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Abstract 

The Heteromyidae are a family of rodents which arose in the middle 

Oligocene. Some present day members of this family inhabit the deserts 

of southwestern North America. Studies on the water metabolism of 

these animals have shown that they are able to survive under desert 

conditions by possessing a highly efficient kidney, a low evaporative 

water loss, and nocturnal and burrowing habits. However, there has been 

a:.lack of studies on the other members of this family in relation 

to water metabolism and therefore, the homeostatic range of water met¬ 

abolism in the Heteromyids is unknown. 

Another question that arises in relation to those forms presently 

inhabiting the deserts is that the deserts are of a fairly recent 

origin being formed in the Pliocene to Pleistocene epoch and the 

specialized physiological adaptations found in the desert inhabiting 

forms may have been found to some extent in an ancestorial form which 

preadapted the present day desert inhabitants for this type of environ¬ 

ment. 

This study proposes some answers to the questions of homeostatic 

range of'water metabolism in the Heteromyids and in their preadaptation 

to desert life. This is done by studying members of the subfamily 

Heteromyinae. From their present day range (Central America and 

northern South America) and from the fossil record it is unlikely that 

this subfamily ever came into contact with the selection pressures 

present in the deserts. 



The fact that physiological adaptations similar to those found 

in the desert inhabiting forms are found in this subfamily gives strong 

support to the hypothesis that the Heteromyids were preadapted for life 

in the desert. Also, members of this subfamily appear to be the most 

primitive living members of the family and therefore, may reflect the 

physiology of the stem line of Heteromyids. This study shows that 

these animals do have an efficient water metabolism and is suggestive 

that the family Heteromyidae has possessed an unusual water metabolism 

early in their evolution. 
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I. Introduction 

The Heterorayidae is a family of small rodents known since the 

middle Oligocene- the time during which most of the other modern fam¬ 

ilies of mammals were evolving as distinct groups. The phylogenetic 

tree of the Heterorayids is shown in Figure 1. (Wood, 1935)* The ex¬ 

tant genera of Heterorayids are Perognathus t the pocket mice; Dipodomys, 

the kangaroo rats; Microdipodops, the kangaroo mice; and Liomys and 

Heteromys, the spiny pocket mice. The Heterorayids are entirely new 

world and most of them inhabit western North America. However, mem¬ 

bers of the subfamily Heteromyinae inhabit Central and northern South 

America. 

Studies of the Heterorayids have been concerned with their ev¬ 

olution (Wood, 1935)> water metabolism (Schmidt-Nielsens, 1948,1950> 

1951,1952), hibernation and estivation (Bartholomew and Cade, 1957$ 

Bartholomew and MacMillen, 1961), and behavior (Eisenberg, 19^3). 

It has been known for some time that some members of the Heter- 

omyids possessed an unusual water metabolism• Stephens (1906 as cited 

by Howell and Gersh, 1935) reported Perognathus fallax to live for three 

years exclusively on dry barley. The physiology of the water metabo¬ 

lism was not understood until the work of the Schmidt-Nielsens (ibid.). 

These authors have shown that Dipodomys merriami. Dipodomys spectabilis, 

and Perognathus baileyi are able to survive without any free water 

under desert conditions because of their nocturnal and burrowing habits, 

highly efficient kidney, and low evaporative water loss. While some 
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species of Dinodomvs and Perognathus can survive indefinately on a 

dry seed diet, observations indicate that this ability is not devel¬ 

oped to the same extent in all species of the Heteromyid rodents 

(Bailey, 1923) Carpenter, 1962; and Tappe, 1941). The Schmidt-Nlelsens 

(1951) noted the various Heteromyids exhibited some differences in 

their ability to conserve water. They found that the pocket mice have 

more efficient kidneys and a lower evaporative water loss than the 

kangaroo rats; On the basis of the above observations and the paucity 

of extensive studies of the water metabolism of all representatives 

of this family; it is impossible at the present time to give the homeo¬ 

static range of water metabolism in the Heteromyid rodents. 

While the Heteromyids are physiologically adapted for their life 

in the desert (Bailey, 1923) Schmidt-Nielsen, 1948; and Odum 1953)» 

the question arises as to the origin of these adaptations: are the 

physiological adaptations observed in these Heteromyid rodents a re¬ 

cently evolved adaptation to the observed macroenvironment in which 

they now live and survive, or are these physiological adaptations an 

adaptative response to a previously inhabited microhabitat which had 

a selection pressure for survival without any free water available to 

the organism for long periods of time? This problem is especially 

interesting since the desert to which these animals are now adapted 

is of more recent origin than the families, being formed in the Plio¬ 

cene to Pleistocene epoch (Axlerod, 1948,1950)* This poses the ques¬ 

tion as to whether there has been sufficient time for the selection 

of specific physiological features adaptive to the desert environment. 
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If there has not been sufficient time or if these adaptations arose 

in a former xeric environment, this family was preadapted for life in 

the desert. 

Thus, there are two questions concerning the physiology of the 

Heteromyid rodents: (l) was this family preadapted for life in the 

desert?, and (2) what is their homeostatic range in relation to water 

metabolism? 

The subfamily Heteromyinae presently inhabits Central America 

and northern South America. The climate of this area varies depending 

upon the particular location, but there are areas which experience 

periods that are very dry. Also in relation to the former range of 

this subfamily, from the fossil record Wood (1935) states, "It is 

certainly suggestive that the fossils found in the most nearly trop¬ 

ical region and in the most forested and moistest environment, are 

more nearly related to Heteromys and Liomys than to any other living 

genera." From this it seems very unlikely that the Heteromyinae ever 

came into contact with the selection pressures, at least in the same 

type of macroenvironment, which were and are present in the deserts of 

western North America. If it can be shown that animals from this 

subfamily possess physiological adaptations similar to those sub¬ 

families which currently inhabit the deserts, then we have good evi¬ 

dence that the family Heteromyidae was preadapted for life in the 

desert. 

The subfamily Heteromyinae may also furnish information in re¬ 

lation to the second question posed, the homeostatic range of water 
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metabolism and temperature regulation of the Heteromyids. There are 

two ways in which this problem could be attacked, first, by studying 

several different species from different habitats and correlating their 

performance with their habitats. The second method would be to study 

a primitive form of the family, which is not very far removed from the 

stem line, and therefore, whose physiology would best reflect that 

which was present in the earliest Heteromyids. The subfamily Heter- 

omyinae fits these requirements. As Wood (1935) states, "As far as 

the sum total of known skeletal characters goes, LiOmys is probably the 

most primitive member of the family, with Heteromys second." This 

plus its past and present range, makes the subfamily Heteromyinae an 

excellent group to study in trying to answer the two questions prev¬ 

iously stated. 



Figure 1* Phylogenetic chart of the family Heteromyidae. Modified 

from Wood (1935 

5 



M
i
c
r
o
d
i
p
o
d
o
p
s
 

E
a
r
l
i
e
s
t
 
H
e
t
e
r
o
m
y
i
d
 



-fi¬ 

ll . Materials and methods 

A, Animals 

A total of 36 Liomys irroratus (25 females, 11 males) were used 

in this study. These animals were trapped near the Rio Grande River 

at Bentsen State Park, Texas. This is very close to the northern most 

range of this species as well as the northern most range of the entire 

subfamily (Wood, 1935)* The only available data on annual rainfall and 

temperature are those from Brownsville, Texas, which is about 50 miles 

from Bentsen and lies directly on the Gulf coast. Therefore, though 

not directly applicable to the exact area in which these animals were 

trapped it does give some idea as to the type of macroenvironment with 

which this species comes in contact. Table 1 gives some of the clima¬ 

tological data for this area for the year 1962. 

