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RELATION OF FISHES AND OTHER ORGANISMS TO THE 
SCATTERING OF UNDERWATER SOUND 

BY 

GORDON H. TUCKER1 

U.S. Navy Electronics Laboratory 
San Diego 52, California 

ABSTRACT 

An analysis of concurrent sound-scattering records and biological collections in the 
sea show a correlation of the deeper and more intense scattering of sound with fishes 
and of the upper and lighter scattering with a dominant population of euphausiids. 
The main group of fishes concerned are the Myctophidae, which possess all of the 
essential qualifications of scatterers. 

INTRODUCTION 

Studies of transmission of sound in the sea have revealed within the 
water the presence of particulate matter (scatterers) which will return 
a measurable echo. Bibliographies and reviews of earlier work are 
found in papers by Dietz (1948), Raitt (1948), Tchernia (1949), and 
Moore (1950). The echo sounder is one of the most fruitful means of 
obtaining data concerning the presence of these scatterers at various 
depths; with a properly adjusted instrument and a quiet sea, the 
record frequently shows one or more distinct traces between the bot-
tom and surface. These intermediate traces represent the echoes 
returned from aggregates of scatterers. A single layer is recorded 
most frequently, and this has resulted in the expression "deep scatter-
ing layer." But this term is misleading, since it implies the existence 
of only a single layer and thereby tends to gloss over the complexity of 
the phenomenon. The scattering usually undergoes a diurnal (die!) 
migration; in the San Diego region it is generally located between 100 
and 250 fathoms during the daytime, ascends to near the surface at 
sunset, then returns to the depths again at sunrise. Fig. 1 shows a 
representative record of a 24-hour cycle of the scattering behavior as 
recorded by a group from the U.S. Navy Electronics Laboratory under 
the direction of E. C. LaFond. Attention is directed especially to the 
correlation between the evening ascent and sunset and to the correla-
tion between the morning descent and sunrise. The sea bottom was 
recorded on the second cycle, and therefore the depth is read as 400 
fathoms plus the indicated value. Recent studies have shown that 

1 Also Department of Zoology, San Diego State College. 

215 



216 Journal of Marine Research [X, 2 

such scattering is of widespread occurrence in the Atlantic Ocean 
(Hersey and Moore, 1948), in the Pacific Ocean (Dietz, 1948), and in 
the Indian Ocean and in the Mediterranean and Red seas (Tchernia, 
1949). 

It is generally assumed that the scattering is of biological origin, 
since its behavior parallels that known for many marine organisms and 
since such behavior is exhibited by none of the physical features of the 
water. Correspondence between the diurnal migration of the scatter-
ing and of zooplankton has been established by comparison of echo-
sounding records with the known behavior of many zooplankters; 
also, it has been established as a result of simultaneous sound records 
and collections. Johnson (1948) first noted the relationship between 
the scattering and general planktonic stratification. Hersey and 
Moore (1948) stressed the correlation between the behavior of the 
scattering and that of euphausiids, and hence these authors tentatively 
proposed euphausiids as the causative agents, a relationship developed 
further by Moore (1950). Boden (1950) analyzed about one hundred 
plankton samples taken between San Diego and the Pribilof Islands, 
the majority of which had been collected by the present author for 
the U. S. Navy Electronics Laboratory; concurrent sound data were 
available for many of the samples, and Boden concluded that euphau-
siids are an important constituent of the scattering, possibly the 
cause of it. 

Nekton have also been suggested as being responsible for the layer. 
Chapman (1947) noted that the abraded tails of louvar are indicative 
of dense schooling and, therefore, of large populations. Lyman (1948) 
suggested squid on the basis of their vertical migration; he assumed 
dense populations and widespread distribution because of the appetites 
and distribution of their predators, among which he includes certain 
of the whales, fur seals, and sea birds. Both of these proposals are 
based on indirect evidence; such data as are available from net hauls 
are negative, but on the other hand both forms would be difficult to 
catch. 

The identification of these echo-producing organisms is dependent 
upon definite and absolute correlation of simultaneous records of the 
scattering with collections of the total populations therein. This 
absolute correlation has not been achieved with satisfactory frequency 
as yet because of a complex of operational uncertainties. The echo-
sounding equipment must be specifically adjusted to record the 
phenomenon; from the author's own experience, this is primarily a 
matter of regulation of sensitivity, bias, and ping length. 

Collection of representative samples of organisms from the layer is 
complicated by two major factors: (1) All collecting nets are of neces-



Figure 1. Fathogram for a 25-hour period illustrating diurnal migration of scattering. 
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sity selective rather than all inclusive; (2) the operational depth is not 
known with certainty unt il the gear has been brought aboard, and then 
only if a depth recorder has been employed. These aspects of the 
problem will be considered further in subsequent sections. 

