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Abstract

Annual abundance and distribution of 0-group fish in the Barents Sea have been recorded since 1965. Concern has been
raised about the methods presently used to establish the abundance indices and about the catching efficiency of the trawl for the
smaller-sized fish. The data have been reviewed for the period 1980-2002 and new abundance indices and length distributions
of northeast Arctic codGadus morhup northeast Arctic haddockMelanogrammus aeglefinyscapelin Mallotus villosu$,

Norwegian spring spawning herrinGlpea harengys and redfish$ebastespp.) were estimated. The abundance indices were
estimated by two different statistical techniques, the method of stratified sample mean and a method based on the lognormal
theory. The latter method was concluded to be the preferred one for this particular survey. The poor catching efficiency of
smaller cod and haddock was corrected for and the results showed that length dependent selection contributes to a serious bia:
in the estimates when not corrected for, and it is likely that selection will bias the estimates for the other species as well. It is
recommended that the technique based on the lognormal theory and with length corrections becomes the new standard methoc
for estimating abundance indices from the 0-group survey in the Barents Sea.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and adjacent water&\onymous, 2002 The purpose
of the survey is to give an early indication of the future
Annually since 1965, the Institute of Marine Re- recruitment to the fishable stocks of the mostimportant
search (IMR) in Bergen, Norway, the Polar Re- commercial fish stocks in the Barents Sea. At present,
search Institute of Marine Fisheries and Oceanography two different abundance indices are estimated from this
(PINRO) in Murmansk, Russia, and the United King- survey.
dom (participated up to 1976) have conducted a joint  The “area index” Haug and Nakken, 19F7s es-
international 0-group fish survey in the Barents Sea timated for seven species. This method calculates two
areas from a distribution map, the area of low density
Tl.:-i-47 55 58 47 15; fax: +47 55 58 44 50. (CatCh rateS) and the area of hlgh denSity. The limit be-
E-mail addressgjert.dingsor@bio.uib.no. tween low and high densities was established for each
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species separately based on a comparison of catch rate§2000) Godg et al. (1993pand Hylen et al. (1995)
and echo recordingsiaug and Nakken, 197,7.g. for showed that the trawl used in the 0-group survey has
cod the limitis 85 fish/nm. The abundance index is then poor selection properties for the smallest fish and a

estimated as follows: correction factor is introduced for cod and haddock.
Because of poor availability of computerized raw data
Al = area (lowH 10 x area (high) () prior to 1980, new indices and length frequencies are

produced for the period 1980-2002.

This method has clearly some faults, the indices are
smoothed and much of the dynamic in the time series
is lost because 1 fish/nm will have the same influence 2. Materials and methods
as e.g. 80 fish/nm. Another problem is that there is no
knowledge of the precision of the indices. The data used in this work were extracted from the

The second method is a logarithmic index and was survey database at the Institute of Marine Research.
developed byRanda (1984)This method is based on  The data were processed and analyzed using SAS soft-
the lognormal theory. The catch rates are log trans- ware.
formed, mean densities are calculated for the 18 strata  The 0-group survey in the Barents Sea has been
of which the area is divided into, the zero catches are carried out in late August—early September each year,
handled separately, and the densities, weighted by stra-using four to six vessels. Since 1980, Norway, and
tum area, are summed. This method gives the indiceson1981, Russia, the trawling procedure has been stan-
a logarithmic scale with confidence intervals. There are dardized. The standard procedure consists of tows at
two problems with this method. The first is that small three depths each of 0.5 nm, with the headline at 0, 20,
catch rates will produce negative values when they are and 40 m. Additional tows are made at 60 and 80 m if
log transformed and this may cause biRsrinington, the 0-group layer is recorded below these depths with
1991; Kappenman, 1999The second is that the in- the echo-sounder. Most trawl stations are spaced apart
dices are logarithmic and may in some cases causeby 30—35 nm sailed distance, but the distance between
problems in further analysis and interpretation of re- cruise tracks varies, and the distance between stationsis
transformed means may be difficult. in some caseslessthan 30 nm. The trawl usedis a small-

