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At the Fifth Se"'sion of' the IOFO E'lxecutive Oommi ttee held in Rome in April 1976, the 
Indian Ocean Programme reported i te euooess in bringing ·i;he R/V SHOYO MARU to the 
Arabian Sea and adjacent waters off India and Pakistan in November and December 1976,. The 
present paper gives a brief description of the survey and its results, summarized from the 
original report in Japanese which will be published by the Fishery Agency of Ja.pan sometime 
in 1977., 

The activities covered ooeN'l.ographic obser'Va.tion9 co:mrentional biological survey 
(sighting of pelagic shoals and colbotion of fishes) and aoomitic survey. In spite of' 
special attention, the squid Syrr~leototeuthis oualaniensis did not appear abundantly 
during the present cruise@ · 

The equatorial underourrent did not erlst in the equatorie,l waters during the transi
tional period, from the southwest monsoon to tl:te northeast monsoon. Although the upwelling 
was reoogni21ed in the western part of the Second Area in the 1975 cruise, thh was not 
encountered in the 1976 cruise. This might be attributed to the difference in the survey 
period; the first oruise in 1975 covered the late southwest mo~soon season while the present 
cruise the early northeaat monsoon eeasono The ooaata.l u:pwelling on the continental slope 
was evidently less remarkable during the present cruise than during the previous one.. The 
pelagic shoals again appeared ra.ther scarce in the offshore waters thro~out the survey 
period as was the previous oruise., There Wl!!l8 a considerable number of important commercial 
fishes, almost the same species of the previous survey, on the Pakistani oontinenta.l shelf, 
but none of them appe~red to be large enough to attract a large-scale operation., In the 
present sUI'll'ey, the squids were not caught as <:1ften as in the previous survey. The index 
of echo abundance in the Second Area in 1976 was half of that in 19750 Since the duration 
of our cruise was V(;bry limited, it was difficult to find any reasoning for such year-to
yea;r variation. However, it might be suggested that the squids moved toward the west coast 
of India or the southern Arabian Peninsula., or a deeper layer during ·the northeast monsoon 
season. 
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1" PURPOSE 

rl'he pu:rpoae of the present cruise was to obtain information on distribution of pelagic 
fish stocks in :relation with the environmental factors in the Arabian Sea" Special attention 
was pe,id on distribution and behaviour of squid, Sympl.eototeuth-!!!, oualaniensie, which was 
observed over wide ra11ges d\J.ri:ng the last survey in 1975. 

The s'U:l:'vey covered two areas, the First or the central portion of the South Arabian 
See, and the~ Second or the portion of the North Arabian Sea off Pakistan (Fig.. 1)" The 
initial plan envise,ged coverage also of the area off India., but permission of the host 
country could not be obtained in time., 

3., PERIOD 

The vessel cruised for 104 days from 2 October 1976 to 13 January 1977 and surveyed 
the First Area in the southern Arabian Sea for 19 days from 3 to 21 November, and the 
Second Area in the North Arabian Sea fo:i· 17 days from 26 Novemb'!;lr to 12 December .. 

40 VESSEL 

The vessel R/V SHOYO MARU (1 381 .. 8 air, 4 OOO PS, Call Sign JDRD) belongs to the 
Ministry of Agriculture and Forestry, Government of Japan. 

The staff of the vessel was as follows: 

Crew Captain Kaz.tf\rllki Oomura and 40 other members 

Scientists 

Assistant 
Scientists 

Part-time 
Scientists 

Ifu,jima Yamanalca (Chief) 
Mori Yukinawa 
-Izumi Nakamura 

Singo Fujii 
Yoshihisa Kamihashi 

Muhammad Arshad 

6" IT:EMS OF INVmTIGA!l'ION 

Oceanographic observation 

Conventional biological survey 

(i) 

(ii) 

(iii) Acoustic survey 

7. ITINERARY 

Ports of Call 

Tokyo 

Singapore 

Arrival DepartU!:! 

2.,10 .. 76 

Oceanography & Acoustics 
II 

Biology 

II 

Chelll'lioal Oceanography 

Assistant Biologist 

" 

Remarks 

Kyoto Univ .. 

Kyushu Uni v .. 
Tokai Univ. 

Marine Fisheries 
Department, 
Pakistan 



ColomboY 26010.76 3.11. 76 Discussion on the survey cruise with staffs of 
FAO (including !OP) and Japanese Fishery Agency 
for alteration of the survey cruise. 

3.11. 76 21.1·10 76 Survey in the. Fir1:1t Area. 

Ke,rachi 22 .. 11.76 26.11.76 Arrangement of th~ survey schedule with the 
Pakistani offioia1s. 

26.11076 12.12. 76 Survey in the Second Area 

13.12.76 17.12.76 Discussion on the survey results with the 
PaJ.ds·tani offioialso 

Penang 27.12.76 31.12076 

Tokyo 13.1.77 

8. OCEANOGRAPHIC OBSERVATION 

In the whole survey area (Figo 1) the following measurements were made: 

(i) 

(~i) 

(iii) 

(iv) 

(v) 

meteorological factors by ordina,cy instruments; 

temperature and salinity in upper 750 m l~rs by STD; 
temperature in upper 250 m layers by BT; 

temperature in upper 450 m layers by XBT; and 

direction and velocity of surface currents by GEK. 

Water samples were oolleoted from upper 750 m layers in the Rosett Multi-Sampler. The 
thermosalinograph was continuously operated to locate siome or ourrent-ripso The water 
samples were determined on board by: . 

