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VARIATIONS IN THE HEMOGLOBIN CONCENTRATIONS 
OF GREAT BASIN RODENTS 

ANTHONY K. LEE AND JAMES H. BROWN 

ABSTRACT.-The hemoglobin concentration of the blood of seven species of 
Great Basin rodents varies inversely with body weight. Field values are higher in 
winter than in summer; part of this difference may be attributed to the effects of 
different ambient temperatures. Changes in hemoglobin concentration can be 
accounted for by changes in the number of circulating erythrocytes. 

Several characteristics of the systems supplying oxygen to the tissues of 
mammals are correlated with metabolic rate. Among these is the position of the 

oxygen dissociation curve of hemoglobin (Schmidt-Nielsen and Larimer, 1958). 
The ability of the blood to meet the demands of tissue metabolism is also influ- 
enced by the hemoglobin concentration in the blood. We have attempted to 
define the relationships between the hemoglobin concentration and two factors 

influencing metabolism, body size and environmental temperature, in seven 

species of desert rodents. 
The rodent fauna of the Great Basin is well suited for this study; the fauna is 

diverse in species and exposed to an extreme climate. To test the effect of body 
size on hemoglobin concentrations, we have compared seven species of rodents 

ranging in size from 7 to 150 grams. To study the effects of environmental tem- 

perature, we have measured the hemoglobin concentrations in the same species 
during midwinter and midsummer, and in three of these species under several 

experimental treatments in the laboratory. 

MATERIALS AND METHODS 

Samples of the species Ammospermophilus leucurus, Dipodomys merriami, Dipodomys 
deserti, Microdipodops pallidus, Neotoma lepida, Peromyscus maniculatus, and Perognathus 
longimembris were collected approximately 13 mi. N Dyer, Fishlake Valley, Esmeralda Co., 
Nevada, at an elevation of approximately 5000 feet. The winter samples were collected on 
19 and 20 February and 9 and 10 March 1968, and the summer samples on 15 July and 10 
August 1968. 

Analytical techniques.-The animals were captured alive and samples of blood were taken 
on the morning following capture. The animals were anaesthetized with ether and weighed 
to the nearest 0.1 gram. Blood samples were drawn from the suborbital canthal sinus into 
heparinized microhematocrit tubes (capacity 75 microliters). A subsample of 25 microliters 
was removed for the measurement of hemoglobin concentration, and the remainder was 
centrifuged at 7500 revolutions per minute for 15 minutes and the hematocrit measured. The 

hemoglobin concentration was determined by the cyanmethemoglobin method as follows: 
the 25-microliter subsample of whole blood was fixed in 5 milliliters of Drabkins solution, 
centrifuged for 15 minutes at 7500 revolutions per minute, and the absorbtance read at 540 
millimicrons on a Coleman Spectrophotometer. Standard hemoglobin (Hemotrol) solutions 
in Drabkins were used to relate absorbtance to concentration. Hematocrits were measured on 

freshly drawn blood samples in the field. Measurements of hemoglobin concentration were 
made on samples fixed in Drabkins solution in the field, chilled and returned to the laboratory 
for measurement. 

669 



JOURNAL OF MAMMALOGY 

E 
0 co 
E 
0 a 

D~I 
- n 

'- 1 16 

5 

16 I 1 

14 

U3 
c' 

E 
n.i 

VI 

11 

E co 
a) 
._ 

d1 

13 

18 

10 

I I I I 

7 10 20 30 40 
BODY WEIGHT (g) 

70 100 200 

FIG. 1.-The relationship between the hemoglobin concentration and body weight, ex- 
pressed as logarithms, of samples of seven species of rodents. Cross hatched rectangles 
represent summer samples, open rectangles winter samples. Vertical lines represent the 
ranges, horizontal lines indicate the mean values, and the rectangles denote the intervals 
mean + t X SE and mean - t X sE. The sample sizes are given below each sample. 

Experimental treatments.-Samples of the species D. merriami, M. pallidus, and P. longi- 
membris were brought into the laboratory (elevation 300 feet) and maintained under the 
following controlled conditions: 

1. Samples of D. merriami and P. longimembris captured on 19 February 1968 were 
maintained in the laboratory at an ambient temperature of 22?C on lettuce and mixed bird 
seed for 60 days. 

2. The sample of D. merriami was then kept at 4?C on the same diet for 40 days, and the 
sample of P. longimembris, kept at 8?C on the same diet for 57 days. 

3. The sample of P. longimembris was then deprived of lettuce and held for another 42 
days at 8?C on a diet of mixed bird seed (water content 5.2 per cent). 

4. Samples of M. pallidus and P. longimembris previously maintained in the laboratory at 
8?C for periods in excess of 60 days, were given restricted quantities of food sufficient to 
induce daily torpor. The animals were kept on this regime for 15 days. 
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FIG. 2.-Changes in hemoglobin concentration in response to various experimental treat- 
ments in two species of rodents. For explanation see legend to Fig. 1. 

For all treatments the daily photoperiod varied between 11 and 12 hours. The animals 
were weighed at the conclusion of each treatment, and blood samples were taken for 
measurements of hemoglobin concentration and hematocrit. 

RESULTS 

There is a significant inverse relationshipi between the logarithms of mean 

hemoglobin concentration and mean body weight for the summer (r = -0.89) 
and winter (r = -0.78) samples of the seven species (Fig. 1). The equations 
log H = 1.336 - 0.096 log W and log H = 1.327 - 0.055 log W describe these 

relationships for the summer and winter samples respectively, where H is the 

hemoglobin concentration in grams per cent and W the weight in grams. No 

significant correlation between hemoglobin concentration and body weight was 
found within species. For most species the hemoglobin concentration of the 

blood in summer was significantly lower than in winter. 