The Electronics Laboratory has made extensive collections with 
plankton and fi sh nets of various grades and sizes; hauls have been 
made both verti cally and horizontally and, whenever possible, they 
have been correlated with fathogram data and with accurate depth 
determinations. 

The plankton catches confirm the general picture of planktonic 
stratification during day and night; conspicuous among the planktonic 
forms are the euphausiids; a detail ed analysis of the euphausiid data 
has been made by Boden (1950). 

The present report deals primarily with the fish caught in a series of 
hauls in the Bering Sea Basin during the summer of 1949 and with 
collections from two of the six cruises made in the San Diego Trough 
during the summer of 1950; an analysis of material taken during the 
other four cruises is in progress. Evidence will be presented which 
will indicate that fish must be regarded as prominent possibilities 
among the potential scatterers, especiall y with respect to the deeper 
and more intense scattering. This is of particular interest in that 
there is some question as to whether zooplankters are of adequate size 
and of suffi cient diff erence in density with sea water to act as effective 
reflectors of sound; the fish to be considered are not subject to this 
objection. However, Moore (1950) has stated that unpublished 
results of preliminary experimental work at Woods Hole indicate that 
the euphausiids would be effective as scatterers, and Dietz (1948) 
reported that clouds of fine sand will also cause scattering; thus, 
objections to the small size of zooplankters may not be valid. The 
writer will note several instances in which the upper part of the 
scattering is correlated with a dominant population of euphausiids. 

APPARATUS AND METHODS 

The type of net used in the series of hauls to be considered here was 
designed especially for investigation of the macroplankton and nekton 
which could easil y escape the smaller and slow-filtering plankton nets. 
The basic net (Fig. 2) has a mouth opening of 6 feet by 6 feet. The 
top of the mouth fr ame consists of a 6 foot bar of iron l ¼ inches in 
diameter, with eyes on the top and bottom of each end; the bottom 
bar is simil ar ; each side consists of a 6 foot manila line which extends 
from one bar to the other and which is spli ced into the inner eyes of 
~ach bar. The net, secured to this frame by an 8 inch strip of selvage, 
1s 30 feet long, with the forward 15 feet of ¾ inch mesh, the hinder 15 



Figure 2. Net, with depth recorder attached to upper bridle and 
weights suspended from lower bridle. 

Figure 3. Depth recorder with housing lid removed. 
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feet of ½ inch mesh stretched ; lines of ¾ inch diameter run from each 
corner of the mouth to the cod end. The original model had a canvas 
sleeve at the cod end, with a removable brass bucket 8 inches in diam-
eter and 16 inches long inserted in the sleeve. Both sleeve and bucket 
were discarded ; a liner of coarse plankton or muslin netting was added 
to the last fi ve feet , and the cod end was simply tied. A short rope 
bridle secured the upper bar to the towing line, and weights were 
attached t o a short bridle on the lower bar of the frame; the weights 
served to carry the net down and to keep the mouth open. This 
arrangement offers two distinct advantages: The frame is collapsed 
when not in use, making for convenience in handling and storage, and 
the mouth of the net , when fi shing, is without obstructi on in front of it. 

A depth recorder (Fig. 3), secured to the junction of bridle and line, 
was used when available. The essent ial element is a Bourdon tube 
which, with changes in pressure, operates a needle that records on a 
chart attached to a revolving drum run by clockwork. Leakage 
diffi culties, ultimately overcome by the use of O-rings, and collapsing 
due to pressure prevented us fr om acquiring depth records for all hauls. 
The type of record obtained is shown in Fig. 4. The depths obtained 
with the recorders were plotted against the wire lengths paid out, and 
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Figure 4. Examples of depth records. D epth unit interval diff ered for various recorders· 
ti me unit interva l one minute. Arrows indicate progression of haul. Fluctuations in depth 
m lower record resulted fr om kicking engines off and on. the only way n ormal towing speed 
could be maintained in the vessel making this haul. 
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the resultant curve (Fig. 5) was used in determining the amount of 
wire to be paid out for a given depth when hauling without a depth 
recorder. Resultant discrepancies which would occur in horizontal 
hauls were minimized by the practice of making oblique hauls; that is, 
by bringing in the wire at a rate of five meters per minute for usuall y a 
wire length of 200 m, which was taken as the equivalent (Fig. 5) of a 
layer of water about 300 feet thick. Thus a layer of about this 
thickness would be fished in a 40 minute period. To sample scatter-
ing at 900 feet, 750 m of wire would be paid out and then brought back 
to 550 rn of wire at a rate of five m per minute, after which it was 
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Figure 5. R elation between length of wire paid ou t and depth of net under standard 
towing conditions, determined from depth recorder data. Curve used to estimate length of 
wire to be paid out for a given depth when a recorder was not available. 

hauled in at a rate of from 80- 100 m per minute. Since the zone of 
scattering usuall y appears to be at least 120 feet thick, it is quite 
certain that this method insures a sampling of the zone, although the 
net may not be in it all of the time. Tows were made at velocities of 
two to three knots. 

