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Abstract

Four biomass indices for the northern shriffaiidalus borealisstock in Davis Strait,
derived from commercial catch-per-unit-effort (CPUE) data, were analysed by multiple
regression to construct a single time series with the ultimate goal of tracking trends in
stock biomass during the period 1976 to 1997. Indices from the offshore fisheries have
been used previously in stock assessments while an index derived from logbook data for
small inshore vessels operating around Disko Island has not been presented previously.

The analysis used multiplicative models and linked catch rate to vessel fishing power,
temporal and spatial availability and overall annual biomass density. In two of the indi-
ces, the temporal (MONTH) and spatial (AREA) effects were modelled as interaction terms.
Other second order effects were treated as random error. The AREA*MONTH interaction
term corresponds to an annual migration or behavioural pattern. The procedure corrects
for increases in technological efficiency over the 22-year period due to fleet renewal but
changes in the efficiency of individual vessels were not accounted for.

The four indices were combined, weighted by the area of the total fishing grounds
each index represented. The combined index was indicative of the biomass density for
shrimp greater than about 17 mm in carapace length. During the 1976-88 period, the in-
dex was higher than from 1989 onwards. The combined index showed agreement with
research survey biomass estimates but the contrast in the data was low during the period
of comparison (1988-97). The combined CPUE index was applied to the total catches to
derive estimates of total standardized effort. This effort index increased substantially in
the late-1980s.

Key words biomass, CPUE index, Davis Strait, multiplicative models, shrimp, West
Greenland

Introduction directly to provide annual indices of stock biomass

and in tuning of Virtual Population Analyses

Catch and effort data from commercial fishing (Anon., 1997). Catch-per-unit-effort (CPUE) data
vessels provide simple but important statistics inare influenced by several factors, including avail-
fisheries management. They are frequently use@bility of target species, vessel fishing power and
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TABLE 1. Coverage in time (years) and space (NAFO Divisions) and vessel size (GRT) of the four fragmented
CPUE indices and number of variable levels and empty cells in the corresponding multiplicative models.
Numbers in parentheses are before grouping of similar variable levels (see text).

Coverage Class variable (No. of levels)
% cells
Index Year NAFO Division Vessel GRT Year Season Area Vessel Empty
IBCD 1987-97 Div. 1BCD (offshore) 80-2 500 11 7 (12) 2(6) 16(32) 50(76)
KGH 1976-90 Div. 1B (offshore) 800 15 10 (12) 2(4) 2 (7) 37(73)
0A 1981-96 Div. OA (offshore) 500-4 000 16 2 (5 1 10(29) 62(78)
Inshore 1988-97 Div. 1AB (Disko area) 50-80 10 5 (9) 3(3) 10(18) 49(62)

The analyses for reducing variable levelsgroupings of 1-3 vessels due to similarity of esti-
showed that 6 of the seven vessels could be treatedated fishing power. The month variable was re-
as a group in the subsequent analyses. The monthuced from 9 to 5 levels.
variable could be reduced to 10 levels and Area to

4, 5 and 6 combined (Table 1). Construction of the 1976-97 time series

The OA index, 1981-96 The fishery in Div. A single combined index of the development
OA takes place in a very limited area (Fig. 1) thusof the population biomass was derived by aggre-
no areal segregation was required for the OA indexgating the four available indices. This was done
A total of 48 vessels were represented in this datasing a least squares method. The individual CPUE
base but only 29 had operated in the area for at leaseries for thd!" fleet, H;, was assumed to reflect
three years and were therefore included in the analyan overall biomass ser|e¥ and a constant fleet
sis. Although the fishery takes place in June-coefficient,v,, so thaty, —vY te. The errore;,
December, the analysis was confined to July-was considered to be dlstrlbuted with mean zero and
November because effort was sparse in June andarianceo;?. For the purpose of fitting we assumed
December, especially in recent years. Effortin 199%hate,, had variances inversely proportional to the
was low and an unknown proportion was due to twinarea of fishing grounda;, covered by fleet. The
trawling, thus 1997 was not included. factor, a;, was taken to be the area of sea bottom

between 150-600 m. Hence, the combined index

The 29 levels of the vessel variable were re<guld be constructed by fitting andY to mini-
duced to 10 consisting of 1-7 individual vessels ofyjze a weighted sum of squares:

