sucrose, and trehaloseamine). Trehalase
did not utilize these substrates. Further-
more, 280 umole of glucose added per
milliliter to the assay system did not
inhibit the enzyme.

The maximal activity of the enzyme
occurs at about 45°C (Fig. 3). If the
enzyme is kept at 55°C for 15 minutes,
then assayed at 35°C, it loses only 36
percent of its original activity, but when
it is kept for 15 minutes at 60°C it
loses 75 percent of its original activity.
Slime-mold trehalase is more resistant
to heat than purified insect trehalase
(7). Purified trehalase from Neuro-
spora is, on the other hand, even more
resistant to heat; it loses negligible activ-
ity if kept at 60°C for 15 minutes (7).
The purified slime-mold enzyme was
stable for 6 months when kept at
—20°C.

A Lineweaver-Burk plot of concen-
tration against activity gives a value of
1.2 X 10—3M for the Michaelis con-
stant (K,,) of the enzyme-substrate
complex and a maximum activity of
27.2 units/mg of protein.

In general the properties of purified
slime-mold trehalase resemble those of
the trehalases from other sources. Its
behavior on a DEAE-cellulose column
is almost identical to blow-fly trehalase.
Where purified trehalases have been
used, trehalose is the only substrate
that is utilized. The K,, of D. discoi-
deum trehalase of 1.2 X 10—3M is
higher than the value obtained from
other purified trehalases (7).
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Blood Oxygen and Ecology of
Porpoises of Three Genera

Abstract. Blood volumes, hemoglobin
concentrations, packed-cell volumes,
and heart weights were determined in
three genera of propoises which differ
from one another in behavior and
ecology. The estimate for the total
blood-oxygen content of the highly
active, deep-diving, pelagic species
Phocoenoides dalli was almost three
times greater than that for the coastal-
dwelling species Tursiops truncatus,
and about 70 percent greater than for
the less active pelagic species, Lageno-
rhynchus obliquidens. Heart weights of
Phocoenoides dalli were about 140 per-
cent greater than in Tursiops truncatus
and 55 percent greater than in Logeno-
rhynchus obliquidens.

Members of the order Cetacea
appear to be the best divers among
the mammals. The bottlenose whale
(Hyperoodon rostratus) can remain
below the surface for as long as 2
hours (Z), and the sperm whale
(Physeter catodon) is evidently able to
dive to a depth of at least 1000 meters
(2). Some cetaceans are among the
fastest swimming creatures in the sea
(3). Deep dives, dives of long duration,
fast swimming, and thermoregulation
in cold waters may place unusual
physiological requirements for oxygen
transport upon these mammals.

We studied the blood volumes,
heart weights, hemoglobin concentra-
tions, and  packed-cell  volumes
(hematocrit) of three genera of small
cetaceans: Tursiops truncatus (Mon-
tagu), Lagenorhynchus  obliquidens
(Gill), and Phocoenoides dalli (True).
The data were gathered over 2 years
from five P. dalli (80 to 124 kg in
body weight), nine L. obliquidens
(60 to 110 kg), and 12 T. truncatus
(62 to 155 kg). The Dall porpoises
(P. dalli) that we studied are to our
knowledge the only members of this
species ever to survive in captivity for
an extended period. Measurements of
blood volume in living cetaceans had
not previously been made.

Venipunctures were made in small
veins on the ventral surface of the
flukes. These veins are quite prominent
in L. obliquidens and P. dalli but are
palpable only in certain individuals of
T. truncatus. The blood-volume meas-
urements were made by the I'81 tech-
nique (4) with a volemetron (5). The
test dose, 2 ml (10 pc), of serum albu-

min tagged with I'31 was injected into
a vein on the ventral surface of the
flukes. After 10 minutes an 8-ml
blood sample was drawn from a vein
on the opposite side of the flukes.
Packed-cell volumes (6) and hemo-
globin concentrations (7) were meas-
ured each time blood volumes were
measured, as well as during numerous
physical examinations.

