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Quantitative evaluation of water balance 
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Bufo arenarum young tadpoles were exposed to D-mannitol solutions from 0 to 
271 mOsm under acute conditions for 10 days. The water balance condition was 
evaluated measuring the wet weight, dry weight, water content, as percentage of 
the body weight and related to dry body mass. Results were analyzed by a 
multivariate analysis of variance with multiple comparisons and multiple 
discriminant analysis. The first 24 h constituted a critical period in the 
acclimation of animals to the new media. Different degrees of compensatory 
response were observed particularly in 70 mOsm. The parameter with best 
discriminant power in response to environmental osmolarity alterations was the 
dry weight. 
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INTRODUCTION 

Most adult amphibians are considered typical 
freshwater vertebrates, practically intolerant 
to external saline concentrat ions higher than 
those found in pond water. However , a con
siderable number of both anuran and urodele 
species have been repor ted to be able to 
s u r v i v e in s o m e w h a t b r a c k i s h w a t e r s 
(Bentley, 1971; Duel lman and Trueb, 1986). 

T h e s a m e c a p a c i t y to t o l e r a t e h i g h e r 
external salinities than those of freshwater 
habitats was also reported in larvae of Anura 
and Urodela . In these cases the upper level of 
the osmot ic to lerance range seemed to be 
slightly lower than in adults. 

On the other hand, we have demonstrated 
that embryos and larvae of Bufo arenarum 

are able to survive in distilled water (Castafié 
et al, 1987; Ferrari and Salibián, 1987). 

This wide range of salinity tolerated by 
adults and larvae of amphibians suggests the 
ex i s t ence of m e c h a n i s m s that po ten t i a l l y 
e n a b l e t h e m to c o l o n i z e d i f f e r e n t e n 
v i ronments with d i ss imi la r avai labi l i ty of 
wa te r and ions or to o v e r c o m e seasona l 
adve r se eco log ica l s i tua t ions re f lec ted in 
salinity changes in the environment . 

The aim of this work was to study the water 
balance of Bufo arenarum young tadpoles 
exposed to non electrolytic acute osmotic stress; 
wet weight, dry weight and water content (as 
percentage of the body weight and related to 
dry mass) where the measured parameters and 
the r e s p o n s e s w e r e a n a l y z e d t h r o u g h an 
integrated multivariate analysis. 

C o r r e s p o n d e n c e t o : Prof Lucrecia Ferrari, Programa de Ecofisiología Aplicada, Division Biologia, Departamento de 
Ciências Básicas, Universidad Nacional de Luján, Casula de Correo 221, (6700)-Luján (B), Argentina. Fax: (54-323) 
25795. 
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A prel iminary report of these results has 
b e e n p u b l i s h e d e l s e w h e r e (Fe r ra r i et al, 
1988). 

METHODS 

Animals' breeding. 

Ovulat ion of three females was induced by 
i n j e c t i o n of an h o m o l o g o u s h y p o p h y s i s 
suspension into the coelomic cavity. Oocytes 
were fertilized in vitro with sperm of two 
m a l e s a n d t h e o b t a i n e d e m b r y o s w e r e 
m a i n t a i n e d in 1 0 % H o l t f r e t e r s o l u t i o n 
(Hamburger , 1969) until the larval stage was 
reached. Tadpoles were transferred to artifi
cial p o n d w a t e r ( A P W ) of the fo l lowing 
composi t ion (in m M ) : NaCl , 1.3; CaCl 2 , 0.8; 
KC1, 0.1 and N a H C 0 3 , 0.2 (Alvarado and 
Johnson, 1966) and kept at 18-22°C. At this 
temperature range, growth rate was low so 
tha t l a r v a e r e m a i n e d at t he s a m e s t age 
throughout the experimental period. 

Experimental design 

W e used tadpoles at the first larval stage (stage 
26) (Echeverria and Fiorito de Lopez, 1981). 
A l l t e s t s w e r e c o n d u c t e d w i t h a n i m a l s 
acclimated 48 h before the beginning of the 
experiment at constant temperature (20 ± 1°C) 
in a Lauda bath, and remaining under the same 
condition throughout the experiment. Animals 
stayed unfed during the experiments. 

D-manni to l solutions of 70, 141, 176, 204, 
247 and 271 m O s m in distilled water were 
prepared ; osmot ic pressures were checked 
with a Fiske osmometer ; control series of 
distilled water (DW) , A P W and D-mannitol 
5 m O s m (5 m O s m M A N ) were run; the latter 
corresponded to the A P W osmolari ty. 