similar fishing power. The months August—
November were grouped into one level before sub- Yay (K —viYJ-)2
i

sequent analyses.
The area weighting factosm,, for the 1BCD,

The inshore index, 1988-97The inshore KGH, OA and inshore indices was calculated to
shrimp fishery in Greenlandic waters is almost ex-0.46, 0.36, 0.05 and 0.13, respectively.
clusively confined to areas around Disko Island in
Div. 1A and 1B. This fishery is restricted to ves- We used a standard jackknife (Efron, 1982) to
sels below 80 GRT and has in recent years acexamine possible error in the resulting estimates
counted for about 20-25% of the total catches imand to calculate estimates of the standard error. The
Subareas 0+1. No standardized index has previousfackknife data set was created by a repeating pro-
been presented for this fishery. cedure of running Model 3 (see below) to get an-
nual indices for the individual CPUE time series
The areas included in the index were thoseynd fitting them by the method described above to

shown as Areas 1, 2 and 3 in Fig. 1. Comprehenget the combined index, leaving out one year of data
sive data were available since 1988 and 28 vessel a time. The jackknife estimate of standard error

are represented. The fishery occurs from Marchis defined by:

April to December. Eight vessels were excluded as

they fished irregularly in the area. The vessel vari- B= En‘lz(y,- -¥')?
able was further reduced to 10 levels consisting of Hn =1 H

/2
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whereY;'is the estimate obtained with th'e year pattern. This was the interaction with the highest

of data deleted)y is the arithmetic mean of the mean square contribution. The final model there-

Y;'s andn is the number of years of data included.fore included the MONTH*AREA interaction along
with the YEAR and VESSEL main effects:

Results IN(CPUE; ) = In(u) + In(V; )

The 1BCD index +|n(Y1)+|n(A * %)_l_qjkl (Model 3)

The assumptions of constant distributional andThe resulting index is shown in Fig. 2.
seasonal patterns were investigated by running
Model 2. The ANOVA scheme of this model applied Tpe KGH, OA and inshore indices
to the Div. 1BCD data show that all effects were
significant at a 1% level (Table 2). Cook's D influ-  The analysis conducted for the 1BCD index was
ence statistic (Anon., 1988) indicated that the modefepeated for the KGH, OA and inshore indices, ex-
was not driven by a few highly influential points. cept there was no need to include an AREA effect
Plotting the studentdized residuals did not revealn the OA index. A run of Model 2 showed that all
any trend with either the predicted CPUE or withthe included interactions were significant but only
the main effects and the plot suggested constarftad some minor explanatory value of the data (Ta-
variance of the errors. A normal probability plot ble 2). For the KGH index the AREA main effect
indicated that errors were normally distributed. was not significant.

The YEAR*MONTH effect represents seasonal ~ Based on similar arguments as for the develop-
changes in availability of shrimp to the trawl be- ment of the 1BCD index, the final models for the
tween years and was the most significant of the inKGH and OA indices was reduced to a version of
teractions including YEAR (Table 2). A plot of Model 1 without an AREA effect (Table 3). For the
YEAR*MONTH effect against time suggests that inshore index the significance of the interactions
the seasonality varied between years in the periowas driven by the 1995 abnormal year and the
1985-93 but this variability has been much less prochanges in the seasonal pattern in parallel to the
nounced in recent years. A similar analysis for in-behaviour of the index for the offshore areas Div. 1
dividual areas gave the same conclusion. Insped3CD. The final model for the inshore index was
tion of the overall time trend obtained by the twotherefore similar to Model 3. The resulting indices
models (Models 1 and 2) did not indicate major dif-are shown in Fig. 2.
ferences but the variation between years in the
YEAR effect from Model 2 was higher. This how- Combined index 1976-97 for shrimp in Davis
ever could indicate that the estimates from ModelStrait
2 are not quite stable. It was concluded that the bias

caused by ignoring the YEAR*MONTH interaction The four indices are shown in last panel of Fig.
has little effect on the time series. 2 scaled by the estimated fleet factgr,The indi-

