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Quantitative evaluation of water balance in Bufo 
arenarum young tadpoles after acute exposure to 

concentrated NaCl solutions: a multivariate approach 

L U C R E C I A F E R R A R I * ' - 2 

1 Appl ied Ecophys io logy P rog ram, Bio logy Div is ion , Bas ic Sc iences Depar tmen t , 
Nat ional Univers i ty of Luján, Luján, Argen t ina . 

2 Scientif ic Research C o m m i s s i o n , La Plata , 
Buenos Aires , Argen t ina . 

In order to quantify the regulatory responses involved in water balance of 
amphibians immersed in high salinity media, wet weight, dry weight and water 
content were measured in Bufo arenarum young tadpoles exposed to NaCl 
solutions from 70 to 271 mOsm. Water balance was evaluated by a multivariate 
analysis of variance, with multiple comparisons and multiple discriminant analysis. 

The first 24 h constituted a critical period in animals' acclimation to the new 
media. After the initial period, the effect of osmolarity on the tadpoles becomes 
independent of exposure times. A compensatory response was observed upon 
exposures to 70 mOsm external media. An osmoconforming behavior seems to 
appear at higher osmolarity values. The physiological parameter with best 
discriminant power in response to environmental osmolarity alterations was dry 
weight, both in ionic and in non-ionic solutions, but the behavior of hydric 
regulation variables is different according to the chemical nature of the media. 

Key terms: Bufo arenarum tadpoles, NaCl, multivariate analysis, water balance. 

INTRODUCTION 

Due to its reproductive and developmental 
habits , the first stages in the life of most 
amphibians are exposed to an environment 
with changing salinity (Duelman & Trueb , 
1983). Thus , the salinity of the medium is an 
i m p o r t a n t f a c t o r in the d e v e l o p m e n t a l 
eco logy of the g roup (Padhye & Gha the , 
1992) . As anuran t adpo les are unab le to 
i n c r e a s e p l a s m a o s m o l a r i t y t h r o u g h the 
s y n t h e s i s of o r g a n i c o s m o l i t e s , t h e 
compensatory response - w h e n they are in a 
m e d i u m of h i g h e r t han u s u a l s a l i n i t y -
depends almost entirely upon increases in the 
concentrat ion of plasmatic NaCl . Regulation 
of the water balance is possible, but when the 

plasma becomes hyperosmotic with regard to 
the e n v i r o n m e n t , dea th by hype rna t r emia 
occurs (Balinsky, 1981). If the environment 
is not electrolytic, water balance should not 
be possible and tadpoles behave as limited 
osmoconformers (Katz, 1987). 

Wate r balance in amphib ians has mostly 
been studied from the perspect ive of feed­
back m e c h a n i s m s . Therefore , in the face of 
changes in the internal env i ronment such as 
in t race l lu la r or ex t r ace l l u l a r dehydra t ion , 
compensa tory mechan i sms begin to function 
that re turn tha t va r i ab l e to its re fe rence 
v a l u e s ( S h p u n et al, 1 9 9 2 ; W a r b u r g & 
Rosenberg , 1990). Such studies have been 
under taken analyzing different aspects , both 
in vitro a n d in vivo, at t h e l e v e l of 
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neuroendocrine, ethological and biochemical 
regulat ion and of adapt ive strategies among 
o t h e r p e r s p e c t i v e s ( A r d i z z o n e & L i p p e , 
1985; Degani , 1985; Degani & Nervo , 1986; 
Gasser & Miller , 1986; Katz et al, 1984; 
Katz & Hoffman, 1989; Shoemaker et al, 
1 9 9 2 ) . In e v e r y c a s e t h e r e s u l t s w e r e 
a n a l y z e d in an u n i v a r i a t e m a n n e r , 
contras t ing the effect of the t reatment upon 
each of the var iables under cons idera t ion 
with the responses of an untreated control . 
However , unless the organism is considered 
as an integral unit, in which every variable 
is i n t e r r e l a t e d a n d i n t e r d e p e n d e n t , t h e 
d i m e n s i o n a l i t y of t h e v a r i a t i o n a m o n g 
d i f f e r e n t t r e a t m e n t s is o v e r e s t i m a t e d . 
T h e r e f o r e , the co r rec t app roach mus t be 
n e c e s s a r i l y m u l t i v a r i a t e , c o n s i d e r i n g the 
s imul t aneous covar ia t ion of each var iable 
under study (Ferrari & Lombardo , 1990). In 
a p r ev ious s tudy we have quant i f ied the 
a n s w e r of t h e w a t e r b a l a n c e in Bufo 
arenarum t a d p o l e s e x p o s e d to n o n 
e l e c t r o l y t i c o s m o t i c s t r e s s t h r o u g h a 
mult ivar ia te approach (Ferrari et al, 1995). 
This work will a t tempt - u n d e r the same ex­
per imental d e s i g n - to quantify the water ba­
l ance in Bufo arenarum y o u n g t a d p o l e s 
exposed to electrolyt ic acute osmot ic stress. 