Exper iments were carried out in duplicate 
without previous osmolari ty acclimation. At 
the beginning 160 tadpoles were placed in 
glass containers (320 tadpoles per assayed 
solution). A ratio of one larvae per 4 ml of 
solut ion was kept constant throughout the 
exper iment . Solutions were renewed daily. 

Sampling 

Larvae were taken out from the solution by 
means of Pas teur ' s pipettes. At the end of the 

temperature acclimation period, a first 
s a m p l i n g w a s m a d e . It w a s c o n s i d e r e d 
representative of the initial condi t ion ( A P W 
5 m O s m ) . Dur ing the exper imenta l per iod 
and for each assayed solution, daily samples 
were taken during the first week; a final one 
was taken on the 10th day. In order to lessen 
the weighing error due to the low weight of 
animals at this stage, each sampl ing unit was 
composed of 4 tadpoles. It is noteworthy to 
mention that at this stage the size and age of 
larvae are very homogeneous . 

E a c h s a m p l i n g i n c l u d e d 8 un i t s (4 in 
dupl ica te ) co r r e spond ing to a total of 32 
tadpoles for each solution. 

Sampled animals were rinsed in distilled 
water for 1 min, after which they were put in 
a luminum paper cones and weighed in an 
analytical balance (± 0.01 mg) . Each sample 
(made of 4 larvae) was drained out and the 
wet we igh t (ww) in m g was de t e rmined . 
After drying the sample at 100 °C for at least 
12 h, the dry weight (dw) was determined 
and expressed in mg . The water content (wc) 
was est imated by the difference be tween wet 
and dry weights , and expressed as m g H 2 0 / 
mg dw, as well as % of body mass (H) (see 
Fig 1). The two expressions used to indicate 
water content are slightly different: wc is an 
absolute value referred to the water content , 
that al lows compar isons within a part icular 
group of experimental animals , while H is a 
relative parameter that a l lows compar i sons 
among different exper imental groups . 

Statistical analyses 

All m o r p h o l o g i c a l va r i ab l e s w e r e s imu l 
taneously considered through a mult ivariate 
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Fig 1. Flow diagram of the experimental design. 
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app roach . The phys io log ica l r e sponses to 
d i f f e r e n t s o l u t i o n s d u r i n g t h e i n c u b a 
t i o n p e r i o d w e r e e v a l u a t e d b y m e a n s 
of m u l t i v a r i a t e a n a l y s i s of v a r i a n c e 
( M A N O V A ) (Morrison, 1976). The evalua
tion of the integrated responses of animals to 
e n v i r o n m e n t a l cond i t ions was carr ied out 
us ing mult iple discriminant analysis (MDA) 
( D i x o n , 1981 ) . M D A a l low the g r a p h i c 
representat ion of both position and orienta
tion of integrated responses of tadpoles, i.e. 
to c o m p a r e t h e r e a c t i o n to d i f f e r e n t 
incubation t imes with osmolari t ies as well as 
osmolari t ies to each other; it also allows to 
find out the variables with best discriminant 
ability to detect significant differences in the 
responses of animals incubated in different 
solutions. 

RESULTS 

The data from repl icate exper iments were 
cons ide red toge ther s ince in no case was 
there significant difference among them. The 
s t anda rd dev i a t i ons for each of the con
sidered parameters and each t ime were in all 
cases lower than 10 % of the means (Tables I 
to III). 

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

The values of eigenvectors for the first and 
second canonical variables (CV) and their 
cumulat ive proportion of the total dispersion 
(as percentage) are reported in Table IV. For 
each one of the CV, the eigenvectors of the 
four measured physiological parameters are 
shown; the best discriminant capacity corre
sponded to the vector of h igher abso lu te 
value. Figures 2 and 3 show 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 a s s a y e d 
solution. 

A.l. Control solutions. As shown in figure 2, 
the global behaviour of the parameters along 
t i m e in A P W w a s r e l a t i v e l y u n i f o r m , 
s h o w i n g a m a r k e d in f l ec t ion after 24 h 
mainly due to changes of H (Table IV) . 