The animals were trapped in a wooded area which contained dense 

underbrush* The ground and vegetation was very dry as there had been 

no rain for about three months. This species seemed to be more prev¬ 

alent along the edges of roads and fields. 

Nine Liomys salvani (4 females, 5 males) were trapped and sent 

to us by Dr. L.G. Clark from the field laboratory of the University 

of Pennsylvania School of Veterinary Medicine in Managua, Nicaragua. 

This country covers the Central American isthmus between latitudes 

10° 45' N and 15° 15' H (Taylor, 1964). Taylor (o£. cit.) describes 
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the climate as one of ".... high temperatures and moderate to high 

rainfall, but with a very strong seasonal drought. The Atlantic region 

has a climate typical of the humid tropic lowlands but with a mean an¬ 

nual rainfall ranging from 2000 to 6000 mm. The Central Highland has 

a sub-tropical climate. In all regions the climate is dominated by 

moist air masses moved across the country by the north-east trades. 

The total rainfall and its seasonal distribution in any area is det¬ 

ermined largely by the effect of topography on these air masses al¬ 

though there is also moderate precipitation derived from air masses 

moving in from the Pacific Ocean.” 

The animals used in this study were trapped in an area classified 

as "dry tropical forest" with 1-2000 ram expected precipitation per 

year (Clark, 1963, personal communication). In relation to the temp¬ 

erature of this area Clark (op. cit.) states, "Our average temperature 

varies from 27° C in January to 28° C in April; mean maximum and min¬ 

imum air temperatures are; highest-April, 31° C; lowest-December, 

23° C." 

In captivity both Liomys irroratus and Liomys salvani were kept 

in metal cages (8" W x 8" H x 15" D) with one animal per cage. The 

cages had screen tops and backs which permitted adequate ventilation 

for the animals. The floor of the cages was covered with 1-2 inches 

of Sani-I-Sel and the animals were given wild bird seed or sunflower 

seeds (depending on the experiment). The animals were given water 

ad libitum from drinking tubes unless otherwise stated. In addition, 

the Liomys salvani were given lettuce until they learned to drink 
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from the drinking tubes. The temperature of the animal room remained 

between 23-25° C during the entire study. However, since the humidity 

could not easily he controlled, the relative humidity varied between 

13-98$» The effect of this variable is discussed in the next section. 

Also two Liomys irroratus and one Liotays salvani were kept in 

a 50 sallow terrarium in order to. simulate natural conditions as close¬ 

ly as possible. 



Table 1 

Selected climatic data for Brownsville, Texas. 

Prom U.S, Weather Bureau Climatological Data, 
National Summary 13 (12):40, 1962. 

Daily max. ave.- 28° C 

Daily min. ave,- 18^ C 
Annual ave.- 23° C 

High (Aug. 14)- 39° C 

Low.(Jan. 12)- 7° C 
Total ppt.- 37^ mm 

Days with 32° C and above- 126 

Days with 0° C and below- 2 
Days ppt. 0.23 mm or more- 67 
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B. Water requirements 

1, Weight changes 

The weight changes of a total of 12 Liomys irroratus (7 females, 

5 males) and 6 Liomys salvani (4 females, 2 males) were recorded dur¬ 

ing five sets of experimental conditions: l) water ad libitum, open 

cages (same as those described in previous section), wild bird seed 

diet, ambient temperature 23-25° C, 2) no water, open cages, wild 

bird seed diet, ambient temperature 23-24° C, 3) no water, animals in 

open cages, sunflower seed diet, ambient temperature 23-25° C, 4) no 

water, animals free to burrow in a terrarium, wild bird seed diet, 

ambient temperature 23-25° C, 5) no water, animals free to burrow in 

a terrarium, wild bird seed diet, ambient temperature 31° C. The 

following conditions were present in all the experiments: lighting- 

a natural day-night cycle was available to the animals at all times: 

weighing- all animals were weighed to the nearest tenth of a gram on 

a triple beam balance after their cheek pouches were emptied of all 

food; pre-experimental water regimen- all animals were given water 

ad libitum at least two weeks prior to all experiments, 

Since it was not possible to control the relative humidity, the 

effect of the varying relative humidity was evaluated by measuring 

the weight loss of the same group of Liomys irroratus during exper¬ 

iments 1, 2, and 3* Since the conditions for this group were the 

same (except for the relative humidity) during all of the experiments, 
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the differences in weight loss of this group are attributed to the 

changes in relative humidity which occurred during experiments 1, 

2, and 3* At the end of each experiment this "control" group was 

given water ad libitum to bring their weights back to normal before 

another experiment was started. 

The 50 gallon terrarium was filled with 150 pounds of commercial 

garden soil. The soil was packed tightly in order that it' would he 

firm enough for the animals to burrow. An excess amount of food was 

placed on the surface of the soil and the top of the terrarium was 

covered with wire screen. The terrarium was placed in a Hotpack cont¬ 

rolled temperature room for the 31° C experiment. Because of the 

difficulty of removing the animals from their burrows, the animals in 

the terrarium were weighed only at the beginning, middle, and end of 

the experiment. They were captured either by trapping or by opening 

the entrance to one of their burrows and blowing in air which then 

forced them out one of the other entrances. 

2. Water consumption 

The ad libitum water consumption for 10 (6 females, 4 males) 

Liomys irroratus and 5 (3 males, 2 males) Liomys salvani was measured 

over a period of at least 21 days. The animals were kept in open 

cages at an ambient temperature of 23-24° C and were fed a diet of 

wild bird seed. The water was given to the animals in 200 ml bottles 

with metal drinking tubes attached. All values were corrected for 

evaporation by measuring the water lost in a drinking bottle which 
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was set up exactly the same way as those available to the animals. 

The ad libitum water consumption for two Liomys irroratus (l female, 

1 male) in a terrarium was also measured. 

The minimum TO ter required for maintaince of body weight was 

determined on the same animals as in the first experiment above. 

This experiment was determined when the animals were approximately 

10$ below their maximum weight. This was done to assure that the 

animals were concentrating their urine at a maximum rate. A specif¬ 

ied portion of their body weight was measured in ml of water and placed 

in their drinking tubes. Their weight change was then measured after 

2k hours. If the animals lost weight, a slightly larger amount of 

water was given. This was continued until the animals maintained 

or gained weight. 

Another experiment was done to determine the initial water con¬ 

sumption for 2k hours after various levels of dehydration. The an¬ 

imals were dehydrated, and then ad libitum water was introduced into 

their cages. The initial amount of water consumed and the time spent 

in drinking was recorded. Also, the total consumption was measured 

for the following 2k hours. 

6 
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C. Water loss 

1. Urine concentration 

The urine concentration of 12 (7 females, 5 males) Liomys irr- 

oratus and 7 (4 females, 3 males) Liomys salvani was measured under 

different states of dehydration. The animals were kept oh a diet of 

sunflower seed in order to maintain the animals under a nitrogen load. 

