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SUMMARY

The present paper deals with information collected via logbook sheets from prawn trawlers from the
Faroe Islands operating off West Greenland in ICNAF Subarea 1. For a description of the logbook system,
see Hoydal (1973). The data included in the analysis refer to the years 1975, 1976, and preliminary
results for the first nine months of 1977 and includes altogether about 15,000 separate trawl hauls in
the West Greenland offshore area.

The statistical method applied is analysis of variance with catch per unit effort (CPUE} as a depen-
dent variable, and ship, date, time of day, and the statlstical rectangle as the independent variables.
The results from the statistical analysis suggest that a multiplicative model describes the data, but also
that a eignificant part of the variance is left unexplained.

Notation Variables

CPUE Catch of shrimp (Pandalus borealis) in weight (kg) divided by trawl duration
in minutes x 60. Dimension is kg x hour~1,

5 Factor referring to ship efficiency. Dimension hour~1,

b Factor referring to average over the day density of shrimp stock.

Dimension kg.

F Pactor referring to relative abundance over the day [D x F is the abundance
index on which the trawl operates,]

£ Stochastic term.

{cPuE, £s, £D, £LF, Lc The logarithm to the base E of CPUE, S, D, F, and e, respectively.
a, B Coefficients.

N Stock 1in numbers.

Mf Fraction of stock removed by fishing.

Mo Fraction of stock which die of other causes than fishing.

Erlr Fraction of stock in rectangle r which migrate into rectangle rl.
L Weight of a single specimen at month t.
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th Recruitment in numbers at month t.

o, AVallability.

Subscripts

8 ship

r rectangle

h hour of the day (from 0 to 23)

d ' date

m ‘ month

y year (either 1975, 1976, or 1977)

t time in months with January 1975 = 1

Data Base

The Faroese prawn trawlers are obliged to keep a logbook on board ship. Each haul should be recorded
giving the date, time, and duration of the haul, together with the position (30' latitude x 1° longitude
rectangle). The gear type is also recorded (for description, see Hoydal, 1976). The skipper assesses the
catch of each haul of each specles and records his estimate. Coples of the loghook sheets are transferred
to Faroese authorities (Hoydal, 1973). These data form the basls of the present investigationm.

Eight Faroese trawlers took part in the fishery in 1975, and 11 in 1976. All vessels have submitrted
the logbooks together with the actual landings., However, the quality of the information of one ship
operating for the first time in 1976 is low and that ship is excluded from the amalysis. The logbooks
do not make any distinction between a zero catch due to no shrimp available and a wrecked trawl. Any haul
with zero catch is therefore excluded. Also excluded is any haul recorded with incomplete information.
This leaves the number of recorded hauls to be included in the analysis as given in Table 1.

Precigion of Information

Catch The skippers are requested to give estimates of the catches in units of
100 kg. The overall average catch per haul is about 500 kg. The best
possible information will consequently be subject to uncertainty of
1/2 x 100/500 x 100% = 10% due to the recording of the catches in units
of 100 kg.

Effort The logbook requests the skippers to state duratiem of haul in units of
minutes. However, a unit of a quarter of an hour is used in practice.
Average duration of haul is about 100 minutes and the recording will be
uncertain by at the very best 1/x x 15/100 x 100% = 8%.

Catch per unit effort The calculated catch per unit effort (CPUE) thus is borne with an uncertainty
of at least 18%.

Definition of Cells

The data collected allow the following cell definition in the analysis of variance, by

- rectangle

- day

~ hour of the day

- depth to the bottom when the trawl starts fishing
fishing vessel.

In prineiple, the gear could be added to the list but only one gear 1s actually used, a shrimp trawl.

The rectangles can be grouped into Subareas which was done in some analyses. For all analyses, the
month has been used as the finest breakdown of time of the year instead of the date.