The integrated responses of the variables 
in M A N - 5 m O s m had a tendency to be simi
lar to that found in A P W ; in this case, the 
s i tua t ion at the end of the e x p e r i m e n t a l 
p e r i o d w a s e q u i v a l e n t to tha t o b s e r v e d 
during the beginning of the exper iment . The 
m o s t i m p o r t a n t d i s c r i m i n a n t p a r a m e t e r 
resulted to be dry weight (Table IV). 

In D W there was a difference in t ime due 
to changes in dry weight, and a temporary 

T A B L E I 

Means and standard deviat ions of wet weight (ww) for each assayed solution at each 
sampling t ime. 

Means of eight pooled samples made of four larvae. 

Solutions Oh 24 h 48 h 72 h 96 h 144 h 168 h 240 h 

Control: 

APW 42.36 ± 3.13 40.73 ± 4.08 36.81 ± 3 . 8 8 35.02 ± 3 . 4 2 31.18 ± 3.25 30.03 ± 4.84 29.81 ± 3.88 29.25 ± 2.99 

DW 42.36 ± 3.13 37.07 ± 3.86 33.08 ± 2 . 7 0 29.34 ± 2 . 6 5 24.40 ± 2.32 25.47 ± 4.08 23.82 ± 1.53 20.11 ± 4 . 4 4 

D-mannitol: 

5 mOsm 42.36 ± 3 . 1 3 36.40 ± 3.86 32.62 ± 5.33 25.10 ± 2.50 25.50 ± 3.06 25.88 ± 2.17 27.77 ± 5 . 6 7 28.92 ± 3 . 2 7 

70 mOsm 42.36 ± 3 . 1 3 27.92 ± 2 . 1 0 25.22 ± 3.53 25.34 ± 3 . 3 6 26.27 ± 2 . 3 8 24.03 ± 2.26 28.01 ± 4 . 5 7 27.52 ± 3 . 9 7 

141 mOsm 42.36 ± 3 . 1 3 21.60 ± 3 . 4 1 25.12 ± 2 . 6 7 22.92 ± 4.03 22.64 ± 1.77 21.46 ± 3 . 0 5 23.70 ± 1.96 22.33 ± 2 . 6 5 

176 mOsm 42.36 ± 3 . 1 3 24.77 ± 2 . 7 8 22.82 ± 2 . 5 5 22.78 ± 1.85 20.08 ± 3.20 22,75 ± 2 . 2 9 21.69 + 2.11 

204 mOsm 42.36 ± 3 . 1 3 24.02 ± 3 . 3 1 22.39 ± 2 . 0 1 20.62 ± 3 . 1 4 20.53 ± 1.86 18.65 ± 0 . 5 2 

247 raOsra 42.36 ± 3 . 1 3 2.87 ± 3 . 1 7 

271 mOsm 42.36 ± 3 . 1 3 22.35 ± 2.22 

APW, artificial pond water; DW, distilled water. 
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T A B L E II 

Means and standard deviations of dry weight (dw) for each assayed solution at each 
sampling t ime. 

Means of eight pooled samples made of four larvae. 

Solutions Oh 24 h 48 h 72 h 96 h 144 h 168 h 240 h 

Control: 

APW 1.95 ± 0 . 15 1.94 ± 0.18 1.61 ± 0 . 1 5 1.66 + 0.34 1.52 + 0.16 1.39 ± 0.19 1.41 ± 0 . 1 3 1 .30±0 .11 
DW 1.95 ± 0 . 15 1.73 ± 0.1 ] 1.47 ± 0 . 1 5 1.53 + 0.26 1.38 ± 0 . 0 9 1 . 2 6 ± 0 . 1 0 1.22 ± 0 . 0 9 0.95 ± 0 . 1 0 

D-mannitol: 

5 mOsm 1.95 ± 0 . 15 1.75 + 0.09 1.55 + 0.19 1.35 + 0.08 1.35 ± 0 . 1 0 1.28 + 0.18 1.35 + 0.25 1.26 ± 0 . 2 4 
70 mOsm 1.95 ± 0 . 15 1.77 + 0.09 1.54 + 0.07 1.50 + 0.10 1.62 ± 0 . 1 5 1.35 ± 0 . 1 8 1.47 ± 0 . 2 2 1.28 ± 0 . 2 1 