M E T H O D S 

A n i m a l s ' b reed ing me thods , exper imen ta l 
des ign , s amp l ing s chedu le and s ta t is t ical 
analysis of the results were descr ibed in a 
previous paper (Ferrari et al, 1995). In the 
present exper iments NaCl solutions of 70, 
141, 204, 247 and 271 m O s m in distil led 
w a t e r w e r e p r e p a r e d . C o n t r o l s e r i e s of 
exper iments in artificial pond water ( A P W 5 
m O s m ) were also run (Alvarado & Johnson, 
1966). Osmot ic pressures of solutions were 
checked with a Fiske osmometer . 

E x p e r i m e n t s w e r e c a r r i e d o u t in 
d u p l i c a t e s w i t h o u t p r e v i o u s o s m o l a r i t y 
acc l imat ion , dur ing five days . O n e hundred 
sixty tadpoles of s tage 26 (Gosner , 1960) 
w e r e p l a c e d in g l a s s c o n t a i n e r s ( 3 2 0 
t adpo les per tested solu t ion) . The densi ty of 
4 g organism/1 solut ion was kept cons tan t 
th roughout the exper iment . As de te rmined 
in p r e v i o u s t e s t s , th is d e n s i t y d o e s no t 

modify the survival rate as compared with 
the densi ty r e c o m m e n d e d for b ioassays by 
s t anda rd m e t h o d s ( A P H A , 1992) of 1 g 
o r g a n i s m / 1 s o l u t i o n ( F e r r a r i , 1 9 9 5 ) . 
So lu t ions were r enewed dai ly . 

Every 24 hours , larvae from each experi­
mental solution were sampled and their wet 
we igh t ( w w ) , dry weigh t (dw) and water 
content were de te rmined . The water content 
(wc) was expressed as H 2 0 / m g dw and as % 
of body mass (H) . These two express ions are 
slightly different: wc is an absolute value 
referred to the water content - t h a t al lows 
compar i sons within a par t icular group of ex­
per imenta l a n i m a l s - , whi le H is a relative 
parameter - t h a t a l lows compar i sons between 
different exper imenta l g roups . 

T h e c o m p a r i s o n s b e t w e e n i n t e g r a t e d 
responses to different incubat ion t imes and 
o s m o l a r i t i e s w e r e c a r r i e d out t h r o u g h a 
m u l t i v a r i a t e a p p r o a c h , u n d e r f a c t o r i a l 
des ign , us ing mul t ip le analys is of var iance 
( M A N O V A ) wi th m u l t i p l e c o m p a r i s o n s 
and mul t ip le d i sc r iminan t analys is ( M D A ) 
(Morr i son , 1976; D ixon , 1 9 8 1 ; Hair , 1995). 