(i) 

(ii) 

(iii) 

salinity by the auto-lab salinometer for the check to STD reading; 

oontent of dissolved oxygen by Wi:nkler's method; and 

content of Silicate-Si and Phosphate-P by the a.uto-a.na.lyser and cross check 
by the colorimeter. 

Meteorological Observation 

The present surveys covered a. period early November to mid-I>eoember of transition from 
the southwest monsoon to the northeaat monsoon (Wooster.!!, a.lot 1967). In November, the low 
pressure zone appears in the vicinity of la.t. 11°N, and then mov~s southward with development 
of the high pressure zone in the north. The northeast monsoon s~ason begins when the south
going low pressure zone reaches the equator.. Other monsoon depr-~ssion occurs in an area over 
lat. 50N - 150N, long. 700E ~ 800E, and moves toward west and we~t-northwest (Sadler and 
Gildley9 1973). 

Figure 2 shows the wind observed in the whole survey period from 4 November to 12 December. 
The wind direction and velocity given in the figure are either daily average in the Pi.rat Area. 
south of lat. 21°N, or the average of measurement over the 15-daY survey period in the, Second 
Area. 

Originally the vessel was expected to call at Madras and Bombay befpre the cancelled survey 
off India. Due tolack of definite permission in time, the vossel called at Colombo instead 
of the above two ports. 
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It i~:i noted that thtiii wind has been rnild~ usually 4 or belCJw in the Beaufort scale, in 
th«i First especially in ·the fiouthe:r11 ; SE SSE in direction and 2 - 3 in the 
Beaufort scale in la:!;. 6°s ~ 20s- SSW NW and 3- 4 in 2°s - 100N; and various velocity in 
100N 15°N; t:ui.a. NE - E and 3 - 4 in the northern area. In the: Second Area, northeaat wind 
doroinatecl, comprising 21;1,., and the velocity was found having often reached 5 in the Beaufort 
scale. 

'l'he mild and vary:tng wind in the part of the surveyed area, south of lato 100N indicates 
·that the observations there were conducted during the ·transition period from the southwest 
mo'.rh':loon to ·!;he northeaat monsoon. Although the survey in the lat. 100N - 150N zone failed 
to indioe,te i£my definite trend due to disturbance caused by passage of depression and oyolone, 
the nor'tiheastern wind dominated in the part north of lat. 15°N. The northeaat monsoon was 
found starting in the :north of lat. 18°N surveyed in late November, for the dominancy 
of the no:i:''oheas·bern wind, fine weather and high atmospheric pressure. 

8.2 Oceanographic Observation 

The present survey was conducted during the transitional period when only limited 
surveys were ev€n' conducted in spi ta of posai ble drastic changes of oceanographic conditions 
(Wyrtki al., 1971). 'l'he data are now analysed in detail for better understanding of 
possible oorr~lioated procedures of seasonal change in the current system peculiar to the 
Indian Ocean. The present report covers merely a description of observations so far made 
during the present survey. 

First Area 

The first survey forms a line extending from lat. 60S to 220N along the meridian of 
long. 64°E, including grids in the part north of lat. 15°N. In total 68 observation 
stations were occupied aa shown in Figure 3. 

'l~e vertical distribution of temperature along the meridian in Figure 4 indicates a 
weE.r~ward current in the part south of lat. 2030 1 S and an eastwa:r.d current in the part between 
lat. 2<'30'S - 3°N. The current systems in the northern part appear quite complicated, but 
a scrutiny of the data implies presence of a westward current in the part north of lat. 30N, 
and of a vortex in the· part between lat. '7°N and 9030 1 N. Data f'rom the waters around the 
equAtor failed to show clearly existence of the so-called thermooline spreading phenomenons 

The vertical profile of salinity is shown in Figure 5. A distinct halooline of a 
50 - 100 m layer appeared in the part north of lat. 10s. Above the discontinuity, the 
water mass of high salinity exceeding 36.o%oof northern origin expanded toward lat. 30N. 
The gradient in the deeper layer is mild. The core of midlayer high saline water was not 
found in the waters around the equator. 

Figure 6 ;presents the vertical profile of content of dissolved oxygen. The isometric 
lineB of 3 ml/L or above run above 100 m layer, in parallel with the sea surface in 100 m 
or shallower layers. The o:icygen content shows distinct vertical change below 100 m layer 
in the waters north of lat. 5°N. In the layers below 100 m, the orygen content decreases 
northward, below 1 ml/L at lat. 50N, or north, and 0.5 ml/L in the northern waters of 
lat. 11 N. 

As seen in Figure '7, the oontent of Phosphate-P does not change from south to north 
in the shallower layers above 100 m where the content does not :reaoh 2.0 ug-a.tom/L. The 
high content of 2.0 ug-a,tom/L oocUI'.fi in rather shallow waters of a little over 100 m in the 
northern part of lat. 5°N - 120N, but sinks to about 400 m depth in the southern waters. 
The higher isometric contour of 2.5 ug-a.tom/L also shows similar vertical change, thus 
indicating richer distribution of the nutrient in the northern portion of the surveyed area. 

The vertical profile of Silicate-Si also appears to show a higher content in the northern 
waters than in the southern waters at shallow layers above 500 m. In the deeper layer, the 
content of Silicate-Si rises in the waters south of lat0 30s •. 