Theory

The data were investigated applying analysis of variance (Rao, 1965). The actual computer program
applied was the routine "GILM" of SAS-76, Barr et agiZ. (1976) implemented on an IBM 370/165 situated at the
Danish Technical High School of Copenhagen.
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The Models

The models investigated are all of the following type:

CPUE=S8SxDXxF xe¢

reformulated as

LCPUE = < intercept > + £5 + £D + £F + L&

(For explanation of the symbols, please consult the notation section.)

The alternative model type

CPUE=S5S+D+TF+¢
was considered early im the project, but was rejected due to considerable smaller explanation of the
variance compared to the multiplicative type of model. This applies to all cases when a specific version

of the additive and multiplicative model both were fitted to the data.

Diurnal Variation in CPUE (F)

Both Smidt (1976) and Horsted (1976) present curves of diurnal variation of CPUE. The curves are
characteristic by a rather irregular pattern with a marked higher level of CPUE from around 11:00 AM to
late in the afternoon. This effect in the Faroese data was first investigated by the following model:

1) £CPUE = £S_+ fD_+ £F, + £e
-] r h

which was applied to the 1975 data for Div. 1B, 1C, 1D, and lE separately for each month, The
results of £F. for May and August 1975 are shown in Fig. 1. The figure suggests a falrly symmetric
variation witg a peak around noon. Consequently, the model was modified to:

oy cog 2T i
2) ﬂFh = & cos 33 h + B cos A h.

Terms containing sin -~ h and sin 2m h were also fitted, but did not contribute signifiecantly
(on a 5% significance” level) to explamatlon of the variance.
The modification substituted to equation (1) giving the modified model

2m 4w
3} ACPUE = £SS + EDymr + aym cos 5 h + Bym cos 5, h + £g

which was fitted for each Subarea separately.

The anal&sis of variance schemes are found in Table 2, and the diurnal variations estimated by the
model for May and August 1975, Div. 1B, are shown as curves in Fig. 2.

Relative Abundance by Month and by Rectangle

The factor Dyp, is the relative abundance averaged over the day. That is the abundance measured, if
trawling was started at midnight and concluded 24 hours later. The factor is estimated directly from the
model (Equation 3) which is fitted for each group of rectangles forming a subarea. The analysis of variance
scheme is found in Table 2. The fitted parameters are given in Table 3. The analysis of variance schemes
gives correlation coefficients in the range 0.39 to 0.62, This means that only 397 to 62% of the total
variation around the intercept has been explained applying the model above. Inspection of residuals reveals
no obvious trends, neither in diurnal variation nor as a trend over the time series. The model has con-
sequently no obvicus extension.

The next step is to combine the Dymr's for each subarea into an index of stock density which may be
applied to that subarea. This can be done as follows:

1. The Dymr's are averaged over the fished rectangles.
2. The Dymr's are summed over the fished rectangles.

3. Each trawl is handled as a random sample representing the entire stock in that subarea. The
model then becomes

2T 2m

£CPUE = £Ss + ﬂDyma + ayma cos 5o h + gyma cos iZ‘h + fe.
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The choice between the three above-mentioned indices should be based on the bioclogical evidence avail-
able. If the Faroese prawn trawlers exploit the entire stock at any wonent, procedure 2 would be applicable,
while either procedure 1 or 3 apply when the Faroese fleet is only exploiting part of the stock at any
moment.

The assumption underlying procedure 3, no density differences between rectangles within a given momth
and subarea, has been tested with the 1975 data. The result is given in Table 4. It appears from Table 4
that the assumption is invalid at least in April-May and September-October in Div. 1B. As the overwhelming
part of the fishery takes place in Div. 1B, procedure 3 does not seem justified.

The Faroese fishery does not seem to exploit the entire stock at any moment, and procedure 1 is con-

sequently to be preferred to procedure 3. The calculated stock density indices month by month for
Div. 1B and 1D can be found in Table 5.

The two other divisions have been left out due to the difficulties with the internal normalization.
These indices have been plotted in Fig. 3 as a time series for the two divisioms.

The indices by rectangles, coming out in the 3 years treated, calculated as the antilog of (<intercept
+ Dymr) are plotted out on charts inm Fig. 4.