The aim of this work is to produce a new set of 0- meshed mid-water trawl with 20 m vertical opening and
group abundance indices and length distributions for 15m wing spreadGodg et al., 1993 This sampling
the most important commercial species in the Barents trawl has been used regularly since 1979 by Norwegian
Sea, which are northeast Arctic cadddus morhup vessels and 1981 by Russian vessels. All Russian ves-
northeast Arctic haddockMelanogrammus aeglefi-  selsin 1980 and one Russian vessel in 1982-1984 used
nug, capelin Mallotus villosu3, Norwegian spring a smaller sized (6 it 10 m) trawl. Assuming that the
spawning herringGlupea harengus and redfish $e- catches are proportional to the area of the trawl mouth,
bastespp.). A few objectives were desired: the indices the catches of the smaller sized trawl were multiplied
should be on an arithmetic scale and there should be by a factor of 3.33 to even out the difference in vertical
some measurements of the precision of the estimates. opening. In 1994, one Russian vessel used a non stan-

There are several more or less successful methodsdard trawl with 30 m vertical opening and unknown
of estimating abundance indices and it seems there iswing spread, two steps were trawled to cover the usual
no easy answer as to which method is most appropri- three steps.
ate. In this work, two different methods are applied. Due to the trawling procedure, the effective trawl-
The method of stratified sample mean, which is used ing distance is equal to the total distance towed divided
on the bottom trawl survey for older fish in the Barents by the number of depth stepSténsholt and Nakken,
Sea, and an estimate of the mean based on lognormal001). Because of many errors in the datasets, the to-
theory, which in this paper will be called the Penning- tal distances were recalculated. The duration of a trawl
ton estimator. The latter is an extension of the lognor- haul was found by the start and stop time, duration was
mal based estimator giveni#ennington (1983, 1996)  then multiplied by the speed and the total distance was
Both methods are describedriolmer and Pennington  found. If the start time, stop time, or speed was miss-
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ing, then the total distance from the data was used. Evenlinks of human touch between input and output, the
though there is developed a coding system for the num- smaller is the chance of human error in terms of calcu-
ber of depth steps, these codes were often lacking or inlation and punching errors.
some cases erroneous. Thus, the number of depth steps The area covered by the survey was stratified into
were found by the duration and the following criteria: four strataFig. 1). Earlier in the logarithmic index they
1 step when duration <16 min, 2 steps when duration is have used 18 strata, which is not very practical and usu-
16-25 min, 3 steps when duration is 26—35 min, 4 steps ally little is gained in precision having more than six
when duration is 36—45 min and 5 steps when duration strata Cochran, 197y Fewer and larger strata results
is 46—55 min. If duration could not be calculated, the inlarger sample sizes within a stratum, which results in
number of depth steps was found by total distance di- more stable analyses and more varied analytical tech-
vided by 0.5 and rounded to the nearest integer. The niques can be use&fnith, 1988; Pennington, 1996
effective distance]s, at stationrswas then found by The new strata system has four strata and extends over
a larger area than the previous. The strata are based on
(2) the distribution of trawl stations and on the species dis-
tribution maps from the survey reports. Strata | and I
The common practice in the old indices has been do normally have higher fish densities than Ill and IV,
to use the effective distances of 1 nm for 2 steps and but this depends on the species.
1.5nm for 3 or more stepdHavforskningsinstituttet, To find the coverage of a stratum, the station po-
1994. The reason for making the recalculations above sitions were loaded into the GIS software; Manifold
even when values were not missing, is that the fewer system 5.50. The boundary stations were traced and
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Fig. 1. The Barents Sea divided into four strata. The areas of strata |-V are 143600, 104314, 111626, and 12 7@deutively.
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Table 1