The animals were given water ad libitum for at least two weeks and then 

all free water was removed from their diet. The urine concentration 

was then measured as the animals gradually lost weight. None of the 

animals were maintaining their weight on the air dry diet at the same 

time the urine concentrations were obtained. 

All urine samples were collected during the night while the an¬ 

imals were in cylindrical wire cages 4|- inches in diameter and 4 inches 

deep. These cages were made from £ inch mesh wire which was attached 

to a ring support. It was found that these nocturnal animals kept 

in these cages during the day did not micturate. The cages were con¬ 

nected to ring stands and suspended over watch glasses containing 

mineral oil. The cheek pouches were emptied of all food before the 

animals were placed in the cages. The urine was collected the next 

morning from under the mineral oil by using an eye dropper. Any sa¬ 

mples with which feces had come into contact were discarded. 

The total osmotically active urine concentration was measured 

using a Mecbrolab (Model 301A) vapor pressure osmometer. This instrument 



works on the principle that any solution will have a lower vapor pres¬ 

sure than the pure solvent. A drop of sample and a drop of solvent 

are suspended side by side on two thermistor probes in a closed cham¬ 

ber which is saturated with solvent. Because of the difference in 

vapor pressures between the two drops there will be a transfer of sol¬ 

vent to the sample drop. The transfer causes a temperature difference 

between the two drops (because of the heat of vaporization) which is 

registered as a change in potential across the thermistor probes. 

This is then nulled by a Wheatstone bridge whose resistance, values 

were previously calibrated against known concentrations of HaCl. 

It was noticed that as the dehydration of the animals progressed 

a white substance appeared in the urine in abundance. Experiments 

were undertaken to determine if this substance was uric acid and whe¬ 

ther the animals were possible switching from urea to uric acid in 

removing nitrogen wastes from the body as this would represent a large 

savings in water loss. Three Liomys irroratus (2 females, 1 male) 

were given water ad libitum and a sunflower seed diet for two weeks. 

The animals were placed in the urine collection cages with watch 

glasses underneath and the urine and feces was collected over night. 

All the urine was left to evaporate on the watch glasses and the 

residue was taken up with 10 ml of .111 NaOH. The uric acid was det¬ 

ermined using the Spinco Microanalysis procedure. The water was then 

removed from the animals diet and the uric acid excreted was measured 

every four days as the animals became dehydrated.* 
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2. Pulraocutaneous water loss 

The simultaneous oxygen consumption and pulraocutaneous water loss 

was measured at different ambient temperatures for 5 Liomys irroratus 

and 5 Liomys salvani. The oxygen consumption apparatus was the same 

as that described for the standard metabolism curve with the exception 

of the metabolism chamber and drying tubes. The one gallon metabolism 

chamber was fitted with a wire screen 3 inches from the bottom and 

the bottom, of the chamber was covered with a \ inch layer of mineral : 
< ' * . 

oil. This reduced the error due to evaporation, of water from any urine 

or feces. The outlet from the.metabolism chamber was connected to a 

U-tube filled with CaCl2 which absorbed any water vapor given off by 

the animal. The animals were placed at an ambient temperature with 

the outlet drying tube in place until there was stabilized oxygen con¬ 

sumption* The drying tubes were then removed and weighed to a tenth 

of a milligram on a Metier balance. After replacing the drying tube 

at the outlet of the metabolism chamber, the oxygen consumption was 

measured for at least one hour. At the end of this time the drying 

tube was again removed and weighed. With this data it was possible 

to calculate the mgm HgO/ccOg at different ambient temperatures. 
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D* Temperature regulation 

The ability to regulate body temperature was determined by meas¬ 

uring the body temperature of 4- Llomys irroratus (2 females, 2 males) 

and 3 Llomys salvani (2 females/ I male) at different ambient temp¬ 

eratures * = .Body temperature was measured by inserting a copper-con-: 

stantan rectal thermocouple to a depth of at least 2 cm. The thermo¬ 

couple was connected to a constant reading Leeds and Horthrup Speed- 

omax G recorder. The thermocouple was held in place on the animals 

by taping it to the base of the tail and then covering this with Tygon 

tubing. The animals were then placed in a one gallon metal container 

which contained 1 inch of Sani-I-Sel on the bottom. Mr; flow was : v 

maintained through the container at a rate of 300 cc/min by a compi» 

ressor and a needle valve in the line* The incoming air was run-through 

aiU-tube containing Silica-Gel to remove ali water vapor* The coht* 

ainer was then placed in a controlled temperature box which could be 

controlled between 0° C and 4o9. C* The temperature of the box ;and an¬ 

imal chamber was monitored by copper-constantan thermocouples which 

were connected to the same recorder as the body temperature. It was 

possible With this arrangement to control the ambient temperature of 

the animal to within 1 .5° C of the desired value. 

The experiments were started in the morning and run approximately 

10 hours* It was found by metabolism experiments which will be dis¬ 

cussed later that the animals were in a post-absorptive state when 

measurements were begun* The animals were first placed at a temper¬ 

ature of 10° C Or lower and left there for at least a5n hour. The 

■ > 



-17« 

temperature was then raised approximately 5° C which took approximately 

20 minutes. This was repeated throughout the day until a temperature 

of between 32-38° C was reached with the animals remaining at each am¬ 

bient temperature at least one hour except at those temperatures above 

34° C. 

One liomys irroratus and one Llomys salvani were placed at an 

ambient temperature of 36° C to determine whether they could prevent 

hyperthermia and if not, how long they could survive at this temper¬ 

ature. 

In addition the body temperatures of 2 Liomys Irroratus (2 females) 

and 1 Liomys salvani were measured for a period of 24 hours to det¬ 

ermine if there was a daily cycle to their body temperature. 
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E. Standard metabolism curve 

The oxygen consumption at different ambient temperatures was 

measured for 13 Liomys irroratus (8 females, 5 males) with an average 

weight of 46.6 gm (range 34.1-72.5) and 8 Liomys salvani (5 males, 

3 females) with an average weight of 44.2 gm (range 32.0-61.3)♦ The 

animals were fed a diet of wild bird seed which was available to them 

immediately preceeding all runs. Continous runs of 24 hours in the 

absence of any food or water were done to determine whether the an¬ 

imals were in a post-absorptive state by the time measurements were 

started. These continous measurements also made it possible to det¬ 

ermine if these animals possessed a daily cycle of metabolism and 

what metabolic phase they were in when the standard curve was being 

measured* The water regimen was varied in order to determine if there 

was any difference in the metabolism depending on the degree of hydra¬ 

tion. 

After weighing, the animals were placed in a one gallon met¬ 

abolism chamber which was fitted with an air inlet and outlet and 

a thermocouple access. The bottom of the can was covered with a H 

inch layer of Sani-I-Sel. The chamber was placed in a refrigerated 

temperature box fitted with a Yellow Springs Thermistemp Controller 

unit. A heat lamp was also connected to the controller unit through 

a rheostat. The lamp was directed away from the can to prevent dir¬ 

ect heating. With this arrangement the ambient temperature of the 

animal could be controlled within I 0.5° C, 
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Air dried through Silica-Gel was introduced into the metabolism 

chamber at a constant rate of 300 cc/rain. The outlet from the chamber 

was attached to a Beckman G2 paramagnetic oxygen analyzer connected 

to a Brown recording potentiometer. All measurements, were corrected 

to standard temperature and pressure, 

To differentiate between metabolism caused by activity of the 

animal and the metabolism of the resting animal the chamber was placed 

on a sponge rubber pad and a sensitive myograph connected to the top 

of the chamber. The myograph was connected to a preamplifier and 

recording pen. With this it was possible to detect any movement of the 

animal. By correlating the oxygen consumption with activity on sev¬ 

eral different runs its was possible to determine whether any observed 

fluctuations in the metabolism were due to activity of the animal. 