Hemoglobin concentration in P.
dalli ranged from 17.8 to 23.7 g/100
ml of whole blood. In L. obliqui-
dens the hemoglobin concentra-
tion ranged from 16.0 to 19.6 g with
a mean of 17.0 g, and in T. truncatus
from 13.2 to 15.3 g with a mean
of 14.4 g (Table 1). Concurrently
measured packed-cell volumes ranged
from 52 to 63 percent in P. dalli with
a mean of 57 percent. In L. obliqui-
dens the packed-cell volume ranged
from 50 to 59 percent and the mean
was 53 percent. Tursiops truncatus had
a mean packed-cell volume of 45 per-
cent with a range of 40 to 48 percent
(Table 1).

Striking differences are found in
blood volumes of the three species
(Fig. 1 and Table 1): 143 ml/kg
of body weight for P. dalli, 108 ml/kg
for L. obliquidens, and 71 ml/kg for
T. truncatus. Estimated differences in
total blood-oxygen content are per-
haps better indicators of the physio-
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Fig. 1. Blood volume. These data were
collected from two P. dalli females and
one male, two L. obliquidens males and
two females, and one 7. fruncatus male
and three females.
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Table 1. Blood volume, packed-cell volume, hemoglobin concentration, and heart weight._ Hearg .weights were taken from our postmortem
records covering stranded animals, animals which died during capture, and four that died in captivity. M, number of measurements; A, number

of animals.

Blood volume
(ml/kg body weight)

Packed-cell volume

(%)

Hemoglobin
(g/100 ml blood)

Heart weight
(% of body weight)

Mean Range M A Mean Range M A Mean Range M A Mean Range M A
: Phocoenoides dalli
143 130-153 6 3 57 52-63 18 3 20.3 17.8-23.7 18 3 1.31 1.25-1.34 4 4
Lagenorhyncus obliquidens
108 95-118 13 4 53 50-59 29 4 17.0 16.0-19.6 29 4 0.85 0.70-0.92 5 5
Tursiops truncatus
71 65-83 8 4 45 40-48 81 12 14.4 13.2-15.3 81 12 0.54 0.50-0.56 4 4

logical capabilities of the species. At
complete saturation each gram of
hemoglobin can combine with 1.36 ml
of oxygen (8). The estimated blood-
oxygen capacity for a 100-kg porpoise
of each species is therefore 3950 ml
(27 percent by volume) for P. dalli,
2500 ml (23 percent by volume) for
L. obliquidens, and 1390 ml (19.5
percent by volume) for T. truncatus.
Thus P. dalli appears to have almost
three times the blood-oxygen content
of T. truncatus.

The differences in total blood
volumes, hemoglobin concentrations,
and estimated blood-oxygen -carrying
capacities appear to be correlated with
the ecology of the three species of
porpoise studied. Factors such as heart
weight, observed swimming speed,
water temperature, probable diving
depth, food consumption in captivity,
and blubber thickness are further in-
dices of the differences in the three
species.

Heart weights taken from our post-
mortem records of the three species
showed P. dalli to have a mean heart
weight of 1.31 percent of body weight
in a group of three females and one
male. Three L. obliquidens males and
two females had a mean heart weight
of 0.85 percent of body weight, and
two T. truncatus males and two fe-
males had a mean heart weight of 0.54
percent of body weight (Table 1).

Norris (9) and Brownell (/0) have
stated that P. dalli appears to be the
fastest swimmer of the small cetaceans
they have observed, and their state-
ment is confirmed by our observations.
Phocoenoides dalli can overtake our
capture boat at a speed of 32 km/hr,
ride the bow wave at this speed for 5
minutes or more, and then accelerate
rapidly ahead of the boat for 50 to
100 m before veering off to one side
or the other. Lagenorhynchus obliqui-
dens can overtake the boat at speeds
no faster than 26 km/hr. Although
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it can ride the bow wave if the speed
is increased to 32 km/hr, it always
veers off immediately to the side and
falls back to the wake of the ship after
a few minutes. Tursiops truncatus pre-
fers speeds of 19 km/hr or less for
bow-wave riding but is capable of
speeds of about 28 km/hr for a short
distance. Thus P. dalli appears able not
only to attain a greater speed, but also
to maintain this greater speed for a
considerably longer period.
Phocoenoides dalli ranges on the
eastern side of the Pacific from Alaska

~ to south-central California waters, and

apparently does not occur where water
temperatures exceed 18°C (9, 10).
The Pacific white-striped porpoise, L.
obliguidens, ranges in the eastern Pa-
cific from Alaska to Baja California;
these waters are relatively colder than
those where 7. truncatus is found.