Figure 9 shows o:r'UiHe ·tracks and disrtribution of aur·vey sta,tions in the Second Area 
that was once covered by ·the reB®a:roh CI'llise in 1975. The surv0y period in 'Ghe 
present cruise from 28 November to 8 Deoernbe:i:' e,ppear~::i to hav€1 been in the northeast monsoon 
seaaono 'l'ho following sta:tement of vertical and horizontal distributions of temperature are 
based on obr:1ervations made by ba;thytharmographs and expendl!,ble bathythermographs 9 which were 
conducted at dense intervalso 

1@ Vertical profiles 

(1) Line around. 

Vertioa,l profiles are shown for ternperature (Fig,, 10), salinity and. content 
9f dissolved oxygen (Fig. 11), 1i1,nd contents of Phosphn.te-P and Silicate-Si 
~F:tgo 12). The isothe:i.'n1e,J. contourB appear ·to be shaHowest at around la:t. 230N, 
and to deepen northward and southward0 The profile o)'.' salinity shows a. similar 
trend, exoapt that a oo:re of 3603%oor more exists at 1;he layer of 200 m near 
!at. 22°N. The oxygen content is low, less than 1 ml/L below 60 m depth. The 
contours also deepen toward the north and south ends of the Area. Similar north
aouth change of depth of contours appears for contentf: of Phosphate-P and 
Sil i oat e-Si o 

Figt\Nis 13 and 14 illustrate the vertical profiles of temperature and 
salinity respedively. The isothermal contours app0ar' to be shallowest a:t around 
240N and deepen toward the northern and southern ends of the A:reae A similar 
geographic change is observed in unshown vertical distributions of Phosphate-P 
and Silicate-Si. The Balinity shows more oornplica:ted vertical profiles wHh a 
core of 35~8%o or less at 180 m depth and another oo:i.'e of 36. 1%. or more at 300 rn 
depth, both being the most conspicuous around la:t. 230N. 

(3) Line arQund long. 64 E 

The profiles a.re given on temperature (Figo 15), aalinity and content of 
dissolved oxygen (Fig,, 16), oontents of Phosphate-P and Silicate-Si (Fig. 17)o 
The isothermal oontolll:'s lie at the shallowest layers at around lat. 240N, deepen 
toward lat,, 22° 30 1 N, and come to shallower layers southward., Similar geographic 
changes of depth of contours aro observed for the other .factors. '!'he salinity 
has two ooros at around lat. 23°N; a low saline· core o:E' 35.9%. or leas at 100 m 
depth and a high core of 36,,3%•or more at 300 rn depth0 

(4) Line around long. 66 E 

Figure 18 shows the profile of temperaturo and Figuro 19 that of salinity 
and content of dissolved oxygen., The contours along the line show less geographic 
change than those along the aforementioned three lines., The iao·thermal contours 
lie almost parallel to the sea surface. Such change appears in the oxygen content 
as well as contours of contEmt of the two nutrient salts, al though the figures are 
not 9hown. 

(5) Line a.round long. 66~25 1 E 

Profiles are given on temperature (Fig. 20) and contents of dissolved oxygen 
and Silicate-Si (Fig. 21)o The oonto\U'a of these three factors appear to have 
become shallower along the continental slope. This geographic change implies 
existence of a coastal upwelling which is not confirmed due· to soarci ty of data 
on the shelf area. 
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The clrnso:i:•ip·tion is ba12ed on the observa:liioM ri/G the 50 m depth layer, 
seleo'Ged clue to relatively rem'1,rkabl€l geographic change 1md. to the convenience for 
comparieon with ·l;h~) distribu·l;ion pa/tte1'ns durir1g the previous survey in 1975. 

Obser1Yed re:nges between 220C ooid 2700, except small oold par-ts 
below 22°C e/t:; the wef'J,Gfllrn end (weet of long. 630E) 1md the central pa.rt (late 24011, 
long. 640E). \'le,rm Wt\tera of 260c or above are located in the waters south of 
18,t. 230N. 

(2) Salinity (Fig. 23) 

The low i:Jaline watera are observed at the parts of low temperature. However, 
this coincidence be·tween tempe1•ature and salh1i ty may not always ooour at other 
depth laye1'a due t;o th@ complicated vertical variation of aalini ty such as exis
·tenoe of low and high salin~ cores" 

( 3) Contimt of dissolved oxygen (Fig. 24) 

The high content of oxygen occurs in the southeaatern part and low content 
in the northeastern pa.rt. The low oxygen content intrudes toward long. 640E along 
the parallel of lat. 240N. 

(4) Phosphate-P (Fig. 25) 

Generally the oontont of Phosphate-P does not exceed 2.0 ug>-atom/L, except 
two par'Gs at around lat., 240N, long., 640E and at around lat. 220N, west of long. 
62°E. 

(5) Silicate-Si (Fig. 26) 

A high content of Silicate-Si exceeding 15 ug>-atom/L appears at the high 
Phospha.te-P concentration of lat. 240N, long. 640E" It is also noted that the 
contour of 10 ug>-atom/L intrwies from the western· waters south of lato 230N 
toward the highest concentration" 

(6) Depth of mixed layer (Fig., 27) 

Generally the mixed layer is located at shallow l~yers at the eastern and 
western ends and a/i; layers at the central part of the surveyed area. The 
north-south change of depth of the mixed layer is espeoially conspicuous along 
long. 64°E, above 40 m at lat. 240N but below 80 m at ·the southe The mixed layer 
is found shallower in this cruise than in the previous cruise in 1975. 

