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Abstract

The database from the International Herring Larvae Survey Program (IHLS) has been
transferred from Aberdeen to Kiel and it has been agreed that the Institut fiir
Meereskunde Kiel should continue to maintain this database and provide the
abundance indices to be utilized by the Herring Assessment Working Group as one of
the means for assessing the state of the herring stock in the North Sea. Calculation
procedures for the abundance indices have been changed in some steps since the
initiation of this programme and not all details could yet be identified. For establishing
the calculation procedure at Kiel, it was necessary to decide on some specific details,
which remained unclear so far in the most recently used procedure or which :nclude
subjective decisions. These details will be explained and the differences in results
depending on the specific decisions made will be discussed.

Due to a substantial decline in ship time and sampling effort allocated to the Herring
Larvae Surveys since the end of the 80's, it may be questioned, whether these surveys
can still provide abundance and production indices (LAl and LPE) comparable to those
of previous years and sufficiently reliable for the use as measure of stock size. Using
the historical herring larvae data base, the effects of this decline in effort, and the
required total effort and allocation of sampling in space and time will be evaluated.



Introduction

The ICES program of international herring larval survey in the North Sea and adjacent
areas has been in operation since 1967. Surveys were carried out in specific time
periods and areas, following the autumn/winter spawning activity of herring from north
to south. Data of catches were reported to the ICES IHLS database and information of
e.g. survey vessel, surveyed area and time, date and haul position, sampler and
bottom depth, total number of larvae per haul and length distribution of larvae were
archived since 1972. The main purpose is to provide quantitative estimates of the
abundance of herring larvae, wh[ch have been used as a relative index of changes of
spawning stock size.

A drastic decline in survey effort occurred since the end of the 80". The traditional LAI
and LPE, which rely on a complete coverage of the survey area, could not be
estimated any longer due to the loss of information on larval abundance.

Instead, a multiplicative model was introduced for calculation of larval abundance
index (MLAI, Patterson and Beveridge, 1995) from 1994 onwards. In this approach, the
larvae abundances are calculated for a series of sampling units, defined by spawning
area and sampling period; the total time series of data is used to estimate the year and
the sampling unit effects on the abundance values and the unit effects are used to fill
the sampling gaps so that a comparable abundance index (MLAI) can be estimated for
each year.

In 1997, the IHLS database has been transferred to Kiel and the Institut far
Meereskunde should continue to maintain this database and provide the abundance
indices utilized by the Herring Assessment Working Group as one of the means for
assessing the state of the herring stock in the North Sea.

However, when trying to recalculate the reported LAl values of previous years, it
became obvious that several procedures have been changed since the initiation of the
program and that not all steps necessary could be identified in detail. Therefore results
‘were not comparable in all cases. Consequently, the information on relevant calcu-
~lation procedures documented in several working group reports and manuals were
-collected and re-examined to establish a procedure which follows the historical
‘methods as far as possible and produces results comparable with the traditional LAI.

The software used by the database was completely re-written and SAS (Version 6.12)
was introduced to the system instead of the former used Fortran and Basic versions.

Using this re-calculated data set,' the impact of the decline in effort was éva!u-ated by
simulating different scenarios of survey coverage in space and time.
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Material and Methods

Calculation procedure for larval abundance index (LAI}

In the present paper the general procedure for calculating the larval abundance follows
in principal the procedure described in the IHLS documentation (Anon. 1895). The
calculations are based on the IHLS database of the years 1972 o 1997 (for specific
considerations 1981 to 1991) as well as on the (corrected) area definition file of the
year 1985. The six relevant steps are

1.

The survey files, containing ail larvae and survey information, were combined
with the area definition file, containing definitions of standard areas, fortnights,
and 10x20" rectangles. Only data from standard positions were considered.
Each 10x20" = 30x30 nm rectangle (abbreviated as 10x20 rectangle in the
following) consists of nine 10x10 nm rectangles (abbreviated as 10x10
rectangle in the following) meaning that the area of one 10x10 rectangle is
approximately 1/9 of that of the 10x20 rectangle. Coding the 10x10 rectangles
with 1 {0 9 than each 10x20 rectangle is defined as