RESULTS 

D a t a f r o m r e p l i c a t e e x p e r i m e n t s w e r e 
c o n s i d e r e d t o g e t h e r s i n c e t h e r e w a s 
s ignif icant d i f fe rence b e t w e e n them. The 
s t a n d a r d d e v i a t i o n s for e ach one of the 
pa rame te r s cons ide red at each t ime, were 
near to 10 % of the m e a n s in all cases 
s tudied (Tables I to I I I ) . 

T a b l e I V s h o w s F v a l u e s fo r t h e 
M A N O V A tests appl ied to resul ts obta ined 
f r o m t a d p o l e s i m m e r s e d in e a c h g i v e n 
solut ion as a funct ion of t ime, and for those 
exposed to different so lu t ions at each given 
t i m e . T h e r e s u l t s of t h e m u l t i p l e 
c o m p a r i s o n s are shown for each case in Fi­
gures I and II. 

Resu l t s ob ta ined wi th M A N O V A show 
tha t for e x p o s u r e to each so lu t ion as a 
function of t ime , the in tegra ted behav ior of 
t h e p a r a m e t e r s u n d e r a n a l y s i s v a r i e s , 
r each ing h ighly s ignif icant differences (p< 
0 . 0 1 ) . T h e M A N O V A for e x p o s u r e s to 
different o smo la r i t i e s at each given t ime 
s h o w s s ign i f ican t d i f fe rences only at 24 
a n d 4 8 h. A s of 72 h ( w h e n t a d p o l e s 
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Table I 

M e a n s and S D ' s of wet w e i g h t of t adpo le s e x p o s e d 
to each assayed so lu t ion at each s a m p l i n g t ime . 

M e a n s of e ight poo led s a m p l e s m a d e of four l a rvae each . 

Solutions 0 h 24 h 48 h 72 h 96 h 120 h 144 h 

APW 48 19 ± 3.42 40.45 + 4.35 39.18 ± 2.86 36.58 ± 2.65 34.66 ± 4 . 1 2 .31.24 + 2.64 39.88 + 4.48 

NaCl 70 mOsm 48 19 ± .3.42 40.94 + 3.51 37.14 ± 3 . 1 1 36.16 ± 3.51 32.82 + 4.13 29.84 ± 2.92 .37.41 ± 4.20 

141 mOsm 48 19 + 3.42 4.3.03 ± 3.26 38.90 ± 2 . 7 6 36.60 ± 2 . 6 9 31.50 ± 2 . 6 7 30.90 ± 4 . 0 4 

204 mOsm 48 19 + 3.42 40.96 ± 2.47 44.84 ± 5.48 40.45 ± 2.25 

247 mOsm 48 19 + 3.42 39.69 ± 3.62 .38.95 ± 3.82 

271 mOsm 48 19 ± 3.42 .34.07 + 2.42 

APW, artificial pond water. 

Table II 

M e a n s and S D ' s of dry w e i g h t of t a d p o l e s e x p o s e d to 
each a s sayed so lu t ion at each s a m p l i n g t ime . 

M e a n s of e ight p o o l e d s a m p l e s m a d e of four l a rvae e a c h . 

Solutions 0 h 24 h 48 h 72 h 96 h 120 h 144 h 

APW 

NaCl 70 mOsm 

141 mOsm 

204 mOsm 

247 mOsm 

271 mOsm 

1.47 ± 0 . 1 3 

1.47 ± 0.13 

1.47 ±0.1.3 

1.47 ± 0.13 

1.47 ± 0 . 1 3 

1.47 + 0.13 

1.87 ± 0 . 2 2 

2.08 ± 0 . 1 3 

2.09 + 0.22 

2.16 + 0.20 

2.14 ± 0 . 2 5 

1.89 ± 0.22 

84 ± 0 . 1 4 

77 ± 0 . 1 8 

80 ± 0 . 1 1 

24 ± 0 . 2 1 

9 9 ± 0 . 1 4 

1.76 ± 0 . 1 1 

1.68 ± 0.22 

1.86 ± 0.19 

2.01 ± 0 . 1 1 

1.82 ± 0.20 

1.67 ± 0 . 1 5 

1.64 + 0.14 

1.52 ± 0 . 1 8 

1.51 ± 0 . 2 1 1.61 ± 0 . 1 4 

1.45 ± 0 . 1 8 1.46 ± 0 . 1 4 

1.52 ± 0 . 1 8 

APW, artificial pond water. 