(7) Depth of low oxygen content of 1 ml/L {Fig. 28) 

The low oxygen layer is found shallower in this o:ruiee than in the previous 
cruise. The layer appears very shallow, above 30 m, a;(; lat. 240N, longe 640E. 
Fcrom this point, a of the low oxygen layer expa.nris southwestwa.rd, rea.ohing 
late 23°N, long. 620E. 

The westward cru.'rent observed in the waters of lat. 20 30' S and south appears to 
be the south equatorial current. The position thus found in the present survey is 



fei,1• r101~th 

a;nd 
i;o of' the ou:r·1'etrt at lat 70s 

')OS. <ltnd south in U1a no:r•thern 

There a:r111 two pm1f:dhUHies ·to ·the a~t~Hl,:t'd OUl''.r®11:t found in the mi,tfn'fci 
of la·t0 20 301 S - 30N0 I·~ oould 'bo o:i:tho:r' t;he forming (l!qtUl;torb,l oottnter our1'0:n"u o:c 
the whiclh found by ( ·1973 Ii!,' b) e to him 9 'uh® 
fo:rmer is located 30N 1.md 50s in November and Il'@loe~mbeir 9 &'1,ml 'i;ho lat·tox· 
e,1rpee.rs during th<;i t:('c~;:ir:d;tion of ·th.:i two mmmoon neasorw tho 

It i,n rn>"ted in Uta we/Go'.i.'fj the;t the so~·<H~,llad, thorinooline was 
no·t; dotocrtetl and that ·thei core of high aalino we:1;ters was no·t looa:tod du:t'iklg the su:rveys 
in 'cho First Areas This indicates that ·the aqruito:r•ial uncl':'lrour2""ent (Swallow, 1967 v 
Taft, 1967 7 Taft and 1967) did rwt e:Liert in this ar<Ja during ·hhe period under 
disc11Saiono 

In th<!ll ~Jh0tllow0r aal:lne watert'll fi.0 om 
north to aouthe 'l'ha high water ma,aaea in the north<~rn of l&to 50Nw 
and those in the southern app@e,r ·to be the wa:te'.!.' mass<3S 1tD~1 in tho 
OE!ntral Arabian and the water 111a.SB€1t~ 11 E11 of the aquatoria,l wa,Gors defined by 
Rochford ( 1964) respeotiv®lYo The dii:rtribution of dim:rnlvod oxyge:n e,nd 
Phospha,te=P 7 which are characterized lJy low concent:ra,tion :ln JGrH~ former ttnd high 
concentration in the latter in the northe1'n par'Gv were alrHa,dy obstff'ved clur:i:ag the 
International I11dian Oeee,n ExpodiUon (Wy1:tld (lt al!., 1971). '!'his indicates 'thl:l't the 
northern Arabian Sea water expands toward lat. 50N - 100N. 

2. Second Area 

A oonspiououH thermal is looa·ted at le;t. 23°N, 1ongo 620E1 la:t. 240N, 
long. 63°E, and la·t. 24°N1 long. 6Ll,OE. Bu·t there ia no suoh ridge obaerv<lld in the 
ea,i:rte:t'n part. The wa,te~ the a,bove thermal ridges are mostly oharao·t<n·iz.ed 
by the shallow mixed laye1• 1 ·low 1 low oxygen content and high 001rt<"m,Gs of 
the nutrient sal'ts. But ·the ridge around le,t. 240N1 long. 640E shows peculiar valuEw 
of salinity at each laye1' and 13uoh isolated dia·tribu"tioria ns to ·tempera;tm'e and phorcJpha·te 
at 50 m la,yer e..nd~ ternperl!;i;u..r.., a,nd silicate at 100 m layer 11 which dif'f'er from those in 
the western waters alo1Jg the ridge. 

An exarai;mtio:n of oharb prepared by Kavanova ( 1968) :tnclioates eastward expbuzsion 
of a highly produo·tive zone of 1.,45 go/rrf /d.ay from the Ara,bian Peninsula during th® 
southwest monsoon sea.son,, Such oha:t'acteristio was observed during tho previous survey 
in 19750 This may have been attributed ·to lotJg southwest mormoon B1oa~:wn in 1975, which 
appeared to have :remained ev(;ln in late Oo·hober. L1wk of offshore upwelling that is 
featu:i.•ed by eastward expa.imion of high producrtive zone is ~1nooU11tered in the 1976 cruise. 
This is most likely reflected by the sur\rey period in '1976 ·tha:t sta,rted later 'by about 
ten days as well as the earlier turnov<'lr of monsoon during the 1976 flu:rvey period. The 
remnant of productive watera in tha weatern part impliee that once developed upwelli:og 
off the Arabian Peninaula during the southwoeri; monsoon ria~on and resultant ®xpanl".d.on 
of highly nutritive waters wore fading in the period of the preseh,G cruise after 
oommenoement of the northeast monsoon seaeon9 but ·tlrn ·t:i.,aoe remained at the we,tenJ 
around late 24°N, long0 ,64°E0 

The coaste,l upwelling on the oontinental slope vrnr:-1 evidently lesr;:1 remarlmbla d:m:-:1,:og 
the present cruise than du:t.'ing "che p1'evious one0 The difference may e,lso be due 1;o 'Ghe 
lags of termina:tion of the aouthwei:rt monsoon season and of the oruiae between ·these two 
years. 



