medium in the production of the helium
night glow.

For the past several years there has
been some controversy concerning the
lower ionospheric regions at night—
whether they result from undisturbed
decay of the daytime ionosphere or
whether there is a nighttime production
mechanism present. Assuming the ex-
istance of a nighttime production mech-
anism, Ogawa and Tohmatsu (2), in a
recent theoretical study, employed the
ion composition data of Holmes et al.
(11) to compute the radiation intensi-
ties required to maintain the E and F,
regions of the nighttime ionosphere.
Our measured intensities agree closely
with their findings and thus provide the
first experimental basis for the produc-
tion mechanism theory.

J. M. YouNnG, G. R. CARRUTHERS
J. C. HoLMEs, C. Y. JOHNSON
N. P. PATTERSON
E. O. Hulburt Center for Space
Research, Naval Research Laboratory,
Washington, D.C. 20390
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Ceratoscopelus maderensis: Peculiar Sound-Scattering
Layer Identified with This Myctophid Fish

Abstract. A sound-scattering layer, composed of discrete hyperbolic echo-
sequences and apparently restricted to the Slope Water region of the western
North Atlantic, has been identified from the Deep Submergence Research Ve-
hicle Alvin with schools of the myctophid fish Ceratoscopelus maderensis. By
diving into the layer and using Alvin’s echo-ranging sonar, we approached and
visually identified the sound scatterers. The number of echo sequences observed
with the surface echo-sounder (1/23.76 X 10° cubic meters of water) checked
roughly with the number of sonar targets observed from the submarine
(1/7.45 X 105 cubic meters). The fish schools appeared to be 5 to 10 meters
thick, 10 to 100 meters in diameter, and on centers 100 to 200 meters apart.
Density within schools was estimated at 10 to 15 fish per cubic meter.

A peculiar sound-scattering layer, ap-
parently restricted to the Slope Water
region off northeastern United States
and eastern Canada () (Fig. 1), differs
from typical deep scattering layers of
oceanic echo-sounder records in the
structure of the echo-sequences. Suc-
cessive trains of echoes do not form the
usual homogeneous band of reverbera-
tion such as that which results from the
receipt of sound scattered by numerous
objects of low target strength. Instead,
they form discrete hyperbolic echo-
sequences such as those which result
from the receipt of sound scattered by
a few objects of high target strength.
The layer makes a diurnal vertical mi-
gration. Midday depth to the shallowest
echo sequences on the echo-sounder
record is commonly about 330 m. Dur-
ing the evening ascent, the layer has
been traced to depths as shallow as
20 m.
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The layer has been observed in all
parts of the Slope Water, but is irregu-
larly developed. A similar and possibly
related sound-scattering feature has
been occasionally observed east of
Newfoundland. At some times and
places, the layer in the Slope Water has
been continuously recorded for tens of
kilometers; at others, only in small
patches or not at all. An examination of
the broadband sound-scattering proper-
ties of the layer (2) during an evening
ascent showed that the layer best scat-
ters sound at progressively lower fre-
quencies as the layer shoals. It best
scattered sound at about 12 khz when
near its midday depth (accounting for
the high intensity of the echo-sequences
on 12-khz echo-sounder records during
daytime); at 30 m the layer best scat-
tered sound at about 3 khz.

The layer was present at 39°48'N,
70°33’W, in a depth of about 1800 m

Fig. 1. Portion of 12-khz echo-sounder record made from R.V. Gosnold with Litton
PDR near 39°48'N, 70°33'W late in the morning of 6 October 1967.
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Fig. 2. Photograph of Alvin’s sonarscope [500-yard scale (457-1i1)] made near 39°48'N,
70°33'W late in the afternoon of 5 October 1967 at a depth of about 300 m.

i —— *

Fig. 3. Photograph of Ceratoscopelus maderensis school made from Alvin near
39°48’'N, 70°33'W on the morning of 3 October 1967 at a depth of about 600 m.

Fig. 4. Ceratoscopelus maderensis, a 54-mm male collected by Alvin on 3 October 1967
near 39°48'N, 70°33'W at a depth of about 600 m. [Drawing by Martha Howbert].
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south of Woods Hole, when we began
a series of exploratory dives in the
mesopelagial there with DSRV Alvin
on 3 October 1967. We dived to near
the bottom of the layer, as shown by
the echo-sounders of Alvin’s tender,
Lulu, and the support ship, R.V. Gos-
nold. There, Alvin’s echo-ranging sonar
(3) showed a number of sound-scat-
tering groups nearby (Fig. 2). Turning
out Alvin’s lights, we chose one such
group and approached it. When the so-
nar indicated “range zero,” we turned on
the lights and found we lay in the middle
of a dense school of Ceratoscopelus
maderensis (Lowe) 1839 (4) (Figs. 3
and 4). Driving through the school, we
captured several liters of fish with a net
that had been rigged on the front of
the submarine.

Except for the collection of speci-
mens, this procedure was repeated
about 25 times in the course of eight
3- to 4-hour dives during 3 to 6 Octo-
ber, and always gave the same result.
Each time that a target was chosen from
Alvin’s sonarscope and approached, a
Ceratoscopelus school was viewed. The
vertical distribution of the sound-scat-
tering groups seen by the surface echo-
sounder corresponded closely with the
vertical distribution of those seen from
the submarine. Although it seems evi-
dent that the sonar targets seen by both
are the Ceratoscopelus schools, we have
attempted to check this by compar-
ing the number of targets per unit
volume of water registered by the two
systems.