Coverage of strata and total area in percent

Year Stratum | Stratum Il Stratum Il Stratum IV Total
1980 88 76 63 15 61
1981 56 78 67 25 55
1982 58 57 61 5 45
1983 47 80 68 23 53
1984 50 15 54 1 31
1985 63 81 69 28 59
1986 48 81 57 28 52
1987 52 83 52 23 51
1988 63 78 56 18 53
1989 56 86 60 75 68
1990 55 91 57 46 61
1991 52 91 63 63 66
1992 46 75 65 35 54
1993 43 84 54 37 53
1994 35 82 42 31 46
1995 45 76 41 12 42
1996 45 91 45 47 56
1997 41 86 34 32 a7
1998 37 88 41 62 55
1999 38 85 36 51 51
2000 50 85 49 51 58
2001 49 87 57 70 64
2002 48 85 48 49 56

1984 and 2000 are examples of poor and good coverage (inserted figures).
@ Russian data are missing.

the areas enclosed were calculated. The conic projec-tory quality and gear in good condition were included.
tion Albers equal-area, with center latitude at'M4 Longitude and latitude were checked by plots of trawl
center longitude at 3&, and standard latitudes at°70  station positions with survey tracks, compared by eye
and 78N, was used in this operation. The coverage with maps in the survey reports and corrected by orig-

varies to a large extent from year to ye@alle J). In inal station forms if large discrepancies were detected.
1982 and 1984, the low coverage is due to a lack of  Godg et al. (19933howed that the sampling trawl
Russian data in the IMR database. is highly selective for 0-group cod and haddock. Its

To minimize the chance of including older age capture efficiency of fish smaller than 65mm was
groups in the analysis, maximum lengths were much lower than their experimental trawylen et al.
defined for each year and species. This was done(1995)used data from a similar experiment to estimate
by going through the survey reports and finding the the following correction functionsy(!l), for cod and
maximum lengths from the length frequency tables. haddock
Most length data are also coded with age codes and
all data that were coded older than O-group were W()cod =1+ exp(4158—0.422x 1) 3)
excluded from the analysis. Erroneous coding and _ _
coding that includes both 0-group and older fish will whaddook= 1+ exp(8031— 0.838 /) “)
cause bias when the length distributions of 0- and wherel is the length in cm. These correction functions
1-group overlap. Minimum length was set to one centi- can be applied directly to the observed length frequen-
meter. cies at each station. But since the functions above give

The data were also quality checked. Only ordinary unreasonably high numbers adecreases, it was de-
fishing stations with pelagic trawl hauls of satisfac- cided to setw(l);oq constant to 10 fot<4.6cm and
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w(!)haddockCONStant to 20 fok<6.1cm. The fact that  2.2. Pennington estimator

there were very few fish below these lengths in the

datasets used to estimate the correction functions, sup- The patchy distribution of marine organisms causes
ports this decision. The correction functian(/), was the sampled densities to have a skewed distribution with
set to one for species other than cod and haddock, andmany small values and a few very large values. Thus,
inthe cases where the non standard Russian trawls wereghe sample mean may be an imprecise estimator of the
used. true mean Rennington and Stramme, 1998n esti-
mator of the mean based on the lognormal distribution
is shown to be more efficienPé€nnington, 1983, 1996;
Smith, 1988. The 0-group data do usually have a clus-
ter of small values and because values close to zero may
severely bias lognormal-based estimatdiyérs and
Pepin, 1990; Pennington, 1991; Kappenman, 1999

2.1. Stratified sample mean estimator

The number of fish per nfnps, at length, at each
station,s, were estimated by the following equation:

Forw(l) extension of the estimator Pennington (1983, 1996)
psi =" (5) developed bfolmer and Pennington (20Q®as used.