Table III 

M e a n s va lues and S D ' s of wa te r con t en t ( re la ted to dry m a s s ) of t a d p o l e s 
e x p o s e d to e a c h a s s a y e d so lu t ion at e a c h s a m p l i n g t i m e . 

M e a n s of e igh t p o o l e d s a m p l e s m a d e of four l a rvae each . 

Solutions Oh 24 h 48 h 72 h 96 h 120 h 144 h 

APW 31.76 + 2 15 20.71 ± 1.89 20.38 ± 2.69 19.81 ± 0.96 18.07 ± 2.17 20.1 1 ± 3 . 5 8 

NaCl 70 mOsm 31.76 ± 2 15 18.67 ± 1.08 20,16 ± 1.40 20.87 ± 1.64 18.66 ± 2.01 19.94 ± 3 . 6 4 

141 mOsm 31.76 ± 2 15 19.67 ± 1.65 20.69 ± 1.23 18.80 ± 1.50 18.44 ± 1.71 19.40 ± 2 . 2 1 

204 mOsm 31.76 ± 2 15 17.73 ± 0.90 18.90 ± 2 . 0 4 18.43 ± 0.92 

247 mOsm 31.76 ± 2 15 17.63 ± 1.24 18.49 ± 1.36 

271 mOsm 31.76 ± 2 15 17.1 1 ± 1.25 

APW. artificial pond water. 
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Table IV 

Solution / Time d.f. F 

APW 24.144 1 1.38 ** 
NaCl 70 mOsm 24.151 8.38 ** 

141 mOsm 29.124 14.54 ** 
204 mOsm 12.45 9.28 ** 
247 inOsin 8.30 15.79 ** 
271 mOsm 4.9 66.17 ** 

Interval: 24 h 20.127 3.28 ** 
48 h 16.86 2.47 * 
72 h 9.58 2.61 ns 
96 h 8.36 0.91 ns 

120 h 8.36 0.34 ns 
144 h 4.7 1.13 ns 

d.f., degrees of freedom: F , ratio F from Fisher test: 
**. P < 0 .01; *, p < 0.05; ns , no statistical significance 

s u r v i v e e x p o s e d to 2 0 4 , 141 a n d 7 0 
m O s m ) , there are no signif icant statist ical 
d i f f e r e n c e s b e t w e e n t h e e x p e r i m e n t a l 
so lu t ions and the cont ro l . 

Discriminant analysis of tadpoles' 
responses to exposure to different solutions. 

The values of e igenvectors for the first and 
second canonical variables (CV) and their 
c u m u l a t i v e p r o p o r t i o n s of t h e t o t a l 
d ispers ions (as percentages) are reported in 
Table V. For each CV, the e igenvectors of 
the four physiological parameters measured 

are shown; the best d i scr iminant capacity 
c o r r e s p o n d e d to t h e v e c t o r of h i g h e r 
absolute value. F igure 1 shows the canonical 
d i s c r i m i n a n t a n a l y s i s for e a c h s o l u t i o n 
assayed and the d iagrammat ic representat ion 
of the mul t ip le compar i sons results. 

For e x p o s u r e s to each solut ion, there are 
highly s ignif icant di f ferences be tween time 
0 and 24 h of exposu re . For immers ions in 
A P W (Fig 1A), we can obse rve two well 
def ined pe r iods as a funct ion of t ime: from 
24 to 72 h and from 48 to 144 h, within 
which there are no stat is t ical ly significant 
d i f ferences ; howeve r , a trend to return to 
initial cond i t ions is ev idenced . Differences 
are main ly exp la ined by the dry weight . 