The Atlantic bottlenose porpoise T.
truncatus occurs in the Atlantic Ocean
especially along the eastern and Gulf
coasts of the United States, most often
in shallow, inshore areas. Both L.
obliquidens and P. dalli usually are
found farther at sea, but L. obliqui-
dens is occasionally seen in shallower
waters. We have not encountered P.
dalli in waters less than 90 m in depth.
Lagenorhynchus obliquidens evidently
does not dive as deeply for its food
as does P. dalli, as evidenced by
stomach contents of members of the
two species from the same locality (9).
Examinations of stomach contents of
some P. dalli have revealed hake
(Merluccius productus), a fish that
rarely occurs above a depth of 120 m
(9).  This suggests that P. dalli may be
a particularly deep-diving species.

In captivity, the average food re-
quirements to maintain body weight
for individuals of approximately 100
kg, eating Pacific mackerel (Pneumato-
phorus diego), are 14 kg/day for
P. dalli, 8.5 kg/day for L. obliqui-
dens, and 6 kg/day for T. truncatus.

Food consumption in captivity suggests
that P. dalli has the highest metabolic
rate of the three species and thus
supports the observations of the activi-
ties of these species in the wild. The
four P. dalli that we dissected had
much more massive skeletal muscula-
ture than members of the other two
species. The P. dalli had a mean
blubber thickness of about 1 cm, while
L. obliquidens from the same area had
a mean blubber thickness of about 2
cm, and our captive T. truncatus had
a mean blubber thickness of almost 3
cm. This suggests that P. dalli may
rely heavily on metabolism to main-
tain body temperature.
The behavior and feeding habits of
a highly active, deep-diving porpoise
such as P. dalli would seem to re-
quire that more oxygen be available
for metabolism than is required by
less active cetacean species. Tursiops
truncatus is less pelagic than either
P. dalli or L. obliquidens and thus
probably does not require as great a
capacity for oxygen transport. Lageno-
rhynchus obliquidens appears less active
in captivity than P. dalli and, with re-
spect to behavior and physiology, seems
to be intermediate between P. dalli and
T. truncatus. The highly active, pelagic
species, P. dalli, has a greater blood vol-
ume and hemoglobin concentration
(therefore more blood-oxygen content)
and greater heart size. These adaptations
seem to be correlated with its ecology.
Increased capacity for oxygen trans-
port would permit members of this
species to exploit food sources occur-
ring at deeper depths, and to pursue
swift prey. It might also allow for
escape from a predator such as the
killer whale Orcinus orca which in-
habits the same northern Pacific areas.
SaM H. RIDGWAY*
D. GORDON JOHNSTONT
Marine Sciences Division,
U.S. Naval Missile Center,
Point Mugu, California 93041
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Hyperphagia in Ruminants
Induced by a Depressant

Abstract. Attempts at causing ven-
tromedial hyperphagia in ruminants
have been hitherto unsuccessful. In
our experiments perfusion of the ven-
triculocisternal system with pentobar-
bital caused marked hyperphagia. This
suggests that the ventromedial hypo-
thalamic area is functioning in rumi-
nants, probably as in monogastric ani-
mals, by inhibiting the lateral area.

Central organization of the regula-
tion of food intake of ruminants is
little understood; it is not necessarily
identical or even closely similar to that
of monogastric animals. While pres-
ence of a feeding center similar to the
one found in monogastric animals is
inferred from the demonstration (1)
that in goats and sheep stimulation of

the lateral area of the hypothalamus
causes indiscriminate feeding and
drinking behavior, existence of such a
symmetrical ventromedial satiety cen-
ter in ruminants has not been estab-
lished. In monogastric animals, the
ventromedial area is concerned not
only with satiety but also with gastric
contractions (2) and gastric juice se-
cretion (3); anatomical and functional
differences in the gastrointestinal tract
of polygastric animals make such a
role difficult to interpret. In monogas-
tric animals, circulating glucose and
fatty acids represent the major com-
ponents of available energy, and the
ventromedial satiety area is known to
contain glucoreceptors (4). In rumi-
nants the major sources of available
energy are volatile fatty acids, but
monitoring glucose utilization may not
monitor volatile fatty-acid utilization.

