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Abstract-An examination of the annual changes in brown fat deposits of Pip&r&s hesperus and 
Myotis cafifornicus reveals: 

1. P. hesperus reaches peak brown fat levels in January and February, declining rapidly through 
March and April, then increases gradually through the remainder of the year. 

2. M. californicus, on the other hand, maintains peak levels of brown fat from December through 
February, decreasing gradually through August, then increasing rapidly in the fall. 

3. The major brown fat deposits for both species are interscapular, jugular, squamooccipitocervical 
and carotid bodies. 

4. The interscapular deposit (which accounts for 50-70% of all brown fat) appears to be a good 
index of brown fat dynamics. 

5. Brown fat appears to be important in maintaining body temperature during flight at cold ambient 
temperatures. 

INTRODUCTION 

The importance of brown adipose tissue in non- 
shivering thermogenesis is well known (Joel, 1965). 
Brown fat is generally used synonymously with inter- 
scapular brown fat masses, but neglects the impor- 
tance of other strategically located masses. Rauch & 
Hayward (1969) have detailed the topography and 
vascularization of brown adipose tissue in Myotis 
lucifugus. Further studies have discussed the impor- 
tance of brown fat bodies in differential blood flow 
as well as establishment of significant temperature 
gradients in the body of bats during arousal from 
hibernation (Rauch & Hayward, 1970; Rauch, 1973; 
Rauch & Beatty, 1975). In addition, Mason & Pry- 
chodko (1975) have discussed the changes in inter- 
scapular brown fat masses due to different thermal 
environments. Little is known concerning seasonal 
changes in brown fat mass in free-living small mam- 
mals (Buchalczyk & Korybska, 1964; Didow & 
Hayward, 1969). No studies have been reported on 
such changes in hibernating species as bats. 

Several species of bats are known to be active 
throughout the year in cold temperate regions of the 
southwestern United States (O’Farrell & Bradley, 
1970). These bats apparently hibernate for short 
periods, becoming intermittently active at reduced 
rectal temperatures throughout the colder months in 
response to declining body condition and water 
balance @‘Farrell & Bradley, 1977). An examination 
of brown fat dynamics should increase our knowledge 
of the phenomenon of cold weather activity in bats. 

The purpose of the present study is to describe 
changes in brown adipose tissue mass throughout the 
year for Pipistrellus hesperus and Myotis californicus. 
These changes are examined in relation to known 
thermal strategies, and possible physiological advan- 
tages are discussed. 

MATERIALS AND METHODS 

The majority of the bats examined were captured in 
“mist nets” at White Soot Sorina. Desert National Wildlife 
Range, Clark County,. NV ‘between 1962 and 1967. In a 
few instances, samples were low or non-existent: therefore, 
to complete the annual cycle, required specimens were 
obtained at Grapevine Spring, Spring Mountains, Clark 
County, NV in 1976. AR animals were removed from the 
net immediately, placed in holding sacks and returned to 
the laboratory where they were preserved in 10% formalin 
and stored in 70% ethanol. 

Brown fat deposits were dissected out, blotted dry, and 
weighed to the nearest 0.1 mg on a Mettter balance. The 
specific deposits we were able to weigh were as follows: 
interscapular, jugular, squamo~cipito~rvical, carotid, 
clavoscapular, subscapular, basioccipital and pericardial. 
Identification and nomenclature follows Rauch & Hay- 
ward (1969). Other brown fat deposits were too minute 
to weigh. All weights were converted to grams/kilogram 
live body weight. 

RESULTS 

Annual cycles for total brown fat differed between 
the two bat species (Figs 1 and 2). Data were analysed 
by sex but no sexual differences were observed. The 
variability within samples for late winter was high 
for both species and they both demonstrate a decline 
in brown fat mass with a subsequent autumn depo- 
sition. However, the decrease in P. hesperus brown 
fat was precipitous, occurring in early spring. A pro- 
gressive increase occurred from mid-spring (April) 
into the winter. In contrast, M. calijbrnicus brown 
fat declined progressively from winter to August, at 
which time fat depots increased rapidly through the 
fall. 

The contribution of the major brown fat depots 
to the total is presented for P. hesperus and M. culifor- 
nicus (Tables 1 and 2, respectively). The interscapular 
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Fig 2. The cycles of total brown fat (g/kg body wt) for 
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Months in both species shows high variability in January and 
February but little change through the rest of the 
year. Similarly, the carotid deposit for both species 
show8 virtually no change throughout the year except 
for one exceptionally fat P. hesperus in January 
(Tables 1 and 2). 

Fig. 1. The cycles of total brown fat (g/kg body wt) for 
Pipistrellus hesperus. Vertical bar, range; horizontal bar, 

mean; enclosed box, +2 SE. 

deposit accounts for 50% or more of total brown fat 
and follows the cycles shown in Figs 1 and 2. It 
appears that this deposit can be used reliably to re- 
flect total brown fat cycles in bats. The jugular de- 
posit in F. hesperus shows an abrupt drop from 
February to March, little change from March through 
July, and then a slow increase during the rest of the 
year (Table 1). The jugular deposit in M. ~~~~0~~~~s 
follows the same pattern as the interscapular deposit 
(Table 2, Fig. 2). The squamooccipitoeervical deposit 

Table I. Mean brown fat weights (g/kg body weight) for 
the four largest fat deposits and total brown fat deposits 

for Pipistrellus hesperus 

DISCUSSION 

Several studies have dealt with the seasonal 
changes in mass of brown adipose tissue in two 
species of small mammals, the shrew, Sorex aruneus 
(Buchal~yk & Korybska, 1964) and the meadow 
vole, ~icrot~s pe~nsylua~icus (Didow & Hayward, 
1969). Neither of these species hibernates but remain 