All runs except the 2k hour continous runs were done during a 

10-12 hour period during the day. The animals were first placed at an 

ambient temperature of 10° C which was increased in approximately 5° C 

increments (about every 2 hours) to a temperature of 32-35° C. Above 

this temperature the animals became extremely active and it was im¬ 

possible to obtain an accurate resting metabolism of the animal. 
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. F. Heart rate and respiration 

The heart and respiration rate was measured at different ambient 

temperatures for 4 Liomys irroratus (2 females, 2 males) and k Liomys 

salvani (2 females, 2 males). The temperature box and animal chamber 

were the same as those used in the metabolism experiments. In addition 

flexible earphone wire was introduced into the chamber through the 

thermocouple inlet and attached to wound clips on the animal. The 

wound clips were placed in the skin of the animal at the lateral sides 

of the thoracic cavity. These wires were attached to an impedance 

pneumograph (E & M, Houston, Texas) which was coupled to an EKG 

preamplifier* These units were connected to amplifiers and record¬ 

ing pens of a Physiograph (E & M, Houston, Texas). 

The animals were subjected to the same temperature regimen as those 

in the metabolism experiments with the animals remaining at a part¬ 

icular temperature for at least one hour before measurements were 

taken* 
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III. Results 

A. Water requirements 

1. Weight changes 

After the animals learned to use the drinking tubes, both Liomys 

irroratus and Liomys salvani maintained body weight or gained weight 

on water ad libitum, Liomys irroratus learned to drink water from the 

drinking tubes almost immediately, whereas, Liomys salvani required 

several weeks before they used the drinking tubes regularly. 

The weight changes of all animals on an air dry diet (experim¬ 

ents 2,3,h, and 5) are shown in Figure 2, When drinking water was 

removed from the animals they all lost weight at approximately the same 

rate for the first 7 days, Adter 7 days differences in weight loss 

between species and dietary regimens became apparent. All animals on 

a sunflower seed diet (dashed lines) lost weight at a faster rate than 

did the animals on a bird seed diet. Regardless of the diet, Liomys 

salvani exhibited less weight loss than did Liomys irroratus, One 

group of 3 Liomys salvani feeding on wild bird seed were able to main¬ 

tain their body weight after an initial weight loss. 

The effect of the uncontrolled relative humidity is shown by the 

shaded area. Although some variation is noted, it is not as great as 

that seen between the different dietary regimens or between the two 

species on a bird seed diet. 
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Liomys irroratus allowed to burrow in a terrarium with an ambient 

temperature of 23-25° C lost 5-10$ of their body weight the first 12 

days but then maintained their body weight at this level for 63 days. 

One Liomys irroratus in the terrarium at an ambient temperature of 31° C- 

maintained weight and even gained slightly after a period of 35 days. 

One Liomys salvani at an ambient temperature of 23-25° C also maintained 

its original weight in the terrarium for a period of 40 days. 

In addition to measuring the weight changes of the animals allowed 

to burrow in the terrarium, the length of the burrows and the temperature 

and relative humidity inside them was also measured. The burrows were 

extensive and had 3 or h openings which were kept closed when the burrows 

were occupied. When the animals were first introduced into the terrarium, 

they dug burrows to a depth of approximately 15 cm. After about a month, 

the passages were further excavated and finally reached the maximum depth 

of the soil which was 30 cm. A male and female Liomys irroratus put in 

the terrarium together maintained completely separate burrows. One Liomys 

irroratus burrowed directly against the glass side of the terrarium and 

placed its nest in full view. It was then possible to introduce a glass 

tube into the top of the animal’s chamber and measure the temperature and 

relative humidity. The results of two such measurements are shown in 

Table 2 



■ Figure 2 

Weight changes of animals on an air dry diet. The closed circles re¬ 

present Llomys salvani and closed triangles Liomys irroratus. The shaded 

area represents the range of weight changes of the same group of Liomys 

irroratus which were run simultaneously with the other groups to eval¬ 

uate the effects of the changing relative humidity between one experim¬ 

ent and another. The dashed line represents animals which were on a 

sunflower seed diet and the solid line animals on a wild bird seed diet. 
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Table 2 

Temperature and relative humidity measurements in the 

burrow of one Liomys irroratus while in a terrarium 

Room temp. Room rel. hum. Burrow temp. 

25° C 58 # 27.50 C 
24° C 64 <ft 28.0® c 

Burrow rel, hum. 

93 % 1 

97 t 

4 
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2. Water consumption 

The mead ad libitum water consumption (Table 3) of Liomya irroratus 

is slightly greater than Liomys salvani. However, when 2 Liomys irr¬ 

oratus were allowed to burrow in a terrarium their ad libitum water 

consumption for the first 8 days was the same as that of Liomys sal¬ 

vani in open cages. In the remaining 46 days the ad libitum water 

consumption fell to approximately half of the initial rate. 

The minimum water requirements for maintained of body weight 

are shown in Figure 3* Liomys salvani needs less water to maintain 

its body weight than does Liomys irroratus with both species able to 

maintain their body weight at a water ration of about 1*25$. of their 

body weight per day, ' , 

There was no direct relationship between the water consumption 

for 24 hours and the degree of dehydration of the animal. At weight 

losses of 15-40$ the animals randomly consumed between 1.5 and 7$ of 

their body weight per day* The initial rate of this consumption is 

shown in Table 4. 



Figure 3 

Relationship between daily water ration and weight 

change for 10 Liomya irroratus (closed triangles) 

and 5 Liomya salvani (closed circles). 
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Table 3 

The ad libitum water consumption of Liomys irroratus 

and Liomys salvani in open cages or burrows. Values 

are expressed in percent body weigbt/day. 

Species Conditions N Mean Range 

L. irroratus open cages 
21 days 

10 7.54 3.9-14.8 

L. salvani open cages 
23 days 

5 5.47 3.5-10.7 

L. irroratus terrarium 
days 1-8 

2 5.5 4.6-6.4 

L. irroratus terrarium 2 2.9 2.3-3.6 
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Table 4 

The initial rate of water consumption for Liomys 

irroratus after various levels of dehydration 

Body weight j> max. cc ccBgO/. $ body weight/ 
in grams weight HoO Min. min. min. 