Relative Efficiency of Trawlers

The factors 55 is estimated from the model {3) and the results can be found in Table 2 (analysis of
variance scheme) and Table 3 (estimated coefficients). Even though every normalizatien has been done,
one trawler (8307) large differences in efficiency between the same trawler operating in different subareas
can be observed in Table 3. The reason for this is not known and calls for care when interpreting the
results.

Discussion
Interpretation of the stock demsity indices can be donme in the light of the general model:

£
Nopgg = Npp (1-M -2 SR DN EL (D4R,

CPUE =g WN
r t

t trt

The model points out several weaknesses of the calculated stock densities. First - changes in the number
of shrimps per kg over the fishing season are ignored due to lack of information. Second - evem though
grouping the information into divisions tends to diminish the influence of migration, it is an unknown
parameter in any interpretation. Third - recruitment to the fishable stock will influence the average
number of shrimps per kg im the catch as well as the actual number of shrimps in the stock. TFourth - the
availability oy may change during the fishing season.

Even with the treatment of these large data base limitations in the information taken from catch-effort
data are evident.

This point has a severe bearing on the usefulness of any survey data also.

The exercise should, however, be a useful supplement to and correction of the "swept area” method
based on raw CPUE data used, e.g. by Ulltang and fiynes (1976) and Hoydal (1976).

It is suggested to be a worthwhile exercise to try to plot these calculated indices in Table 5 against
cumulative effort (see Ricker, 1975, p. 153-154).
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TABLE 1. Number of recorded hauls by month
and Subarea included in the anmalyses.

Division
[ 3

Month 1B 1C 10 1E
January 8 - n 3
296 153 247 -
630 12 - -
February - 37 287 -
220 58 98 -
256 221 107 -
March - 31 276 14
- 24 194 -
303 217 51 -
April 262 15 57 5
406 60 232 10
688 - 3 8
May 701 28 - -
1147 - -

919 - -
June 376 221 153 12
13N 3 a7 -
166 93 30 -
July - 8 220 314
861 1 100 -
690 141 68 -
August 361 1 94 27
787 - - -
343 - - -
September 240 77 165 3
450 - - 23
34 - - -
October 557 - 53 44
511 - - -
November 458 - - -

832 9 m
December 402 29 - -

508 6 - -

The three entries in each row refer to 1975,
1976, 1977 respectively.
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Table 2. Analysis of variance acheme for the model
2

m 4
LCPUE = < intercept > + ESS + £Drym + uym cos h + Bym cos 37 h

applied for each Di¢. 1B, 1C, 1C, and 1E. The null hypothesis is LCPUE = < intercept o5
The type I S5 is the so-called sequential test, that is, a test that the x2 term (cos A h)
contributes to the explanation of the varlance if BAADNO (trawler efficiency) and RECT

{D__ ) already have been taken into account. The type IV S5 is testing the reduction in sum
ofrga'uares due to that effect given all ather effects. TFor details see Barr et al. (1976).

Explanation of terms: BAADNO Ship number {(code), £5x
RECT (AAR*MDR) Drym
2n
¥2 (AAR*MDR} u.y_m cos g h
4T
x4 (AAR*MDR) Bym cos o h