141 mOsm 1.95 ± 0 . 15 1 . 8 9 ± 0 . 2 2 1.68 + 0.33 1.83 + 0.26 1.58 ± 0.12 1.51 ± 0 . 1 3 1.49 + 0.08 1.26 ± 0.17 
176 mOsm 1.95 ± 0 . 15 2.10 + 0.16 1.72 + 0.20 1.90 + 0.20 1.63 ± 0.15 1.70 + 0.13 1.51 ± 0 . 2 1 
204 mOsm 1.95 + 0. 15 2.09 ± 0.23 1.69 + 0.17 1.94 + 0.23 1.67 ± 0 . 1 0 1.61 ± 0 . 0 8 
247 mOsm 1.95 ± 0 . 15 2.29 + 0.31 
271 mOsm 1.95 ± 0 . 15 2.31 ± 0 . 2 4 

T A B L E III 

Means values and standard deviations of water content (wc, related to dry mass) for each 
assayed solution and each time sampled. 

Means of eight pooled samples made of four larvae. 

Solutions Oh 24 h 48 h 72 h 96 h 144 h 168 h 240 h 

Control: 

APW 20.80 ± 1 .69 20.02 ± 1 . 3 1 21.47 ± 0 . 7 3 20.13 ± 2 . 4 7 19.48 ± 1.26 20.77 ± 1.87 20.19 ± 1.83 21.53 ± 2 . 1 3 
DW 20.80 ± 1 .69 20.36 + 1.31 21.71 ± 2.96 18.43 ± 2 . 6 3 16.65 ± 1 . 5 1 19.54 ± 2 . 0 7 18.61 ± 1.45 19.81 ± 2.85 

D-mannitol : 

5 mOsm 20.80 ± 1 .69 19.83 ± 1.74 20.29 ± 4 . 5 3 17.70 ± 2 . 0 6 17.84 ± 2.07 19.45 ± 1.71 19.62 ± 2 . 1 1 22.17 ± 1.98 
70 mOsm 20.80 ± 1 .69 14.77 ± 1.22 15.39 ± 1.95 15.94 ± 2 . 1 1 15.32 ± 1.60 16.97 ± 2.46 18.06 ± 1.78 20.79 ± 2 . 7 8 

141 mOsm 20.80 ± 1 .69 10.46 ± 1.67 14.28 ± 2 . 0 0 11.50 + 0.77 13.37 ± 1.31 13.23 ± 1.47 14.80 ± 1.00 16.88 + 2.00 
176 mOsm 20.80 ± 1 .69 10.79 + 0.99 12.32 ± 1.00 11.01 ± 0 . 8 0 11.39 ± 2 . 1 4 12.37 ± 0 . 9 4 12.58 ± 1.27 
204 mOsm 20.80 ± 1 .69 10.46 ± 1.43 12.32 ± 1.69 9.63 ± 1.24 11.29 ± 0 . 8 0 10.57 ± 0 . 3 8 
247 mOsm 20.80 ± 1 .69 8.92 + 0.73 
271 mOsm 20.80 ± 1 .69 8.73 ± 1.40 

T A B L E IV 

Canonical discriminant analysis: evaluation of the hydric balance by means of an integrated 
response along t ime of Bufo arenarum young tadpoles incubated in different solutions. 

C O N T R O L SO LUT I ONS D-MANNITOL SOLUTIONS (mOsm) 

APW DW 5 70 141 176 204 247 

CV1 

271 

CV2 CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 

247 

CV1 

271 

CV2 

WW 0.21 0.24 0.46 0.18 0.01 1.24 -1.39 -0.24 -1.45 0.25 0.39 0.02 -1.10 -0.03 0.41 0.36 
d w 1.24 -5.19 -1.35 -4.47 -6.55 -25.56 21.22 8.97 18.44 -0.72 2.13 5.03 10.70 4.86 -4.00 -2.21 
w c -0.78 -0.63 -0.33 -0.48 -0.35 -2.08 0.01 -0.09 0.19 -0.07 -0.61 -0.12 -0.48 0.34 0.37 0.49 
H 3.22 -1.39 -0.22 -1.26 0.28 0.33 5.43 0.64 3.16 -1.39 0.99 -0.09 2.96 -0.88 -0.42 0.78 
VAR 0.86 0.95 0.89 0.96 0.78 0.97 0.63 0.91 0.83 0.96 0.84 0.97 0.94 0.99 1.0 1.0 

APW, artificial pond water; DW, distilled water; w w , wet weight; dw, dry weight; w c and H, water content. Numerical values, 
eigenvectors for first and second canonical variables (CV1 and CV2). VAR, cumulative proportion of total dispersion. 
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Table V 