9 ® CONVENI'IONAJ, BI01.ocn:c111, SURVEY 

Non~~oou1Jt:l.o 1'lm·vey6 :for 
visual obser'11a;tiona, egg o,rni 

pelaglo f1sherl 0 aml '""''"~'"'··'· 

f>took"1 during the cruise comprises 
emd tac .. d; with the use of trolling for 

and small 'orawls for the dcmersal fishes 

• 29 and 300 

During ·the d.ay=·tbw; tm:i.·f'uce school[~ of fi1:1hes, flocka of birds, o·ther animals and 
drifts that rnay attr~ff(; fisher'.:! we:ra watched ov®r ·the sUI"1fey tracka in the First 
(8 to 20 November) and in ·~he ~oond Area (28 November to 1·1 l>eoember). Table 1 surrimarizes 
their ooourre11oe for each two-hour• duratim:i. Most fish iichools might have beer1 skipjack 
tuna of Birds were not found a:nd most flocks were small. Trolling 
gaa:r•FJ were for about one hom~ a.1"0und sun:riFJe and 1:n11wet on 8 to 20 November and 
28 November 'to 7 December, arid 16 specimens of sld.pjack tuna and dolphin fish (Table 2) e 

In general, tuna and reb/ted fishes did not appear e,bundant off Pakistan in the survey 
period. This co:!.ncides wi'l.;h the p'.NJJ·1rious obrfe:rva'tion the>;t the R/V DR., FRIDI'JOF NANSEN did 
not find tuna schools in ·1975 anrl 1976 (Inatitute of Marine Reaearoh, 1975, 1976 a, b), and 
that only a si~le m1hool of rnaokerel was obeerv41,d in the previou.s survey by the 
R/V SHOYO MARU ()'ish<::iry Agency of 1976, Yama.nal-ca 1976) e 

A larv<ll?l net wi'th a mou'~h opening of 2 mete:ra in diameter for the BUrfaoe collection 
was towed at a speed of about 2.,5 kno·ta for 20 minutes, onoe in ·the morning and at night 
(Table 3)0 'r.he fishes we1'e cla.Baified by family@ Among tuna and billfishes, the skipjaok 
tuna dominated in number (1I1able 4)" fl1hi1!:1 dif'fors from ·the resul't in the previous survey 
when only 12 larva.e of fl~ige;te me,oke1"el of war® obtained (Fishery Agenoy of Japan, · 
1976 9 Ya,rnanaka 1976)" 

The surfMe la1•1J'ae nert tow i:ncli.oates tha.t oil ba.lls were frequ.on·t off Pakistan 
(Fig@ 31)0 

9. 3 Midwater Handlino 

Tho gear of m:i.dwater hand.line used a.;t 33 sta.·tion"l scattered over tho whole area, 
aiming mainly at FJquids of !31f.!!!P~ototouthis 01J.alariiem.ais l'l'hioh were abundantly taken duri~ 
the previous survey. The test fishing oapturod about 130 Bpeoimens.of the squids (Table 5), 
ranging from 12 to 36 om :1.n rnantle length (Figo 32) and 75 to 1 375 g in body weight (Fig., 33) 0 

The sexual dimorphism is quite evident, males are far smaller than females. 

9.4 Bottom Handline 

In order to capture denW!lrsal fishee, 'lJo·ttom handlinen were operated at six stations 
located on ·the oon'tir1ental lllhelf off• fi!OUtherri Pakistan (Tn.ble 6). Longapine sea.bream of 
Argyrops spinifer e,nd giant oa,:tfieh o:t' Arius thalassi:nus d.ominated over about 20 species 
of f'iFJhes.. The see,bream tak®n at lat., 24006 1 N, long. 66°'.)1 1E showed a monomodal length 
composition around 24 to 26 cm in total length (Figo 34)., The other samplo of 92 specimens 
taken at la.t .. 24°05 1 N9 ·660~,8'E showed two modes a.ro1md 28 to 30 cm and 48 to 50 om 
(Fig .. 34).. The catfish from la.t .. 23028 1 N9 longQ 67°33 1 E were found wi·th a. mode of 38 to 
40 om in total length (Fig., 36)" of these two flpeciea taken during the present 
survey resemble in range of total those oa:ugh·t abundantly du.ring the previous oruiae 
(Fishery Agency of Ja.pa.n, 19767 !1!,, 1976)., Another dominating animal is ·the 
aqUid of Loligo du.vaucelii0 The si composition shows ac•me ve..riatio:n, a monomodal composi-
tion around 14 to-16 cm in mantle lemgth a·t la.t. 23028 1 N, long" 67033 1 E (Fig., 37), another 
monomodal one ax•ound 8 to 10 om a.t lat., 240041 N9 long •. 67013 1 E (Fig .. 38), and 9, bimodal 
composition around 10 to 12 om a.nd 16 to 18 om at another station near Karachi harbour 
(Fig .. 39) .. 
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9.5 Bottom Longl:i.ne 

Once bo·t·tom longlim:; wt!.B operated at la·t. 23028 1 N, 67033 1E? which waa 
evening of 8 Deoem1ia1' mid hauled in the :rm:ir.t mo:r'ning. 1I1he hook re;ttl:l 
and ·bhe oe:toh oomp:t'ised ·two ee,ch of lined silver E:,11."'mrt of ~~~~~ 
longapine see,bream and 14 speoimons of f;iant catfish. Hough aea 
addi tio:nal opel'&,tion fo1' this ~lf<He,:c in ·~he following 13Ur\rey pariod. 