21

a2 -

i~
i\

—_—— e =i e

STAT!ISTICAL AN AL Y SIS EYSTEM
MAINAREA=202

GFNFRAL LINEAR MODELS PROCEDURE

——hma —- B e

CEFENCENT VARIAELE: LCPUE

SCLRCE nF SUM CF SQUARES MEAN SQUARE
MCCEL 221 4576 ,66542018. 19.80:74208
EFFCR 14911 7174.55835217 0.4€118828
CCFRRECTEC TOTAL 1£142 11745.£€6201235
[ .T__ H . I T T U e e e -
. |
_ F VALUE PR > F R-SQUARE CoVe
MOdQ‘Q 4
: 41.1¢€ 0.0¢01 0.389344 11,5365
; STC CEV LCPUE MEAN
0.€53€67736 6401290643
b e D - :
SCURCE . CF TYPE I 55 F VALUE PR > F
EAALNC 11 z
473,34249290 x
e 't cuumam im0 o
L] - 3
X&(AAF*NTR) 24 91.22289920 68 2:888}
L R I I - -.._‘__,'. P
DF TYPE 1V sS F VALUE PR > F
BEARDN® 11
531,89901 0 €6 100
RE T , 162 2258453162018 a1s1s . 0:0001
A 29 4€5.85707434 33,38 0.0001
%2 $1.22289920 6.54 0.0001
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Table 2.
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continued
D,  IC
€STATTISTICAL ANALYSTIS SYSTEVW
MAINAREA=2303
GENEPAL LINEAR MODELS PROCEDURE
DEFENGCENT VAAQTABLS: LCPUE
SCLRCS DE SUM CF SQUARES MEAN TOUARE
MCLEL 57 I1ELEZ245206 2,0B8ZA0920
EFRCR 13¢¢ 461.507 78485 D.27¢78363
CCRRECTED TCTAL 1457 830 .140236563
;
el F VALUE PR > F R=5GUARE CoeVe
Mo 11.448 0.0001 0.849367 10,5589
STD DEV LCFUE NEAN
0.58253234 5,51699772
SCLURCE ~F 1YFE 1 3% F VALUE PR > &
EAACNC 11 72.£55231315 19.74 :
FECT(E/EANDR) 43 2eB.733E2731 tacaz 026001
XE{AAPFUMCRY 22 2&,219548A3 351 €.CC01
XAa{AFF4VTR) 21 F.SEALER7S 1+12 Ce1n2
DE TYPE 1V SS F VALUE PR > F
AD B 32,79637976 12.08 00001
Bpdono al 259 Jn0282484 18.66 0.0001
%2 21 26.17079843 3.67 0.0001
x4 21 7 98408279 1412 0.2182
.
Div 12D
S TATISTICAL ANALYSIS TS YSTEN
MATNAREA=Z204
GEMERAL LINEAF MODELS PRUCECURE
-
DEFENCSNT VARIBAELS: LCFUE
SCLECE DF EUM CF EQULARES MEAN $GLAFRE
MCECZL lag €Z3.412€5882 4.21224769
EFFCR 2315 1CCE .2RIZINATE 0.35767411
CLFSECTELD TCTAL 25€7 1431466557754
F VALUE PR > F R-=SQUARE CaVe
11.78 c.0c01 0. 782064 11.3730
-
MODQ L €TC CEV LCPUE MEAM
055805868 . 250%¢€45]1 '
SCURCE DF TYRPE I S F VALUE FE > F
BAACNC 10 224 ,26856558 €2.7C C.cCtCY
RECT{AAF *MDR) 94 312,65489903 9.63 0.0001
X2 (LLF%NCE) 22 2, DECLTIGTE 7.02 c.CC01
X4 (AAF¥NMCR) oz 10.18261445 1.29 D.1620
L . .
) ] DF TYPE 1V SS F VALUE PR > F
- 1¢ 108.731255658 3040 0.+0001
wr 94 341,.56435523 10.16 0.0001
TN 2z 51 . 64005081 6456 0.0001
xy 22 10.18261445 1.29 Ce1620

‘
'
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Tabie 2. continued

STATISTICAL

CEFENCENRT VARTZELE:

SCLRCE
MCDEL
EFFCS
CCRRECTEC TOTAL

F VALUE
18.172

Modl)

SCLFRCE
E2ACNC
RECT{AAFR®MDR)

XK2(2LF3MCFR)
XA(AARKNCR)

AADNG
W

vy

jn/.

