6 to 13 X 10° years (8). Preliminary
results from experiments run concur-
rently with those reported here confirm
these earlier results. These larger ages
are not discussed here; it is merely
pointed out that the Ar*°/K* ratios
measured in Sikhote-Alin are two to
three orders of magnitude smaller than
those found in several other meteorites
selected at random. This is taken to
indicate a lower age for Sikhote-Alin.

It is not clear how to interpret this

result. It could be simply the result of
heating to some unknown extent at any
time within the past 1.7 X 10° years.
But if the lead excesses are radiogenic,
the data define a time interval during
which uranium decay contributed to the
abundances of lead-207 and lead-206.
Because of the absence of uranium at
the present time there must have been
a uranium-lead fractionation late in the
meteorite’s history. The potassium-
argon ‘“‘age” reported here indicates that
this fractionation did not take place
more recently than 1.7 X 10° years
ago; specifically, the possibilities that
lead was added to the meteorite 0.77
X 10° years. ago or that uranium was
removed about 0.1 X 10° years ago
must be rejected, and the calculated
lead-lead “age” of 4.6 X 10° years is
invalid.

A calculation of the lead-lead “age”
is strongly dependent on the uranium
isotopic ratio in the Sikhote-Alin me-
teorite; this ratio has not been meas-
ured, nor is it clear how one might be
able to measure it, owing to the ex-
tremely low abundance of uranium.
It is therefore not possible to deduce
any “ages” directly from the data; some
specific and prejudicial assumptions are
necessary. One particular model with
which the data can be reconciled is the
following. All the material of the pres-
ent solar system withdrew at some time
from nucleosynthesis processes, so that
the isotopic abundances of uranium are
the same in iron meteorites, stone me-
teorites, and Earth. The primordial
isotopic abundances of lead are identi-
cal with those measured in the Canon
Diablo meteorite (9). Radiogenic lead
evolved in Sikhote-Alin from the time
of its solidification until 1.7 X 10°
years ago. Then

Pb2" _ k(e).l'r — 1)

Pb?ﬂﬁ - (eX2T —_— 1)
where Pb*" and Pb**® are the radio-
genic components only, and where & is
the ratio U/*™U*® at the time 1.7 X
10° years ago (k = 34). A lead-lead
“age” of 2.5 X 10° years can then be
calculated, leading to a total solidifica-
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tion age of (4.2 == 0.2) X 10° years.
This “age” is presumably analogous to
the total lead-lead “ages” of stone mete-
orites, which cluster at (4.55 == 0.15)
X 10° years. It should be noted that
an age calculated from the Pb*°® data
in Sikhote-Alin does not agree with
this; this may be due to a Th/U ratio
in the iron meteorites which is different
from that in the stones and Earth.
There may well be alternative interpre-
tations of the data (10).

Davip E. FISHER
Cornell University, Ithaca, and
Brookhaven National Laboratory,
Upton, New York
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Sonar Signals of the Sea Lion

Abstract. Tape recordings were made
of the underwater noises of captive sea
lions swimming in a concrete pool at
night. When approaching pieces of fish
that were thrown into the water, the
sea lions emitted trains of sound signals
like those of the bat and the porpoise.
A detailed analysis of these noises
shows that they meet the criteria of a
pulse-modulated sonar system and, in
fact, reveal an amazing sophistication
so far as echo ranging is concerned.

Within the past 2 years I have had
occasion to make numerous visits to
a small uninhabited island off the Cali-
fornia coast (7). This island is occu-
pied at certain times of the year by
thousands of seals and sea lions. Oc-
casionally I have seen one of these

. E. L. Fireman and D. E. Fisher, Nature 192,‘

animals which, by its behavior and by
such tests as I could make, appeared
to be totally blind. Yet it was well fed
and avoided rocks as well as other sea
lions while in the water. The use of
echo ranging or sonar for obtaining its
food at once suggested itself.

