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ECHO SOUNDER EVIDENCE 

OF 

DIURNAL VERTICAL MIGRATIONS OF H.~S 

By Robert L. EdWards* and Robert Livingstone. Jr. * 

ABSTRACT 

Evidence for diurnal migrations of two species of bakes 

(Merlucciua) has been observed on the Albatross m Edo Echo­

sounder. The data. are presented and discussed. 
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The diurnal behavior of the sUver hake has always been 

a subject of considerable discussion amongst fishermen. Many 

trawler fishermen wUl attest to the fact that these fish come up 

to the surface at night and accordingly do not fish for them at 
.--~ ..... 

this time. Others say that the sUver hake is as abundant and 

catchable at night as it is by day. 

Further evidence of vertical migration in Merluccius 

species is seen tn studies of their feeding habits by Davies 

(1949)" and Hickling (1927). That Merluccius may be sounded 

and taken in mid-water in good quantity has been demonstrated 

by Schaefers and Powell (l95S}. Before World War nil mackeral 

drift gill net fishermen often caught sUver hake in their nets at 

night. sometimes in quantity and usually~ as some have reported8 

when the moon was bright. 

On cruise 126 of the Albatross m in January and February 

1959, we obtained further evidence that both the sUver hake 

(Merluccius bUinearis) and its close relative, the American hake 

(Me albidus)~ make vertical migrations of considerable magnitude. 

The primary purpose of cruise 126 was to survey the fishes of the 

Continental Shelf in the area between Cape Hatteras and Cape Cod. 

The data were specifically collected as part of a study of the roles 

of temperature and depth in the distribution of fishes. Whenever 

possible.. detailed notes were made on the echo-sounder ( Edo­

AN/UQN-IB) recordings for comparison with the fish actually 



captured. WhUe maldng these notes .. we becam.e aware of what 

seemed to be s1gtdtica.nt relationships between the recordings-­

their type. density .. and position relative to the bottom-and the 

fish that were caught on that station. The stations referred to 

in this paper are twiicated on figure L 

Fig. 1. --Stations occupied on Cruise 126 of Albatross m. 
January and February 1959. (Caly stations referred 

to In text and table 1 are shown. ) 

Late in the ~ternoon of January 25. on station 6-6 (see 

figure 1) off the mouth of Chesapeake Bay, an intensely developed 

scattering layer was noted on the sounder. This layer was sub­

sequently ob.served at practically all stations along the shelf from 

100 fathoms out to 275 fathoms (our maximum fishing depth). It 

was furth~r observed to leave the bottom late in the afternoon and 

return to the bottom in the morning. The behavior of the layer 

was markedly similar to that reported for the better-known deep 

scattering layer in that it sometimes consisted of more than one 

layer and also exhibited simUar diurnal movements (cf. Hersey 

and Backus, 1954). 

When first observed the recordings were regarded more 

with curlosity than with interested intelligence since we did not 

consider the layers to be produced by fishes. However, as the 

cruise continued, it became increasingly apparent that the record­

ings of these layers bore some relation to our catches. 
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The traces that appeared were often double-layered. as 

can be seen in figure 2. Both layers are descending here at a. 

1"11. 2 ....... The scattering layer descending early in the 

morning. Notice the double nature of the trace. 

The bottom part of the layer descended to the 

bottom. a distance of about 100 fathoms" in less 

than 1 hour.. The top part reached the bottom 

(at 150 fathoms) about 0800. 

relatively rapid ra.te shorUy after daybreak. On this station. 

10-1. where the lower portion returns to the bottom toward the 

end of the tow. 62 albidus were taken and no bUinearls. Figure 3~ 

Figure 3. -The scattering layer ascending in late afternoon. 

The upper trace rose to the surface from about 130 

fathoms in slighUy more than 1 hour. The lower 

trace is only faintly apparent and is beginning to 

rise after the tow was completed. A persistent 

bottom trace, usually associated with white and/ or 

red hake" -may be observed. 

station 9-7. shows the scattering layer leaving the bottom late in 

the afternoon.. The upper portion is lUting as the tow begins; the 

lower portion may be clearly seen lUting atter the tow was com­

pleted. A relatively large number of bUinearis were taken (850). 



but not so many alhidus (27).. On statton 9-6 .. figure 4. where 

J'li. 4. ...:. ... An early arternoon trace. showing distinctive 

upper and lower traces.. Notice that the upper 

trace touches bottom at 125 fathoms. otherwise 

it maintains a level. occasionally parallelingtbe 

bottom contour. 