Resul t s ob ta ined from exposures to ex­
per imenta l so lu t ions (Figs I B , C, D, E and 
F) present a behav io r very c lose to the con­
trol g r o u p and the re is a t rend t o w a r d s 
g r o u p i n g for all t i m e s , w h i c h b e c o m e s 
m o r e m a r k e d at h ighe r osmola r i t i e s . The 
pr incipal d i sc r iminan t pa rame te r resul ted to 
be dry weigh t (Table V) . 

F r o m the in tegra ted analys is of the va­
r iables , it cou ld b e conc luded that - a f t e r 
the initial 24 h p e r i o d - the effect brought 
by osmolar i ty upon tadpoles is independent 
from t ime. 

Discriminant analysis of the time course 
of tadpoles' responses. 

Figure 2 shows the canon ica l d i sc r iminant 
ana lys is for each cons ide red t ime and the 
d i a g r a m m a t i c r e p r e s e n t a t i o n of m u l t i p l e 
c o m p a r i s o n r e s u l t s . In a n a l y z i n g t h e 

Table V 

C a n o n i c a l d i s c r iminan t ana lys i s : eva lua t ion of the hyd r i c b a l a n c e by m e a n s of an in tegra ted 
r e sponse of Bufo arenarum y o u n g t adpo les i ncuba t ed in d i f ferent so lu t i ons . 

APW 70 mOsm 141 mOsm 204 mOsm 247 mOsm 271 mOsm 
CV1 CV2 CVI CV2 CVI CV2 CVI CV2 CVI CV2 CV 

WW 0.87 -0.06 0.84 -0.44 0.46 -0.12 0.1 1 0.1 1 -0.05 0.06 0.08 
d w 17.08 7.58 -17.71 16.25 -8.09 9.20 -3.10 4.30 1.27 1.27 2.32 
we 0.60 -30.30 0.41 0.67 1.25 -0.19 0.80 0.35 0.66 1.05 0.37 
H -8.09 3.46 -6.40 1.25 -7.02 3.38 -2.24 -1.16 0.39 -6.30 1.83 
VAR 0.85 0.95 0.96 0.96 0.85 0.99 0.98 0.99 0.99 1.00 1.00 

APW, artificial pond water; ww. wet weight: dw, dry weight: wc and H, water content; CVI and CV2, eigenvectors for 
first and second canonical variables; VAR, cumulative proportion of total dispersion. 

M u l t i p l e ana lys i s of va r i ance ( M A N O V A ) 
of r e su l t s from e x p o s u r e s lo e a c h g iven 

so lu t ion for di f ferent in te rva l s , and to different 
so lu t ions al each «iven t ime . 
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Fig 1. Multiple discriminant analyses for results obtained with exposures to control (A; APW, artificial pond water) and 
NaCl solutions: 70 mOsm (B): 141 mOsm (C); 204 raOsin (D); 247 mOsm (E); and 271 mOsm (F). Numbers, relative 
positions of animals (expressed as all physiological parameters measured, at each evaluation t ime). Encircled numbers, 
mean values at each time. Values at right bottom corners, means for each time. Numbers within circles do not differ 
statistically in multiple comparisons tests. Evaluation times: 0. 0 h; 1, 24 h; 2, 48 h; 3, 72 h; 4, 96 h: 5, 120 h; 6, 144 h. 

s imu l t aneous behav io r of the four var iab les 
s tudied by us ing M A N O V A and mul t ip le 
c o m p a r i s o n s , g r o u p s a r e d e f i n e d as 
c o n c e n t r a t i o n se ts that s h o w a b s e n c e of 
s ignif icant stat ist ical d i f ferences . 