ces are in reasonable agreement but show some di-
The YEAR*AREA effect represents differences vergence in most recent years. A correlation analy-
in the geographical distribution between years. Asis (Table 4) indicates significant positive correla-
plot of YEAR*AREA effect against time suggests tions between the overlapping data points of all
that the significance of the interaction is driven bypairs of CPUE indices except for the 1BCD-inshore
an abnormal year 1995. All other years do not seertime series. The combined index is shown in Fig. 3.
to deviate from each another. We therefore included
the effect in the random error together with the  The combined index is expressed in relative
YEAR*VESSEL term which has minor explanatory CPUE units. Therefore, the total catch divided by
value of the data but indicates the problem of théhe combined index provides an index of total ef-
continuing effect of improved fishing power. fort in standardized units and this is shown in Fig.
4 that also shows the catches. The standardized ef-
The MONTH*AREA interaction suggests the fortincreased drastically after 1988 and the CPUE
existence of an areal difference in seasonality thaindex responded with a decline as would be ex-
was found to be consistent between years. Thipected from single species fish stock assessment
could reflect an annual migratory or behaviouralmodels, e.g. Beverton and Holt (1957).
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TABLE 2. ANOVA schemes (type | ss) from the runs of Model 2 and from the final models of the four CPUE series
(only statistically significant effects gt = 0.05 are shown). The effects were entered in the models in

order of decreasing type Ill mean ss.

Model 2 Final model
Source df ss mss F 2y df ss mss F 7
1BCD index
Total 6 094 36 320 6 094 36 320
Error 5878 15795 2.7 6 056 19 116 3.2
Model 216 20524 95.0 35.36 0.57 38 17 204 452.7 143.4 0.47
Vessel 15 13421 894.7 333 15 13 420 894.7 283.5
Area 1 83 82.6 30.7
Month 6 1268 211.3 78.6
Year 10 2 156 215.6 80.2 10 2 363 236.3 74.9
Month*Area 6 278 46.3 17.2 13 1420 109.2 34.6
Year*Month 60 1857 30.9 11.5
Year*Area 10 107 10.7 4
Year*Vessel 108 1357 12.6 4.7
KGH index
Total 1370 5994 1370 5994
Error 1201 1773 1.5 1 346 3034 2.3
Model 169 4221 25.0 16.9 0.70 24 2 930 123.3 54.7 0.49
Vessel 1 265 265.3 179.6 1 265 265.3 117.7
Month 9 2 028 225.4 152.6 9 2028 225.4 100.0
Year 14 666 47.6 32.2 14 666 47.6 21.1
Year*Vessel 12 133 11.1 7.5
Year*Area 14 317 22.6 15.3
Year*Month 110 765 7.0 4.7
Month*Area 9 46 5.1 3.5
OA index
Total 514 4 841 514 4 841
Error 421 1219 2.9 489 1726 3.5
Model 93 3622 38.9 13.5 0.75 25 3115 124.6 35.3 0.64
Month 1 336 336.1 116.1 1 336 336.1 95.2
Vessel 9 1881 209.1 72.2 9 1881 209.1 59.2
Year 15 897 59.8 20.7 15 897 59.8 16.9
Year*Month 15 127 8.4 2.9
Year*Vessel 53 381 7.2 2.5
Inshore index
Total 1854 6 487 1854 6 487
Error 1698 2 497 1.5 1822 3 442 1.9
Model 156 3990 25.6 17.4 0.62 32 3 045 95.2 50.4 0.47
Area 2 650 325.0 221.1
Vessel 9 1208 134.2 91.3 9 989 109.8 58.2
Month 4 608 152.1 103.5
Area*Month 8 117 14.6 10.0 14 1595 113.9 60.3
Year 9 462 51.3 34.9 9 462 51.3 27.2
Year*Area 18 253 14.0 9.5
Year*Month 35 390 11.1 7.6
Year*Vessel 71 303 4.3 2.9
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Fig. 2. Time series of the 1BCRB),KGH (b) and OA €) indices (revised and old versions), the new inshdje (
index and the research survey biomagsifidex &1 standard error), and)(shows individual indices
scaled by the fleet factow;, (see text). Old versions CPUE of indices are from Siegstaal., MS
1995; Parsons and Veitch, MS 1995; Lassen and Carlsson, MS 1990. Survey indices calculated from
Carlssonet al., MS 1998.