1
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going from North fo South and West to East. It is expected that at least one
survey position lies within such a 10x10 rectangle which defines a “standard
position”. It should be mentioned here, that other positions than the standard
positions are generally ignored here. Four spawning areas are distinguished
and two to four sampling period per area. In order to define how complete the
area and time units (LAl units as given below) have been sampled, a ,coverage”
value is defined and expressed as percentage standard positions sampled
within each unit:

sampled positionSyg,. (4 unit

Coveragey,,, ; a wit = * 100

standard positions in the area definition file, 5, .4

This coverage is later used as the first weighting factor component in the
caluation of MLAI values (MLAI = year effect parameter estimates) with the
muliiplicative model as described by Patterson et al. (1997). The complete area
definition file is given in the Annex. The standard areas, fortnights and LAl units
used here are

Standard area {Code} Fortnight LAl unit code
Orkney/Shetland B 30th August - 15th September B1
(abbreviated: Or/Sh) 16th - 30th September B2
Buchan C 1st - 15th September C1

16th - 30th September c2
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Central North Sea D 1st - 15th September D1

(abbreviated: CNS) 16th - 30th September D2
1st - 15th Octaber D3 .
16th - 31st October D4
~ Southem North ~ ~ E°  15th - 31st December E6
(abbreviated: SNS) - . 1st-15th January: . - E7
: , .- 16th - 31st January . EB.
2. Based on the data of step 1 for each year and standard position the measured

larvae were aggregated into the following five length frequency distribution
groupings (= grouped LFDs):

- Bmm < larvae < 10mm (5 < larvae < 11mm south of 5330 North)
- 10mm < larvae.< 15mm (11 < larvae < 16 mm south of 5330 North)
- 5mm < larvae < 15mm (5 < larvae < 16 mm south of 5330 North)

- 10mm < larvae <24mm (11 s larvae < 24 mm south of 5330 North)
- 5mm < larvae < 24mm. S Do S

| All followmg calculatlons and considerations are carned out for each of the five
LFD groups separately. -

3. Larvae numbers per square meter were calculated for each year and standard
position by the formulae given below for three time periods separately The
differences in these formulae reflect changes in the mformation given for
flowmeter calibrations.

- NotmPyeg,, 10010 rectangie = Grouped LFD x { ‘

. Total Ne.Im?
Total LFD = Efficiency Factor

Raising Factor = Total No. Caught -

Total LFD

Flowmeter Calibration » BottomDepth

Calibration Fact_or =l : 2
Flowmeter Reading = m x [W) = Cfficiency Factor

“No.m*No.Im? ... 10,10 rasiangie = Grouped LFD x Rarsmg Factor x Calibration Factor

. Lo :
Total: No. - Caught

" Raising Factar =
Total measured

Flowmeter Calibration » BotfomDepth

: : . :
Flowmeter Reading x 11 % [@]

Calibration Factor =
x Efficiency Factor

Nom? ;. 1octo rectangie = GroUped LFD x Raising Factor x Calibration Factor
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4, In case of replicate sampling within a 10x10 rectangle and fortnight, the number
of larvae obtained were averaged, using three day blocks. For example, the
period 1st to 30th September is divided into periods 1-3,4-6,7-9 etc. If Dana
caught 30 larvae on 4/9, Explorer 20 on 6/9, Dana 20 on 7/9, Clione 18 on 9/9
and 16 on 12/9, the average for the period is

Three day

block - Days Numbers caught

1 1-3 No catch

2 4-6 . (30+20)y2=25

3 7-9 (20+18)y2=19

4 10-12 16

5 13-15 No catch

6

Average (26+18+18)/3 =20

If the number of days within the period is not exactly divisible by three, the last
block contained either two or four day periods.

5. - The results of step 3 and 4 were used to calculate mean numbers of larvae per
- - square meter for each 10x20 rectangle within the LAl units; these values were
raised by the surface area of the corresponding 10x20 rectangle, i.e.

' ] 21 2
No.im Year, 10x20 reclangle — ; ENO'Im Year, 10x10nm rectangle

. _ 2
LA yoar, 10x20 rectangle = NOIM vear 10520 rectangle. ® Ar€810520 rmctangle

6.  Results from step 5 were summed up to calculate larval abundance indices and
related coefficients of variance (CVs) for each LAl unit and year, i.e.