: The values larger than the cut-levein each stra-
wherefs) is the calculated frequency of lendtht sta- tum are supposed to be distributed approximately log-
tion s, w(l) is the length correction function defined normal. The alternative estimatqr;, of mean density
above, andxs is the swept area found by within each stratum is then given by

dsws 2

— 6 R R . . K

4 1852 © o -m n,ml i+ %exp(xDGm,» <2> (11)
14 14

whered;s is the effective trawl distance found by Eq.
(2), and ws is the wingspread of the trawl. ~ wherem is the number of sample values greater than

The stratified estimator of mean density in the entire | i, syratymi, ¥, is the mean of the values smaller or
area is given by equal tok, x; ands?; are the mean and variance of the

L logged sample values greater thHerand Gpy(t) is an

i Wiy 7 infinite series function ofn andt (for examplem=m
- 2 i () andr = 12 ) defined by

wherelL is the number of stratd); the proportion of m—1
the survey area in thi¢gh stratumy; s is the sum of the Gu(r) =1+
densities found at statiosby Eq. (5), and y; is the

t

average_o_lensity in slratu'mThe estimated variance of n i . (m — 1)% 14 . .
the stratified meang; is = mi(m+ 1)m + 3)---(m + 2j — 3)!
12
var(ys) = i w2t ® ()
— ' The variance of:} is given by
where

- i—mi—1
ni —\2 Var(["l‘) = Var(ci) + (nn(n’n—l)> S/l-z
2 = 2oma0is = 37 © i
[ ni—1 mi(ni —m;)\
e —n )
The standard error ofs; is given by i\t

n; —m; —
sefis) = /varGs) (10) -2 <ni(n,» - 1)> Vici (13)
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wheres’i2 is the variance of the values less than or equal

tok,
mi S)zci
ci = —exp;)Gm, | == (14)
n; 2
and
m; mi o s)zci
var(c,') = 7exp(2x_l) 7Gm,~ -
n; n; 2
m; — 1 m; — 2 2
_ ) : 15
ni—1 Gml (ml- - 1Sx,z)} ( )

There is no single objective criterion upon which to
define a cut-levelk, bigger than zero. For the 0-group
data a value ot for a stratum equal to 20% of the aver-
age density inthat stratum provided a cut-level such that
the values larger thakare distributed approximately
lognormal. The coefficient of variance (CV) was also
used to find the cut-level. The trick was to find a cut
level that gave low CVs without violating the assump-
tion of lognormal distributions. The stratified estimate
of mean densityg, in the entire area is calculated by
replacingy; with f; for each stratum in E((7). The
standard error o<t is obtained by substituting var()
for s?/n; in Eq.(8), and then

sefis) = v/ var(isy

(16)

2.3. Length distributions

Another objective of the 0-group survey is to es-
timate the length distributions of the juveniles of the
year. One way to do this is to use a variation of the ra-
tio estimator,R, of the mean length given b§ochran
(2977)

Z?:]_ys;s

whereys is the sum of the densities estimated by Eqg.
(5) at stations, x; is an estimate of the average length
of fish at stations, andn is the number of stations
where fish of the species in question were caught. An
estimate of population variance?, of lengths can be
found by modification of the grouped sample variance

R= (17)
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(Bhattacharyya and Johnson, 1977

A 2
ZLlZzPs,l(l - R)
Z?:lleS,l

whereps is the density of fish of lengthat statiors.

~2
Oy

(18)

3. Results
3.1. Abundance indices

Abundance indices of 0-group cod, haddock,
capelin, herring, and redfish were estimated by the
method of stratified sample mean and the Pennington
estimator Table 3. With few exceptions, there were no
large differences between the two methods. When large
differences occurred between the indices, for example
capelin and redfish in 1982, the sample meapwas
mostly larger than the Pennington estimatoyg, Gen-
erally, the Pennington estimator was more precise than
the sample mean, i.e. gafy was smaller than sgg).

The length correction had a large influence on
the abundance indices of cod and haddock. For both
species there was a negative correlation between the
index without length correction and the ratio: index
with length correction/index without length correction,
and for haddock this was significapt€ 0.05). This re-
sulted in that the ratio: best year/worst year, got smaller
when length correction was applied.

Cod had all the above average year-classes in the
1990s and in year 2000, this applied to the results
from both with and without length correction. With-
out length correction, haddock had most of the good
year-classes in the 1990s and 2000s. When length cor-
rection was applied, there were three good year-classes
in both the 1980s and 1990s, and in year 2000. With
the exception of 1983, herring had all the above average
year-classes after 1990. With the exception of 1997 and
1999, capelin had the above average year-classes in the
1980s. Redfish had all the above average year-classes
prior to 1991.

