
tegration period. This family would have 
varied continuously from a saturating 
function to a power function with a 
notch. Our interpretation is therefore 
subject to test because it emphasizes a 
novel factor, the amount of time used by 
an observer to evaluate a stimulus. If an 
observer offered rapid brightness judg- 
ments, then that observer should pro- 
duce a more saturating psychophysical 
function. On the other hand, if an ob- 
server were more deliberate, one would 
expect a power function with a notch. 
One can even hypothesize an observer 
who emphasized the later portions of the 
sensory signal; then one would expect a 
positively accelerating psychophysical 
function. These predictions could be 
tested by (i) varying the instructions to 
the observer; (ii) measuring the reaction 
times of brightness judgments, partition- 
ing those judgments into fast and slow 
groups, and erecting separate psycho- 
physical functions from the partitioned 
judgments; and (iii) imposing response 
deadlines of different durations. 

We conclude that there may not be 
any single psychophysical function, and 
the quest for one may have been in vain. 
Instead both Stevens' and Fechner's 
methods may represent equally valid 
ways of assessing the particular psycho- 
physical functions associated with par- 
ticular tasks; there may well be many 
task-specific psychophysical functions. 
Seen in this way, the psychophysical 
function is a conjoint property of both 
the sensory signal itself and the task-de- 
pendent analysis of this signal. If this in- 
terpretation is correct, we should seek 
harmony in this field by honoring both 
Fechner's and Stevens' methods and by 
using both methods to gain further in- 
sight into perception (19). 
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this species. 

The presence of nonshivering ther- 
mogenesis (NST) in skeletal muscles was 
reported by Jansky and Hart (1) as far 
back as 1963, but the cellular mecha- 
nisms inherent in this intriguing mode of 
heat production have hitherto not been 
found (2, 3). This might well be because 
most studies have been conducted with 
laboratory rats. In this report we present 
strong evidence for a loose coupling of 
mitochondrial respiration as an impor- 
tant source of nonshivering thermogen- 
esis in northern fur seal (Callorhinus ur- 
sinus) pups. 

Northern fur seal pups (cover pic- 
ture) are subjected to frequent or con- 
stant cold stress as soon as they are 
born on the Pribilof Islands in the Ber- 
ing Sea (4), where strong winds often 
play in concert with rain and temper- 
atures of 6? to 8?C. We used a total 
of 18 animals. Some were obtained di- 
rectly from the rookery at St. Paul Is- 
land, where a field laboratory was made 
operational in 1977; others were brought 
to the University of Alaska at Fairbanks 
in 1978. The animals were kept for a 
maximum of 5 days under constant cold 
stress, unless otherwise stated. 

Cytochrome c oxidase activity is a 
useful index of the aerobic oxidative ca- 
pacity of a tissue (2). Since NST is pri- 
marily aerobic in nature, muscle groups 
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engaged in its maintenance might be ex- 
pected to have a high capacity for oxida- 
tive metabolism. A survey of specific cy- 
tochrome c oxidase activity (5, 6) of dif- 
ferent muscle groups in the newborn fur 
seal revealed considerable variation (17 
to 25 microgram-atoms of oxygen per 
minute per gram of muscle), the highest 
activity being found in the substantial 
subscapular muscle. Enzyme activities 
were generally higher in 10-day-olds than 
in the newborns, indicating some devel- 
opment in oxidative capacity. We there- 
fore used for this study the subscapular 
muscle (with a specific enzyme activi- 
ty of about 35 /g-atom oxygen min-5g-1) 
of pups aged 10 to 15 days (7, 8). 

Immediately after the pups were killed, 
the subscapular muscles were excised 
and placed in ice-cold 0.15M KCl. The 
muscles were dissected free of con- 
nective tissue and visible fat and were 
finely minced with scissors. Homoge- 
nization of the tissue was performed ac- 
cording to Bullock et al. (9) by means of 
Nagarse digestion (10). Digestion at a 
concentration of 1 g of tissue per 5 ml of 
medium (11) containing 20 ,/g of Nagarse 
per milliliter was conducted at 0?C by 
the mixture being stirred magnetically 
for 30 minutes. Mitochondria were then 
obtained by differential centrifugation 
(12) with application of a field of 9200g 
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(average) x minute. The mitochondrial 
fraction consistently contained approxi- 
mately 70 percent of the total mitochon- 
drial protein present in the supernatant 
after sedimentation of nuclei. Integrity 
was tested by supplying the mito- 
chondria with reduced nicotinamide ade- 
nine dinucleotide, which was not oxi- 
dized. A total of 163 separate experi- 
ments were done. 