Canonical discr iminant analysis: evaluation of the hydric balance by means of an integrated 
response of Bufo arenarum young tadpoles to all the assayed solutions, for each t ime 

considered 

INCUBATION TIMES 

24 h 48 h 72 h 96 h 144 h 168 h 240 h 

CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 CV1 CV2 

WW -0.11 0.26 0.28 0.98 0.44 0.37 0.97 1.19 0.26 0.66 -0.04 0.19 -0.12 1.97 

dw 0.81 -5.82 -2.52 -15.70 -5.24 1.56 -15.58 -12.56 -5.83 -17.68 -0.03 -1.50 9.01 41.77 

wc 1.23 -1.27 -0.31 -0.18 -0.10 0.47 -0.16 -0.93 0.12 -0.95 -0.50 1.36 1.34 -3.04 

H -0.61 1.52 1.34 -4.20 0.08 -2.12 -1.60 -1.86 0.12 -0.76 3.72 -4.43 -4.17 4.59 

VAR 0.91 0.96 0.90 0.96 0.82 0.97 0.82 0.94 0.86 0.94 0.88 0.95 0.88 0.98 

w w , wet weight; dw, dry weight; w c and H, water content. Numerical values, eigenvectors for first and second canonical 
variables (CV1 and CV2). VAR, cumulative proportion of total dispersion. 
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Fig 2. Multiple discriminant analyses for control solutions. 
A, artificial pond water (APW). B, D-mannitol 5 mOsm. C, 
distilled water (DW). Numbers, relative positions of animals 
(expressed as all physiological parameters measured, at each 
evaluation time.Encircled numbers, mean values at each 
time. Values at the upper left corners, means for each time. 
Numbers within circles do not differ statistically in the 
multiple comparisons tests. Evaluation times: 0, 0 h; 1, 24 h; 
2, 48 h; 3, 72 h; 4, 96 h; 5, 144 h; 6, 168 h; 7, 240 h. 

stabilization of the parameters be tween 24-
48 and 9 6 - 1 6 8 h . 

A.2. Experimental solutions. As shown in 
figure 3, in almost all cases the variable with 
the bes t d i sc r iminan t p o w e r was the dry 
weight (Table IV) . There was a clear cut 
tendency of the animals to re-establish the 
o r i g i n a l c o n d i t i o n s , w i t h i n t e r m e d i a t e 
fluctuations, especially pronounced at 24 and 
72 h. 

In the 70-176 m O s m range, compensa t ion 
after the seventh day was impossible ; a simi
lar behaviour was observed from the 6th day 
for 204 m O s m solution. It is noteworthy that 
f rom 24 h o n w a r d s , the t endency of the 
values was to unify with osmolari ty increase. 

B. Discriminant analysis of the time course 
of tadpoles' responses 

In analyzing the s imultaneous behaviour of 
t h e f o u r s t u d i e d v a r i a b l e s b y u s i n g 
M A N O V A a n d M u l t i p l e c o m p a r i s o n s , 
groups are defined as concentrat ion sets that 
s h o w a b s e n c e of s i g n i f i c a n t s t a t i s t i c a l 
differences. 

The values of eigenvectors for C V 1 and 
C V 2 as well as the cumulat ive proport ion of 
the total dispersion are given in Table V. 
Figure 4 presents the canonical discr iminant 
analysis for each t ime assayed. 

After 24 h incubation, the water content 
(CV1) dist inguished from controls , 70 m O s m 
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Fig 3. Multiple discriminant analyses for experimental D-mannitol solutions. A, 70 mOsm. B, 141 mOsm. C, 176 mOsm. D, 
204 mOsm. E, 247 mOsm. F, 271 mOsm. Symbols and remaining details as in Fig 2. 

a n d t h e r e m a i n i n g c o n c e n t r a t i o n s . D r y 
w e i g h t w a s t h e v a r i a b l e of h i g h e s t 
d iscr iminant incidence within concentrat ions 
h igher than 7 0 m O s m . Dry weight (CV1) 
discr iminated three well defined groups after 
48 h of exposure : controls , intermediate (70 
and 141 m O s m ) and h igh (176 and 2 04 
m O s m ) osmolari t ies . 