The echo-sounder equipment was the Fathometer, Model NMC-2, 
operated at 18 kc. 

BERING SEA DAT A 

Table I presents the basic data from three series of net hauls in the 
Bering Sea Basin. For ease of comparison, the hauls in each series 
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are arranged according to depth. All hauls are horizontal and the 
depths are actual, having been obtained with the use of a depth 
recorder. 

TABLE I.-FisH CATCH IN THREE SERIES OF H AU LS IN THE BERING SEA BASIN 

Series 1, July 29, 1949, 54° 35' N, 173° 08' W 

Haul Time Depth in feet Number of fish 

62b 1553-1623 289 0 
62c 1703-1745 423 5 
62a 1434-1528 823 11 

63 
64 

67 
65 
66 

Series 2, July 30, 1949, 54° 40' N, 172° 52' W 
2013-2045 120 
2332-0005 120 

Series 3, August 2, 1949, 55° 12' N, 172° 38' W 
0800-0845 267 
0448-0532 556 
0602-0650 1217 

0 
126 

2 
9 

142 

The hauls, except No. 64, are daytime hauls; it is assumed that 
conditions were fai1 ly uniform over the period and area involved, and 
therefore the hauls are combined and arranged in Table II by series ac-
cording to depth in order to summarize the vertical daytime distribution 
of the fish taken. Table II indicates clearly that, during the daytime 

TABLE IL-DAYTIME V ERTI CAL DISTRIBUTION OF FISHES; FROM TABLE I 

Haul Depth in feet Number of fi sh 

63 120 0 
67 267 2 
62b 289 0 
62c 423 5 
65 556 9 
62a 823 11 
66 1217 142 

and before ascent of the scattering, these fish are rare in the upper 300 
feet, few in number in the next 500 feet or so, and abundant at about 
1200 feet. It appears probable that there is a gradual but slight 
increase in numbers with depth until a level of marked concentration 
is reached. Fathograms at this time did not show scattering; this 
may have been due to one or more of the following factors: faulty 
adjustment of the fathometer, the disturbed state of the sea, or, as 
will be shown later, the fact that the echo sounder is not always an 
effective instrument for recording scattering at depths below 200 
fathoms. Quantitative reverberation studies have frequently shown 



Figure 6. Relation between scattering and net hauls. Echo-sounding record read as in Fig. 1. 
White lines on tape represent oblique hauls. M - number of myctophids caught; T - total 
number of fish caught. Haul number and time are below respective hauls. Where sea bottom 
appears, e.g. No. 224, true depth is read at indicated value plus 400 fathoms. San Diego 
Trough, 32°40'N, 117°35'W, August 22, 1950. 
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Figure 7. Relation between scattering and net hauls. Echo-sounding record read as in Fig. 1. 
White lines on tape r epresent oblique net hauls. M - number of myctophids caught; T - total 
number of fi sh caught. Haul number, date, and time are below respective hauls. Where sea 
bottom appears, e.g. No. 231, true depth is read at indicated value plus 400 fathoms. San Diego 

Trough, 32°40'N, 117°35'W. 
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deep scattering between 190 and 260 fathoms which were not recorded 
by the echo sounder; certain of these studies will be considered later 
in the text. 

Comparison of hauls 63 and 64 (Table I) is especially interesting. 
Both hauls were made at 120 feet. In haul 63, made at sunset when 
the scattering usually appears to have completed about half of its 
upward migration, no fish were caught. In haul 64, made about mid-
night, by which time the scattering has completed its ascent, 124 fish 
were taken. Therefore, one may assume a potential relation between 
the ascent of the scattering and the population indicated by haul 64. 