there is a stronger Ik lower trace on the bottom, with the upper II 

heavy trace generally off the bottom. a relatively large number 

of albidus were taken (125) compared with bUinearls (425).. On 

station 4-8. ftgure 5 .. one trace .. the upper. is clearly off the 

Fig. 5. --An exceedingly heavy upper tracell generally off 

the bottom with an irregular lower trace. A 

heavier spotting.. believed to be representative of 

white hake, may be seen on original tracing at slope 

where tow began. 

bottom for the entire tow while the other .. lower trace was right on 

the bottom for much of the tow. Here 121 albidus were taken. no 

bWnearls. On tow 1-2,. figure 6. where these traces were clearly 

- , 

Fig.. 5 .. -A heavy but ,undifferentiated hake tracing on the 

bottol'fL A heavy catch of both.M.: bUinearis and 

aUiidus was made here .. 

on the bottom .. large quantities of both species were taken 

(see table 1). -



Table 1. - -Number of "hake" and other species taken in 30-minute lows with remarks on the echo sounder Ira~cs 

Station Location 
Date number N. La£. \\i. Long. 

F"h. 3 1-1 39· 50' 70' 19' 

do 1-2 40· 00' 70° 17' 

do 1-3 40· 03' 70"13' 

do 1-4 40° 06' 70° /4' 

do 1-5 40· 09' 70° 17' 

do 1-6 40° 22' 70° 20' 

.Jan. 24 4-0 37 ° 57' 73° 56' 

.Jan. 31 5-6 37" 34' 74° 16' 

do 5-7 37° 36' 74· 16' 

.Jan. 25 6-6 36° 46' 74° 38' 

.lan. 27 7-5 35° 47' 74' 51' 

do 7-6 35° 45' HO 50' 

Feb. 9-5 38° 24' 73° 24' 

do 9-6 30° 25' 73° 23' 

do 9-7 38° 33' 73" 14' 

Feb. 2 10-1 39° 27' 72" 06' 

do 10-2Y 39° 31' 72' 06' 

!..I Average depth fished plus rHnge. 

21 Net partially fouled, 

Time 

0700-0730 

0805-0830 

1000-1030 

1227 -1257 

1421-1451 

1645-1715 

1612-1642 

1510-1545 

1633-1703 

1458-1528 

1341-1411 

1449-151!l 

1321-1351 

1424-1454 

1631l'-170B 

0645-0715 

OBOI-0031 

D"plh in 
fathoms 

197 (lB2-230t' 

165-12B 

100 

B2-83 

65-63 

4B-45 

240-200 

224 (175- 272 t' 
105-lBO 

177 (90-230)Y 

611-92 

15H {l06-226).U 

123-112 

200 (1(;5-220).1) 

149-156 

220-230 

200-157 

c:rtcnper 3!J-1niiiule low 
No. individuals 

Amer'lean SlIver~llTIe -ned 
hake hake hake hake 01l)('r8 Tn.ce characteristics 

72 280 26 105 

520 600 15B 

17 

127 46 

63 49 

350 61 

24 108 

123 

4 332 

!JOO 4n 

125 425 21 

27 850 15 17 

62 5 

!lO 16 36 

68 lung- finnl'd hake 
31 grf'ysoJe 

1500 buttel' fi sh 
423 spiny dogfish 

277 bulledish 
367 spiny dogfish 

57 spiny dogfish 

30 angle t' 

29 IOllg- finned hake 

Squid 
25 spiny c10gfi sh 

45 angler 

50 shrimp 

2 diffuse layers 100-IBO fm; descending 
and merging on hottom ,,\ 100 fm. 

Lllyel' on bottom. anothcr- di Huse band 
al 20-40 [m (Fig. 6). 

Diffuse I.t·aee on boltom dllring tow. two 
bands in midwa!!'r. 

Inyel' fnlltl (j-IO fm. below slI,-fae!'. 

Nolhing dll"ing low; single band 27 -:10 rill. 

seen when vessel not moving a fler tow. 

Nolhing un bottom, Many se,,!tf'[-pd 
"finger nail" Iype t,'acl'S (Cushing, 1957) 
fl'OI11 2 - 25 fm. 

Sll'ong Inyel' occasionally in contact with 
bottom. Olher midwalf'r Iroces (Fig. 5). 

Layer mostly aboul H fm. off bot to III 
deeper Ih an 200 fathoms. 

l.ayer on "ottom at 100 fm. similnl' to 
that in Fig. 6. 

Lnye I' at nnd on botlol11 nl I GO fm_ 

Diffuse bnnd 50-65 fill.. in f'ontacl wilh 
boltom al stnrt. of tow, 

"Fi ng!' r nnil" Iype It-ace 100-130 fm, 
Diffuse scatledng as depth inel-eases, 
Ihen diffu,w lnyer capped by henvy 
band (Fig. 7). 