The oxidative properties of the mito- 
chondria were judged from rates of oxy- 
gen uptake with a variety of lipid as well 
as nonlipid substrates (Table 1). Except 
for sn-glycerol 3-phosphate (where sn in- 
dicates stereospecific numbering), all of 
the substrates chosen were oxidized at 
appreciable rates. 

The energy-conserving properties of 
the mitochondria were examined by 
measurements of phosphate to oxygen 
(P/O) ratios (13), phosphate acceptor 
control (14), and, wherever this phenom- 
enon was evident, by adenosine diphos- 
phate to oxygen (ADP/O) ratios (14). 
When the glucose-hexokinase trap meth- 
od (13) was used with succinate as sub- 

strate, the P/O ratio was 1.2 in a medium 
lacking bovine serum albumin and 1.4 
when albumin was present. Never- 
theless, the rate of oxygen uptake in vi- 
tro was affected neither by ADP nor by 
added oligomycin (Fig. 1A), in spite of 
the fact that oligomycin abolished adeno- 
sine triphosphate (ATP) production, as 
shown by use of the glucose-hexokinase 
trap method. These mitochondria isolat- 
ed from naturally cold-stressed animals 
thus fulfill the requirements for loose 
coupling, as defined by Ernster and Luft 
(15). 

In the presence of 0.5 percent bovine 
serum albumin the oxygen uptake pat- 
tern of the same mitochondria trans- 
formed to one that was under distinctive 
phosphate acceptor control (Fig. 1B), 
exhibiting ADP/O ratios (14) close to the 
theoretical value of 2.0. Bovine serum al- 
bumin is known to restore acceptor con- 
trol to loosely coupled mitochondria de- 
rived from thermogenic adipose tissue 
(14, 17), but guanosine 5'-triphosphate, a 
factor which usually further enhances 
respiratory control in brown adipose tis- 

sue mitochondria (14, 18, 19), had no ef- 
fect on the muscle mitochondria em- 
ployed here. 

Loosely coupled mitochondria have 
been found previously in skeletal muscle 
(15, 20) but have been interpreted as arti- 
facts and never associated with non- 
shivering thermogenesis. Thus, in order 
to relate the state of mitochondrial res- 
piratory control in vitro to clearly de- 
fined conditions in vivo, we designed the 
following experiment. A 10-day-old pup 
was kept in dry air at 20?C, which is far 
above its lower critical temperature (4), 
for 8 days. After this time the respiratory 
properties of its subscapular muscle 
mitochondria were investigated as 
above. The data in Fig. 1, C and D, in- 
dicate that the mitochondria of the 
warm-acclimated pup were under very 
firm respiratory control even without al- 
bumin in the medium and were accom- 
panied by ADP/O ratios approaching the 
theoretical value. In fact, fortification of 
the medium with albumin improved the 
respiratory control to only a small ex- 
tent. In our opinion, these results should 
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Table 1. Rates of oxygen consumption of subscapular muscle mito- 
chondria isolated from naturally cold-stressed northern fur seal pups. 
For the first five experiments we used a medium containing 200 mM 
sucrose, 14 mM mannitol, 10 mM KH2PO4, 2.7 mM EDTA, 1 mM 
MgCl2, and 27 mM K-Hepes buffer, pH 7.4. For experiments 6 
through 8 the medium contained 50 mM KCl, 2 mM EDTA, 1 mM 
MgCl2, 5 mM KH2PO4, 20 mM K-Hepes buffer, pH 7.4. Rates are 
expressed as nanogram-atoms of oxygen per minute per milligram of 
mitochondrial protein. 

Experi- Substrate Rate 
ment 

1 10 mM succinate*, 128 
2 10 mM sn-glycerol 3-phosphate* 11 
3 10 mM a-ketoglutarate plus 10 mM malatet 47 
4 10 mM pyruvate plus 10 mM malatet 40 
5 10 mM glutamate plus 10 mM malatet 41 
6 5 /aM L-palmitoyl carnitine plus 1 mM malate 50 
7 3.3 /M L-oleyl carnitine plus 1 mM malate 34 
8 7.5/ M L-caproyl carnitine plus 1 mM malate 58 