Samples of D. merriami and P. longimembris captured in winter and kept at 
220C for 60 days showed mean hemoglobin concentrations significantly below 
the mean values for the samples collected in the field in winter (P < 0.01) and 

in summer (P < 0.02, Fig. 2). The rise in the hemoglobin concentrations of 
these rodents after a period of exposure to ambient temperatures of 4?C (D. 
merriami) and 8?C (P. longimembris) was not significant. The sample of P. 
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TABLE 1.-Mean corpuscular hemoglobin concentration (mean hemoglobin concentration per 
mean hematocrit) of seven species of rodents under natural and a variety of experimental 

conditions. 

Laboratory 

4 or 8?C 
Field Aroused 

With Deprived from 
Species Winter Summer 22 C water water torpor 

P. longimembris 32.1 31.6 31.0 31.4 30.7 30.7 
M. pallidus 32.3 31.5 - - - 29.4 
P. maniculatus 32.5 31.8 - - - 
D. merriami 32.8 32.3 31.3 31.7 - - 
A. leucurus 29.2 31.3 - 
D. deserti 33.5 - 
N. lepida 30.6 31.7 

longimembris, deprived of lettuce as a source of water, showed no change in 

hemoglobin concentration. 

Samples of P. longimembris and M. pallidus became torpid daily for regular 
periods when maintained on a daily ration of 0.5 grams of mixed bird seed and 
held at an ambient temperature of 8?C. The hemoglobin concentrations of 
these mice when aroused did not differ from those of animals of the same 
species on an ad libitum diet of bird seed at the same ambient temperature. 

Hematocrits were influenced by body size, season and experimental treat- 
ment in the same manner as the hemoglobin concentrations. As a result, the 
mean corpuscular hemoglobin content was similar for all species and did not 

vary seasonally within species or in response to any of our experimental treat- 
ments (Table 1). 

DISCUSSION 

Since the mean corpuscular hemoglobin concentration varies little within and 
between species, changes in the hemoglobin concentration in the blood of these 
rodents are achieved principally by varying the number of circulating erythro- 
cytes. Our data suggest that two factors, body size and environmental tempera- 
ture, have an important influence on the hemoglobin concentrations of the 
Fishlake Valley rodent fauna. Both of these factors affect metabolic rate, and 
the variations in hemoglobin concentration may be interpreted as adjustments 
to supply the oxygen demands of tissue metabolism. 

In mammals, the basal metabolic rate is inversely related to body size by the 

equation M = 3.8 W-0.27, where M is metabolism in cubic centimeters per gram 
per hour and W is body weight in grams (Morrison et al., 1959). It appears 
that both the higher hemoglobin concentration (this study) and the higher 
unloading tension of the hemoglobin (Schmidt-Nielsen and Larimer, 1958) of 
extremely small mammals are adaptations for sustaining their higher metabolic 
rates. Sealander (1964) has also noted an inverse correlation between hemo- 
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globin concentration and body size in a diverse assemblage of mammals from 
a variety of habitats. Our sample was derived from the same habitat and the 

species presumably experienced similar environmental conditions. It is not 

surprising that, in spite of the smaller sample size, we obtained a better correla- 
tion than Sealander (op. cit.). Sampling from a wide range of habitats with 

respect to such variables as altitude and ambient temperature may obscure 

relationships owing to body size. This may account for the failure of Burke 

(1953) and Larimer (1959) to obtain a relationship between the oxygen 
capacity of blood and body size in mammals. 

Variation in environmental temperature seems the most likely explanation for 
the seasonal variations in hemoglobin concentration observed in most species. 
The extremely cold winters in the Great Basin must require great metabolic 

expenditure simply to maintain homeothermy. In midwinter in Fishlake Valley, 
deep soil temperatures (which probably approximate the temperatures in 
rodent burrows) are 0?C or below and at night air temperatures regularly fall 
below -10?C and radient heat loss is severe (Brown and Bartholomew, 1969). 
These temperatures are well below the zone of thermoneutrality of such small 
mammals. 

Our laboratory studies do not completely support the hypothesis that the 
observed variations in hemoglobin concentration were induced by changes in 
environmental temperature. Hemoglobin concentrations decreased when win- 
ter caught animals were held in a warm laboratory, but did not increase signifi- 
cantly when these animals were again exposed to cold temperatures. The 
failure of the hemoglobin concentrations of the laboratory animals to respond 
quantitatively as those of animals in the field was probably for the following 
reasons: (1) the cold stress to which animals were exposed in the laboratory 
was not as severe as that experienced by animals in the field; (2) the activity of 

laboratory-held animals may have been restricted by caging in that in the field 
the effects of low temperature on hemoglobin concentration may be owing to 
the simultaneous metabolic demands for activity and thermoregulation; and 

(3) animals were kept in well ventilated cages in the laboratory. As all of these 
animals are to some degree fossorial, they may face atmospheres in which the 
concentration of oxygen is relatively low and the concentration of carbon 
dioxide relatively high. Kennerly (1964), McNab (1966) and Hayward (1966) 
have shown that the concentration of oxygen in the atmosphere of occupied 
mammal burrows is less than in the air outside. The hypoxic conditions may 
increase in winter when the metabolism of the animals increases in response to 

cold stress, and so increase the demand for a more efficient oxygen transport 
system. Neither reduction of water ration nor periodic torpor significantly 
affected the hemoglobin concentration in our animals in the laboratory. 
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