41.8 80,6 1.6 1.71 .93 2.3 
39.8 78.0 1.0 1.08 .92 2.2 
40.1 71.4 2.7 5.00 ; .54 1.3 
49.3 83.4 1.2 1.70 .70 1.4 
59.8 85.I 1.0 1.56 .65 1.0 

47.3 73.4 0.9 1.43 .62 1.3 
41.5 83.O 1.6 2.08 .76 1.8 
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B, Water loss 

1. Urine concentration 

The ability of Liomys irroratus and Liomys salvani to Concentrate 

their urine is shewn in Figures If and 5* Both species exhibited two 

levels of’ urine concentration. The Urine concentrations of animals 

deprived of water ad libitum remained at the same level as when they were 

on water libitum. Then after a 5$ weight loss in Liomys salvani and 

a 10$ weight loss in Liomys irroratus both species reached higher levels 

of concentration which did not vary appreciably even when the animals 

lost 20-30$ of their original weight. The values at each level of 

concentration varied considerably for both species. Three Liomys 

salvani showed-a much lower urine concentration when their water ad 

libitum diet was supplemented with fresh lettuce. The means and 

standard error of the mean for the different levels of urine concentration 

are shown in Table 5* Since there is no overlap of twice the standard 

error in either the early or late stages of dehydration, it is apparent 

that Liomys salvani is more effective in its capacity to concentrate 

urine than Liomys irroratus. 

The level of uric acid excretion/Kgm body weight/day did not 

change significantly under different degrees of dehydration. The 

mean value when the animals were 100-85$ of original weight was 3*1 

mg uric acid/Kgm body weight/day while when the animals were between 
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70-85$ of original weight the mean value was 3.3 mS uric acid/Kgra body 

weight/day. 

2. Pulmocutaneous water loss 

The relationship between pulmocutaneous water loss and ambient 

temperature (Figures 6 and 7) is described by the equation Y “ (.318) 

(1.04) for Liomys irroratus and Ys (,223)(l.05) for Liomys salvani. 

In general the pulmocutaneous water loss of Liomys salvani is less 

than that of Liomys irroratus as can be seen by the Y intercepts of 

the lines which themselves have similar slopes.. 



Figure 4 

Urine concentration for 12 Momys irroratus 

at different levels of dehydration. 

Figure 5 

Urine concentration for 7 Idoroya salvani at 

different levels of dehydration. The lower 

three values at 100$ initial weight represent 

animals whose diet had been supplemented with 

fresh lettuce. 
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Figure 6 

The relationship of pulmocutaneous water loss 

per ccOg consumed to ambient temperature for 5 

Liomys irroratus. The line is represented by 

the equation Y s 

Figure 7 

The relationship of pulmocutaneous water loss 

per ccOj consumed to ambient temperature for 5 

Liomys salvani. The line is represented by the 

equation Y = (.223)(1.05)X. 
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Table 5 

Summary of urine concentration values from Figures 4 and 5 

Species 
$ initial 
weight N 

Mean 
milliosmols 

2 x 
Sff Range 

L, irroratus 100-90 23 1752 187 950-2640 
L. salvani 100-95 12 2514 163 2050-2960 
L, irroratus 90-62 27 3580 185 2630-4280 
L. salvani 95-76 21 4000 192 3250-4720 
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D. Temperature regulation 

Both Liomys irroratus and Liomys salvani maintain a relatively 

constant body temperature at ambient temperatures between JL2 and 3^° 

C (Figure 8). Liomys irroratus becomes slightly hypothermic below 

12° C and hyperthermic above 32° C. Neither Liomys salvani nor Liomys 

irroratus were able to withstand prolonged exposure to an ambient 

temperature of 36° C, though one Liomys salvani survived nearly three 

times as long as did one Liomys irroratus at 36° C (Figure 9)» 

Under laboratory conditions the body temperature could vary a 

degree within 10 minutes at any ambient temperature but these vari¬ 

ations were sporadic and were not correlated with any particular time 

of day* 



Figure 8 

The relationsMp between body temperature and 

ambient temperature# The closed triangles 

represent Liomys irroratus (N P h) and the 

closed circles Liomys salvani (N a 3)» 

Figure 9 

The response of body temperature of one Liomys 1 ■ >' 

irroratus (closed triangles) and one Liomys 

salvani (closed circles) at an ambient temperature 

of 36° C. The arrows indicate the point of death# 

■35- 



B
O

D
Y
 

T
E

M
P

E
R

A
T

U
R

E
 



E. Metabolism 
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Both Liomys irroratus and Liomys salvani exhibit higher levels 

of metabolism at night than during the day (Figure 10). 

If the diurnal metabolism is plotted against ambient temperature 

(Figures 11 and 12) a straight line fitted by the least square method 

Connects all points at ambient temperatures below 31° C for Liomys 

salvani and Liomys irroratus. 

The metabolism curve measured for one Liomys irroratus is denoted 

by closed rectangles in Figure 11 and serves as a representative for 

all the individual curves obtained for both Liomys irroratus and Liomys 

salvani. The data used in these curves is summarized in Tables 6 and 7* 

Figures 11 and 12 represent the total points measured for each species 

with the average line of all the curves drawn in. The curve for Liomys 

irroratus is described by the equation Y * (-0,176)(X) / 6.4 and 

Y a (-0.186)(x) / 6.7 for Liomys salvani. 

Above an ambient temperature Of 31° C both species exhibit a 

minimal metabolism until the ambient temperature reaches 34° C. The 

zone between 31° and 34° C is the zone of basal metabolism for both 

species. At ambient temperatures above the zone of basal metabolism 

the animals increased their metabolism with much of the increase due 

to an elevated level of activity. 

Using Student's t test there was no statistically significant 

differences (probability less than 0.5) between the two specieq 

in the slope of the oxygen consumption line. At ambient temperatures 
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between 10 and 31° C the values of metabolism also coincided due to 

the fact that the metabolism curves had similar intercepts. 



Figure 10 

The daily cycle of metabolism of 2 Liomys irroratus 

(closed triangles and squares) and 1 Liomys salvani 

(closed circles)* Dotted lines represent the begins 

hing and end of runs. 

38- 



TIME 



Figure 11 

The standard metabolism of 13 Liomys Irroratus 

at different ambient temperatures. The slope 

of the line below 31° C is the average of all 

slopes which were fit for each animal separately 

by leaBt squares. It is represented by the eq¬ 

uation Y « (-0.176)(X) / 6.4. The value for the 

line between 31 and 34° C is the average of all 

points in that range. The points represented 

by closed squares are those values for a single 

individual during a single run. 

Figure 12 

The standard metabolism of 8 Liomys selvani at 

different ambient temperatures. The slope of 

the line below 31° C is the average of all slopes 

which were fit for each animal separately by 

least squares. It is represented by the equation 

Y = (-O.I86 )(X) / 6.7. The value for the line 

between 31 and 34° C is the average of all points 

in that range. 
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Table 6 

Summary of the values obtained from the standard metabolism curves 

of Liomys salvani (Figure 12). The weight is expressed in grams 

and the slope in cc0g/gra/hr/°C. The calculated basal rate was 

obtained from the equation M.R. s 3»8(body weight)"0,2^ and is 

expressed in ccOg/gra/hr as is the actual basal rate. 

# orig. • . V. 

Weight weight Slope 

32.0 61.3 .212 
56.8 99.0 .171 
40.5 100.0 .197 
40.7 100.0 .212 
39.2 100.0 .190 
61.3 93.0 .135 
39.0 99*0 .192 
40.7 72*9 *185 

2 .186 
S.D. .025 

Calc. Actual $ red. 
B.R. B.R. in B.R. 