Furthermore, in their natural habi-
tat, the feed of mature ruminants has
such low digestible caloric density and
the process of microbial degradation
and rumination is so slow and cumber-
some (mean ruminal retention time
is approximately 60 hours) that it ap-
peared possible that no ventromedial
satiety mechanism operated. Even in
monogastric animals this mechanism
does not operate during periods of ac-
tive growth or during lactation (5).
In a recent publication the inability to
produce hyperphagia through hypo-
thalamic lesions (though the ventrome-
dial area was not located) is reported
and this failure is ascribed to lack of
distensibility of the gastrointestinal
tract (6).

We reasoned that if the ventrome-
dial area functions as a satiety center,

Table 1. Duration of perfusion and amount of feed consumption of satiated goats with the
ventriculocisternal system perfused with pentobarbital sodium solution.

Perfusi Interval
erfusion _ ;
babial  whieh Feed
Goat Date aroia whic eaten
Time Duration perfused feed was (2)
started (min) (mg) eaten
(min)
Hercules 8/24 1:00 p.m. 6 6 5 145
Zeus 8/26 12:15 p.m. 8 13 15 582
1:35 p.m. 6 9 20 276
2:25 p.m. 6 9 10 98
Hercules 9/8 8:30 a.m. 15 22 15 240
Zeus 9/8 12:30 p.m. 5 10 12 260
2:20 p.m. 9 22 15 240
Hercules 9/15 10:25 a.m. 4 10 20 221
11:05 a.m. 15 15 20 174
Zeus 9/15 4:00 p.m. 4 10 29 476
4:37 p.m. 9 41 34 632
9/18 12:42 p.m. 15 68 48 922
2:09 p.m. 15 68 27 460
458

its temporary inactivation should ap-
pear as a release of inhibition on the
feeding mechanism. Since it has been
shown that injection of procaine in the
ventromedial area of the rat (7) or in-
jection of pentobarbitone sodium in the
lateral ventricles of the cat (8) causes
transient hyperphagia, we examined the
effect of pentobarbital sodium perfusion
in cerebrospinal fluid of goats.

Two goats were prepared with left
ventricular and cisterna magna guide
tubes (9). They were fed a concen-
trated feed (less than 10 percent crude
fiber) and about 300 g of alfalfa hay
daily. Several of the pentobarbital per-
fusions followed a 2-hour control per-
fusion during which the goats ate un-
til apparently satiated. Other perfu-
sions were conducted following a 16-
hour ad libitum feeding after the
ventricular and cisternal probes were
placed in the goats, and after the ani-
mals received fresh feed again and
were allowed to eat at will for 1 hour.

Animals were placed in a chute
with a sling to help support them in
the event sleep or ataxia was induced.
Ventricular pressure was monitored.
Perfusion rate varied between 0.5 and
1.0 ml per minute; 1 to 5 mg of pento-
barbital sodium per milliliter of perfu-
sion fluid [a synthetic cerebral spinal
fluid (9)] was used.

Goats were not aware of the start-
ing or stopping of the perfusion but
they often appeared somewhat uneasy
for about 1 minute, 4 or 5 minutes
after the perfusion began. They then
began to nibble at the concentrated
feed and to increase their rate of in-
take which at times could be char-
acterized only as voracious. In fact,
the animals ate until their flanks were
so distended at the end of an induced
feeding that they appeared to be suf-
fering from bloat. The rate of intake
depended on rate of perfusion, con-
centration of pentobarbital sodium, the
stage at which perfusion was stopped,
and the rate of onset of drowsiness
and sleep. Table 1 presents the feed-
intake data. The goats ate for varying
lengths of time; a maximum induced
feeding of over 900 g was eaten in
less than an hour (they usually ate
about 500 g of food in the first hour
following a 48-hour fast). The quan-
tity of pentobarbital sodium perfused,
shown in Table 1, is the quantity ac-
tually injected in the animal for periods
lasting from 4 to 15 minutes. During
the longer intervals some of the pento-
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