Table III presents a population analysis of hauls 66 and 64. Three 
species predominate, and the degree of agreement in numbers and 
composition between the catch of the deep daytime haul (66) and that 
of the shallow nighttime haul (64) relates the two populations. This 

TABLE III.-ANALYSIS OF FISH POPULATIONS TAKEN IN HAULS 66 
(0602--0650, 1217 FEET) AND 64 (2332--0005, 120 FEET) 

Species 

Lampanyctus leucopsarus 
Leuroglossus stilbius 
Theragra chalcogramma 
Hippoglossus (postlarva) 

Totals: 

~Number of specimens-~ 

Haul 66 Haul 64 

103 55 
29 42 
10 28 
0 1 

142 126 

correspondence, in view of the absence of such a population in the 
upper waters during the daytime (hauls 62b, 62c, 63, 67), indicates 
that we are dealing with the same population and that this population 
has migrated from deep to shallow water. The similarity in composi-
tion argues also against the possibility that the catches may be merely 
schools which were caught by chance. One may assume then that 
these fishes inhabit the deeper waters during the daytime and ascend 
to near the surface at night and that the time of their ascent is closely 
related to the time of the ascent of the scattering. 

SAN DIEGO TROUGH DATA 
Collections made in the San Diego Trough in the summer of 1950 

present a picture similar to that in the southern Bering Sea. The 
basic data for two of the cruises (August 22-23, hauls 221-236; Sep-
tember 6-7, hauls 238-246) are given in Figs. 6 and 7 in which the 
hauls are located on the concurrent fathograms to show their relation 
to scattering. The net hauls of the August 22-23 cruise will be con-
sidered in some detail since a 24-hour series is available; the September 
6-7 data are limited to evening and night and will be used as supple-
mental material. 
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_Gen~ral Scattering Correlations. The day and night vertical dis-
tribution of fish and of euphausiids for August 22-23 has been sum-
marized respectively in Figs. 8 and 9; in these figures the relation of 
each ~lock to the hauls shown in Figs. 6 and 7 is given by its corre-
spondmg number, except for the deepest hauls, which extended below 
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Figure 8. Day and night vertical distribution of fish and average scattering based on 
data shown in Figs. 6 and 7. The arrowed brackets bear the time Interval during which the 
indicated scattering prevailed and bracket the hauls made during that period. Adjacent to 
each block is the haul number. San Diego Trough, August 22-23, 1950. 

the bottom trace. The differences in day and night distribution are 
striking, and the correlation with the average scattering is good, 
except for the daytime euphausiid population. The average scatter-
ing is based entirely on the fathogram record, sections of which are 
shown in Figs. 6 and 7; daytime scattering to below 1500 feet was 
shown by the oscilloscope and by the visual recorder of the echo 
sounder. Thus scattering correlation with the daytime vertical 
distribution of the fish is actually better than shown. This and other 
relationships will be considered in more detail later in the text. In 
constructing the histogram for fishes we have included an assumption 
that the net, while traversing an upper layer before and after fishing a 
lower layer, would catch at least 10% of the population established in 
the upper layer by the standard oblique hauls at 5 m per minute. 
Hauls 232 and 242 (Fig. 7) were made to attempt a determination of 
this relationship by comparison with standard hauls at the same level; 
in these two instances the net was merely lowered as usual and then 
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bracket t l1e hauls rnacle <luring that period. Ad jacent to each block is the haul number. 
San Diego Trough, August 22-23, 1950. 

brought in immediately at the customary rate of 80-100 m per minute. 
Compari son of hauls 227 (Fig. 6) and 232 shows that haul 232 caught 
about 10% as many fi sh as did haul 227; haul 242 caught 38% as many 
as haul 240 and 21 % as many as haul 246. In t he fi rst and last 
instances the compared hauls were about five hours apart, whereas in 
the second comparison the two hauls, 2"10 and 242, were only an hour 
apart; thus, perhaps more weight could be attached to the resul ts of 
this latter compari son. The change in population numbers t hat may 
take place in these upper waters over a period of several hours is 
illu strated by compari son of hauls 240 and 246; t he fish population 
nearl y doubled and the euphausiid population almost quadrupled. In 
any event, t he assumption of a 10% correction factor appears to be 
conservati ve. The correction has not been appli ed to the euphausiid 
graph where the comparison values were lG, 67, and 17% respectively. 
Obviously the matter requires fu rther study either with repeated 
hauls of both types made successively or by elim ination of the problem 
by use of closing nets. 