I therefore obtained tape recordings
of the underwater noises made by cap-
tive sea lions at the San Francisco and
San Diego zoos. For these recordings
(2) 1 used a magnetic tape recorder,
with a barium titanate hydrophone hav-
ing a resonance frequency of 125 kcy.
The hydrophone was placed at one end
of the pool and the pieces of. fish were
thrown in adjacent to a small island in
the pool so that the animals could ap-
proach from either side. Since the major
portion of the energy in these record-
ings occurred at frequencies below 20
key and so much work remains to be
done before any reasonable analysis can
be made of the high frequency compo-
nents, this report deals primarily with
that portion of the signals of the Cali-
fornia sea lion, Zalophus californianus
(Lesson), occurring below 20 kcy.
Several of these animals were kept in
concrete pools, with means for isolating
those animals that were not involved in
the recordings. Recordings were made
with from one to as many as 20 animals
and with light conditions ranging from
daylight to so dark that the pieces of
fish, and much of the time the animals,
were not visible to the human eye. The
sounds recorded under these conditions
are quite distinct from the raucous
barks which the sea lion makes in the
air. They consist of a series of short
pulses which are similar in many ways
to the sonar pings of the porpoise as
described by Kellogg (3). Since the
animals will pick up pieces of fish
thrown into the tank just as quickly
under the darkest conditions mentioned
above as they do in daylight, I believe
these sounds to be echo-ranging signals
of a complex and sophisticated nature.
An acoustical analysis of many of these
pulses was made by playing the tapes
at a reduced speed through a Minneap-
olis-Honeywell recording oscillograph
(Visicorder) model 1508, which was
necessary to observe wave form and
measure the fractional millisecond time
intervals.

Although many different types of
signals are used under different condi-
tions, one of the most characteristic
type used by the California sea lion
when approaching a piece of fish in
the dark has been analyzed in some
detail. It is, in fact, a kind of double
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Fig. 1. Composite figure showing features of the double sound-pulse used by the Cali-
fornia sea lion in echo ranging. A sample of 83 double pulses extending over a time
period of 4.6 seconds is diagramed in this figure. Reading from the top downward, the
eight variables represented are: duration of the silent period between units of the double
pulse, amplitude of the precursor pulse, amplitude of the following pulse, frequency
of the precursor pulse, frequency of the following pulse, duration of the precursor
pulse, duration of the following pulse, and the time interval between adjacent double

pulses.

pulse. The first portion contains from
three to nine oscillations or waves,
with an average of about five. In our
recordings the length of this precursor
(4) pulse ranges from 0.3 to 1.0 msec,
with a sonic frequency of approximately
5 to 13 kcy/sec. After the initial pulse
there is a silent or nearly silent period,
after which the second portion of the
double pulse comes to full amplitude
in about 2.4 cycles and persists for
about 25 msec. These double pulses are
repeated—as in the case of the porpoise
—at the rate of a few to a great many
per second. An idealized tracing of one
of these double pulses is shown near
the middle of Fig. 1. ,
The changes which can occur in a

train of sea lion pulse patterns of this’

sort are also indicated in Fig. 1, where
eight aspects of these pulses have been
charted. The figure depicts the essen-
tial characteristics of a series of 83
double pulses as a single sea lion ap-
proached a piece of fish in the dark.
This entire approach from 10 feet re-
quired only 4.6 seconds. Reading from
top to bottom in Fig. 1, the variables
diagramed are as follows: duration of
silent interval between the subpulses
of each double pulse, relative ampli-
tude of the precursor pulse, relative
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amplitude of the following pulse, fre-
quency of precursor pulse, frequency
of following pulse, duration of pre-
cursor pulse, duration of following
pulse, and time interval elapsing from
double pulse to double pulse.

Each of the 83 double pulses is rep-
resented at the bottom of the figure by
a vertical line with a dot on top. The
lines are arranged on a time scale
along the abscissa so as to show the
interspacing between double pulses. The
length of each line gives another in-
dication of the time elapsing between
adjacent double pulses. The spacing
between pulses extends over a sixfold
range, but it decreases progressively
as the animal approaches a fish. In
other words, the pulses are repeated
at a faster rate as the distance be-
tween the sea lion and piece of fish de-
creases.