/&

ANAL Y ST S

MAINAREA=205

4.1
-
4]
-4

GENERAL L INEAR MOCELS PROCEDURE

LCPUE

PR > F
C.0001

STC TEV
0.4SE67400

-
Srmild

Ik b
i MO

SUM CF SQUARES
144 ,92534854
EELS7(7E390
232.45£1024¢

R=SQUARE
0.620676

+

TYFE I S8S

GE€l.3€372122
244,01941553
218827474
Z+35393707

4

4

TYPE IV SS

15.78219908
4Q.93250122
233783765
2435393707

Cc10

CeVs
8.2011
LCPUE MEAN
S.56281562

F VALUE

114.51
16410
0«98
1.12

F VALUE

7502

16421
111
1.12

MEAN SQUARE

J4B13E245¢€
0.21C38184

PR >» F

CaCCO1
00001
Qe 4567
Cela62

PR > F

0.0001
0.0001
043519
0+34862



Table 3.

Estimated parameters in the model
ECPUE = < intercept > + £Ss + £D

for each Ddv, 1B, 1C, 1D, and 1E.
schemes given in Table 2.

rym
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2n 4
+ aym coB Ez-h + Bym cos o5 h + £¢e

The fitted values correspond to the analysis of variance

place. The normalizations are:
58307 =0
£D205058,77’g =0 Division 1B
2”269055,77,7 =0 Division 1C
2”210054,77,7 =0 Division 1D
)18055,77,6 = O Division 1E

plus extras in Div. 1C and 1E.

two Divislons.

The B after a parameter signifies that a normalization has taken

These extras make interpretation difficult for these

Intercept and £8 (ship's efficiency) are given. Stock indices are given in the charts of Fig. &
and Table 5 and examples of the diurnal variation in Fig. 2.

el

D,

) B

PARAMETER SSTIMATE
INTEGCIFT 4430092022 4
FEAALCNG 20640 0.26952845 #
2243 -C.20253478 &
2574 1.428708254 7
ZR00 ¢.a7110068 2
2392 0«ZE135925 B
2717 Ne79014210 #
£123 Q. 35051336 1
5141 ~0.042057255 13
70537 0.22350510 #
TRES 0. 4€582G26 3
7165 e, 0.SE157845 ©
. . . E307. C g ! mL,_ﬁ,Teﬂogoqaqo? #
FAEANSTER .:D/l/. / C ESTIMATE
INTERCEFT 4.53293859 A7
EAATNE 2060 1.21098322 a3
28473 D.64434956]1 =
ZE74 0.5S6878446 B
2800 1.605253495 7
€121 1.32350816 R
€141 1442215468 B
6163 -0.38981940 R
€487 1.0C147450 8
7057 Z.00568%95 1
70€E 2.71873873 B
7165 2.51895508 B
L g307 . C.NQ00Y000 7
PARAMETER -DII/. ! D ECTIMATE
INTERCEFTY
EARCNC 206¢ o.ato3roie o
3343 -0,39267778 A7
Eigg =0+54230874 B
2 €« 37390775 A
€141 0.25533495 &
€1¢3 ~0e45450965 B
€487 ~0.66237328 A
7057 0.,23279471 &
70€5 N. 42381685 B
;lgg 0.2427265S R
< - . 0.CC000000 &
PARAMS TER Div. / f ESTIMATE
IMNTERCEFT 4.,5E817
EAADNC 20460 0.359323?2
2s43 1, 3E347864
cag? =1.39224740
7€57 2.0£9078239
. €307 7.0000000

DX IDd

T
i
!

ETD ERFOR CF
ESTIMATE

0413015796
0.04504042
N03£686357
0.29198173
003779756
0.14052275
Qs 0AET73I4E2
0404149244
0.03588195
0.03177095
0.03694274
D., 04435539
-

' STD ERROR OF
ESTIMATE

Ce23044208
0+¢31761304
CelRCAT?S 7Y
Qea47047564
0. 34164453
0.32806303
Q.40584986
Qe35807280
Ded43374196
0426870489
0. E1585954
Ce315491686

STD FRRCR ¢F
ESTIMATE

0.N7269745
0. 35958604
Ce 075942558
O0.17113814
0210437003
0.0A373788
De11£65479
0410036749
CeCRECARID
Ca171245817
0.15218473
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Table 4. Testing identity of stock density between rectangles in 1975 within a given
month and subarea.