Discussion and space and therefore creating difficulty in sepa-
rating area or year effects from vessel effects. We
Four different fleets largely fishing in differ- therefore developed separate indices by fleet be-
ent areas and over different periods (Table 1) supfore integrating them in one combined index.
ply the CPUE data on the West Greenland shrimp
stock. Analyzing all data in a single model was not  All fleets included in the analysis mainly ex-
suitable. Such a model would have been highly unploit shrimp greater than 17 mm carapace length.
balanced with a preponderance of empty cells, esthe CPUE indices are therefore indicative of the
pecially the ones tying the fleets together in timeolder male and the female stock combined. The
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TABLE 3. Time series of the four individual CPUE indices (1BCD, KGH, OA and inshore) with standard errors
(se) estimated by the GLM run of the final models and the combined CPUE index with jackknife esti-
mated standard errors and Greenland research survey biomass estimates with standard errors from
Carlssonet al. (MS 1998).

1BCD KGH 0A Inshore Combined Survey
Year X se X se X se X se X se X se
1976 - - 1.66 0.14 - - - - 1.48 0.07 - -
1977 - - 1.56 0.09 - - - - 1.39 0.06 - -
1978 - - 1.23 0.07 - - - - 1.10 0.05 - -
1979 - - 1.11 0.06 - - - - 0.99 0.04 - -
1980 - - 1.34 0.07 - - - - 1.20 0.11 - -
1981 - - 1.27 0.07 1.15 0.07 - - 1.15 0.12 - -
1982 - - 1.61 0.09 1.35 0.10 - - 1.45 0.08 -
1983 - - 1.42 0.08 1.08 0.06 - - 1.27 0.07 - -
1984 - - 1.34 0.07 0.99 0.08 - - 1.19 0.51 - -
1985 - - 1.43 0.07 0.86 0.11 - - 1.25 0.05 - -
1986 - - 1.49 0.08 0.88 0.07 - - 1.30 0.05 - -
1987 1.86 0.06 1.79 0.10 1.38 0.07 - - 1.65 0.06 - -

1988 1.19 0.03 1.47 0.08 1.22 0.06 1.29 0.05 1.22 0.03 2.49 0.37
1989 1.04 0.02 1.09 0.07 0.90 0.04 1.02 0.03 0.98 0.02 3.48 0.73

1990 1.00 - 1.00 - 1.00 - 1.00 - 0.93 0.03 2.75 0.41
1991 0.98 0.02 - - 0.88 0.04 0.87 0.02 0.92 0.02 1.37 0.22
1992 1.08 0.02 - - 1.01 0.05 0.91 0.02 1.00 0.03 2.36 0.42
1993 1.05 0.02 - - 0.96 0.05 1.02 0.03 1.00 0.03 2.51 0.41
1994 1.05 0.02 - - 0.74 0.03 0.86 0.02 0.95 0.03 2.83 0.70
1995 1.16 0.02 - - 0.82 0.05 0.85 0.02 1.04 0.29 2.10 0.42
1996 1.26 0.03 - - 0.76 0.04 0.84 0.02 1.10 0.03 2.17 0.51
1997 1.21 0.03 - - - - 0.84 0.02 1.07 0.03 1.52 0.43
TABLE 4. Pearson product moment correlatior)sbetween 20
the CPUE and research survey indices. Values of
significantly different from zerg&0.1 on a 1-tailed
test) are marked with an asterisk. %5
S 15+
L
KGH 0A Inshore  Survey Comb. 7z
(@)
1BCD 0.93* 0.67* -0.03 -0.14 0.98* §
KGH 0.61* 0.99* -0.46 0.97* g 107
0A 0.88* 0.10 0.70*  §
Inshore 0.36 0.49*
Survey -0.01
05 t t } +
1975 1980 1985 1990 1995
Fig. 3. Combined CPUE index for the Davis Strait
derived combined index (Fig. 3) may be interpreted shrimp stock 1976-97+(Q standard error esti-
as fluctuations of this stock component by a factor mated by jackknifing).

