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IBmOllUC!IOII 

With inoreasing int ..... t in the po.slblll1;y ot uslng srOUDdtiah tr .... l nr-

voys b,y research ah1ps as a means ot IIOIl1 toring population cbenges in d ...... 8el 

f18h stooks, tho presaot survey was planned as a toaslblli1;y studT. The obJeo-

tty. was to asseBS the 11keJ.T &coursol" of ncb 8Ul'Tqs, arui the appropl"iate 

IIlBDpowar requirements at 8ea and in the laboratory. 'lbe survey was done in 

JUDe 1911. 

GEAR AIID 1IE'l'lI0DS 

Ship. RV CIROLAII.l. 

Length. 72.5 m O.A., 62.5 II B.P. 

Ream. 14.0 m moulded. 

TODIlage. 2323 tons displacement, 1593 tons G.R.!. 

Shott horse-po"or. 2200 (ps • 1641 k'f). 

Solentltio statf. 9 Biologist., 

1 II¥drosraphor. 

!he ~drosrapher preterred to be responsible tor ell the ~drosraph1c observa­

tions throughout the cruiee. !he biologists thoretare ware divided into tiTO 

teams, of which three were on dutT at BD¥ time, giving el ternating parlods of 

9 hours on dutT and 6 hour. off. 

Trawl, Granton 

Headline. 23.8 II, "Uh 60 x 0.15 II diauter floats. 

Groundrope. 36.6 m. 

Bosom 6.1 _, with 1 x 0.53 II stoel bobbins. 

Bunts oach 6.1 m, with 3 x 0.53 .. and 4 x 0.46 m steal bobbins. 

Legs 13.1 II, with 1 x 0.46 • steal bobbin. 
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Dan Leno. 0.61. ball. 

Bridles. 21.4 •• 
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Doors. Fearnought type 3.35 x 1.53 m, 926 kg. 

Cod-cd. 120 .... nom1nal mesh abe, with blinder of 19 DUB nominal mesh 

aile. 

Area of survey. Fero. llank, erea approxi .... tely 1600 sq. " m11es, extmding to 

the 370 III (200 raj isobath. 

Feroe llank 10 amall in .ize, ID8Idng it poa.ible to fIOrvey tho complete er.a. 

The ood .tock 0" Foro. llank 18 known to be a .elf-contained unit (Jonee 1966, 

Jame.on and Jo .... 1961), end it aeems lik.ly that the ..... oan be .aid of the 

haddook. Faroe llank i. fished by Engli.h trawlers, and fishery .tatistics are 

recorded 8eparate~ for this area. 

Experimental de.ign. Faroe llank waa divided into four quadrant. (A-D) of 

apprOXimately equal area (Figure 1) and four depth .trata. (1-4) of (1) < 110m, 

(2) 110-146 III, (3) 146-183 III, and (4) 183-366 III (corre.ponding depth. in fathome. 

60, 80, 100 and 200). The whole bank wae oovered with a grid of potential 

statione .pac.d at 3 mile interval.. Sampling was arranged in the form of two 

complete replicate surveye, eacb of 32 stations. For each survey two stations 

were ran40llly preseleoted trom each stratum in each quadrant r ma.k:1ng eight sta-

tio ... per quadrant. The dey waa divided into four 6-hour periods, 0000-0600 hour., 

0600-1200 hours, 1200-1800 hours and 1800-2400 hours. Each pair of stations waS 

allooated to a specific time period in the torm ot a latin aquare, BO that each 

depth end quadrant was sampled at esoh divi.ion of the dey. Thu., on analyo1ng 

the results of each survey, it waa possible to consider the 8i82lificanoe of the 

effects of depth, quadrant and time on eacb species. The latin square used in 

the first survey was chosen at randoJll trom sta.tistical tables, it is set out in 

Table 1. The latin square used for the second survey wae derived from that of 

the firat, by advanoing all timea by 1200 hours. This allowed the two .urveyo 

to be combined to form one in whioh esoh depth stratUIII of esoh quadrent ... 