The auditory frequency of the sepa-
rate pulses (horizontal lines) shows that
the precursor pulse in this case extends
from 4.5 to 13.4 kcy/sec. The following
pulse (solid line) is always lower in
pitch and ranges from 2 to 11 kcy.

The duration of the precursor pulse
averages approximately 0.71 msec. The
length of the following pulse, on the
other hand—although it is subject to

much less accurate measurement—is
about eight times as long as the pre-
cursor pulse. In the present sample,
the duration of the silent period be-
tween the two subpulses varies from

0.0 to 1.0 msec.

The measurement of absolute inten-
sity is not possible in a free-swimming
animal whose distance from the hydro-
phone is unknown, but measures of
relative intensity have been graphed on
an arbitrary scale along the line which
is second from the top of the chart in
Fig. 1. It appears that the amplitude

of the precursor pulse fluctuates ir-

regularly throughout most of the rec-
ord but is steadier in approximately
the last second of time. During the
corresponding time period, that is,
when the sea lion gets close to the
piece of fish, the following pulse in-
creases in intensity.

In one remarkable instance, the
pulsating squeak of a water pump was
picked up by the hydrophone along
with the sputtering signals of a sea
lion. At first the sea lion superimposed
a series of random pulses over this
pump noise and then introduced a
unique pattern of about ten pulses be-
tween successive squeaks of the pump.
In one consecutive series of 35 such
groups of ten to twelve pulses ana-
lyzed, the first pulse had a frequency
of 3 to 4 kcy/sec, and the frequency
of successive pulses went up to about
8 kcy/sec and then gradually dropped
down to 3 kcy/sec. This is an example,
1 think, of the astonishing modifica-
tions which are possible in the applica-
tion of the method. The California sea
lion seems not only to be able to mani-
pulate the different variables shown in
Fig. 1, but it alters its sonar signals
in many other ways.

Additional records have been made
of the underwater noises of the Steller
sea lion, the elephant seal, the harbor
seal, and fur seals. Although an analysis
has not yet been attempted, indications
are that these animals also make use
of pulse-type sonar signals.

: THOMAS C. POULTER
Stanford Research Institute,

Menlo Park, California
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Genetic Control of Hemerythrin
Specificity in a Marine Worm

Abstract. A biochemical polymorph-
ism of coelomic hemerythrin has been
found in the sipunculid Golfingia goul-
dii; the electrophoretically “fast” and
“slow” coelomic hemerythrins differ in
their oxygen equilibria and by a single
peptide in tryptic and chymotryptic
“fingerprints.” All individuals of this
sipunculid have the same vascular
hemerythrin, which is electrophoreti-
cally different from any of the coelomic
hemerythrins. Vascular and coelomic
hemerythrins of another sipunculid,
Dendrostomum cymodoceae, have quite
different “fingerprints.” Thus, on the
basis of two separate types of evidence
the tissue-specific hemerythrins appear
to have a distinct genetic basis. The
embryological and phylogenetic impli-
cations are discussed.

Vascular (blood) hemoglobin and
muscle hemoglobin (myoglobin) have
been known for many years to be bio-
chemically distinct proteins. Recently
it has been shown that the amino acid
sequences are different (7); this means
that myoglobin and hemoglobin are the
product of different structural genes
(cistrons). Further evidence for this
separate genetic basis has come from
the failure to find any difference in the
myoglobin from normal human beings
(Hb A homozygous) and from indi-
viduals with sickle-cell anemia (Hb S
homozygous) (2). Thus, these tissue-
specific hemoglobins are under the con-
trol of separate genes. Several research-
ers have suggested that tissue-specific
proteins—for example, the “isozymes”
—are significant with regard to the
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general problem of the genetic control
of development (3, 4). If this is true,
then tissue specificity of certain proteins
should be a very widespread phenome-
non.

