo lase act iv i ty  i s  
to lerant to a high urea concentrat ion  on ly  i n  t erres t r ia l  

green toads but  not  i n  semi-aquat ic m arsh frogs. These 
resu l ts  m ight expla in the resul ts  of p revious s tudies i n  
our  laboratory. T h e  accu m u lat ion of urea i n  the  
p lasma of  green toad i s  accompanied by  an  
in t racell u lar space both  in viva and in vitro (Degan i  
et  al. , 1 984; Degani ,  1 985a,b) .  In the  green toad  from 
soi l  the  i ntracel lu lar  urea i s  less concentrated t han that  
i n  t h e  plasma .  (Degani et  al. , 1 984),  The u rea 
concentration i n  the plasma of the green toad was 
s ignificantly h igher than that  in t he plasma of the  
marsh  frog, both adapted t o  a hyperosmot ic  (urea) 
environment (Dega n i ,  l 985a) .  Crab-eat ing frogs (Rana 
cancrivora), t h e  only anuran that  l ives in sea-water bad 
a max imal u rea concentra t ion in the plasma of 350m M 
(Gordan et al. , 1 96 1 )  and th i s  is s imi lar to t he u rea 
concentrat ion (265 m M )  found in the  plasma of green 
t oads adapted to sea-water ( K a tz, 1 973) .  The muscle of 
the  crab-eati ng frog is not only toleran t  to u rea, but  
actua l ly  req uires i t .  Thesleff and Schmidt-Nielsen 
( 1 962) were unable t o  observe contract ions un less u rea 
was present in the  med i u m ,  and they rou t i nely added 
250m0sm urea to t h e  medium bathing the muscle .  

M uscle t i ssue of green toads seems more tolerant to 
h igh u rea concentra t ion than the  muscle  of marsh 
frogs (Degan i ,  1 985a) .  In conclus ion whi le these 
previous studies show t hat d ifferent physiologica l  
mechanisms are tolerant t o  high urea concent rations, 
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th is study shows that  i n  terrestrial amphibians t here 
m ight also be enzymes which are able to adapt act ivity 
to t hese condit ions ( Delsone and Whit fo rd, 1 973; 
Licht et al. , 1 975;  Degani ,  1 985a).  

Rapid dehydration or adaptation to salinity causes 
an elevat ion of Na+ and Cl- in he t issues ( Degani  and 
Warburg, 1 984) so that the  enzymes are exposed to 
h igh Na+ and CJ- concen t rat ions ( Degan i ,  1 985a) .  In  
t h is we found that  a n  enzyme (aldolase) of green toads 
tolerates a higher concen t ra t ion of Na+ and CJ- than 
does the same enzyme from marsh frogs and th is is 
maybe a partial explanation of the greater to lerance 
both to dehydrat ion and to saline environments of the 
toad compared to  the  frog. 
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