aamplod twioe in the pariod 0600-1800 hours end twioe in the period 

1800-0600 hours. Thi. facilitated an inve.tigation of the interactiono between 

the various factors. Mak:ing two replicate surveys aleo enabled considerations 

of repeatabUi ty to be examined and allo .. ed the estimation of crude value. of 

the variance of numbers at age. 'lhe relative oomplex! ty of this survey design 

was made practioable by two factor81 

E3 



- 3 -

( 1) the re1ati 1'8 COllpactn •• S of Foroe BIIZlk, which enabled .te ..... betw ... 

elllO.t any pair of otations to b. Ilade in the anrage interhaul time. 

(2) the abiliv of BV CIROLAB.I. and her fishing cr .... to work round the 

olock and to average &rolllld 8 stations per da,y, which made s8llpling 

on. quadrant at a tilDe practioab1e. Thi. method of working was 

otatiaticelly preferable in case the survOf had to be curtailed due 

to bad weather or other oaUBe •• 

To •• were of 1 hour duration wbereT8r possible. 

Catch processing. The catch was Borted into .peeles and the total oatch of each 

.pecie. wa. basketed and weighed, uSing a hanging spring belance of 100 kg 

capaci V or of 1e •• er capaci V if the quanti V was smell. Lengths of ell fiab 

of 8Ter,y species were measured unle8B the catch was sutficlent~ large for it 

to be .ub-samp1ed. Otolith. were taken froa ood, haddock and 10mon 0010. Otolith 

samples were .tratified in 5 om length groupe and a maxim .... of 10 otoliths per 

1angth group were taken in each sample. Eight otolith sample. - one from each 

quadrant (first .urvOf) and one frOIl each otratum (.econd Burny) - were taken 

for each epecles. One otol1 th was taken iroa each fillh and thB otol1 tbB were 

stored in tubes, one tube tor each 5 em group of each sample. Fish which were 

otol1thed were individually weighed. the etOll&Oh contents were el.o weighed ... d 

the stage of digestion end main food orgsni .. s recorded. 

Data recording. In the event of groundfiab eurveys becoming a regular commi t­

ment, it would be essential for tbe data to be computer anal7sed. It was 

considered that the d01'810paent of opeeiel oomputer programs for enalyais of 

thi. ini tiel s""Of could not be jnoUfiod. lIeyerthe1eo. it ... desirable that 

recordina forms ehould be de8isnod in a format that oould bo u8ed directly as 

documents tor computer punohing and that these recording forms could be given 

field trials OD the present survey. Two 8uch tormB were deSigned, one to record. 

the catch data ad the other to record length oompooiUon data. An existing 

fora W&8 available as a station log-sheet. 

II;rdrography. At the hauling poai tion of each tr .... 1 otation a bathytherllOgraph 

lowering was made with a Iionaen bottlo for botto .. temperature and selinity. 

Surface temperatlll'e was reoorded oontinuoua17 all the ship' 8 tberllOgrapb. 

RESULTS 

Generel. In generel there .ere fow probl ... duo to tho botto. being unaui table 

for trawling. On a row at.tion. it was nece •• ary to .,vo Slightly from the 
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predetermined poaition to avoid obvious hasard.. V8r7 little trawl damage was 

suatained al thoUj!b the trawl cue fut on a f .. ocoasion.. 011 some of the.e 

haul. the duration of tow was oODaidered. adequate to gi'Ye a reasonable sample, 

otherwise the tow was repeated • 

.I.. far as waa po.aible, the atoUene of each 1IUl'T'IY were completed quadrant 

Iv quadrant, and wi thill each quadrant the .equance of .tatione .aa determined b,y 

tho tim. periods in which the .tations had to be worked. Because the .tations 

were all relativelT olooe, .teamiD& time between stations was not an i~rtant 

factor and an a .. erage of 8 haula per dq .as maintained in good weather oondi tiona. 