Correlation of Ascent of Scattering with Organi sms. The most 
striking parall eli sm between t he behavior of the scattering and of the 
fish is shown by a compari son of shall ow hauls immediately preceding 
t he evening ascent wit h t hose which immediately foll ow i t; compare 
hauls 225 and 227 (Fig. 6) and hauls 238 and 240 (Fig. 7) . These 
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comparisons show that few fishes are present in the upper waters 
immediately before the evening ascent of the scattering, but immedi-
ately following it they are abundant; therefore, the marked increase 
in the number of fishes is correlated with the ascent of the scattering. 
However, we find the same type of increase when we consider the 
euphausiids. In both compari sons, few euphausiids were taken in the 
hauls preceding the ascent of the scattering, whereas those taken in 
haul 227 displaced 210 ml and those in haul 340 displaced 125 ml. 
Consequently, it is necessary to examine specific hauls in some detail 
to determine the respective relations of these tv.-o groups to the 
scattering. 

Stratificat1·on of Scatterers. Haul 222 (Fig. 6) was taken through the 
upper of two layers; the lower layer is poorly defined in most of this 
section of the record, but it shows clearly in the preceding and following 
portions. Although the fish catch was negli gible, 75 ml of euphausiids 
were taken, these constituti ng the bulk of the plankton; both fishes 
and euphausiids were scarce in t he waters above, sampled in hauls 221 
and 225. Consequently ,rn relate this scattering to euphausiids. 
The lower of the two layers was sampled by haul 223; while the catch 
of euphausiids was negligible, 243 fish were taken ; the lower layer of 
the scattering is therefore related to the fi sh population. Thus, 
consideration of hauls 222 and 223 indicates that the upper layer of 
this scattering is correlated wit h a euphausiid population, whereas the 
lower layer is related to the fi sh population. 

Reverberation studies, valuable for analyzing stratifi cati on, were 
being conducted from an accompanying vessel, more or less concur-
rently with the net hauls, by the Scattering Group of the Marine 
Studies Branch of the Navy Electronics Laboratory. E. C. Wester-
field and W. E. Batzler of this Group have prepared Figs. 10, 11 and 
12, which show the relative in tensities of scattering obtained fr om the 
oscill ograms for t he indicated hauls. The relative scattering is ex-
pressed in terms of the reverberation level (H.L) corrected fo r t he loss 
of intensity with depth according to the inverse square law (20 log r) 
and for anomalous attenuation (2 a r ); scattering above 500 feet 
could not be read since it was "off scope," but over most of this shallow 
region it is at least as great as that at 500 feet. An increase of three 
decibels represents a doubling of t he scattering intensity; in Fig. 10, 
for example, at 975 feet it is four times as great as it is at 775 feet or 
at 1200 feet. 

The earliest reverberat ion studies on August 22 were at 1647 hours; 
the results at this time and at 1738 hours are shown in Fig. 10. It 
will be assumed that the 1647 data may be applied to haul 222 (Fig. 6) 
since (1) the scattering on the fathogram record at these times does not 
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Figure 10. R elative intensities of scattering, from oscillographic recordings, and the 
depth relation to it of the net hauls most closely associated with the time of the recording. 
San Diego Trough, August 22, 1950. 
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differ in essentials and (2) there is negligible difference between the 
times 1647 and 1738, which probably indicates that we are dealing with 
a fairly stable condition. 

If we assume, then, that the oscilloscope data for 16'17 can be ap-
plied (perhaps with only minor discrepancy) to hauls 222 and 223, and 
if we read the relative scattering for the midpoints of these hauls from 
Fig. 10, we find that the average scattering sampled by haul 223 
relative to the fish population is 16 times as intense as the average 
scattering of haul 222 (860-540 feet) relative to the euphausiid popu-
lation. 

It appears from the fathogram that haul 224 (Fig. 6) fished below 
the level of the scattering. At time 1738 (Fig. 10), however, the 
average scattering in the waters fished by this haul is shown to be 
almost four times as intense as the scattering recorded on the fatho-
gram for the upper part (above 800 feet). But it is less than one-
fourth as intense as the scattering in the waters sampled by haul 223 
where the scattering was maximum, and it will be noted that the fish 
catch (Fig. 6) of haul 224 is less than that of 223; the difference in 
catch is even more pronounced, since we can assume that at least 
10%, possibly as much as 35%, of the catch of haul 223 was obtained 
while the net was passing through the waters sampled by this haul. 

Thus the daytime vertical distribution of scattering and of the 
related populations on August 22 may be summarized as foll ows: 
Between about 500 and 800 feet the scattering is relatively weak and 
associated with euphausiids; from about 800-1600 feet the scattering 
is markedly stronger and related to fi shes, the majority of which are 
myctophids; the fish population has its maximum density at the level 
of heaviest scattering, from about 800-1150 feet (cf. Figs. 8 and 10). 