Twenty four hours later, A P W was separated 
from the remaining two controls in their dry 
w e i g h t and h u m i d i t y ; 7 0 m O s m was not 
different from 5 m O s m M A N and the behaviour 
of all parameters together at 141 m O s m was 
similar to that observed in 176 mOsm. 

After 96 h exposure A P W was separated 
f r o m t h e o t h e r c o n t r o l s . T h e i n t e g r a t e d 
Response of tadpoles at 141 , 176 and 204 
m O s m \ w a s s i m i l a r ; 7 0 m O s m w a s no t 
differert from 141 m O s m . 

The responses at 144 and 168 h were simi
lar in the control groups and 70 m O s m . The 
r e m a i n i n g s o l u t i o n s d i f fe red f rom t h o s e 
groups and from each other. 

At 240 h, dry weight a l lowed to separate 
D W from the rest of solut ions. 

DISCUSSION 

If we consider the organism as a sys tem with 
several different interrelated var iables , the 
co r rec t a p p r o a c h to quan t i fy d i f f e r ences 
between samples must be mult ivariate . The 
multiple discriminant analysis a l lows us to 
discr iminate be tween var ious exper imenta l 
groups and classify individuals where several 
v a r i a b l e s h a v e b e e n q u a n t i f i e d . T h e 
discriminant function represents the best way 
to integrate all measured variables linearly to 
obtain maximal difference among groups . 

The water balance regulat ion mechan i sms 
of young Bufo arenarum larvae were studied 
through alterations in wet weight , dry weight 
and water content as indicator pa ramete r s 
w h e n t r a n s f e r r e d t o , a n d i n c u b a t e d in 
s o l u t i o n s of a w i d e r a n g e of o s m o t i c 
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FIRST CANONICAL VARIABLE 

Fig 4. Multiple discriminant analyses for each assayed time. A, 24 h. B, 48 h. C, 72 h. D, 96 h. E, 144 h. F, 168 h. G, 240 h. 
Numbers, relative positions of solutions at each evaluation time. Encircled numbers: means for each solution. Values at the 
right bottom corners, means for each solution. Numbers within circles do not differ statistically in the multiple comparisons 
tests. 1, APW. 2, DW. 3 , D-mannitol 5 mOsm. 4, 70 mOsm. 5, 141 mOsm. 6, 176 mOsm. 7, 204 mOsm. 8, 247 mOsm. 9. 271 
mOsm. 

pressure . W e also compared the effects of 
i soosmot ic solutions made of ionic (APW) 
and non ionic ( M A N ) molecules . The experi
menta l design al lows us to gain an integrated 
evaluation of the adaptive mechanisms of 
larvae to those envi ronmenta l changes . 

Our results indicate that Bufo arenarum 
y o u n g t a d p o l e s 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 o v e r c o m e par t ia l ly severe 
osmotic stress condit ions. They survived for 
several days after a sudden osmotic change 
with o smola r i t i e s v a r y i n g from 0 mOsm 
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(DW) to 204 mOsm ( M A N solutions). This 
l i m i t m u s t b e t h e u p p e r l im i t of t h e 
osmoregulatory capacity of these animals . 

Unde r our exper imenta l condi t ions , the 
first 24 hours were clearly a critical period in 
the adaptation of animals to the new media. 
The observed differences were more evident 
as the external osmolari ty increased over the 
i soosmola r i t y level . On the cont ra ry , the 
measured parameters in control larvae (APW 
and 5 m O s m - M A N ) did not show significant 
changes . 

In s o m e c a s e s , d i f f e r e n t d e g r e e s of 
c o m p e n s a t o r y r e s p o n s e s w e r e o b s e r v e d . 
W i t h ex t e rna l o s m o l a r i t i e s of 70 m O s m 
tadpoles reached control condi t ions at the 
end of the a s s a y e d t ime . T h e in tegra ted 
compensatory response in these animals was 
gradual and completed after seven days. 

In t h e s e e x p e r i m e n t s a l l m e a s u r e d 
parameters resul ted similar after 24 hours 
incubation in 141, 176 and 204 mOsm. The 
values remained steady and in no case were 
compensat ion responses found; in addition, 
s u r v i v a l w a s sho r t e r i n d i c a t i n g that the 
osmoregulatory capacity of animals was not 
sufficient. 

Cont inuous incubation of larvae in high 
osmotic pressure solutions must provoke a 
dehydrat ion type response (Katz et aly 1984). 
W h e n the external osmolar i ty was further 
i nc reased to 247 m O s m , surv iva l of the 
animals was reduced to less than 48 hours 
a n d t h e i n t e g r a t e d r e s p o n s e of t h e 
physiological variables was far from those 
measured at the beginning of the experiment. 