Layer at bottom al 11 0 fm, simi lar 10 
\h;1 in Fig, 3 bUI less extensiv{', 

Lnyer inlensely developed with I"ve I 
changing relnlive t.o botlom conlou[' 
(Fig, 4), 

Complex layer on bottom. First 20 min. 
of tow. then double layer ascending and 
merging (Fig. 3). 

Double layer descending lower layer in 
coni ad with bottom at end of tow (Fig. 2). 

Nolhing during- tow bul intetIRdy developed 
at 150 fill. following hanlback when ship 
quiet in water. 

_________________ ..... """_~,"'."'.""" ... >'I~,,'i\'!.,.I'l,!'~."'I'--'~ + o;*PJAF Ai~'iA'll)c'!'!'N1..q,·~~'" - .",.....,~·,,"""...,'''.!.?f'·~''':1'-· ,.' ";':f-:-:~~. 



Itl,those areas where white hake (Urophycis tenuis) were 

take~ there wu usually a discernibly heavier trace right on the 

bottom.. This tra.ee may be observed in figure 5 on the descend­

Ing slope just to the right of the beginning line of the tow. We 

were unable to identify any particular type of tra.ce with the 

presence of red hake (Urophycis chuss). 

Occasionally a Hfinger-naUtt type of trace was observed 

associated with catches of M: bUinearls (fig. 7). 

Fig. '1. "'-An unusual type of tracing associated with M. 

bUlnearls. Notice tendency for concentratic:)O of 

fish at roughly sa.me depth despite change in 

depth of bottom. Water temperature at this 

level (120 fathoms) is about 52~ F. 



All of the pertinent data. are summarized in table 1. 

These data and the observations discussed have convinced us 

that we were in fact observing well defined traces of at least 

the sliver and American hakes. In winter,. sUver hake are 

found in number along the edge of the Continental Shelf down 

to 150 fathoms. At this depth and deeper .. albidus may be take1'1_ 

occasionally in number as well. The double trace occurred only 

in depths at which it was possible to catch both specles~ 1. e. B 

depths usually in excess of 125 fathoms. The traces are 

separated vertically.. the presumed bUinearis trace being on top. 

This double trace may be observed leaving the bottom late in 

the afternoon and rising to near the surface in an hour or so • 

. always maintaining some degree of vertical separation. They 

descend in the morning at about the same rate. 

The bUinearis trace doesn't usually descend much below 

125 fathoms. however it may extend offshore at this level into 

waters of great depth. Figures 4, 5. and 7 show such bilinearis 

traces at mid-depths. In each of these cases the water tempera­

ture was approximately 52.' F. at trace depth. This temperature 

appears to be the preferred temperature at the offshore sUver 

hake ... based on the trawl data obtained on cruise 126. 



In the shallower depths. the albidus trace diminishes 

rapidly and was never observed at less than 100 fathoms. The 

albidus trace has also been observed 'extending out into waters 

of great depth, descending several hundred fathoms. 

One further piece of evidence that. we were in fact ob­

serving vertical migrations of sUver hake on the echo sounder 

presented itself when the catch on station 9-7 was examined. 

The sUver bake caught a.t this time were not~ as was usually 

the case. severely bloated or otherwise obv.iously damaged by 

decom.pression of the swim bladder. As mentioned previously" 

this catch was made in late afternoon when the upper) or 

bUinearis", trace was lifting off the bottom. It would appear 

that these hake have a mechanjsm" perhaps keyed in with 

cl:tanges in Ught intensity $ that enable them to adjust the air 

bladder for a relatively rapid 'upward migration. CertaiDly 

silver bake caught du.ring the day are bad!,. damaged as a 

result of their rapid ascent to the surface in the net and ob­

viously do not adjust for the pressure change at this time. 



· Davies' pa.per" (1949) .. on the Foods of South African 

Fishes .. is a particularly pertinent reference to our general 

thesis. Our own Middle Atlantic area and the species found 

there show many simUarlties to those fishes of the southwest 

coast of Africa" which Davies studied. 

Davies (op.. cit.) reports: nIt appears that the Cape 

stockUsh (Merlueaus capensls) is almost entirely a pelagic 

feeder. and.. judging from its behaviour in relation to trawiing .. 

feeds during the night near the surface and rests near the 

bottom during the day. Large numbers of stockfish are caught 

in the otter trawl nets a.t depths in the neighborhood of 200 

fathoms (366 metres) during the day by commercl.al trawlers" 

while a long drag at night will generally yield very few fish. 