Other hauls that provide information on the stratifi cation of scat-
terers are 235 and 236 (Fig. 7), made the following morning. Haul 
235 passed through the middle of the recorded scattering; the fi sh 
catch was negligible, but 138 ml of euphausiids were collected and 
therefore this scattering is related to them. In the haul below, No. 
236, the fishes were abundant while the euphausiid displacement was 
only 28 ml; therefore scattering at this level is related to the fi shes. 
For the most part, haul 236 was below the line of the scattering 
recorded on the fathogram (Fig. 7); however, the oscilloscope data 
for this period (Fig. 11) showed that the most intense scattering was 
likewise below the level of that recorded on the fathogram and that it 
occurred in the waters fished by haul 236; it is about four times as 
intense as the scattering at the level of haul 235. Thus we find again 
that the upper and less intense scattering, which in this instance is 
adequate to provide a conspicuous trace on the fathogram, is related 
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to a euphausiid population, whereas the deeper and stronger scattering 
is associated with a fish population. 

Hauls made at the time of the evening ascent (No. 226, Fig. 6; No. 
239, Fig. 7) are difficult to interpret. In each instance there were 
double layers of scattering. It was intended that haul 226 fish the 
upper layer; however, the net towed chiefly between the two layers, 
spent about 10 minutes in the upper part of the second layer, and it 
would have passed through the material of the first layer while being 
hauled in, although the latter had merged with the surface scattering. 
The fact that the catch, consisting of 18 myctophids and four other 
fish as well as 73 ml of euphausiids, contrasts markedly (especially 
regarding the euphausiids) with the almost complete absence of these 
forms in the immediately preceding haul (225) and in an earlier haul 
at the same level (221) leads to the assumption that the upper layer is 
primarily one of euphausiids. A similar interpretation is afforded by 
haul 239 (Fig. 8). This haul was made through the upper layer and 
fished little if any through the lower layer. Comparison of this haul 
with 238 shows that the numbers of fish increased only negligibly 
whereas the euphausiids increased from none to 57 ml. Each of these 
hauls (226, 239) was followed by other hauls at the same level (227 
and 240 respectively) after the lower layer had ascended, and each 
showed that the number of euphausiids increased twofold or threefold 
while .the fish catch increased roughly twentyfold; therefore, we relate 
the second layer to the fish. 

The considerations undertaken in this section, especially in the above 
paragraph, illustrate the desirability of accurate depth determina-
tions. It is believed that the conclusions drawn are valid; the evi-
dence, however, would be more conclusive if the depths were known 
precisely. An accurate depth recorder would permit horizontal hauls 
which would be more precise for the study of stratified scattering than 
are oblique hauls. 

Deep Scattering at Night. It has been stated in the INTRODUCTION 

that the complexity of the behavior of the scatterers is becoming more 
evident. This is especially so with respect to the widespread belief, 
related to the limitations of the echo sounder, that the scatterers 
ascend en toto at sunset, remain at the surface until sunrise, and then 
descend. While this is obviously true for a conspicuous part of the 
scattering, it does not hold true for a considerable proportion; indeed, 
the variable behavior encountered in this study is emphatic evidence 
in establishing the biological nature of the phenomenon. Several 
related aspects will be considered. 

The presence of deep scattering during the night is best seen in hauls 
231 and 232 (Fig. 7) with scattering to about 1200 feet and in hauls 245 
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and with scattering to about 1000 feet; these sections represent 
cond1t10ns on two nights. The considerable number of fishes at these 
depths during the night of August 22-23 (Fig. 8) has been noted, and 
the same phenomenon was apparent the night of September 6-7 (Fig. 
7, hauls 243-245). In hauls 229 and 230 (Fig. 7) the tape showed 
little scattering below 600 feet, but at 2200 o'clock2 the record of the 
accompanying vessel showed dense scattering to 600 feet, moderate to 
sparse to 1020 feet, and slight scattering at 1200 feet; oscilloscope data 
at 2203 o'clock (Fig. 12) showed definite scattering to about 1600 feet, 
with maximum intensity (with respect to the levels below 500 feet) 
between 1400 and 1600 feet. A considerable euphausiid population 
(Fig. 9) was also present. The relative amounts of scattering due to 
fishes or to euphausiids at this time cannot be determined, since both 
forms were numerous. However, the fish distribution correlates more 
closely with that of the scattering intensity. The maximum scatter-
ing was in the upper 250 feet, which is where we find the greatest 
concentration of fishes (Fig. 8) ; the euphausiids, on the other hand, 
were concentrated at the level below. While the total scattering 
relative to depth shows no marked difference below 500 feet, it is 
perhaps significant that haul 229, which shows the lightest catch of the 
hauls to 1600 feet on this night (Figs. 8 and 9), corresponds to the 
level of lowest relative scattering intensity (Fig. 12). 