The values of e igenvectors for CV1 and 
C V 2 , as well as the cumula t ive proport ion 
of the total dispersion, are given in Table 
V I . F i g u r e 2 i l l u s t r a t e s t h e c a n o n i c a l 
d iscr iminant analysis for each t ime assayed. 
At 24 h of exposure (Fig 2A) , exposures to 

e x p e r i m e n t a l s o l u t i o n s s h o w a c l e a r 
separation from that to control solution. In 
accordance with the resul ts of the mult iple 
c o m p a r i s o n a n a l y s i s , t h e s t a t i s t i c a l 
s ignif icance of these differences increases 
w i t h o s m o l a r i t y . T h e r e is a g r o u p i n g 
be tween ne ighbor ing osmola r i t i e s ; thus we 
have two g roups , 70-141 m O s m and 204-
247 m O s m . T h e re la t ionsh ip be tween both 
groups is furnished by the lack of statistical 
s igni f icance be tween exposures to 70 , 204 
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FIRST C A N O N I C A L V A R I A B L E 

Fig 2. Multiple discriminant analyses lor results obtained with exposures at different intervals: 24 h (A); 48 h (B); 72 h 
(C); 96 h (D); 120 h (E): and 144 h (F). Numbers, relative positions of solutions at each evaluation time. Encircled 
numbers, means for each solution. Values at right bottom corners, means for each solution. Numbers within circles do not 
differ statistically in multiple comparisons tests. Solution: 1, APW; 2, 70 mOsm; 3, 141 mOsm; 4, 204 mOsm; 5, 247 
mOsm; 6, 271 mOsm. 

and 247 m O s m ; the behav ior of tadpoles 
i m m e r s e d in 141 and 2 0 4 m O s m N a C l 
solu t ions differed by a s ignif icance value 
of 9 5 % . 

W e can then conc lude that there are no 
s ignif icant di f ferences be tween exposures 
to NaCl 70 and 141 m O s m , at none of the 
s a m p l e d t imes . A s of 48 h of e x p o s u r e , 
there is a g rouping of resul ts obta ined with 
e x p o s u r e s to a l m o s t a l l e x p e r i m e n t a l 
so lu t i ons wi th those to con t ro l so lu t ion . 

Neve r the l e s s , it is impor tan t to not ice that 
a s t h e c o m p e n s a t o r y b e h a v i o r of t h e 
pa rame te r s unde r s tudy in the exper imenta l 
so lu t ions approach the control o n e - death 
of the t adpo les occur s . This takes p lace at 
48 h for t adpoles i m m e r s e d in 247 m O s m 
NaCl solu t ion , at 72 h for those exposed to 
204 m O s m solu t ion and at 120 h for those 
immersed in 141 m O s m solut ion (Fig 2). In 
every case , d i f ferences can be accounted 
for by the dry we igh t (Table VI ) . 
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Table VI 

24 h 48 h 72 h 96 h 120 h 144 h 
c v i CV2 CVI CV2 CVI CV2 CVI C V 2 CVI CV2 CV 

W W 0.35 -1.08 0.11 0.29 -0.47 0.40 1.29 2.56 -2.75 -1.65 -1.01 

dw -3.42 16.45 -9.36 -4.48 -4.73 5.40 32.08 -49.2.3 59.01 29.09 32.42 
we -0.51 2.72 -1.54 1.37 0.13 -0.57 0.78 -3.16 1.15 1.30 4.94 
H 2.72 -2.25 5.90 •6.51 0.48 6.20 5.92 -4.39 12.31 3.77 -22.30 
VAR 0 .66 0 .89 0.87 0 .96 0.74 0 .92 0.83 1.00 0 .72 1.00 1.00 

ww, wet weight; dw, dry weight; wc and H, water content. CVI and CV2, eigenvectors for first and second canonical 

variables; VAR, cumulative proportion of total dispersion. 

DISCUSSION 

The in tegrated r e sponse of water ba lance 
r e g u l a t i o n m e c h a n i s m s of y o u n g Bufo 
arenarum l a r v a e w a s s t u d i e d t h r o u g h 
c h a n g e s in we t w e i g h t , d ry w e i g h t and 
wate r con ten t induced by the t ransference 
to and incuba t ion in NaCl solu t ions from 
70 to 271 m O s m of o s m o t i c p r e s s u r e . 
U n d e r our exper imen ta l cond i t ions , the first 
24 hours were clear ly a cri t ical per iod in 
the adap ta t ion of an imals to the new media . 
T h e o b s e r v e d d i f f e r e n c e s w e r e m o r e 
ev iden t as external osmolar i ty increased . 