3.2. Mean lengths

Mean lengths with corresponding population stan-
dard deviations are shown fig. 2 There were no
significant differences in mean lengths of cod with and
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Table 2
Abundance indices based on stratified sample mean estimygjcarfd Pennington estimatqueg;) with corresponding standard errors
Year Cod without length Cod with length Haddock without Haddock with length
correction correction length correction correction
yst  sefs) st Sefis) Yst sefs) st sefis) yst  sefs) ist  Sefis) yst  Sefs) st Sels)

1980 027 005 026 004 160 031 155 027 032 006 031 006 350 068 346 070
1981 023 004 022 004 155 024 154 025 006 002 006 001 081 024 073 017
1982 290 047 281 042 1717 267 1681 244 305 045 311 051 2940 430 2964 481
1983 1923 552 1537 284 7491 1857 6201 988 597 104 565 083 3352 461 3265 423
1984 4427 1970 3028 821 16814 6580 12023 2874 879 166 799 122 5184 911 4918 809
1985 6457 1657 5592 1128 26617 6973 22986 4329 281 063 266 065 1576 285 1580 354
1986 773 133 734 140 4565 802 4262 785 242 047 225 043 1961 394 1832 365
1987 068 015 061 010 517 123 453 071 055 012 051 010 962 209 892 176
1988 229 051 197 038 1301 294 1151 234 167 052 142 033 1640 549 1389 336
1989 273 069 236 043 1027 234 912 152 064 011 062 010 478 081 441 069
1990 2931 701 2632 546 9621 2121 8562 1790 492 068 467 067 1649 233 1570 229
1991 4532 674 4275 638 16075 2345 15197 2176 1574 223 1530 207 10191 1364 9787 1286
1992 22032 5053 21494 5016 75336 17187 74282 17830 787 119 727 109 2697 508 2280 350
1993 16601 4784 15714 4630 51798 13608 49178 13356 573 092 558 091 1410 214 1367 201
1994 21592 6216 18601 4955 58363 16056 50199 12471 1505 416 1324 330 3921 819 3798 813
1995 42651 9822 40823 8Q17 112069 27220 105881 20777 261 058 260 060 666 141 637 133
1996 31718 5500 31934 5644 117894 20553 118118 20414 507 Q079 502 085 1122 152 1153 180
1997 38909 5548 40353 6471 170605 23672 178103 28640 338 054 352 067 1576 279 1560 279
1998 3253 617 3260 664 10324 1788 10513 2101 2606 465 2584 476 6599 996 6580 1053
1999 657 306 605 296 1846 707 1679 725 563 197 489 173 1394 399 1216 313
2000 11384 2989 10507 2780 46719 12323 42662 10623 1304 284 1280 296 9294 2125 9004 2208
2001 332 141 224 063 1651 703 1157 345 750 145 726 145 2466 376 2472 411
2002 8393 1842 7699 1476 13972 2615 13009 2453 751 121 742 126 2208 510 2295 691

Year  Caplin Redfish Herring

Yst sefs) st sefis) st sefs) st seis) st sefs) st sefisy)
1980 117364 21344 129447 30002 77907 56015 66336 43357 002 001 002 001
1981 51905 12643 50098 11807 69780 54396 63492 44802 001 001 001 001
1982 11759 45883 89382 28195 85053 43939 58306 15183 035 016 021 007
1983 41938 9758 35623 6673 21220 5307 18884 3997 12545 4002 12830 4226
1984 41705 9989 41194 10418 29554 11557 25801 9501 3363 1242 3583 1555
1985 9973 4593 7464 3003 119045 40448 104096 39919 2465 1069 3152 1961
1986 5216 2542 5707 3421 37553 18763 27046 9327 003 001 002 001
1987 201 124 313 159 8878 2431 8173 2114 001 Q000 001 000
1988 13027 5054 9782 3068 30058 5687 28168 5596 3835 1235 5412 2481
1989 92371 9534 94457 10810 6207 1925 4703 963 1598 566 1189 340
1990 13766 2426 14539 2802 36548 8102 36874 8820 2069 1108 1922 928
1991 23414 6932 26923 12317 11123 4844 10552 4912 40791 12714 34082 8733