I\1drograp/lJ'. Botto. temperaturea were to lo.e degree oorralated with depth. 

'l"peraturea ranged trOll 9.180C on the top of the bonk to 7. 76°C in the deepar 

water. 'rher. was evidence of a alight o .. erall warming during the cruise. I\1dro­

graphic results ha ... been desoribed Iv Bllett (in preaa). 

Catch composi t1011,1 ThirtY-BHan fish species ware reoorded during the survey 8Ild 

these are listed in 'lable 2. 'rhe .eight (kg) of fieh caught at eaoh .tation is 

tabulated for the lll&in epecies in 'labl •• 3 and 4. 'rhe station. st which the 

remaining .pecie. were caugbt are listed in fable 5. 

For _ .pecies, diatribution wao related to depth. lWti .... oatoh-rat .. 

of cod and haddock woro taken in the depth range 100-150 II, but .eith. had a 

wider depth dietribution. Chimaera, blue whiting, and greatar silver OIlalt, on 

tho other hand, were aa.ociated with tho deeper water around the edge of the 

Btatiatical analTaia. 'rhe .isnifioanoe of differenoe. betw.en .trata mean 

w.ighta of catch were in .... tigated for the two surveya, using an analTaia of 

variance. Species investigated by thia tecbnique were cod, haddock, aai the, 

cOlDllOn ling and halibut. 'lable. 6-10 show the results at the analT.... To 

obtain approJdllato17 hOllOacodaotio .. ariable. the tranefor_tion loge ('I + 1) 

was applied to the weight (kg) of catch trca each haul ('I). Cod sho.ed sig­

nifioant differences betw.en depths ad between quadranta, being .eldom caught 

below 183 • in Bfll' quantity and the greateat oatohes being tum in quadrant D. 

Haddook Ibowed a similar dietribution, with 81ailarlT eie;nificant results for 

depth. lIone of the other opoei.a ahowed UlT oons1atentlT oie;nificant re.ults, 

althoUj!b ling did ahow 8ie;nificant17 greater weight. of catoh with inor.aoing 

depth in the fira. earvq. 
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Tho important point about thooo in .... tigatiOJ1o il that tho rosul to found 

at Faroe Bank will help in the deo18>1 of future surveys. It is particularl¥ 

interesting that in no ca.e did the catchoo varT with the time of the haul. 

Hence rooul to can bo gros.ed up without anT .. ighting being mado for diurnal 

variations. This result is perbaps not eurpriaing, since at Faroe Bank at the 

Ume of the eurveT the night io axtremel¥ ehort. It thio io the reaaon for the 

lack of diurnal variation than it suggests that midsummer would be a IUitable 

tiae for groundfioh aurveTs in high latitude regions. 

AccuracT of age data. For cod and haddock the otolith oampleo were aged and the 

length compooition. converted to age composi tiono. Age-length keTe for different 

quadrants and atrata were co.pared but no differenoes were observed. The 

age-length keTo were therefore amalgamated before being applied to each length 

oOIlPOlition. 'l'h. resultant &«8 compositioDS are givea in Tables 11 and 12. 

ft. YU'ianoe ot number. at ABe haa been obtained tor ood frOIl consideration. 

of the within etrata haul-to-haul variance of the length compoeition and the 

variabil1tT of the age-length key. The coofficianto of variation of the number 

of cod at each age are given in Table 13(0). Fcr purposeo of comparieon of the 

accuracy of research Tessel 8urVe,r data with market samples, the coefficients 

of variation of North Sea plaice tor Loweetott market eampleo in Januar.r and 

Februaq 1950 (Gulland 1955) are also given in Table 13(b). 

Comparison with Georges Bank aurve.yz Table 14(a) ahow. results for one of the 

surveys, oet out together with eimilar data froa Georgeo Bank (Groselein 1971). 

The variances fro. Faroe Bank are broadlY similar to those from Georges Bank, 

bearing in mind that the Faroe units are kg per hour haul, whereas those for 

Georges Bank are lb par 30 min haul. 