T h e initial r e sponses to NaCl exposures 
were s imi lar to those found in exposures to 
n o n - e l e c t r o l y t i c s o l u t i o n s of t h e s a m e 
osmola r i ty . Bufo arenarum young tadpoles 
p o s s e s s p h y s i o l o g i c a l m e c h a n i s m s to 
par t i a l ly o v e r c o m e severe o s m o t i c s t ress 
cond i t ions (Ferrar i et al, 1995). T h e resul ts 
of t h i s s t u d y i n d i c a t e t h a t t h e i n i t i a l 
r e sponse to osmot ic stress is independen t 
of the na ture of the incubat ion med ia . T h e 
m a i n p a r a m e t e r of t h e d i s c r i m i n a t i n g 
func t ion is dry w e i g h t , w h i c h i n c r e a s e s 
at h i g h e r o s m o l a r i t i e s , t h o u g h in t h e 
s a m e m a g n i t u d e a n d w i t h a d i f f e r e n t 
b e h a v i o r than those of e x p o s u r e s to the 
s a m e o s m o l a r i t i e s of n o n - e l e c t r o l y t i c a l 
( m a n n i t o l ) s o l u t i o n s . W h e n t a d p o l e s are 
incuba ted in NaCl so lu t ions , the dry weigh t 
presents a two-phase behav ior of dec rease 
as a funct ion of t ime unti l r each ing 141 
m O s m , a n d i n c r e a s e at h i g h e r o s m o l a r 

va lues (Tab le I I ) . T h e in tegra ted behav io r 
of t h e v a r i a b l e s i n d i c a t e s a t r e n d to 
s t a b i l i z e a l o n g t i m e , w h i c h is m o r e 
no t iceab le at h igher osmola r i t i e s in which 
they c o m e on a level wi th the cont ro l . It is 
in teres t ing to see that as this takes p lace , 
s u r v i v a l is i m p o s s i b l e ( F i g . 2 ) . At 7 0 
m O s m , the in tegra ted behav io r of the varia­
bles drifts s l ight ly a w a y from the control . 
Th i s w o u l d i nd i ca t e an o s m o c o n f o r m i n g 
behav io r in N a C l so lu t ions of osmolar i t ies 
h igher than 70 m O s m , in a different way 
than tha t o b s e r v e d in a n o n - e l e c t r o l y t i c 
so lu t ions (Ferrar i et al, 1995) . 

U n d e r s imi lar expe r imen ta l condi t ions , 
the behav io r of hydr ic regula tory var iables 
is very different acco rd ing to the chemica l 
n a t u r e of t h e m e d i a : w h e r e a s for h igh 
osmola r i t i e s wi th mann i to l , the wet weight 
and wate r con ten t at each sampl ing t ime 
a l w a y s s t a y far f r o m t h o s e of c o n t r o l 
c o n d i t i o n s ( F e r r a r i et al, 1 9 9 5 ) , u p o n 
e x p o s u r e s to N a C l s o l u t i o n s w i t h i n the 
s a m e o s m o l a r i t y r a n g e , t h e s e v a r i a b l e s 
remain c lose to those of control condi t ions 
( T a b l e s I a n d I I I ) . T h i s s u g g e s t s t h e 
u n l e a s h i n g of d i f f e r e n t h y d r i c b a l a n c e 
regula t ion m e c h a n i s m s in acco rdance with 
the na ture of the e n v i r o n m e n t . 