1992 035 020 040 028 4599 3774 2116 1040 17229 3567 17653 4197
1993 089 032 a71 023 2418 1826 1327 659 28360 12352 24321 10373
1994 4322 2166 3738 2011 18850 11251 14368 7244 9504 5562 9394 5993
1995 261 161 267 163 6518 2496 6803 2702 1277 503 1056 330
1996 21450 5369 20694 6429 012 004 011 003 25318 6700 25032 67.26
1997 30840 8650 27773 6693 Q76 043 053 025 24732 6398 24968 7345
1998 16382 3104 15645 3290 356 177 325 177 40272 9055 37854 8026
1999 40375 10493 35468 7703 016 005 016 005 8174 3796 7305 2837
2000 15513 7965 14568 7935 3318 2206 2474 1628 22912 11333 20816 9564
2001 1908 835 1871 868 002 001 002 001 324 145 248 087
9009 8515 1995 8105 1961 055 025 054 024 9987 2343 10797 2948

Estimates are given in thousands per square nautical mile.
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Fig. 2. Estimated mean lengths with population standard deviation. Open circles (cod and haddock) are estimates with length correction and the
filled circles are without length correction.
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Fig. 3. Estimated mean lengths of cod and haddock after length correction.

without length correction, but the average of the mean 3.3. Comparing to old indices

lengths was lowered from 7.42 cm, without length cor-

rection, to 7.01 cm, with length correction. Comparing the Pennington estimator indices to the
Haddock had a significant decreage<(Q.01) in old area indicesHavforskningsinstituttet, 20Q03he

mean lengths after length correction, and the aver- trends were similarKig. 4), except for capelin in

age of mean lengths decreased from 8.81 to 7.37 cm.1980-1983, and for redfish in the 1980s. There was

Mean lengths of cod and haddock became more sim- more dynamic in the series of Pennington estimators

ilar when length correction was appliegig. 3), al- than in the area indices; the ratios between good and

though haddock had larger standard deviati®ing. ). poor years were larger. The length correction of cod

Both species had similar trends and were signif- and haddock decreased this ratio.

icantly (©<0.01) larger in the 1990s than in the Compared to the logarithmic indicesigvforsk-

1980s. ningsinstituttet, 2008the trends were again similar
Mean lengths of capelin were smallgr<0.05) in (Fig. 5, but the strong year-class of herring in 1983

the 1980s than in the 1990s, but this might be mislead- was not as evident in the Pennington estimator.

ing because of the high mean length in 1994, which

was caused by an overlap in lengths of 0- and 1-group

capelin. This can also be a problem in 2002, but for 4. Discussion

this year there were no age-determined lengths to ver-

ify this. The remaining years, most of the means were  The abundance indices estimated in this work show

close to the average mean length of 4.71 cm. the large inter-annual variation in the 0-group abun-
Herring had no difference in mean lengths between dance. Compared with the area indices, although the

the 1980s and the 1990s, and the average mean lengthrends are similar, it is evident that the new methods re-

was 6.91 cm. In the 1980s, herring followed a similar tain more of the dynamics in the 0-group recruitment.

pattern to cod, haddock, and capelin, but in the 1990s There is not much difference between the results of the

the pattern was almost the opposite to the pattern of stratified mean estimator and the Pennington estimator

cod and haddock. for this particular survey. Both length and abundance
Redfish had no trends in the mean lengths. There estimates are influenced by the poor catching efficiency

was little variation between the years and the average of the trawl for the smaller-sized cod and haddock, as

mean length was 3.80 cm. shown byGodg et al. (1993andHylen et al. (1995)
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Fig. 4. Pennington mean estimators (open squares: without length correction, open triangles: with length correction) compared with area indices
(filled circles).