Contrary to what one would anticipate, the marked increase in the 
myctophid population near the surface at night is not accompanied by 
an equivalent decrease in the population of the deeper waters; pre-
sumably fish are moving up from waters below those fished thus far in 
this investigation. This phenomenon is even more marked in the 
euphausiid populations (Fig. 9) where the numbers present in the 
upper 2000 feet of water would appear to be roughly eight times as 
numerous at night as during the day. Considerable additional data 
are necessary before this aspect of the problem can be clarified. 
Closing nets are needed to make a detailed study; some were employed 
in the earlier part of this study, but the ones used were unreliable and 
their use was discontinued. 

Two other points of interest are seen on the fathogram sections, 
both observable at the time of the evening ascent of the scattering. 
At the end of haul 226 (Fig. 6), at the point where the fish count has 
been placed, faint scattering can be observed to swing down from the 
ascending scattering and then reascend at about the end of haul 227. 
In the region of the other evening ascent, between hauls 238 and 239 
(Fig. 7), there is faint scatteri1;1g at 900 feet, at which l~vel_ it remains 
and does not share in the evenmg ascent. No explanat10n 1s apparent 

2 Unfortunately at this time the echo sounder was stopped for the night. 
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for the first case; presumably the second case concerns a group which 
does not take part in the evening ascent. 

DISCUSSION 

It remains for us to consider whether or not these forms meet the 
characteristics of scatterers. The basic requirements are as follows: 
(1) The forms must possess qualities which would be effective in 
scattering sound, (2) undergo diurnal migration, and (3) be abundant 
and widely distributed. The requirements will be considered briefly 
as a group for the euphausiids; for the fishes they will be considered 
individually and in detail. 

Euphausi ids. As indicated earlier, the capacity for reflection of 
sound by euphausiids is uncertain. However, Boden (1950) has 
presented some correlations between scattering and euphausiids, and 
the present report correlates the upper part of the scattering with 
these forms. Moore (1950) has considered exhaustively the matters 
of diurnal migration, abundance, and distribution; he finds sufficient 
agreement between the characteristics of the scattering and of the 
euphausiids to conclude that, if it can be demonstrated experimentally 
that the euphausiids meet the acoustical requirements, there will be 
little reason to consider other forms, and he refers specifically to fishes 
and squid. 

The validity of thus eliminating other organisms from the list of 
potential scatterers appears questionable, even though some may 
appear to be unlikely. Squid, for example, were never taken in 
numbers sufficient to account for the scattering. Although several 
hundred were collected, usually fewer than six were taken in any haul 
and seldom were any more than two inches in body length; yet it 
would be surprising if the net employed would catch the larger and 
very active species. Again, sergestids and other types of shrimp, 
mysids, and amphipods were present in moderate numbers in quite a 
few of the hauls associated with scattering, especially at the deeper 
levels. 

Finally, the role of fish has been emphasized in this report, and 
therefore the remainder of the discussion will consider these forms, 
with emphasis on the Myctophidae, which were the most abundant 
(Fig. 8). A detailed analysis of the collections is in progress and 
results will be reported at a later date. Thus far 53 species, repre-
senting 45 genera and 27 families, have been identified; 36 of the 
species are described as deep-water forms. 

Scattering Qualities. The fishes caught in the Bering Sea (Table 
III) ranged from about 1-8 inches in length and averaged about 4 
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inches; _th~ range in the San Diego Trough material was greater, but 
the maJonty were between 2-4 inches long. This size appears ade-
quate to produ~ce e~ective scattering. In addition, while the adults 
of many of the species probably do not exceed several inches in length, 
there are some that attain considerable size. Clemens and Wilby 
(1946) state that Theragra chalcogramma (represented in the Bering 
Sea material) attains a length of three feet; although none over a 
couple of inches in length was taken, and although the presence of 
young forms does not assure the presence of adults at the same level, 
the net used is ineffective for large fish and their absence from the catch 
does not mean that none were present. 