of 2 around a constant level between 1976 and 1987

followed by a drop to a lower level in the late-

1980s. The marked spike in 1987 is likely the re-

sult of some very strong year-classes produced istandard error for the 1995 index. However, the
the early-1980s (Anon., 1991). As stated 1995 waseasons for the uncertainty in the 1984 estimate are
an abnormal year, which might explain the largeunclear and require further investigation.
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100 Trawls in the Greenlandic shrimp fishery dur-
ing 1976-97 became much larger. While a standard
shrimp trawl in the mid-1970s had an opening of
approximately 1 600 meshes, trawls of today are
often more than 4 000 meshes. New technology has
also caused jumps in efficiency. Around 1980 more
efficient gear was adopted (new trawl type and bot-
tom gear) and in 1985-86 high opening trawls with
120 KEVLAR netting and trawl positioning systems
were introduced (Carlsson and Kanneworff, MS
, , , , 0 1987). The introduction of an ITQ system in the
1973 1978 1983 1988 1993 1998 Greenlandic offshore shrimp fishery in 1991
Fig. 4. Total catches 1974-97 (1 000 tons) andProught about a significant restructuring of the har-

standardized effort, 1976-92 standard error) Vesting sector and may have increased the effi-
in Subareas 0 and 1. ciency of the remaining fleet. The introduction of

better navigation equipment in the beginning of the
1990s and trawls with reduced water resistance (i.e.
CPUE indices reflect stock biomass but thereless drag) in late-1990s probably also have in-

may not be direct proportionality. The relation de-creased vessel efficiency. Although there is no in-
pends in part on the response in fishing strategy tbormation on whether similar changes took place
abundance changes (Hilborn and Walters, 1992)at the same time in the Canadian shrimp fishery in
The use of CPUE indices as biomass indicator®iv. OA, it is likely given the proximity of the fish-
should therefore be evaluated, e.g. using survegries.
results. Research survey data are available for July—
August during 1988-97 (Carlssemnal., MS 1998). Our analysis accounts for increases in effi-
A correlation analysis (Table 4) indicated no cor-ciency from renewal of the fleet by including a ves-
relation between the overlapping data points of thesel factor, but assumes constant efficiency over time
survey and either of the CPUE indices implying thatof individual vessels. The YEAR*VESSEL term can
they are not measuring the same thing. Howeveme a random effect e.g. originating from a vessel
the period of comparison is one of relative stablehaving a lucky season or it can be caused by a ves-
CPUE indices and survey estimates fluctuatingsel being upgraded before or after the rest of the
around its mean (Table 3). A comparison of the varifleet. This thus indicates the problem of the con-
ance between the yearly survey biomass estimatafmuing effect of improved fishing power. However,
and the variance of estimate accuracy revealed thahe lack of importance of the YEAR*VESSEL term
the signal to noise ratio in the survey series issuggests that efficiency increases of single vessels
smaller than one. In this case the fact that the CPUEompared to the total fleet had minor influence on
indices and the survey estimates actually do agrethe CPUE index.
very well in their overall trend renders the correla-
tion analysis a weak test as a very low correlation In total all interactions including VESSEL ex-
between two such data sets is to be expected. plained less than 5% of the total variation even

though they introduced a large number of param-

The use of a CPUE index as a biomass indicaeters. There was no prior reason to suppose that

tor assumes that the efficiency of the fleet does novessels should show different efficiency in differ-
change over time. Efficiency increases in a fishingent months (VESSEL*MONTH interaction). The
fleet can result from introduction of new and moreVESSEL*AREA interaction also did not plausibly
efficient fishing vessels, withdrawal of older ves- correspond to reality as the vessels involved in the
sels and increased efficiency of existing vessels. Infishery are highly mobile, fish in all areas and to a
creases in fleet efficiency can be substantial. Fotarge extent share information (common owner-
the US Pacific coast groundfish trawl fishery ship). Therefore interactions including VESSEL
(1982-89) the increase in fishing power has beemvere omitted from further investigations.
estimated as almost 3% per year (Squires, 1994).
Daanet al. (1994) estimated an increase of 4% per  The major concern in the analyses is the pres-
year in the efficiency of the North Sea cod fishery,ence of interactions with YEAR. Such interactions
1963-73. may indicate violation of the basic assumptions
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