The intensity of sampling on Faroe Bank was approximately ona station per 

50 sq. miles oD each survey. Thia compares with apprOXimately one station per 

300 sq. Idles on the Georges Bank surveys. 

REFERENCES 

ElIott, D. J. (in preee). Btdrographic observation. on Faroe Bank, 11-21 Jun. 

1971. Annle bioI., Coponh. 
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Gulled, J. A., 1955. Estimation of growth and IIOrtalitT in co .. ercial fi.h 

populations. Fioh"'7 Inn.t., Lond., Bar. 2, .l!!.(9). 
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Jones, B. W., 1966. The cod and the ood fishery at Faroe. fishery Invest., 
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Table 1 Latin squares at quadranta, strata &lid times used in the 
two surveys 

SIlRVEY 1 

Quadrant stratum (m) 

< 110 110-146 146-183 183-366 

Station no. .I. 15 16 11 10 12 13 24 17 
Time period 06-12 1~4 00-06 12-18 

Statton no. B 5 4 9 3 8 2 7 6 

Time period 18-24 12-18 06-12 00-06 

Station no. e 21 14 22 23 33 25 19 18 

Time period 00-06 06-12 12-18 18-24 

Station no. D 32 31 27 28 26 34 29 30 

Time period 12-18 00-06 18-24 06-12 

SURVEY 2 

Quadrant Stratum (II) 

< 110 110-146 146-183 183-366 

Station no. .I. 54 56 60 59 62 53 57 58 
Time period 18-24 06-12 12-18 00-06 

Station no. B 68 69 65 66 63 64 71 70 
Time period 06-12 00-06 18-24 12-18 

Station no. e 45 52 46 47 4B 49 50 51 
Time period 12-18 18-24 00-06 06-12 

Station no. D 41 40 44 36 67 43 39 38 
Time period 00-06 12-18 06-12 18-24 
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Table 2 Species list 

1 Cod 
2 Haddock 
3 Sat the 
4 Blue Whiting 
5 N~Pout 
6 Poor Cod 
7 Silver;y Pout 
8 CClllmon Ling 
9 Blue Ling 

10 Tusk 
11 Greater Fork-beard 
12 Catfish 
13 Spotted Catfish 
14 Dab 
15 Long Rough Dab 
16 MegriJI 
17 Lemon Sole 
18 Plaice 
19 Halibut 
20 Angler 
21 aedfish 
22 Greater Silver smelt 
23 Sand eel 
24 GurnarcI 
25 Dragonet 
26 
27 
28 Black-aouthod Dogfieh 
29 Velvet Belly 
30 '1 Skate 
32 Shegreen Ray 
33 Cuckoo Ray 
34 Thornback Ray 
35 Sandy Ray 
'6 Rabbit-fish 
37 Lamprey 
38 Squid 

- 7 -

Gadus aorhua 
Melanogrammus aeglafiuus 
Pollachius Tirena 
Kicromesiatius poutassou 
Trisopterus esmarkii 
Trisopterus minutus 
Gadiculus argenteus thon 
Melva molva 
Ho1va dyptor;ygia 
Brosme broaae 
Phycis b1ennoides 
Anariches lupus 
Anariches minor 
L:lJIanda liJlanda 
BippoglosBoides platessoides 
Lepidorhombus ohiffagonis 
Microstomus ki tt 
Pleuronectes platessa 
Hippoglossus hippog1ossus 
Lophius piscatonus 
Sebastes sp. 
Argentina ailus 
Ammodytidae 
Triglidae 
Calli_US lyra 
Trig10pa sp. 
Lysencho1ys .p. 
Galeus melastomus 
Etmopterus spiDa:l: 
Centrophorua squamosus 
Raja batie 
Raja ful10nica 
Raja naevus 
Raja cla .... ta 
Raja circularis 
Chimaera monstrosa 
Petramyzon marinus 
Lo1igo ap. 
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Table 5 Stations where catches of the less important species were 
recorded 

Species Stations recorded -----------------------
poor Cod 21, '1, 40, 44, 46, 54, 65,68 

Blue Ling 

Greater Fork-beard 

Catfish 

spotted Catfish 

Dab 

Long Rough Dab 

Plaice 

Sandeel 

GurDard 

Dragonet 

Triglopa sp. 