*0.1 IM FCCP and 3 ptM rotenone were added. t0.1 .M FCCP was added. 
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Fig. 1. Typical oxygen uptake patterns of mitochondria isolated from 
the subscapular muscle of 10 to 15-day-old northern fur seals (Callo- 
rhinus ursinus). Traces A and B refer to mitochondria isolated from 
animals cold-stressed by rain and cold (at 6?C); traces C and D to 
mitochondria from animals warm-acclimated in dry air at 20?C. For 
traces A and C, the reaction mixtures contained the following com- 
ponents in a total volume of 1.5 ml: 200 mM sucrose, 14 mM mannitol, 
10 mM KH2PO4, 2.7 mM EDTA, 1 mM MgCl2, 3 1uM rotenone, 27 mM 
K-Hepes buffer, pH 7.4, and mitochondrial suspension (0.2 to 0.5 mg 
of mitochondrial protein per milliliter). For traces B and D, the medi- 
um was fortified with 0.5 percent fatty-acid-free bovine serum albu- 
min. At the points indicated, 10 mM succinate (Succ.), 100 A/M ADP 
(200 pM ADP was used prior to oligomycin administration), 3 /kg of 
oligomycin (Oligo.), and FCCP (0.1 IAM for traces A and C; 5 pM for 
B and D) were added at a temperature of 25?C. The numbers immedi- 
ately beneath each trace represent the specific respiratory rates given 
as nanogram-atoms of oxygen consumed per minute per milligram of 
protein. The ADP/O ratios were calculated according to Chance and 
Williams (16). The vertical bar, lower left corner, indicates 48 ng-atom 
per milliliter. 
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eliminate the artifact option suggested by 
Hiulsmann et al. (20), and rather strongly 
indicate that loosely coupled mito- 
chondria can be an important source of 
nonshivering thermogenesis in skeletal 
muscle. 

HANS J. GRAV* 

Institute of Medical Biology, 
Section of Physiology, University of 
Tromso, Tromso, Norway 
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utero (1, 2), there is no clear-cut con- 
sensus on the primary sex ratio. In fact, 
estimates of the primary sex ratio 
(males:females) range from 110:100 to 
170:100. The variability in these esti- 
mates derives in part from the different 
data under consideration (3) and in part 
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from the subjective judgments that result 
from each reseacher's examination of 
the data on hand. Despite the dis- 
crepancies among these studies, one 
overriding similarity emerges in the pat- 
tern of the sex ratio of fetal deaths by 
month of gestation; the sex ratio of fetal 
deaths is reported to be highest between 
months 3 and 5, lower between months 6 
and 7 or 8, and increases at term (4). 

Cavalli-Sforza and Bodmer (2) have 
contended that vital statistics provide 
the best data source for analyzing sex- 
differential mortality in utero, as vital 
statistics encompass enough cases to as- 
sure the significance of the relatively 
small differences in sex ratio. Thus, I 
used annual data for the sex ratio of fetal 
deaths by month of gestation for the 
United States from 1922 to 1936 and 
from 1950 to 1972 (5) in conjunction with 
data on early infant mortality (6). 

The sex ratios were calculated as the 
ratio of males to females; after a prelimi- 
nary graphic analysis of the general 
trend, least-squares and polynomial re- 
gression techniques were used to fit sec- 
ond-degree equations to the fetal death 
data. This analysis was performed on the 
arithmetic means of the sex ratio of fetal 
deaths by months (7) (Fig. 1). 

Analysis of fetal death data for 1922 to 
1936 reveals a nonlinear pattern that re- 
flects the patterns reported in earlier 
studies (3). This pattern can be described 
by the second-order equation (8). 

SR 7.5637 - 1.7470M + 0.1155M2 + e 
(0.3370) (0.0256) 

R2 = .8965 

where SR = sex ratio of fetal deaths, 
M = month of gestation, and e = the 
least-squares residual; the values in pa- 
rentheses are the standard errors. 

The 1950 to 1972 fetal death data are 
limited to data from months 5 to 10; 
these data can be described by the sec- 
ond-order equation (9). 

SR = 2.1958 - 0.2295M + 0.01 19M2 + e 
(0.1176) (0.0076) 

R = .9116 

The nonlinear pattern of the 1950 to 
1972 data differs from the pattern of the 
earlier data. The difference may be at- 
tributed to several factors. (i) The pat- 
tern observed from months 5 to 7 in the 
1922 to 1936 data is present at a lower 
level in the 1950 to 1972 data. (ii) Avail- 
able data from spontaneous and induced 
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