In g e n e r a l , t h e o s m o l a r i t y of t h e 
env i ronment for mos t amphib ians is found 
between 10 and 15 m O s m . W h e n tadpoles 
are exposed to external osmot ic pressures 
higher than the internal ones (approximately 
2 0 0 m O s m ) , t h e y a r e i n c a p a b l e of 

C a n o n i c a l d i s c r i m i n a n t ana lys i s : eva lua t i on of the hydr i c b a l a n c e by m e a n s of an in t eg ra t ed 
r e s p o n s e of Bufo arenarum y o u n g t adpo les to all the a s s a y e d so lu t i ons , for e a c h t ime c o n s i d e r e d . 
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osmoregu la t i on (Burggren & Just , 1992). 
This agrees with our finding that t adpoles ' 
mortal i ty increases when the osmolar i ty of 
the incuba t ion med ia is h ighe r than 2 0 0 
m O s m , in spite of the fact that the behavior 
of the phys io log ica l var iables is c lose to 
control in the case of NaCl enr iched media 
and far f rom it in the case of mann i to l 
enr iched media . 

T h e pr incipal o smoregu la to ry act ivi ty of 
t adpoles is car r ied out through their skin. 
Ion in te rchange can be ei ther pass ive due to 
t h e e l e c t r o c h e m i c a l g r a d i e n t o r a c t i v e 
( N a + K + - A T P a s e d e p e n d e n t ) . In y o u n g 
anuran tadpoles the level of this e n z y m e is 
very low ( K a w a d a et al, 1969); thus , it can 
b e c o n s i d e r e d t h a t t h e o n l y s o d i u m 
t ranspor t m e c h a n i s m is pass ive (Warburg 
& R o s e n b e r g , 1 9 9 0 ) . T h i s e v i d e n c e 
s u g g e s t s t h a t t a d p o l e s ' d e a t h in i o n i c 
solut ions with osmolar i t i es higher than 2 0 0 
m O s m probably occurs due to the pass ive 
en t r ance of N a + to the t a d p o l e ' s internal 
milieu, which b e c o m e s i soosmot ic wi th the 
e x t e r n a l m e d i u m . T h i s w o u l d a l s o 
a c c o m p a n y the con t inuous loss of water . 
T h e r e f o r e , d e a t h w o u l d b e c a u s e d by 
hype rna t r emia . T h e n , 2 0 0 m O s m mus t be 
the u p p e r l imi t of the o s m o c o n f o r m i n g 
capaci ty of these an ima l s , independent ly of 
the chemica l na ture of the solutes of the 
external m e d i u m . 

C h a n g e s in w a t e r c o n t e n t c a n b e 
p roduced by independen t a l tera t ions of the 
dry and wet weigh t s . Our resul ts indicate 
t h a t o s m o t i c r e g u l a t i o n in t a d p o l e s 
i m m e r s e d in b o t h i o n i c a n d n o n - i o n i c 
so lu t ions may be reached by s imul taneous 
changes in dry and wet we igh t s , but dry 
weight be ing dominan t . 

The resul ts shown in this work , toge ther 
with those repor ted prev ious ly (Ferrari et 
al, 1995) , a l low us to reach the fo l lowing 
conc lus ions : i- the initial response (0 to 24 
h) to osmot i c stress is s imi lar for exposures 
to N a C l a n d m a n n i t o l s o l u t i o n s ; ii-
independen t ly from the chemica l nature of 
the incuba t ion media , 200 m O s m may be 
c o n s i d e r e d the m a x i m u m to l e rab le l imit , 
for i m m e r s i o n s in ionic or non- ion ic med ia ; 
Hi- in t h e r e s p o n s e t o o s m o t i c s t r e s s 
wi thout acc l imat ion , the dry weight is the 
pa rame te r with best d i sc r iminan t p o w e r for 

immersions both in ionic and non ionic m e ­
dia; never the less , the m a g n i t u d e of change 
in dry we igh t is smal le r in NaCl solut ions 
than in m a n n i t o l s o l u t i o n s ; iv- f rom an 
in tegra ted point of v iew, the response of 
the pa rame te r s eva lua ted differs accord ing 
to t h e c h e m i c a l c o m p o s i t i o n of t h e 
s o l u t i o n , s u g g e s t i n g t h a t d i f f e r e n t 
c o m p e n s a t i n g m e c h a n i s m s are un leashed , 
p robab ly l inked to the p resence of N a + in 
the med ia . 
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