L;ycenchelYB 

Black-mouthed Dogfish 

Velvet Belly 

Centrophorua sguam08U8 

Skate 

Shagreen Ray 

CUckoo Ray 

Thornback Ray 

Sandy Ray 

Lamprey 

19, }S, '9, 50, 51, 58, 70 
7, 18, 19, 24, 39, 51, 57, 58 

10, '2, 40, 49, 50 

4, 21 

4, n, 16, 26, 27, 28, 36, 41, 4', 44, 47, 
48, 49, 56, 60, 64, 66, 68, 70 

10, 11, 12, 16, 18, 24, 26, 29, 34, 48, 50, 
5', 57, 60, 62, 64, 67, 69, 70, 71 

32 

5, 60 

10, 13, 22, 2" 25, 26, 27, 28, '2, '4, 
41, 43, 46, 48, 52, 59, 63, 66, 67, 69 

26, 48, 62, 69 

27, 56, 65 

19, 39, 57 

7, n, 17, 18, 19,24, '9, 51, 57,58 

18, 19, 39, 51, 57, 58 

19, 57 
27, 45, 59, 62 

60, 62 

13 

9, 45, 54 

34, 50, 54 

57 

,6, 

Table 6 Anal.ylill of Tarianoe, 00' 

Cause Degrees of Sum. of llean F Significance 
freedom equar88 _quare. ratio. 

1.t Surve7 
Qlwlrant. 3 8.4 2.8 3.6 * 
Depth. 3 95.8 31.9 40.9 *** 
fiaes 3 2.6 0·9 1.1 

Errors 22 17.2 0.8 

2nd 5urT07 

'iuadr ant. 3 16.) 5.4 4.) * 
Depth. ) 81.6 27.2 21.6 *** 
T1aes 3 7.7 2.6 2.0 

Errors 22 27.7 1.) 

LeTels of significance, * ~ ** *** 0.1% 

Ell 
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Table 7 Anal.r8is of TarilUloe. lIaddoot 

C ...... Degroa. of Sua of II .... F S1p1f108Zloe 
rreedo .. square. .quare. ratio. 

1.t SurTlV' 

Cjuadrants 3 6.8 2.3 3.5 • 
Depth. 3 48.4 16.1 25.0 ... 
!ri .... 3 5.0 1.7 2.6 

Errore 22 14.2 0.6 

2nd Survq 

Cjuadrants 3 6.2 2.1 2.0 

Depths 3 25.1 8.6 8.5 
'l'1.aeo 3 1.9 0.6 0.6 

Errors 22 22.2 1.0 

Table 8 Anal7oi. of Tar1 ..... ' SaUbe 

Caue. Degre •• of Sua of lIean J' Sigo>if108llo. 
rreedo. eqU&l'e. aquare. ratios 

1etSurTey 

Quadrant. 3 7.8 2.6 2.1 

Depth. 3 5.9 2.0 1.6 

Iflaea 3 0.2 0.1 0.1 

Error. 22 21.7 1.3 

2nd SurTey 

Quadrants 3 2.8 1.0 1.5 
Depth. 3 1·1 0.6 0.9 
Times 3 1.1 0.4 0.6 

Errors 22 14.0 0.6 

Tabl. 9 AnalySis ot Y&rienoe. Coaon Ling 

Cauoe Degrees of Sua or lIean F Sip1f1oance 
freedoll aquarea IqU&1" •• ratios 

18tSurvey 

Quadrant. 3 12.3 4.1 2.1 

Depthe 3 20.5 6.8 4·4 • 
filles 3 8.1 2·1 1.1 

Errors 22 34.1 1.6 

2nd Survey 

Quadrants 3 8.0 2.7 1.1 

Depth. 3 14.1 4.1 3.0 

Ti.ee 3 4.9 1.4 0.9 

£l"rora 22 34.3 1.6 

E 12 



Table 11 Age compositions of cod. Numbers per 100 hours fishiDg 

~up 

1 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

'" ... 
W 

Jlean 
le~th 
(em) 