9.6 Midwa,ter 'l1rw11l 

The newly cl0aigMd r~mall. liized midwe,ter trawl has the dime:t1i:d011 illush~e.;ted in 400 
The gear was towed e,t a of 3 knotr:i at a depth of 40 to 300 m aiming at dense 
echo reflection. Ma,jor species in the oatoh 'Geken a·t 16 s·tations oompri1:1ed swimming 
crab of Ch s edwardsi, a kind of geruler of _:;;;;;=~~""c:;.;= ancl kind of lantern 
fish of oser!J! J2°t.l!:t:<l1'!: (Table 7). lfowever 9 none ~~"T·_;:~~~~~:;;:;;::= 
=====:,:::,were caught by the gearo 

The same g'IJJa,r shown in ll'igo 40 waa also towod near bo·~'corn at eight ste,tiona on ·the 
oon"hinental shelf regard.lel':!s of the echo refleotiono The ·towing speed ra~d between 3 and 
4 knots (Table 8). A few hundrecl of fishe~3 9 sqtlids and shrimpt~ we1'€! taken by the 
gear. Among thorn, sweet lipfl of SPP•v largeh<Jad he,irtail of Triolµt!1,'W:I leJJtnrus, 
several speoiea of There,ponida,e, of SaU:t>id.a spp,, 9 and threadfin breams of 
Nemi,pterus spp., may cotu'list of economically in~ fiahes in the survey area ( rrable 9). 
It is noted that longBpine seabream a.nd giant oa;~fish were not numerous in O[ttoh by bottom 
trawl although they dominated over oatoh made by bottom longlinee 

9.8 Consideration 

1I'here are a conside:t'able num·bar o:I:' important co11unercinl fishes on the Pakistani contin-
ental shelf, but none of them to be large einough to a,ttrac·t a large-sceJ.e operation. 
BasE!ld on the aurve;v by ·the n/v KNl:POVIOH in the w~s'Gern oonti:nantal shelf of India 
from January to :!ifo,roh 19669 Shubnikov and Tokareva ( 1973) described almost the same opinion. 
In the preeient sw.'Vey 9 the aqutd of §!;ymp!e.Qtote'!this ouala11iJtl1Bi.s were not caugb:b a.s often 
a.a in the previous 1:im'Vey. ll1t:t-ther discussion on this year-to-year change on appeare,nce of 
the squid is gi ve:n in the following section on the e.c~uatic survey. 

10., ACOUSTIC ::.'URVEY 

The survey was conducted with the UJ'Je of the 28 KHz echo sounder of the ul traaonio fish 
counting system, and. the three-'Wave eoho sounder for thei nB·Viga-tion i::iyatem. Of ·th0 latter 
sounder, only a wave of 50 KHz was used for ,Ghe e.couatio BU.:rveya The presi!!l:rr~ survey was 
conducted as a rule from 06000 to 20000 h because it has be~m noted during the previous 
survey in 1975 that the fish schools were not always discriminated from dense deep scattering 
layer (DSL) whioh had frequently appeared at night., The recorders were usus,lly fitted for 
the depth range from surface to 200 m for the 28 KHz sounder or to 400 m for the 50 KHz 
aoundere In the waters shallower than these designated depths, the recor<l~rs were switohod 
for appropriately narrow re-ngeso The sensi~ivity was kept for en13u,ring the be~Jt records., 

Dense records frequently observed during the previous survey appeared in the 
offshore waters of 200 m or deeper during the present survey" '!he experimental liandlining 
indicated that these records consisted of the squid, Symploototeuthis oualaniensis.. Also 
diurnal change of these records was confirmed as a sinking movement at dawn and a rising 
movement at sunset (Plate 1) .. 
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Analysfo of eoho :r<aoo1'd£1 ol:rta:tnatl b1 ·the 1975 stu:-vey :ind:toa:ted ·tha/t ·l1he 
stayed t4:t e, derith of 120 ·to 200 m in (Fif~be1'y Agonoy of ·1976~ 
1976). Dul•ing tho SUl'Ve;y the awimmi?ig of squid vms obtilerved not only a;t a, 
rather shallow layer above 200 m (Ple,t® 2) 9 but also at (PlaJGo 3) 'Ii.tie 
reoords at the la,yer below 200 m are found the unknown records disoove~ced by 
Currie (1973) off Somalia. 

The observation ·two (shallow and deep) of swimmi:tig 
layers of squid as sohemaUoally 41 o There was no relation between 
dominanoy of shallow or• or betwel!m geo15:eaphic posHion and oceanographic 
conditions0 Due to ·the the 50 KHz aounder for the biological surv-ey, the 
"index of echo abundrc1,t1ce 11 of ·thl'I squid war~ estimated only for schools that occurred in the 
layers above 200 m.. 'I'ho 11 index of eoho abundance" was defined by Yokota ( 1953) as a pl<>oduct 
of length of the reoo1'd (:iiau:tioa,l mileia) and heigh.JG of thE' record (m) w:L'thout a,ny adjustment 
for in·hns:i:ty of the reflection., 

Figure 42 
for a distance 
0011t ri but or ·to 

shows rliiatri1Yu:tdon of th0 1'eln:ti0\/\'ll abund&we of a:nimal~i in O to 200 m 
of 30 ~:i.aut:i.oe,l milea of sur1rey track., Skipjaok ·tuna might h1we l1een 
th(~ l'floords in -!;he we,tera t?Jouth of the <:1qua.tor., SohoolriJ ass'Ulned 

were no·t 
northern watel'S o 

in ·tho wa:tor from le;t., 6 S to 13 N9 but increased in alnm,danco ::tn 

As shown in Fig., 43 9 JGho i:iquid appeared very abundantly distributed in the coastal 
wa'Gers around longo 63 30 1E., A s1Tl<',lle1' oonoentrat:ton was found in ·the offshore waters 
of lat., 22 N, longo 64 Eo 

