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Responses of Xeric-Adapted Rodents to Waterloading.* (30529) 

ROBERT M. CHEW AND ORMOND G. MITCHELL~ (Introduced by Paul R. Saunders) 
Department of Biological Sciences, University of Southern California, Los Angeles 

Several studies have indicated that desert- 
inhabiting rodents have “difficulty” in elim- 
inating a water load, presumably because of 
factors associated with their adaptation to 
conservation of water. Hofmann ( 1 ) found 
that Merriam’s kangaroo rat, Dipodomys mer- 
rianzi, “excreted the load only with the 
greatest difficulty.” D. merriami given 5 ml/ 
100 g of distilled water by stomach tube 
eliminated 40% of the load only after 367 
minutes, while Long-Evans white rats did so 
in 84 minutes. D. merrkmi loaded intraperi- 
toneally showed a still more pronounced water 
retention( 2 ) .  The banner-tailed kangaroo rat, 
D. spectabilis, excreted the same percentage 
(85-88%) of a water load within 6 hours as 
did white rats, but only after a diuretic lag 
of 3 hours(3). A gerbil, Meriones shawii, 
“cannot excrete orally administered tap water 
by means of a hypotonic diuresis,” when kept 
on a dry diet($). 

We have compared D. merriami, D.  agilis 
and M .  unguiculatus in order to check and 
extended these observations. The genus Dipo- 
domys has had its center of evolution in the 
deserts of southwestern North America. D. 
merriami is one of the most ubiquitous spe- 
cies in these deserts; a few species such as 
the nimble kangaroo rat, D. agilis, have 
dispersed into semiarid habitats adjacent to 
deserts. Species of Meriones inhabit deserts 
and semiarid regions of the Old World. The 
Mongolian gerbil, M .  unguiculatus, is found 
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in semiarid areas of Mongolia, northern Korea 
and the Necca Province of China. 

Materials and methods. D .  merriami were 
live-trapped in the desert near Pearblossom, 
Calif., and D. agilis in chaparral near Eti- 
Wanda, Calif. M .  unguiculatus were bred 
from stock from Tumblebrook Farms, Brant 
Lake, N. Y. Body weights of the animals 
were: D. merrkmi, 32-40 g, D. agilis, 60-70 
g, M .  unguiculatus, 63-72 g. 

In  all cases the water load was 5 ml/lW 
g of body weight of warm distilled water, 
given in one dose by stomach tube. Animals 
were stimulated to empty their bladders be- 
fore intubation; they were weighed before and 
after loading to determine the absolute 
amount received. After loading, animals were 
placed on wire mesh over mineral oil in tared 
beakers. Urine excretion was measured by 
weighing the beakers a t  half-hour intervals 
for 6 hours; weights were corrected for any 
feces present. Urine output was plotted 
against time, and time for excretion of 40% 
of the load was estimated from the plot. Rate 
of excretion was measured after the first 
water load, and again after a second loading 
the same day or the next day, or after a third 
load the next day. 

Results. Measurements are summarized in 
Table I. 

Discussion. There are numerous observa- 
tions of instances in which the abilities of dif- 
ferent species of mammals to conserve body 
water have evolved in direct relationship to 
the average aridity of their habitats( 5) .  The 
water conservation of such species often per- 
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TABLE I. Rate of Excretion of Water Load. 

No. of Time to excrete 
Prior feeding regimen Species animals Load 40% of load, min 

Air-dry grain only merriami 5 

unguiculatus 4 

Air-dry grain and lettnce merriami 7 

3 

4 

6 
agilis 6 

3 
unguiculatusg 13 

3 

1st 
3rd 
1st 

1st 
2nd:: 
1st 
2ndS 
1st 
2ndS 

3rd 

* - 
158 (145-180) 

-t 
120 ( 95-150) 
405 (280-720) 
194 (150-225) 
285 (227-360) 
162 (125-186) 
123 ( 95-152) 
98 ( 73-120) 

* No urine in 36,O min. 
t 3.8% (0-6.3%) of load excreted in  360 min. 
4 rnerriami and agilis were given 2nd load 24 hr after first; unguicuzatus was given 2nd load 

$ 7 control animals (Le., no load) excreted urine equal to 0-1.3y0 of a load in 6 hr. 
8 hr  after first. 

sists in captivity although water or succulent 
food is provided. An obvious degree of con- 
servation may remain after generations of 
domestication, as in white mice(6). There- 
fore, the rate of elimination of a water load 
(as a measure of the failure to conserve the 
water) can be expected to be inversely related 
to an animal’s “chronic level” of water 
conservation, as adapted to the “chronic 
level” of aridity of its habitat. This 
seems to be true of the present species. 
When they were given an opportunity to be 
hydrated by eating lettuce, they showed a 
rate of excretion of a water load inversely 
related to the subjectively ranked aridity of 
their natural habitats: D. merriami (desert) 
< D. agilis (chaparral) < M .  unguiculatus 
(semiarid grassland). Measurements for the 
white rat( 1 )  put it well a t  the end of this 
sequence. The sequence of conservatism was 
also reflected in the behavior of the species 
towards their lettuce ration. D. merriami usu- 
ally ignored the lettuce, D. agilis usually ate 
part, while M .  unguiculatus ate it “avidly.” 