- 1975
1B 1€ 1D 1F
No, of No. of No. of Ho. of
Month rect. P rect. P rect, P rect. P
Jan 1 - 0 - 6 0.0001 1 -
Feb 0 - 3 0.8715 8 0.0002 0 -
Mar 0 - 1 - 7 ¢.0001 1 -
Apr 4 0.0206 1 - 4 0.1139 1 -
May 6 0.0001 2 0.6146 0 - 0 -
June 3 0.2792 6 0.0001 5 0.0736 2 -8
July 0 - 1 - 5 0.0484 2 2
Aug 4 0.1189 1 - 5 0.8728 2 0.1912
Sep 6 0.0203 3 0.0449 5 0.0456 1 -
Oct 5 0.0001 1 - 4 0.0001 4 0.0163
Nov 2 0.7752 0 - 0 - 0 -
Dec B 0.2158 1 - 0 - 0 -
a

Cannot be compared.

The test 1s an F-test in the model {CPUE

ﬂss + £Fh + £Dr fitted for each subarea,
0| £8_, £F;) + 0.0001 means £0.0001 -

means that either no fishery took place or only one rectangle was exploited.

vear and month. The figure is prob (i’j}r

Table 5. Indices of stock density for Div. 1B and 1D calculated from Table 3 by averaging over all fished
rectangles in the division by month.
1975 1976 19774
18 1D 18 1D 1B 1D
No. of No. of No. of No. of No. of No. of

Month rect. Index rect. Index rect. Index rect. Index rect. Index rect. Index
Jan 1 1.53 6 0.09 4 0.73 5 -0.06 7 0.78 0 -
Feb 0 - 8 0.12 3 1.51 4 -0.16 6 0.82 2 0.12
Mar 0 - 7 0.36 0 - 6 0.11 3 1.17 5 -0.32
Apr 4 - 1.19 5 0.33 5 1.33 9 -0.13 5 0.73 1 -0.20
May 6 1.24 0 - 9 1.54 2 -0.86 12 0.25 0 -
June 4 0.97 5 ~0.12 6 1.07 2 -0.44 12 0.75 2 -0.05
July ¢ - 5 0.06 6 0.68 2 0.07 8 0.82 0 -
Aug 4 0.50 5 -0.29 5 0.88 0 - 7 0.27 0 -
Sep 6 -0.01 5 ~-0.68 5 0.20 0 -

Oct 5 0.88 [ -0.19 5 0.37 0 -

Nov 4 0.82 0 - 9 0.31 4 0.21

Dec 5 0.61 0 - 7 0.27 0 -

3 provisional.
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Fig. 1. Diurnal variation in 1oge CPUE as fitted by the model

£CPUE = £S_ + £0_ + £F + fe .
-] T h
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Fig. 2 to follow as an Addendum to this document
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Fig. 4. CPUE estimated from model as intercept + index for rectangle.
continued February - 1975, 1976, and 1977.
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Fig. 4. CPUE estimated from model as intercept + index of rectamgle.

continued March - 1975, 1976, and 1977.
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Fig. 4. CPUE estimated from model as intercept + index for rectangle.
continued April - 1975, 1976, and 1977.
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Fig. 4. CPUE estimated from model as intercept + index for rectangle.

continued May - 1975, 1976, and 1977.
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continued June - 1575, 1976, and 1977.
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CPUE estimated from model as intercept + index for rectamgle.

continued July ~ 1975, 1976, and 1977.
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Fig. 4. CPUE estimated from model as intercept + index for rectangle.
continued August - 1975, 1976, and 1977.
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Fig. 4. CPUE estimated from model as intercept + index for rectangle.
continued September - 1975, 1976, and 1977.
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October - 1975, 1976, and 1977.
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Fig. 4. CPUE estimated from model as intercept + Index for rectangle.

continued November - 1975, 1976, and 1977.
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continued

CPUE estimated from model as intercept + index for rectangle.

December - 1975, 1976, and 1977.
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