Line fishermen worldng at night.. however ~ often catch stock­

fish very near the surface. n The Cape stockflsh is more 

closely related to the deep water M. albidus than to the better' 

known sUver hake (Y. bUinearls). The fishing grounds referred 

to by Davies Is a deep water area and the bulk of the samples he 

concerned himself with came from an area circa 200 fathoms 

in depth. 

The need for mid-depth gear to empirically investigate 

the nature of these scattering layers is. obvious.. especially since 

rather large concentrations ~ hake (more than 5,. 000 lbs. of M. 

productus in a 20-mbmte tow with a mid-depth trawl) have been 

recorded in mid-water in the Pacific (Schaefers and Powell, 1958). 



LITERA TUBE CITED 

CUSHING .. D. H. 1957. TheinterpretatioD of echo traces. Ministry 

of Agriculture. Fisheries and Food. Fishery Investigations. 

Sal' .. n .. vol .. 21 .. No.3» pp. 1-16. 

DAVIES .. D. He 1949. Preliminary investigatiOl'lS on the foods of South 

African fishes (with notes on the general fauna of the area 

surveyed). ,Department of Commerce and Industries. Fisheries 

and Ma:rine Biological Survey Division .. Investigational Report 

No" 11 .. pp .. 1-36. 

mCKLING.. C.. F.' 1927.. The natural history of the bake. Parts I and 

II.. Ministry of Agriculture and Fisheries.. Sar. n. vol. 10 .. 

No.2, 100 pp •• 19 charts. 

HERSEY. J. B •• and BACKUS. R. H. 1954 .. New evidence that migra ... 

ting gas;] bubbles. probably the swimbladders of :fish. are largely 

responsible for scattering layers on the continental rise south 

of New England. Deep-Sea Research. vol. 11. 190 pp. 

S~FERS, EDWARD A., and POWELL .. DONALD E. 1958. Corre­

lations of midwater trawl ca.tches with echo recordings in the 

northeastern Pacific. United States Department of the !merier, 

Commercial Fisheries Review~ vol. 20, No.2. pp. 1-15. 

2"'8-61 

/) 





Cover. --Sorting the catch on station 4-8, off Ocean City, 

The catch includes white hake, American hake, anglers, 

and the red crab Geryon (in basket at left). 



0
J ~O
) 

_
_

_
_

_
_

_
_

_
_

_
_

_
 _

_
 

-!::
> o 
o 

\ 
\ 

, \ 

\ f'
0

 
/ 

0 

" .
 

! 
/ 

\ \ I 



Station 10-1 
Ti:me 0645-0715 
D~pth Scale 600 fathoms 
Chart Speed 0.167 in. Imin. 
Gain' 3.5 
Dista;nce Covered 2. 3 mi. 

Fig. 2. --The scattering layer descending early in the morning. 

Notiq.e the double nature of the trace. The bottom part of 

the laye~r d.escended to the bottom, a distance of about 100 

fathoms, in less than 1 hour . The top part reached the bottom 

(at 150 fathoms) about 0800. 
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Fig. 3. --The scattering layer ascending in late afternoon. The 

upper trace rose to the surface from about 130 fathoms in 

slightly more than 1 hour. The lower trace is only faintly 

apparent and is beginning to rise after the tow was completed. 

A persistent bottom trace, usually associated with white and! or 

red hake, may be observed. 





Station 4-8 
. T'ime 

Depth Scale 
Chart Speed 
Gain 
Distance Covered 

161.2 -·1642 
6 OO~fathon:1s 
O. 167 in. Imin. 
3.0 .0. 

2.5 mi. 

Fig. 5. --An exceedingly heavy upper trace, generally off the 

botto~ with an irregular lower trace. A heavier spotting, 

believed to be representative of white hake, may be seen 

on original tracing at slope where tow began. 

l.ald 



Station 1-2 
':~tTiifie",e 

Depth~ ~cale 
Chart Speed 
Ghln 
Distance Covered 

0805-:0836 
600 fatHofns 
O. 1671n. troin. 
3.5 
1. 9 mi. 

Fig. 6. --A heavy but undifferentiated hake tracing on the bottom. 

A heavy catch of both M. bilinearis and albidus was made here. 



Station 7 ... 6 
Ti:q}e~y ... ? 

n:eptpbScal~# 
Chart Sp~ed 
Gain v 

Dista.nce Covered 

1449-1519 
6 0 O;~i?<thoJ;llS 0 

O. 167 in. :truin. 
3.0 
~.~ mi. 

Fig. 7. --An unusual type of tracing associated with M. bilinearis. 

Notice tendency for concentration of fish at roughly same 

depth despite change in depth of bottom. Water temperature 

at this level (120 v fathoms) is about 52° F. 