1.49 1.11 25.5 
1.28 .90 29.6 
1.40 1.14 18.5 
1.40 .93 33.5 
1.41 1.04 26.2 
1.25 1.09 12*8 
1.41 1.19 15.6 
1*40 1.18 15.7 

I.38 I.07 
.078 .11 

22.1 
7-53 
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Table 7 

Summary of the values obtained from the standard metabolism curves 

of Liomys irroratus (Figure 11). The weight is expressed in grams 

and the slope in ccOg/gra/hr/°C. The calculated basal rate was ob¬ 

tained from the equation M.R. = 3.8(body weight)"®*^ and is ex¬ 

pressed in ccp2/gm/hr as is the actual basal rate. 

Calc. Actual S& red. 
Weight # orig. Slope B.R. B.R. in B.R, 

49.6 94.2 .165 1.32 ■ 1.15 12.8 
49.1 100.0 .185 1.33 1.32 0.0 
41.2 93.6 .183 1.39 1.12 19,4 
49.2 100.0 .158 1.33 1.04 21.8 
49.9 95.7 .175 1.32 1.13 14.3 
61.0 100.0 .170 1.25 1.02 18.4 
72.5 100.0 .163 1.20 i.10 8.3 
43.2 100.0 .167 1.38 '1.28 7.2 
41.6 97.6 .160 1.36 1.01 25.7 
39.8 79.6 .184 1.40 1.18 . 16.3 
38.7 75.8 .215 1.4l 1.14 19.1 
41.4 83.6 .161 1.39 . 1.05 24.4 
41.8 70.7 .214 1.39 1.12 19.4 

x .176 1.34 1.12 15.9 
S.D. .019 .062 .09 7.3 
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F. Heart rate and respiration 

Heart rate in relationship to ambient temperature is shown in 

Figure 13. Each point represents the average rate of three five 

second intervals for each animal at that particular ambient temp¬ 

erature. 

The respiration rate for both species at different ambient temp¬ 

eratures is shown in Figure 14. 



Figure 13 

The relationship between heart rate and ambient 

temperature for 4- Liomys irroratus (closed tri¬ 

angles) and 4 Liomys salvani (closed circles),, 

Figure l4 

The relationship between respiration and ambient 

temperature for 4 Liomys irroratus (closed tri¬ 

angles) and 4 Liomys salvani (closed circles). 
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IV. Discussion 

A. Water requirements 

1. Weight changes 

The weight changes of animals with unlimited food and various 

water regimens offer a method hy which the overall water economy of 

an animal can "be evaluated. If an animal loses weight in the absence 

of water but continues to feed ad libitum, it is in a negative water 

balance. . 

An animal has three possible ways in which it can add water to 

its body fluids: l) free water which the animal either drinks or finds 

in succulent vegetation, 2) bound water Which is present in its food, 

and 3) 'rater of metabolism formed by the oxidation of organic molec¬ 

ules. 

The possible pathways for water loss in an animal are through 

its feces, urine, and cutaneous and pulmonary surfaces. If an animal 

is found living and surviving in a xeric environment, it may be ex¬ 

pected to possess physiological adaptations which would minimize 'rater 

loss through one or all of the above pathways. As mentioned previ¬ 

ously, physiological adaptations found in the Heteromyid rodents 

inhabiting xeric environments involve a reduction in water loss through 

the above pathways to such a point that some of them are able to 

survive on their water of metabolism and the small amount of bound 



water found in air dry seeds. 

Weight changes under controlled conditions serve as a useful index 

to compare water metabolism of the primitive Heteromyids with the data 

in the literature on desert Heteromyids* 

Liomys salvani was able to maintain weight xihen kept in open 

cages only if fed a low protein diet. The wild bird seed had a pro¬ 

tein content of 12$ crude protein ($ of total weight) whereas sun¬ 

flower seeds (without the hulls which the animals did not eat) pro¬ 

bably had a protein content of 27.7$ (Crocker, 1953). The higher 

protein diet increased the amount of urea to be excreted from the body 

and therefore, increased the amount of water required for this elim¬ 

ination. Liomys irroratus were unable to maintain weight on any diet 

when kept in open cages without free water. 

The effect of the variation in humidity is shown by the variation 

in weight loss in a single group of Liomys irroratus measured at dif¬ 

ferent times. The variation in this group is less than the differences 

seen between the two dietary regimens, Since the weight changes of this 

group of Liomys Irroratus were measured at the same time and with the 

same diet as the Liomys salvani Just able to maintain weight, it is 

concluded that Liomys salvani has more efficient water conservation 

than Liomys irroratus. Even on a higher protein diet Liomys salvani 

was better able to control weight loss than Liomys irroratus the 

difference though both groups were in negative water balance. 

These data agree with those previously reported for the Heterorayid 

rodents. There are differences between species of the genus Dipodomys 



-46- 

in their ability to conserve water (Carpenter, 1963). Bailey (1923) 

found that both Perognathus flavescens and Dipodomys spectabilis be¬ 

came unhealthy and died if kept exclusively on a dry seed diet. How¬ 

ever, Schmidt-Nielsen (1948b) observing Dinodomys merriami. Dinodomys 

spectabilis. and Perognathus baileyi. Bartholomew and MacMillen (1961) 

observing Microdipodopa pallidus. and Huey (1957) observing Perognathus 

parvus found these animals to survive in a healthy state on an air dry 

diet* These animals all survived considerable lengths of time but 

probably the longest survival time was that recorded by Huey (ibid.) 

whose Perognathus lived 8 years and 4 months without any free water. 

The differences noted above probably represent a combination of differ¬ 

ent dietary regimens, different humidities , and differences in spec¬ 

ific ability to conserve water. 

There is little difference in the weight loss between Liomys 

salvani and Liomys irroratus for the first seven days. After this time, 

the difference in ability to conserve water becomes more apparent. 

The same phenomena of an initial negative water balance was also ob¬ 

served by the Schmidt-Nielsens (1948b) while working with two species 

of Dipodomys. These animals lost weight at first and then gained it 

back indicating that they became more efficient in their water con¬ 

servation after an initial period of negative water balance. 

Under the more natural conditions of access to closed burrows, 

both species of Liomys were able to maintain their weight as illustr¬ 

ated by the one Liomys irroratus which did not lose weight at 31° C 

for a period of 35 days. The importance of high humidity present in 



the burrows to the -water economy of desert rodents was pointed out 

by the Scbraidt-Melsens (l950a)» Although they observed a variation 

in the water content of the burrows depending on the amount of air 

circulation through them, they found the amount of water vapor in the 

burrows to be from 2 to 5 times as great as in the outside air. The 

measurements done in this study also showed a'much greater water vapor 

content of the burrows than the outside air. The fact that these 

burrows were closed undoubtedly caused these high values and was an 

important factor in the ability of both species of Liomys to maintain 

weight on an air dry diet. 

2, Water consumption 

The mean ad libitum water consumption for both species is con¬ 

siderably lower than that predicted from the equation I 8 0.24gm"®*^ 

(modified from Adolph, 1949, by Hudson, 1962). The units of I are 

ccHgO/gm/day. On the basis of mean body weights the predicted values 

are 14,9$ body weight/day for Liomys irroratus and 14,8$ body weight/ 

cay for Liomys salvani. However, the range of values shows that there 

were animals in the sample that did approach these values. The values 

measured for other Heteromyids are shown in Table 8. 