20.3 

51.6 

75.0 

86.8 

93.8 

102.1 

103.0 

107.6 

108.9 

107.1 

111.3 

112.5 

117.5 

Numbers per 100 hours fishiDg 

Quadrant 

A. B c D 

13 63 31 288 

250 319 150 288 

64 124 270 273 

202 435 234 416 

21 68 36 53 

8 33 19 36 

19 68 36 63 

13 38 20 25 

29 40 33 29 

7 22 14 15 

10 13 12 8 

123 

5 2 5 

Stratum 

2 

106 288 

494 413 

464 180 

632 357 

78 64 

49 32 

90 6C 

44 35 

78 34 

26 23 

29 10 

2 4 

8 2 

3 

100 

75 

290 

35 

15 

33 

16 

20 

9 

7 

o 

4 

13 

6 

6 

Survey 

2 

134 63 

222 281 

165 200 

331 312 

45 45 

22 26 

41 51 

19 29 

30 36 

12 18 

10 12 

1 2 

3 3 

Total 

98 
252 

182 

322 

45 

24 

46 

24 

33 

15 

11 
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!l'ablo 14 
(a) lI"an traneforlled aatah per haul (logs (kg + 1)) and varianoe 

•• timates froa second aurve,r at Faro. Bank 

II ..... V&1"i811oe St""derd Cosffiai .. t 9'" 
deviation of variation oonfid.ence 

~) 11l1ite 

Cod 2.77 0.0393 0.1982 7 2.37-3.17 
Haddock 2.91 0.0315 0.1775 6 2.55-3.27 
Bllithe 4.63 0.0394 0.1985 4 4.23-5.03 
Ling 1.46 0.0487 0.2207 15 1.02-1·90 
Halibut 1.11 0.0465 0.2156 19 0.68-1.54 

(b) Stratified 11881l catch per haul (lb 10ia 8cale) for haddock and cod 
on G.org •• .Bank (ALBA!mOSS IV fall BurV...,.", otrata 13-25). FrOIl 
Grossl.in (1971) 

erm •• II."" Var1ano8 Standard Coefficiant 9'" 
deviation of variation confidenoe 

~) 1111i t8 

IWlllOClt 

63- 7 3.34 0.052176 0.2284 7 2.88-3.80 
64-13 3.86 0.080315 0.2834 7 3.29-4.43 
65-14 4.02 0.042355 0.2058 5 3.61-4.43 
66-14 2.43 0.044512 0.2110 9 2.01-2.85 
67-21 2.45 0.052075 0.2282 9 1.99-2.91 
68-17 1.15 0.029587 0.1720 15 0.81-1.49 
69-11 1.10 0.021536 0.1467 13 0.81-1.39 
70- 6 1.35 0.0345 0.1857 14 0.98-1.72 

COD 

63- 7 1.75 0.084829 0.2912 17 1.17-2.33 
64-13 1.29 0.056270 0.2372 18 0.82-1.76 
65-14 1032 0.041737 0.2043 15 0.91-1.73 
&6-14 1.20 0.040673 0.2017 17 0.80-1.60 
67-21 1.74 0.047301 0.2175 12 1.)0-2.18 
68-17 1.04 0.031888 0.1786 17 0.68-1.40 
69-11 1.32 0.025381 0.1593 12 1.00-1.64 
70- 6 1.35 0.0332 0.1822 13 0·99-1.71 

F2 
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Figure 1 Chart of Faroe Bank showing quadrants. depth strata. the grid of potential stations. 
and stations worked on the first and second surveys. 
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