The effectiveness of some of these forms as scatterers is increased 
markedly by the presence of air bladders, which would present a sharp 
interface from which sound waves would be scattered effectively. 
The data on air bladders are limited, but bladders have been ascer-
tained for certain of the groups. The most abundant of the forms 
collected are the Myctophidae, nine species of which have been 
identified thus far. Berg (1947) stated than an air bladder is present 
in the family, which consists of over 100 species. Rolf Bolin of 
Stanford University has informed me that N. B. Marshall,3 Esq. of 
the British Museum (Natural History) has examined 24 species of the 
family and has found an air bladder quite normally constructed in 22 
of the 24 species examined by him, always with an enormous gas gland 
and large retia mirabilia; perhaps one of the exceptions is Lampanyctus 
leucopsarus, one of the more abundant species taken in this investiga-
tion; Dr. Dixie Lee Ray of the University of Washington tells me that 
this species has an air bladder which is largely filled with a type of fatty 
material, the exact nature of which has not been fully determined. 
Twenty-seven deep-water species other than myctophids were taken; 
according to Berg (1947), 9 possess air bladders, 3 do not, and no data 
have been located for the other 15. 

Diurnal Migrati on. This characteristic has been adequately dis-
cussed in the preceding section. The details for the various species 
remain to be established, but this characteristic seems to be common 
for all of the species of Myctophidae. 

3 Since submitting this paper for publication, the writer has read the galley of a 
paper by N. B. Marshall, "Bathypelagic Fishes as Sound Scatterers in the Ocean," 
which will have appeared in the preceding issue of this Journal. The data on air 
bladders are especially significant. The three major families in which he establishes 
prevalence of air bladders were the most abundant in the writer's collections. An 
excellent consideration of the possible relation of scattering to bathypelagic fishes 
is presented. 
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Abundance and Distribution. The Myctophidae are among the 
most widely distributed and commonest of the fishes of the high seas 
(Bigelow and Welsh, 1925; Jordan and Everman, 1903) ; of the other 
species, we may assume that at least the 27 deep-water species have 
fairly wide distribution. Quantitative data are not available, but it 
is believed that large populations exist and that failure to demon-
strate their presence has resulted primarily from limited investigation 
with suitable equipment. For example, Bolin (1939), in his review 
of the myctophid fishes, based his account of Lampanyctus leucopsarus 
upon 156 specimens from 33 stations, these having been obtained over a 
period of years by various agencies. Only three of these specimens 
were from the Bering Sea, where the author netted 158 specimens in 
two hauls. In the San Diego Trough hauls which have been con-
sidered, L. leucopsarus was the dominant myctophid; 12 of the hauls 
associated with scattering averaged 132 specimens per haul, and one 
of them (haul 227, Fig. 6) netted 372 specimens. These considerable 
catches are undoubtedly the result of the use of special gear correlated 
with the behavior of the scattering. 

An indication of the abundance of the fishes may be obtained by 
estimating the numbers which may be assumed to be present in the 
sound cone on the basis of the population which was sampled. For 
example, in haul 223 (Figs. 6 and 10) we have a population which is 
being related to the scattering at this level. This was an oblique haul 
from 1240-860 feet, made over a period of 36 minutes at a velocity of 
about 2 knots, and 243 fish were caught. The volume of water 
sampled was about 252,000 ft 3 ; there were present, then, about .001 
fish per cubic foot or about 0.034 fish per m3• The volume of water 
in the sound cone from 1240-860 feet is approximately 55,000,000 ft3. 
Thus, there would be present in the sound cone at this level about 
55,000 fish. Fig. 10 shows that the depth of the population sampled in 
haul 223 corresponds with the level of most intense scattering; Fig. 9 
shows that the euphausiid population at this level was negligible; 
and therefore we relate the scattering to the large population of fishes. 
In view of the inadequacies of the sampling gear mentioned earlier, 
and of the conservative estimate of the sound cone, this can be regarded 
as a minimum count; in addition, a considerable population may be 
assumed to be present in the stratum of water below, sampled by 
haul 224. 

CONCLUSION 

The evidence presented indicates that euphausiids are correlated 
with the upper and less intense scattering whereas fishes are related to 
the deeper and more intense scattering. Foremost among the latter 
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are the Myctophidae; they possess characteristics suitable for the 
reflection of sound, and, by means of concurre~t sound records and 
collections, they have been shown to be associated with the regions of 
most intense scattering; they undergo a diurnal migration paralleling 
that of the scattering, are widely distributed, and are present in large 
numbers. 

The entire problem of the biological nature of the scattering material 
requires extensive ecological study. Most of the work reported to 
date has failed to meet the rigid requirements of correlation of simul-
taneous sound records and adequate sampling at definitely determined 
depths. The various hypotheses thus far presented appear to tend 
toward the selection of one or another of the various forms known to 
possess at least certain of the essential qualifications. The writer 
believes, however, that the scattering probably represents a rather 
heterogeneous population, the members of which differ in relative 
abundance with time, depth, and locality; the main scatterers, how-
ever, appear to be the fishes and crustacean macroplankton, the 
euphausiids being prominent ·among the latter. 
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