Externa l high osmolar i ty with manni to l 
d e c r e a s e s c e l l u l a r v o l u m e , a p i c a l c o n 
ductance and sodium transport in toad skin 
(Gazitua et al, 1988); in Bufo viridis skin, the 
a c c l i m a t i o n in non e l e c t r o l y t e s o l u t i o n s 
decreases skin osmotic permeabil i ty (Katz, 
1987). If we consider that tadpoles exposed 
to hyperosmolar non electrolytic media can 
not exchange ions with the external solution, 
t h e y s h o u l d l o s e w a t e r c o n t i n u o u s l y ; 
consequen t ly , an ad jus tment of p lasmat ic 
osmotic pressure will be made through an 
i n c r e a s e in N a C l r e l a t i v e c o n c e n t r a t i o n , 
which will be higher with the osmolarity and 
with the increase of animal dehydrat ion. In 
this way death may occur by hypernatremia 
(Balinsky, 1981; Schrock and Hanke, 1979; 

Schrock et al, 1980). This mechanism could 
explain the low survival in higher osmolari ty 
solutions. 

Another adaptive mechan i sm to survive in 
h igh o s m o l a r i t y m e d i a is to a c c u m u l a t e 
o r g a n i c o s m o l y t e s l i k e u r e a a n d f ree 
aminoacids . There is no ev idence that the 
Bufo arenarum y o u n g t a d p o l e s c a n 
s y n t h e s i z e u r e a in h y p e r o s m o t i c m e d i a ; 
however , a t ransient adapt ive r e sponse to 
non e lect rolyt ic hype rosmola r i ty by rapid 
i n c r e a s e of t h e n i t r o g e n c o m p o u n d s 
concentrat ion can not be discarded. So, if we 
consider the bibl iographic references, we can 
expect the parameter with best discr iminant 
power to be the wc, but our results indicate 
that it was the dw. 

Mannitol is known to penetrate the skin 
v i a p a r a c e l l u l a r w a y ( F i d e l m a n a n d 
Watl ington, 1987); the noted increase in dry 
weight would be considered a consequence 
of the influx of mannitol into the organism. 
When tadpoles are incubated in electrolytic 
solutions (NaCl) of higher osmolari t ies than 
those of A P W control media, they also show 
the dw as the best discr iminant parameter 
(Ferrar i and L o m b a r d o , 1990) ; t h u s , t he 
p e n e t r a t i o n of m a n n i t o l c o u l d n o t b e 
considered the only responsible for the dw 
increase. 

W e h a v e a l s o s t u d i e d t h e e f f ec t of 
exposure of larvae at the same stage as those 
used in this study in NaCl solutions of the 
same osmolarity assayed with manni tol (Fe
rrari, Lombardo and Salibián, manuscript in 
p repa ra t ion ) . In this case the dry we igh t 
also increased but to a lower level and the 
i n t e g r a t e d r e s p o n s e of t h e e v a l u a t e d 
variables was similar. In these animals the 
differences found were attributed to the fact 
that the experimental media were comparab le 
to that where B. arenarum inhabit , be ing 
their ionic exchange mechan isms functional. 

Changes in water content can be produced 
by independent alterations of the dry and wet 
w e i g h t . O u r r e s u l t s i n d i c a t e t h a t i t s 
regulation in controls from both ionic and 
n o n i o n i c s o l u t i o n s , w a s r e a c h e d by 
simultaneous changes in dry and wet weight , 
but one of the alterations was dominant . 

Finally, we bel ieve that the way to get 
valuable quanti tat ive information referred to 
these part icular phys io logica l responses is 
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t h e m u l t i v a r i a t e a p p r o a c h w e f o l l o w e d 
(Ferrari and Lombardo , 1990). In our case it 
became evident that the parameter with best 
d iscr iminant capaci ty was the dry weight , 
when considered both at different incubation 
t imes in a definite solution or at different 
s o l u t i o n s for e a c h a n a l y z e d t i m e . T h e 
differences of the integrated response of the 
evaluated parameters between controls and 
exper imenta l tadpoles were remarkable and 
the similarity of the parameters behavior of 
the experimental tadpoles to the controls was 
associated with a similar survival rate. 
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