This is a variable bias that increases with decreasing Bergen. Until a few years ago, these data were punched
fish size, and there is reason to assume that this is amanually from the original sampling forms, and even
problem concerning the other fish species as well. though a lot of effort has been put into quality checking
The data used in this work are gathered from the the database, punching errors still occur frequently in
survey-database at the Institute of Marine Research,the data. In later years, better sampling software that
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Fig. 5. The log of Pennington mean estimators (open squares: without length correction, open triangles: with length correction) compared with
logarithmic indices (filled circles).

test the data for errors as well as the introduction of fish-densities, the mean density will be overestimated.
electronic measurement boards and weights, with di- Through the period 1980-2002 there is a trend of better
rect input to the software, have dramatically reduced coverage of stratum IV and poorer coverage of stratum
the chance of punching errors. Another problem with [ and Ill. This change of coverage may have a negative
the IMR database is the lack of data prior to 1980 and effect on the index of redfish, because dense concen-
Russian 0-group data in 1982 and 1984. trations of redfish were found in the southwestern part
The 0-group survey has been fairly consistent since of stratum | and in the western part of stratum Ill in

1985 with regards to trawling procedure and the stan- the 1980s and these areas were not covered as well
dardized sampling trawl, but the distribution of trawl in the 1990s and in 2000-2002. The increased cover-
stations and the coverage of the survey area have variedage of stratum IV has resulted in better coverage of
from year to year. Differences in the distance between the capelin distribution and may have a positive effect
trawl stations can influence the standard errors of the on the capelin index. The distribution of cod, haddock,
estimated mean densities. More important, it can affect and herring seems to be fairly well covered regardless
the mean estimates if the distances vary within a stra- of the change in area coverage, but the lack of Russian
tum. For example, if the stations are closer together in data in 1982 and 1984 affects all estimates for those
an area with high fish-density than in areas with lower years.
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One possible source of error that is often assumed tively correlated with fish densityHylen et al., 199k

to be insignificant, but which there is not sufficient More efficient herding by otter-boards and sweep lines
knowledge about, is the settlement of northeast Arc- when there are high densities of fish can explain the dif-
tic cod and haddock. There is very little information ference in efficiency. This herding will positively bias

in the literature about when cod and haddock in the the abundance indices because of the increased “mouth
Barents Sea change from a pelagic life-stage to a dem-area”, and because larger fish have better swimming ca-
ersal life-stage. Itis assumed that this transition occurs pacity, they will be herded more efficiently and mean
from late September to October for cod and gradually lengths may be over-estimated. The large-meshed net-

throughout the autumn for haddocBdrgstad et al.,  ting herds the smaller fish insignificantly and they are
1987. Reviewing some of the research performed on lostthrough the mesheG6dg etal., 1993 This causes
settlement of cod and haddock in other ar&@msy{man, negative bias in the abundance indices and positive bias