I have found tissue-specific hemo-
globins in the annelid worm Travisia
(5); in addition, two species of sipun-
culid worms were found to have sepa-
rate vascular (tentacular) and coelomic
hemerythrins occurring in morphologi-
cally different cells (hemerythrocytes)
and possessing different denaturation,
solubility, electrophoretic, and oxygen-
equilibrium properties (6). As the dif-
ferences between vascular and coelomic
hemerythrins are very great, and be-
cause they persist in spite of purifica-
tion and dialysis against common buffer
solutions, it has been suggested that
the proteins differ in their primary
structure (6). During my investigation,
50 individuals of two populations of the
sipunculid Dendrostomum zostericolum
were surveyed, by electrophoresis and
analysis of oxygen equilibria, to find
if any differences existed between indi-
viduals; none were found, and thus no
genetic speculation was possible.

In a survey of the sipunculid Golfin-
gia—erroneously called Phascolosoma
(7)—gouldii, variations in hemerythrin
type have been found which are proof
of separate structural genes for vascular
and coelomic hemerythrins (8).

Coelomic and vascular hemerythrins
were obtained without contamination,
as described elsewhere (6). In Golfingia
gouldii the amount of vascular heme-
rythrin is very small, less than 0.005
ml of cells in a large individual. This
quantity is sufficient, however, for a
single starch gel electrophoretic analy-
sis. For the initial screening of indi-
viduals, unpurified hemerythrins were
used. For other chemical studies heme-
rythrins were purified by ammonium
sulfate fractionation; these preparations
showed no trace of contamination with
other proteins, either when tested in
starch gel electrophoresis or in the ana-
lytical ultracentrifuge. Hemerythrin can
be detected in starch gels by virtue of
its reddish-brown color; a more sensi-
tive test involves the Nitroso-R Salt
staining procedure for iron (9).

In Fig. 1 it may be seen that indi-
vidual sipunculids have any one of three
different coelomic hemerythrin patterns,
whereas the vascular hemerythrins are
identical. In the experiment reported
here, the latter were pooled to obtain
comparablé concentrations and to em-
phasize the identity of the vascular
hemerythrins in each individual. It is

T (10-16)
12

11

10

Fig. 1. Starch gel electrophoresis of coe-
lomic and vascular hemerythrins from
seven individuals of the sipunculid worm
Golfingia gouldii (borate buffer; final gel
pH, 8.3; electrophoresis at 250V for 16
hours at 0°C). The coelomic hemerythrins
of sipunculids 11 and 12 are the “fast”
type, sipunculid 15 is the “slow” type, and
sipunculids 10, 13, 14, and 16 are the
heterozygotes. The vascular (tentacular)
hemerythrins are identical, and in the ex-
periment were pooled [T (10-16)].

also apparent that the vascular heme-
rythrin has a more rapid electrophoretic
mobility under the conditions of the
experiment than any of the coelomic
hemerythrins. Studies in other starch gel
buffer systems indicate that the vascular
hemerythrin has a more acid isoelectric
point. Three coelomic hemerythrin elec-
trophoretic types were found in a popu-
lation of 181 individual sipunculids:
73 individuals were of the “slow” type,
16 were of the “fast” type, and 92 gave
the intermediate electrophoretic pattern,
which represents the heterozygote (70).
Since the hemerythrin molecule dis-
sociates in 6M urea to an ultracen-
trifugally and electrophoretically homo-
geneous subunit of approximately
one-eighth the normal molecular size
(11), the heterozygote, according to
hypothesis, should possess a family of
molecules containing different propor-
tions of the two kinds of polypeptide
chains; this would account for the inter-
mediate electrophoretic pattern and the
presence of traces of the ‘“slow” and
“fast” hemerythrins in the heterozygote.
In addition, an artificial mixture of
equal amounts of “fast” and “slow”
hemerythrins, after standing at room
temperature for a few hours, will give
an electrophoretic pattern identical to
that of the presumed heterozygote.
Another approach to the problem
involves the “fingerprinting” technique,
which has been used so successfully in
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