Table 2. Mean brown fat weights (g/kg body weight) for 
the four largest fat deposits and total brown fat deposits 

for Myotis californicus 

2*.*0 9.25 1.78 1.28 31.41 

CO.OOf (2.-x3) (0.24) f0.38) <2.101 

2 SE., are given in parentheses. 

1.85 1.28 27.83 
0.26) f0.94) 0.20) f0.W 0.981 

2 S.E., are given in parentheses. 
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It is reasonable to assume that brown adipose tis- 
sue is responsible for the initial arousal thermogenesis 
for periodic winter flights. Once body temperature 
reaches the level where flight may be acheived the 
problem then becomes the maintenance of that tem- 
perature under conditions of high convective heat 
loss. The energy required for temperature main- 
tenance can come from increased metabolic activity, 
mechanical heat production from flight muscle con- 
traction, and from brown fat metabolism. Under 
stressful winter conditions we suspect that all three 
sources are utilized. 

Brown fat vascular relationships have been re- 
viewed by Rauch & Hayward (1969,1970), Rauch 
(1973) and Rauch & Beatty (1975). During arousal, 
blood distribution is restricted until late in arousal; 
consequently, the cervical and thoracic regions warm 
up much faster. Presumably this regional increase in 
temperature is a reflection of increased brown fat 
metabolism and the regionalized blood circuits in the 
cervico-thoracic region. In addition to the major 
brown fat bodies, there are smaller accumulations as- 
sociated with several of the internal organs of the 
thoraco-abdominal region. These deposits, while too 
small to supply appreciable quantities of heat to the 
vascular system for redistribution, probably provide 
sufficient heat to activate adjacent organs (e.g. renal 
and pericardial deposits). The most significant 
transfer of heat from brown fat, however, is that 
which occurs to the blood (Rauch & Hayward, 1969). 

The network of brown adipose tissue in relation 
to blood flow suggests an efficient heating system for 
critical organs and flight muscles. As blood flows to 
wing muscles and to the head it loses heat but is 
warmed rapidly as it returns to the body core. Rauch 
(personal communication) has failed to find a counter- 
current system in the wings or wing muscles. A 
countercurrent system would not be as efficient as 
the brown fat warming system. We feel as a recom- 
mendation that thermal mapping during low tem- 
perature flight is needed in order to elucidate the role 
of brown adipose tissue in the maintenance of a stable 
body temperature. 

active throughout the year in microclimates con- 
sistently below the thermoneutral zone. Didow & 
Hayward (1969) demonstrated the adaptive value of 
autumn deposition of brown fat and explained the 
cycle of deposition and mobilization as a response 
to changing microclimate. Since these animals do not 
require a thermogenic arousal stimulus it was pro- 
posed that the brown adipose tissue was functional 
in non-shivering thermogenesis, maintaining a con- 
stant body temperature at low microclimate tempera- 
tures. 

The bat species examined in the present study are 
found actively flying throughout the year in southern 
Nevada (O’Farrell & Bradley, 1970) but appear to 
hibernate for short periods throughout the winter 
months (C)‘Farrell & Bradley, 1977). Brown fat is an 
important heat source during arousal from hiberna- 
tion (Hayward & Lyman, 1967); thus we would 
expect heavy depletion pressure on the fat deposits 
of these bats. An examination of Figs 1 and 2 does 
not reveal rapid depletion during the winter in either 
species, a condition probably due to opportunistic 
feeding on warmer nights throughout the winter 
(O’Farrell & Bradley, 1970), which would account for 
the abrupt decline in brown fat deposits in P. hesperus 
(Fig. 1). A similar trend is not evident for M. calijiir- 
nicus, which has greater insulation and would not be 
under as much thermal stress during activity (O’Far- 
rell & Bradley, 1977). It should be stressed fliat the 
bats examined in this study were captured while ac- 
tively flying over waterholes and would represent 
those individuals actually forced into activity due to 
reduced body conditions and negative water balance. 
We therefore speculate that the individuals in hiber- 
nation at this time would have higher fat stores. 

Didow & Hayward (1969) question whether the 
interscapular deposit is an adequate index of total 
brown fat changes. They found that for Microtus 
pennsyluanicus the interscapular deposit accounts for 
less than 40% of the total brown fat tissue. We feel 
that, at least for the two bat species in the present 
study, interscapular brown fat is a good index of total 
brown fat changes. The interscapular mass accounts 
for approximately Z&70% of the total throughout the 
year (Tables 1 and 2). 

The periodic flights throughout the winter to 
obtain water and occasional food (C)‘Farrell & Brad- 
ley, 1977) raises another question concerning the 
maintenance of body temperature at low ambient 
temperature. Both species range in weight from 2.5 
to 5 g, possess a large, naked, highly vascularized sur- 
face area, and have been observed flying at ambient 
temperatures as low as -8°C (C)‘Farrell & Bradley, 
1970). One mechanism the bats use to accommodate 
to such stressful situations is to reduce the thermal 
gradient between body and ambient temperature by 
operating at reduced body temperatures (Bradley & 
O’Farrell, 1969; Studier & O’Farrell, 1972; O’Farrell 
& Bradley, 1977). This is accomplished in part by 
establishing a thermal gradient between the anterior 
and posterior portions, as well as central and per- 
ipheral portions of the body utilizing differential blood 
flow, as shown for arousing bats by Rauch & Hay- 
ward (1970), Rauch (1973), and Rauch & Beatty 
(1975). Hirshfeld & O’Farrell (1976) discuss topogra- 
phical differences in body temperature. 
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