When water is available in captivity, a spe- 
cies may function at only a fraction of its 
potential for conservation, as in the present 
case of M .  unguiculatus versus D. merriami. 
When they were dehydrated by 6-10 days on 
an air-dry grain diet, both were anuric, or 
almost so, during the 6 hours after an initial 
water load; however, they were very different 
when allowed lettuce prior to loading. The 
gerbil showed other characteristics which are 

at least equal to the exceptional abilities of 
D. merriami( 5 ) .  Adult M .  unguiculatus main- 
tained normal weight for 40 days on dry grain 
and a 1 M NaCl drinking solution; young 
animals grew well on only air-dry grain for 
at least 4 months (unpublished results). In  
these equipotent species, the chronic conserva- 
tism of D merriami vs the facultative con- 
servatism of M .  unguiculatus may be the 
result of natural selection for adaptation to 
chronic water shortage as compared to only 
occasional severe shortage. Or, i t  may reflect 
an adaptation to normal diets of different 
water contents: predominantly air-dry seeds 
for D. merriami vs more succulent leaves, 
stems and roots for M .  unguiculatus. The 
facultative conservatism of Meriones is also 
shown in the work of Hummel(4) on M .  
sliawii, which inhabits semiarid areas of North 
Africa. These gerbils failed to develop diure- 
sis when water loaded after being kept on 
dry diets, but when allowed lettuce before- 
hand, they excreted a load “as well as the 
white rat.” 

In the present study, repetition of water 
loading always resulted in a decrease in time 
for excretion of 410% of the water load. One 
loading conditioned the shifting from water 
retention to diuresis. Rollason ( 2 )  found pro- 
nounced retention by D. merriami after 3 
intraperitoneal loadings within 96 hours; slow 
absorption through the peritoneum may ex- 
plain the failure of diuresis in his animals. 
The factors involved in the shift from reten- 
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tion to diuresis present the opportunity for 
an interesting study. This has been begun by 
Cole et a l ( 3 ) .  

After 3 loadings, the present species still 
had a “residue” of water conservation in 
comparison to white rats. Reloaded Dipodo- 
mys were slower in excretion than Meriones. 
Only Meriones that were reloaded within 8 
hours approached the rate of diuresis of 
white rats after their first load. This “resi- 
due” of conservation might have disappeared 
after further loading, or it may be an irreduc- 
ible minimum dependent upon the morpho- 
logical and functional characteristics of the 
kidneys of these species. All 3 species were 
able to “cope with” water loads. A “difficulty 
in excretion” is a possible interpretation only 
for the first loading of dehydrated animals. 
Only 2 animals, D .  agilis that had been acci- 
dentally overloaded beyond 5% of their body 
weight, showed obvious hematuria; this con- 
trasts with a 50% incidence of hematuria 
observed by Hofmann ( 1 ) . 

Summary. Dipodomys merriami, D. agilis 
and Meriones unguiculatus excreted orally ad- 
ministered water loads at  rates slower than 

those reported for white rats. Dehydrated 
animals retained all, or almost all, of an 
initial load of 5 m1/100 g for a t  least 6 hours. 
Animals fed lettuce before loading excreted 
40% of the load in 123 to 504 minutes; rate 
of excretion was inverse to the aridity of the 
species’ habitats. The rate of diuresis doubled 
or tripled after a second or third loading, but 
a residue of conservation remained. None of 
the species showed “difficulty in excretion” 
after being conditioned by the first loading. 
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Excretion of the urinary trypsin inhibitor 
(TI )  in man is regulated by pituitary-adrenal 
hormones ( 1,2 ) and is increased in pregnancy 
(3 )  and during stress( 1,2). Excretion of TI 
parallels in the individual the 17-ketosteroid 
and 17-ketogenic steroid excretion ( 1 ,4). In  
different individuals there is a correlation be- 
tween cortisol production, or amount of exo- 
genously administered glucocorticoid, and the 
diurnal excretion of TI( 5 ,6 )  , but the quanti- 
tative response, in terms of TI excretion, to a 
given amount of glucocorticoid, (Le., the sen- 
sitivity to this function of the hormone) 
varies individually ( 2,s). 

The purpose of the present note is to show 

that there is a circadian rhythm in the indi- 
vidual in sensitivity to glucocorticoids. The 
quantitative response, assayed as excretion of 
TI, to a given amount of glucocorticoid is 
usually much lower during the night than 
during the day. 

Materials and methods. Six persons were 
examined, most of them more than once. Two 
suffered from collagenoses (scleroderma and 
disseminated lupus erythematosus) ; 2 had 
dermatological diseases ; and 2 were Addison 
patients. All patients were under treatment 
with glucocorticoids. On the days of this in- 
vestigation, their usual treatment was re- 
placed by 2 daily doses of steroid (cortisone 