LA’Year. LAl unit = E LA’YE&F. 10x20 rectangle

U(M!Year, LA unit) x 1

M’Yea}; LAT unit

CVILA e 1as i = 00

- where O(LAly,,, ;5 ) is the standard deviation and LAl .. the mean

LAl calculated per each year and LAl unit. The CVs are later used as the
second of two weighting factor components for the computation of a weighted

MLALI index by the multiplicative model.
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Evaluatlon procedure for testlng survey strategles :

AII followmg considerations concerning the evaluation of the IHLS survey strategy
(effort reduction in terms of time and space) are based on the above LAl calculations
(i.e. the results of step 8 of the previous paragraph) as well as in principle on the MLAI
computations described in Patterson et al. (1997).

It should be mentioned that the =wray used here differs in one point from that described
in the |HLS documentation (see Anon. 1995):. no missing value correction has been
included for standard positions which have not been sampled.

The first (intuitive) reason is that we want to- investigate the effect of reduced sampling
effort on the quality of the MLAI computations measured in terms of predlctlon
performance for the spawning stock biomass (SSB). The second (statistical) reason is
that only 5 to 10% (at maximum) of missing values are reliable to be filled in without
loss in the statistical quality of the data (see Hand 1989). From the coverage values
calculated according to step 1 of the previous paragraph (results see Annex) it can
easily be seen that especially in the last years the amount of mlssmg value stations
overexceeded the 5% limit sometimes by far.

On the other hand, from the authors point of view it does not appear reasonable to
completely exclude LAl unit with incomplete coverage; the available expensive
information should be utilized as far as possible. Thus, per each LAl unit two weigthing
components are computed, one is the area coverage itself (in %) and the other the LAl
variation in terms of the above mentioned CV (also in %). The idea is that the coverage
is expected to be representative for and to be proportional to a prospectively inherent
sampling error, assuming the lower the coverage the higher may be the sampling error -
induced by smaller sample sizes. The implementation of the CV as a second
component of the weighting factor assumes that the higher the variation, the higher the
uncertainties about the calculated LAI values for the associated LAl unit. |.e. the lower
is their representativity. Both factors combined are balancing out some: distortions,
which might be included by using only one factor alone. It could well be the case that
sampling results from few stations with a low variation are as representative as results
from many stations with a high vanatlon Hence the following weighting factor is
introduced

1
CV(LA ,Year. LA} um't)

We’ghtYear LAI unit ~ COVG!' a9Cvear, Lai unit *

This weighting factor is used when calculating the MLAIs per year and LAl unit in the
multiplicative ‘model. In such a case the Ieast-squares estlmators (LSQEs) are
‘weigthed by a weighting matrix W, i.e. : .

B = WX X'Wy

where W contains the individual values Weight,,,, ;4 .. ON its diagonal. This has the
effect that a weighted residual sum of squares (WLSQ) is minimized, i.e.
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WLSQ = z[we'.ght\fear. LAt unit X (LAIYear. LAJ unit LA’Year, LAt um‘f)] = Min.

LAny,ar a1 um TEANS the estimated LA values from the multipiicative model. As long
as the weights for the LAls are proportional to the reciprocals of the error variances
then the weighted least-squares estimators (WLSQES) are unbiased (see Anon. 1989).

~ Taking all these considerations into account the basic idea is to vary as well as reduce
the combination of LAl units included into the calculation of the MLAI in order to see
which combination results in the best relationship between MLAI and SSB (spawning
stock biomass) in terms of SSB prediction power. This is done by regressing the
estimated MLAI values of the multiplicative model {regressand, y axis) on SSB values
(regressor, x axis). The construction of the causal relationship within this regression
approach is based on the assumption that the SSB produces the larvae (larvae
abundances, LAls, MLAIs). Hence in order to predict the SSB (given a new MLAI) this
- regression must be inverted leading formally to an inverse prediction of the SSB. Thus,
the prediction power is measured by means of the inverse prediction error (IPE). Since
the size of the prediction error as well as the inverse prediction error depends on the
size of the SSB for which it is calculated, a specific position must be determined which
should be kept the same for all related LA} unit exclusion experiments. '

It is known that in case of a normal regession the regression line always goes through
the centre of the sample, i.e. through the point defined by the mean MLAI and the
mean SSB. At this point the inverse prediction is smallest. Exactly this point is taken as
that fixpoint for what all inverse prediction errors are calculated and compared with
eachother. For the present purpose the centre of the samples, i.e. the mean value of
S8B, has been used as the standard position for comparing the inverse prediction
errors. Following the common definition of Neter et a. (1985) the inverse prediction
error is

SSE 1 (SSB,, - SSBY

| 1+—+ —
2(n - 2) n Y (SSB,,, - SSBY

year

s2(SSB,_ ) =

new:

SSE = E uyear E (MLAS year EA!year)z -

year year

where in this special case SSB,,, will be replaced by the mean SSB. Furthermore,
also the coefficient of determination r* together with some other statistical measures
are computed to indicate the degree of explained variance.