(2) Waters south of Kara~ 

Figure 44 g:i:\res a1Lrvey ·traokl!l in ·the coasiHil,l waters along southern Pak:ti;;rt~.n and 
the indices ·of echo e,bu11dano1&i for e, dist~,nce of 5 nau'l;ical miles. Durbig the smvey9 
the standing stocks appea:i:>ed rather low except demers,'tl stocks off Karachi e,nd pelagic 
stocks off the Kemi rivero 

10.4 Cons:tderation 

'The squids appear to be oonoe11trated i.n parUoular ar<~as although Okute,ni ( 1973) found 
that the geographic range expands widely over the Ind~ian Ooean. In the First Area, the 
abundance was high in the waters nor'th of la·t. 13 N, where ·the oxygen content in ·the middle 
layers is rather low, between 0.,2 ·ho Oo5 ml/L 9 Mcording to Wyrtki a.log ( 1971) 7 i::md 
results of the present aurveyo This coinddence with "~he previous rer~ult (Fishery Agency 
of Japan, 1976, Yamanaka !!, 1976) again :tmplies ·that ·:;he squids e,re distributed in the 
waters of low oxygen conten'Go ·the &oond Area, the squ5.d appear to have been distributed 
avoiding the waters with diminishing upwellil'lf,~. 

Recently some numerical correction was found nlllceli!sary for the :tndices of echo abundance 
of squid in 1975. Figure 45 muat replace the oo:rTesponding figures in the previous papers 
(Fig. 39 in the Ii'ishery Agency of Japan, 1976, and Fig. 22 in Yamanaka, e·I; al. 1 1976) o Such 
correction did not affect the major conclusion that the squids are distri'buted_ around the 
upwelli:ngse 

'11he squids were less abundant by h.a,lf in the index of echo e,bundance and the rai:iges of 
distribution were different between these years., Sinoo duration of our cr'Uiaes are very 
limited, it is difficult to find out any reasoning for suoh year-to-year variation. However, 
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it could be noted that the survey covered the late southweet monsoon season in 1975 and 
the early northeast monsoon SE11:1.son in 1976; consequently the oceanographic oondi"tions a.re 
different between the two surveys. This may suggest that the squids moved toward the west 
coast of India (Silas, 1969) or the southern Arabian Peninsuh, (Zylyev, a.v., 1971) or to 
a deeper layer as aforementioned during the northeast monsoon season. 

Further surveys on the ecological study of the squid including migration and behaviour, 
etc., 9 may be necessary to provide more information on ava.ilab.ility and abundance of ·this 
important living resource in the Arabian Sea. 
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Tabla 4@ of Soombridae and Istiophoridae oolleotad 
by surface larvae net tows 

St. No. Species Number collected Size range (T.L, l!lf!l) 

LN- 2 ~~ is.o 

Euthynnus pelamis 4 6,1 - 7.5 
LN- 3 ~~ 2 7.3, 7.J 

Scombridae 1 10.0 

Euthynnus pelamis 2 s.o, 5.1 
LN- 5 

~ albacares 6.7 

LN- 8 ~~ 6 8.5 - 11.S 

LN- 9 Euthynnua pelamis 25 4.6 - 8.0 

LN-34 ~Gp, 12.s 
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32 = 

9 fj,11.d squid 
in the southern coast 

Numerals denote number of i:m:H viduale caught 

{ Pisces ) 

Ci!Tchin:hinidae 

Carcharhinus app~ 

lilliinobatidae 

Rhinobatos annandalei N 0?'1'.!1)110 ' 
Dasyatidae 

pasyatis _sp. 

GY]I!llura micrura (Bloch et Schneider) 

GYJI!llura poecilura 

Himantura bleekeri 

(Shaw 

(Bly 

) 

th) 

Himantura uarnak (Forsk t.1) 

Muraenesocidae 

Muraenosox cinereus (Fo rs~l) 

Congridae 

Rhynchocymba nystromi J ordan et Snyder 

C~upeidae 

Dussumieria hasseltii 

Sardinella fimbriata (V 

Engraulidae 

Bleeker) 

alenciennes) 

Th!J'.S9& vitrirostris (G ilcb:dst et Thompson) 

Synodontidae 

Saurida ~ (Bloch) 

Saurida undosquarnis (Ri 

Ariidae 

Arius thalassinus (Ri;'pp 

chard son) 

ell) 

l!regmaceTotidae 

Bregmaceros nectabanus Whit:ley 

Fistulariidae 

Fistularia petimba LJ!lce 

'triglidae 

Lepidotrigla sp. 