The 62$ reduction of water consumption after 8 days in the ter¬ 

rarium points to the importance of burrowing habits with its concom¬ 

itant increase in humidity in relation to the water metabolism of these 

animals under natural conditions, Liomys irroratus obviously consumes 
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more water than needed to maintain its weight under these conditions, 

since it can survive without water under these same conditions. 

The Liomys salvani were able to maintain a positive water bal¬ 

ance on a water regimen that was hot sufficient for Liomys irroratus. 

However, the fact that both species were able to maintain their weight 

with a water ration of 1.25$ of their body weight shows that they do 

have an efficient water conservation. One species of Dipodomys, D. 

agills requires 1-2$ of its body weight daily in the form of free 

water to maintain its body weight (Carpenter, 1963). 

The smaller minimum water requirements for weight maintaince 

of Liomys salvani indicates that this tropical species is better ad¬ 

apted for xeric conditions than is the subtropical population of Liomys 

irroratus used in this study. 



Table 8 

The actual and predicted water consumption for the Heteromyid rodents. 

The predicted values were obtained from the equation I (cc^O/gra/day) s 

0.24 (gms)**0,12 (modified from Adolph, 1949* by Hudson, 1962). 

Water consump. 
Species Mean B.W. 2 Meas. Pred. Ref. 

Dipodomys sp 106.0 gm ’ 5.5 13.6 Spector, 1956 
Dipodomys raerriami 33.9 10 15.6 15.2 MacMillen and 

Hudson, 1959 
Dipodomys agilis 51.9 10 12.1 14.9 MacMillen and 

Hudson, 1959 
Liomys irroratus 51.8 10 7.54 14.9 This study 
Liomys salvani 54.5 5 5.47 14.8 This study 



B, Water loss 

1. Urine concentration 

The sharp change in urine concentrating ability after liomys ■ 

irroratus hod lost 10$ of its body weight and Liomys salvani had 

lost 5$ of Its body weight roughly matches the change of slope of the 

weight loss curves shown in Figure 2. The lack of a precise match 

could be due to the fact that the animals might have been at slightly 

different levels of hydration before the experiments were started and 

,this would affect the point at which maximum urine concentration would 

occur. . 

The higher level of urine concentration for the Liomys salvani 

after ad libitum water than that observed for the Liomys irroratus 

is undoubtedly related to the fact that the Liomys salvani consume 

less than the Liomys irroratus. Thus, low urine concentration for 

the Liomys salvani is shown only when the animals diet is supplemented 

with succulent food an the water intake is thereby increased. 

The maximum urine concentrating ability is higher for Liomys 

salvani than for Liomys irroratus. This difference is statistically 

significant when the criterion of plus or minus twice the standard 

error of the mean is applied. (Dice Squares) 

The ability to concentrate urine is an important physiological 

adaptation for any animal living in a xeric environment. However, 

this adaptation is not found in all animals living in the desert as 



is shown by the fact that the wood rat Neotoma albigula cannot con¬ 

centrate its urine with respect to urea any more than the white rat 

(Schmidt-Wielsen* et.al.* 1948). Therefore this desert inhabiting 

rodent needs about twice as much water for excretion of urea. It 

is able to survive under desert conditions by utilization of succul¬ 

ent foods. 

The ability to produce a very concentrated urine has been found 

in the Heteromyids which inhabit the desert. Similarly the values 

for urine concentration of the two Heteromyids of this study fall 

within the range of values reported for the desert inhabitants . ; , 

(Table 9)* Man. and-, the-white rat are included for comparison. 

There is no significant change in the uric acid excreted 

per day during dehydration. Although some question may be raised 

as to the absolute accuracy of the method uric acid collection and. 

determination* it is still a good comparative tool to detect any 

shift from urea to uric acid excretion as an adaptation for reduced 

water loss. ' While simultaneously discharging nitrogen wastes had 

been the case* a considerably higher excretion rate of uric acid 

would have to be found to be of any value to the animal. 
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Table 9 

The urine concentrating ability of the Heteromyid rodents. The urea 

is expressed in moles/l and the electrolytes and normality. 

Species Urea 

D. merriami . 3*8 
D. merriami 3*8 
P. baileyi 
D. merriami 
D. agilis 
L. irroratus 
L. salvani 
Man 1.0 
White rat 2.5 

Electrolytes Osmols 

1.1 5.6 
1.5 
1.2 

3.98 
3.17 
3.58 
4.0 

.37 

.6 

Source 

Schmidt-Nielsen, 1948 
Schmidt-Nielsen, 1952 
Schmidt-Nielsen, 1948a 
Carpenter, 19&3 
Carpenter, 1963 

This study 
This study 
Schmidt-Nielsen, 1952 
Schmidt-Nielsen, 1952 
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2. Pulmocutaneous voter loss 

The typical logarithmic relationship between pulmocutaneous water 

loss and ambient temperature (Hudson, 1962; Carpenter, 1963) is found 

in both species of Liomys. There is a slight difference in the amount 

of water evaporated per ccOg consumed at different ambient temperatures 

for the two species of Liomys, At 28° C the value is 1.03 mgm E2O/CCO2 

for Liomys irroratus and .90 mgm H20/ccC£ for Liomys salvani. Carpenter 

(1963) measured balues of 0.8 and 1.2 mgm HgO/ceOtj at 28° for Dipodomys 

merriami and Dipodomys agilis respectively. The Schmidt-Nielsens (1950a) 

give values of 0.54 mgm HgO/ccO^ for Dipodomys merriami and 0.50 mgm H2O/ 

CCO2 for Perognathus baileyi at room temperature. However, the Schmidt- 

Nielsens used a different method water vapor determination and this 

could explain the differences between their values and the above values 

for the Heteromyids. The differences could not have been due to the 

relative humidity in the animal chambers as the calculated relative 

humidity in Schraidt-Nielsen’s animal chamber was 7.8$ (my calculation) 

and the animal chamber in this study had a relative humidity of 13$. 

These values were calculated by first finding the humidity mixing 

ratio which is usually defined as the gra HgO/kgm air. It was possible 

to determine this by calculating total air flow in a given length of 

time and also the total gm of water passed in the same length of time. 

After finding the humidity mixing ratio, it was possible to calculate 

the relative humidity by dividing this value by the gm of water in 

saturated air at 28° C. 
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C. Temperature regulation 

The inability to prevent hyperthermia at moderately high temp¬ 

eratures (35-40° C) is similar in all the Heteromyid rodents. The 

Schmidt-Nielsens (1948b) stated that temperatures above 35° C proved 

to be fatal for Dipodomys merriami, Dipodomys spectabilis, and Pero- 

grxathus baileyi. Dawson (1955) found hyperthermia in Dipodomys mer¬ 

riami and Dipodomys panaminitus at ambient temperatures around 34° C. 

He also found that two out of three individuals of Dipodomys pana¬ 

minitus subjected to an ambient temperature of 39° C died at body 

temperatures of 45.2° and 44.3° C after three hours. Bartholomew 

and MacMillen (1961) tested Microdipodops pallidus at ambient temp¬ 

eratures of 37•5-40.5° C. They found a conspicuous elevation of body 

temperature With a mean almost 2° C higher than that of animals at 

room temperature. Three out of seven animals died within a few hours 

at an ambient temperature of 39° Ci 

The inability of the Heteromyid rodents to prevent hyperthermia 

is not surprising since these animals are nocturnal and burrowing 

and therefore, escape the extreme heat of the macroenvironment in 

which some of them live. 