Assuming a 15° vertical beam width,
we counted targets on photographs of
Alvin’s sonarscope at times when the
whole sonar beam was within the layer.
Using six sonarscope photographs made
on three different days and at various
depths, we calculated an average water
volume per target of 7.45 X 105 m3.

Using echo-sounder records made by
Lulu (Gifft Depth Recorder) and
Gosnold (Litton Precision Depth Re-
corder), we noted the number of hy-
perbolic echo-sequences that intersected
a single sweep of the echo-sounder
stylus. We computed the radial thick-
ness of the figure containing the targets
by taking the minimum soundings to
the shallowest and deepest targets
counted, even though these soundings
generally did not occur at the instant
of the count. A beam width of 60°
was used (5). Thirty calculations gave
an average water volume per target
of 23.76 X 10° m3. Undoubtedly, the
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continuously recording surface echo-
sounder gives a better estimate of water
volume per target than the instantane-
ous sonarscope photos do. There is no
chance of confusing signal with noise
in the first, but this is unavoidable in
the latter. This fact probably accounts
for the smaller average water volume
per target computed from the sonar-
scope photos.

When Alvin approached a Cerato-
scopelus school and turned on her lights,
the fish reacted in a characteristic way,
swimming vigorously for a few strokes,
coasting for abowt an equal period, and,
alternating thus, rapidly moving down
and away from the submarine. Schools
deep in the layer appeared to react
more slowly and less vigorously to the
submarine than shallower schools. The

submarine’s lights appeared to be her.

most disturbing element. Using flash-
lights, we made some observations in
schools with the submarine’s lights out.
These and observations made immedi-
ately after the submarine’s lights were
turned on showed that the fish in the
schools were at rest. They hung motion-
lessly in the water, sometimes horizon-
tally, but often a little obliquely. They
appeared to be neutrally buoyant. They
were pointed in random directions, un-
oriented with respect to one another.
Although this species is well fitted with
light organs, no bioluminescence was
observed save from specimens in the
net, which emitted blue flashes from an
undetermined source. The dusky dorsal
lobe of the caudal fin was prominent
and is a useful field mark. There was
very little variation in the size of fish
in the schools. The 774 specimens col-
lected by Alvin from 3 to 6 October
and measured to the nearest millimeter
had a mean length of 62.4 mm, a
standard deviation of 2.9 mm, and a
range of 52 to 73 mm.

We estimated the density of fish in
little-disturbed schools to be from 10
to 15 per cubic meter of water. There
was considerable variation in the diam-
eter of schools. We tended to pick large
sonar targets for examination and ap-
proached some schools whose diameter
was as great as 100 m. A common di-
ameter of the targets displayed on the
sonarscope was about 25 m. Some of
the targets seen may not have been Cera-
toscopelus schools, of course, although
all targets approached were, including a
few deliberately chosen for their small
diameter (about 10 m). We could make
neither visual nor sonar estimates from
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Alvin of the vertical dimension of
schools. Surface echo-sounder observa-
tions indicate that they were commonly
from 5 to 10 m thick. Thus, the schools
appeared to be disk-shaped.

It was also difficult to estimate the
distance between schools. We often
noted upon seeking another target, hav-
ing made observations of one, that the
nearest was about 200 m away. How-
ever, some observations indicated that
the lighted submarine was repellent to
the schools out to about this radius.
Furthermore, a school as near to the
submarine as 100 m need only have
been 25 m deeper or shallower than the
submarine to have been outside the
purview of the sonar. Because of the
nature of the sonar beam, the separa-
tions shown in the sonarscope photos
cannot be taken at face value. Perhaps
the best estimates of the mean distance
between schools are the ones derivable
from the water volumes per school es-
timated above. A sphere whose volume
is 23.76 X 10° m® has a diameter of
166 m; one whose volume is 7.45 X
10° m3, a diameter of 112 m. Other
estimates of school separation do not
violently disagree with these.

Why do these aggregations of Cera-
toscopelus maderensis form? No feed-
ing activity was observed, nor did there
seem to be any concentration of food
organisms within the schools. No spawn-
ing activity was observed; the gonads of
71 specimens collected by Alvin were
examined and found to be little devel-
oped. The ratio of males to females in
these 71 fish was about 3.4 to 1. It has
been suggested that schooling, in some
fishes at least, minimizes predation;
individuals are less often found by
predators when aggregated than when
dispersed (6). Perhaps it is for this rea-
son that C. maderensis schools. We
observed no predators feeding in the
schools, although squids (Loligo or Om-
mastrephes sp.) on a few occasions
seized individuals close to the subma-
rine’s lights.

In the course of a dozen years of
intensive exploration with the echo-
sounder in most parts of the oceanic
North Atlantic, we have observed deep
scattering layers composed of hyper-
bolic echo-sequences only in the Slope
Water region and in the waters east of
Newfoundland (7). The principal ques-
tion that arises from the identification
of Ceratoscopelus maderensis with such
a deep-scattering layer, then, is this: Why
are such layers so restricted geograph-

ically? Not only does C. maderensis
inhabit a wide range in the northern
North Atlantic, but some, at least, of
the dozens of other species in the ubig-
uitous oceanic family Myctophidae (in-
cluding the abundant, widespread Cera-
toscopelus townsendi) might well be ex-
pected to cause similar acoustic effects
in many or all parts of the world’s deep
ocean.
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