1981; Koeller et al., 1986; Mahon and Neilson, 1987; in the mean lengths. The low catching efficiency for
Bolz and Lough, 1988; Lough and Potter, 1993; small cod and haddock caused by the insufficient herd-
Salvanes et al.,, 1994; Tupper and Boutilier, 1995; ing by the large-meshed netting is corrected for by Egs.
Hussy et al., 2003 it is apparent that it is not pos- (3) and(4), but there are no available correction func-
sible to generalize about when or at which length set- tions for other fish specie&odg et al. (1993Fstimated
tlement occurs. The timing and size at settlement of that the fish needed to swim with a speed exceeding
cod and haddock seems to be regulated by both biolog-38 cm s for as long as 40 s to be herded into the cod-
ical and environmental factors where time of spawning, end, which is far greater than what can be expected of
growth rate, food abundance, presence of predators andsmaller 0-group fish. In addition, small fish are often
suitable habitats are important factors that may cause seen to swim directly towards the meshes at various
variation in settlement both within and between years. points along the net wall§\ardle, 1993, and 0-group
The mean lengths of cod and haddock estimated in this capelin are often seen entangled in the large meshes of
work suggest that the majority settle later in the autumn the trawl (own observations). Thus, it is reasonable to
and atlongerlengths than more southern stocks, but oneassume that there is also a selection of capelin, herring,
cannot disregard that some fish may have settled at timeand redfish and that this causes an annually varying
of survey and that this bias may vary annually. This is bias in the estimated indices and mean lengths.
clearly one problem that needs further investigation. As discussed above the swimming capacity of the
Drevetnyak (1995)eported that settlement of red-  fish isimportantin trawl selection. Both fish length and
fishSebastes menteltakes place whentheyare2and3 temperature are important factors determining swim-
years old, but 0-group redfish may be distributed in the ming speed and endurance of a fish. Larger fish can
whole water column when strong year-classes occur. swim longer at the same speed or they can swim faster
Olsen and Soldal (1989¢ported that although the  atthe same endurance than smaller fish, and a reduction
year-classes of northeast Arctic cod were weak in 1987 in temperature reduces swimming speed and endurance
and 1988, they found dense concentrations in shallow (He, 1993. Thus, in warmer years the trawl efficiency
water along the Finnmark coast. Based on these andmay be better than in colder years. This and the fact that
some earlier observations they argued that coastal 0-trawl efficiency is better in high-density fish concentra-
group cod recur every year and that its abundance istions will cause the trawl selection to vary from year
determined by the “holding capacity” of suitable habi- to year and between areas. Thus, the correction func-
tat rather than by year-class strength. They estimatedtions used in this work may not be appropriate in all
that in a year with a poor year-class of northeast Arctic circumstances. However, the gain in precision is likely
cod, the coastal portion might be in the order of 10% of greater than the bias that may be introduced by using
the total cohort. This coastal portion is not included in them.
the abundance estimates and will amount to a serious The decrease in the ratio of the best year to the worst
negative bias in years with poor year-classes, but it will year, which was found in the abundance indices of cod
not have a large effectin years with strong year-classes.and haddock when length correction was applied, indi-
The pelagic trawl has a fairly low catching efficiency cates that the bias caused by selectionis larger when the
for 0-group fish (30—40%), and the efficiency is posi- year-classes are poor. This may partly explain the pos-
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itive correlation between mean length and year-class 5. Conclusion
strength for cod and haddocloftersen and Loeng,
2000. The correlation was also found in my study, but The goal of this work has been to improve the Bar-
the correlation became weaker after length correction ents Sea 0-group abundance indices of cod, haddock,
was applied. The more efficient herding of larger fish capelin, herring, and redfish. Different sources of bias
in high concentrations by the otter-boards and sweep have been discussed and it is concluded that length de-
lines may also contribute to this correlation. pendent selection by the trawl is the most serious source

The new set of abundance indices show, as expected,of bias and it is recommended to apply the length cor-
more of the dynamic in the 0-group recruitment than rection functions in the estimates. Concern has been
the area indices do. Although the results from strati- raised about early settlement as a source of bias for
fied sample mean are similar to the Pennington esti- cod and haddock estimates. This seemsto be negligible,
mator, the latter seems to be the preferable method for but should be further investigated, although pelagic 1-
this particular survey because the estimates are moregroup cod and haddock have been observed during the
precise and the occasional large catches do not affectwinter (Odd Nakken, personal communication). The
the estimates nearly as much as they do in case of thePennington estimator is concluded to be the most ap-
stratified sample meaivicConnaughey and Conquest, propriate method of the two in this work. It is recom-
1993; Pennington, 19960ccasional large catches oc- mended that this method becomes the new standard for
cur for all species throughout the time series and when estimating 0-group abundance indices in the Barents
they occur, the lognormal based estimate is normally Sea, and that the new time series are included in the fu-
smaller than the sample medreninington, 1996 This ture reports from the 0-group survey in the Barents Sea.
can be seen ifable 2where (s is usually smaller
thanyst.
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