Both Liomys irroratus and Liomys salvani are able to keep their 

body temperature fairly constant between approximately 10 and 34° C. 

Below 10° C the body temperature of Liomys irroratus decreases from 

36-37° C to 35-36° C. One Liomys salvani allowed its body temperature 

to drop at an ambient temperature of 17° C but two other Liomys sal¬ 

vani did not show a decrease in body temperature until the ambient 
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temperature had declined to 10° C. Both species were unable to main¬ 

tain a constant body temperature above an ambient temperature of 34° C. 

Within an hour at temperatures above 34° C their body temperatures rose 

2-3° C* Although the maximum tolerated body temperature was not det¬ 

ermined, one Liomys irroratus survived a body temperature of 39*3° C 

and one Liomys salvani survived a body temperature of 40.0° Ci 

The one Liomys irroratus which was subjected to an ambient temp¬ 

erature of 36° C did not seem able to prevent, or at least did not 

try to, hyperthermia in any way as the body temperature rose rapidly 

to the point of death. The one Liomys salvani at this ambient temp¬ 

erature apparently allowed passive hyperthermia until the body temp¬ 

erature reached 40.0° C. At this body temperature the animal attempted 

to thermoregulate for about 30 minutes. The body temperature then rose 

sharply and death occured at a body temperature of 42.3° C. Thus, 

Liomys salvani is better adapted to a hot dry environment than Liomys 

irroratus. 
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D. Metabolism 

The fact that both Liomya irroratus and Liomys salvani show very 

little change (Figure 10) in their minimum metabolism after 2h hours 

in the absence of any food or water can probably be explained by the 

fact that the peak of their metabolism occurs approximately 6 hours 

prior to their removal from the food and water. Since the metabolism 

peak probably corresponds* to their period of maximum activity and 

feeding time, 6 hours must be a sufficient time for the animal to reach 

a post-absorptive state. 

The slope of the metabolism curves extrapolate very close to the 

body temperature of these animals as predicted by Newton's Law of 

Cooling (Scholander, et.al,, 1950)• The average slope for both species 

is very similar with a probability of difference of 0,3 (Student's t 

test). It follows that the insulation (l/slope) would also be similar 

for both species. These values for the average slope and insulation 

of the Heteromyids in this study agree with those reported by Dawson 

(1955) for the Heteromyids Dipodomys merriami (slope-,176 ccOg/gm/hr) 

and Dipodomys panamintinus (slope-.158 ce0o/gm/hr). 

The thermal neutral zone or zone of minimum metabolism for Liomys 

irroratus and Liomys salvani is very narrow and lies between the ambient 

temperatures of 31-3**° C. A very narrow thermal neutral zone has been 

found for other Heteromyid rodents. Dawson (1955) found the thermal 

neutral zone for the Heteromyids he examined to be 31 to 34° C for 

Dipodomys merriami and 33 to 34° C for Dipodomys panamintinus. Bartholomew 



-57- 

and MacMillen (1961) found that Microdipodops pallidus had no clearly 

defined thermal neutral zone but exhibited minimal metabolism around 

35° C. 

Both species in this study showed a statistically significant 

(P greater than 0.001) reduced basal rate with the average reduction 

15.9$ for Liomys irroratus and 22.1$ for Liomys salvani. A reduction 

in basal rate was reported by Dawson (1955) for the Heteromyids Dip- 

odomys merriami (1.2 ccQ2/gm/hr observed vs. 1.6 ccO^/gm/hr predicted) 

and Dipodomys panamintinus (1.2 ccOg/gm/hr observed vs. 1.3 ccC^/gm/hr 

predicted)* 

The performance of the two species in this study to ambient temp¬ 

eratures above the upper critical temperature was not exhaustively 

studied because of their limited availability whereas, it is necessary 

to produce death due to hyperthermia* All animals briefly subjected 

to ambient temperatures above 3^° C were restless and increased their 

metabolism* 
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E. Heart rate and respiration 

The Increase in metabolism in response to a lover ambient temp¬ 

erature subsequently makes demands on the circulatory and respiratory 

system to supply the tissues with more oxygen and to remove metabolic 

wastes. Although the measurements of heart rate and respiration by 

themselves do not add greatly to the overall picture of water met¬ 

abolism and temperature regulation of these two species, they help 

describe more completely the physiology of these animals. There is 

little data on the heart rate and respiration of the Heteromyid ro¬ 

dents in the literature. The only reference I am aware of is that 

On the respiration of Dipodomys (Howell and Gersh, 1935)* 
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V. Conclusion 

From data about the water metabolism and temperature regulative 

capacities of Liomys irroratus and Liomys salvani further insight into 

the, homeostatic capabilities of the Heteromyid family is gained* It . 

is necessary to know the fundamental physiological features of the en¬ 

tire family in order to evaluate the extent to which those represent¬ 

atives of the Heteromyid family living in the desert illustrate spec¬ 

ific adaptive features for coping with a limited availability of mois¬ 

ture and the demands of high ambient temperatures. 

Since Liomys irroratus and Liomys salvani represent that branch 

of the family which considered from the morphological viewpoint to be 

the most primitive group which have had a long evolutionary history 

in the tropical and subtropical environment, their ability to conserve 

water and cope with high ambient: temperatures may be considered the 

generalized feature of the family Heteromyidae. Both of these species 

show a striking similarity to the desert inhabiting Heteromyids in 

several respects. The similar characteristics found for the desert 

inhabiting Heteromyids and the Liomys in this study are; the ability 

to live without free water when in burrows, a comparable pulmocutaneous 

water loss, similar urine concentrating ability, and an almost ident¬ 

ical metabolic response to different ambient temperatures along with 

hyperthermia above 35° C. 

Although Liomys salvani appears to be better adapted for water 

conservation than does Liomys irroratus in all of the parameters 
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tneasured, both species were able to live withoug free water when allowed 

to burrow. This points to the possibility that this subfamily is not 

far from the water conserving abilities of the desert inhabiting Heter- 

omyids. Even though Dipodomys merriami appears more able to control 

weight loss under laboratory conditions, there are species of Dipodomys 

which require approximately the same daily water rations to maintain 

body weight as do the Liomys in this study. It .appears that it would 

not require a much more efficient water conservation for any of the 

Heteromyids to be able to survive under the same conditions that the 

most efficient water conseriving Heteromyids survive. The differences 

in water conserving ability present in the various present day Heter¬ 

omyids can be explained by the differential action of fairly recent 

selection pressures acting on a family of rodents which had an unusual 

water conservation from the beginning of their evolution. 

Since it is quite probable that the Heteromyids possessed an 

unusual water metabolism early in their evolution (Middle Oligocene), 

this family would then be preadapted to live in the deserts as these 

were formed in the Pliocene to Pleistocene. It is possible that the 

slight increase in water conservation shown in the desert inhabiting 

forms occured as an adaptive response at that same time the xeric 

conditions of the desert were becoming prominent or it is also possible 

that the Heteromyids inhabited the deserts after they were formed. 

In either event the homeostatic range of water metabolism in the family 

Heteromyidae is such that some forms were preadapted for their present 

niche in the deserts of southwestern North America. 
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