SyllllJlceidae 

~ monodactylus (Bl 

Platycephalidae 

pede 

och et Schneider) 

nnaeus) Grnt!li!loplites ~ (Li 

.Thysanophrys crocodilus (Tilesius) 

Station number 

l 2 3 4 5 

6 

1 

2 

2 

l 

38 2 

1 l 

l 

l 

100 

13 106 108 

30 50 9 11' 2 

5 5 12 

4 l 1 18 u 

l 2 

30 10 3 St 75 

25 

~ 

6 7 3 

2 2 

1 

l 

1 

1 

l l7 

6 n 4 

l 

l 1 3 

1 2 

l 

20 23 100 

l ·l 
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Species Station number 

1 2 3 4 5 6 7 8 

Serranidae 

E,.:eine2helus diacanthus (ValE!m:iennem) 100 

Thenponidae 

Rhonciacus stridens (Forskll) 250 1 

Apagonida@ 

~ guadrifasciatus Cuvi@r 10 

Acropomidae 

AcroI!oma sp. 1006 1- 2 

Lsctariidae 

Lactarius lactarius (Bloch et Schneider) 30 l 

l!.achycentridae 

Rach:i:centron canadum (Linnaeus) l l 

Echeneidae 

Echeneis naucrates (Linnaeus) 1 

Carangidae 

Alectis cilialis (Bloch) 2 

Caransoides malabm:icus (Bloch et Schneider) 8 6 9 10 9 

Caransoides chr:i:so2hr:i:s Valencienne11 l 

Carangoides· sp. l 

DecaEterus muroadsi (Temmincl<. et Schlegel) 41 
DecaEterus sp. 150 550 10000 2 6 2 

~niser (Bloch) 4 

Scomberoides c0mmersonianus Lacee~de l 

~ crumeno2hthalmus (Bloch) l 

Seriolina intermedia (Temminck et Schlegel) l 1 
Trachinotus ~ (Lacepede) J 

Uras2is helvolus (Forster) 5 l 

Leiognathidae 

Leiosnathus elongatus (Clinther) 10 1 
Leio~athus brevirost:ris (Valenciennes) ~ 1 

Leiognathus equulus (Forskll) 3 

Leiog;nathus smithursti (Ramsay et Ogilby) 5 

Nemipteridae 

Nemi2terus bath,i::bus (Snyder)· 60 4 150 .500 300 100 50 
NemiJ:!l:erus spp. 100 50 150 500 500 4 14 

Pornadasyidae 

Pomadas:i:s ~ (Bloch) 3 7 

Pomadas:i:s maculatus (Bloch) 3 3 1000 1 
I 
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Tabla 9 (oont 1 d) 

Species StBtion number 
" 

1 2 3 4 5 6 7 8 

Spaddae 

Ac.antho2a11.rus ~ Buchanan-Hamilton 14 
Argyrops yinifer (Forsldil) 7 3 . 10 2 16 

Sciaenidae 

Ot:olithea ~ (Schneider) 16 
Ar61rosomus spp. 6 l l 

Ephippidae(Drepanidae) 

Dre2ane lon&imana (Bloch el: Schneider) J l 2 
Dre2ane 2unctata (Linnaeus)· l 

Mullidae 

Ueeneus vittatus (Forsk~l) 21 7 

Uranoscopidae 

Zalescoeus ~ Jordan et Hubbs l 6 2 1 

Champsodontidae 

Cham2sodon ca2ensis Regan 60 9 l 5 3 

Sphyraenidae 

~hyraena jello Cuvier l 2 l 
S2h:traena obtusata Cuvier, 2 1 4 

Polynemidae 

Pol:tnemus sextarius Bloch et Schneider 50 

Callionymidae 

Cal lionymus kaianus- Gunther 7 

Callionymus sp. 13 500 30 10 

Stromateidae 

~ indicus (Day) 2 2 

Trichiurida"' 

Trichiurus Ieeturt.is Linnaeus 40 .500 J 4 

Scombddae 

Rastrelliger,kanagurta (Cuvier) 9 3 

Sc:omberomorus commerson (Lacepede) 3 l 

Pset:toidae 

Psettodes ~ (Bloch et Schneider) 1 3 3 2 l 

Bothidae 

Arnoglossus microEhthalmus (Von Bonde) 50 3 JO 

Pleuronectidae 

Pseudorhombs ~ (Ham1lton-!luchanan) 8 80 .50 



"' 35 

Table 9 (cont 1 cl) 

Species Station number 

l 2 3 4 5 6 7 8 

Soleidae 

'Asera!lgodes sp. 2 

Zebdas ~ (Bloch et Schneideir) l 2 

Cynoglossidae 

pynoglossoides ~ (Reg11n) 6 

C:i!!o!llossus lida. (Bleeker) l 1 6 3 

C:i!!o!llossus lin!lua Hamilton~Buchanan .5 

Triacanthidae 

Pseudotriacanthus stdgilifer (Cantor) 4 z 
Triacanthus biaculeatus (Bloch) 8 l 

Tetraodontidae 

Lagocephalus lunaris ~ (Bloch et Schneider) l 4 l 5 l 1 

( Decapoda (Decembrachiata )) 

Sepiidae 

Sepia eharaonis Ehrenberg 8 1 l 

Sepia spp. 15 1000 2000 13 10 8 10 500 

Loligonidae 

Loligo duvaucelii d' Orbigny 10 1500 5000 1000 1000 ,. 50 500 
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Numerals in and out of the circles denote percentage of the calm and average 
cloud amount Hspectively., The example in the lower-left corner indioates 
that: east wind comprised 4o% with the averag'E! velocity of 4 in the Beaufort 
scale; northeastern wind comprised 3r:tfo with the average velocity of 2; nor·thern 
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Figure 41. Sohema.tic representation of diurnal changes of swimming layers 
estimated as squid 

Type S • • • • Swimming layer in day-time is shallower than 200 m 
Type D • • • • Swimming layer in day-time is· de•3per than 200 m 
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Plate II. Hecord of squid indicating shallow swimming layer 
in day-time 1 ( 28 KHz) 
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Plate III. Record of squid indicating deep swimming 
layer in day-time (50 KHz) 
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