The Drincipai steps of the evaluation analysis are:

1. Calculation of the linearized multiplicative model after Patterson et al. (1997)
In{LAS vear, LAl ) = constant + MLA! + MLAL 5 o t Uyoar 147 unit
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where In(LA yoar, LAl i) 8 splitted into a year effect MLA/ .. (=

meter estimates concerning year as factor levels) and a _LAI unit effect
MLAI, 5, ..x (= regression parameter estimates concerning LAl units as factor

~levels). The U, 4 4 @Te the corresponding residuals. These calculations

were performed with and without weighting (see above). Reference year was
1981, reference LAl unit was-B1. if B1 was excluded during the numerical
experiments B2 was taken as the alternative reference LAl unit which left the

year effect MLAIyea, umnfluenced

g egressmn para—

2. "_R'egjr_esSic)n o_f the es't_imated MLAIyea,‘vaIUGs of step 1 against SSB, i.e. '

| MLAL,, =2+ b SSB,,,, + u

yeaar

. and calculations of 2, of the root of the mean square error (RMSE) and of the
- inverse predlc’uon error (IPE) as measure of the quality of the fit.

Steps 1 and 2 are carried out for different combinations of LAl units which are syste-
mat:cally reduced. The best result is choosen to be that combination of LAl units which
leads to the smallest inverse prediction error. This should also show the hlghest
degree of explained variance in terms of the coefficient of determination. Step 2 is
separately performed with weighted and W|th unwelghted MLAls.

For comparative reasons both steps are separately carried out for dlfferent LFDs in
order to see which of the different larvae length groups has (or have) the: ‘closest
relationship to the SSB. Furthermore, it is also done for two different time periods
where period 1 are the years 1981 to 1991 and pericd 2 is the complete IHLS period
of the years 1972 to 1997 with sometimes relatively low coverage of the standard
areas. Period 1 is assumed to give more unbiased results since the coverage is
consistently high for all these years whereas especially the coverage especially during
the period from 1992 onwards has largely been reduced

Results

The step by step analysis of previously employed procedures for the estimation of LAI
values was finally successful. Accordingly recalculated LAl values are h]gh]y
comparable with the prewously reported values on LAl unit level. Some minor
differences occur especially for the years 1972 to 1979, but can be neglected for
practical purposes. The estimations for the period from 1980 onwards fit exactly in
most cases. The calculated values are presented in table 1 for LFD groups, years and
LAl units separately. Accompanylng information on percent coverage and the variation
of data is included in addition (Annex, table 9). The remaining differences and
discrepancies between the historical and the current versions of the LA! calculation on
year and LAl unit level may be due to rounding errors, the use of another (now verified)
area definition file, no correction for missing values in the present case and the use of
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different programming tools probably with - differently installed platform options
(precision etc.). Due to some inconsistensies and inconformities inthe (national) area
coding between survey data file and area definition file all area codes of the survey
data file were totally ignored. Merging the area definition file with the survey data file is
therefore done by year, fortnight and position whereby only positions coded with
priority 0, 1, 2 are included here (see table 1 in the Annex). The SAS system (Version
6.12) was used as well for data management purposes as for all LAl and other
statistical calculations.

For comparison reasons also the traditional LAl estimations encoded as "AbSmall" are
included in table 1 (see the Annex)}, while the specific recalculated ones are given
there as "L.<=9".

Inspecting table 1 (see the Annex) shows that the coverage is partly extremely low,
especially for years before 1981 and after 1991. It alsc can be inferred from this table
that the coverage varied strongly over time, also in the more completely covered period
19881 to 1991. A view on the CVs shows that also the variation differs drastically
between yeéars as well as LAl units and this on a high level of usually some hundred
percent of the related mean. This alone makes it plausible that some weighting may
help to reduce the negative effects of both factors.

Calculating abundance estimates for several selected length classes (LFDs) in years
with a relatively complete coverage (1981 - 1991) under inclusion of all LAl units and
comparing the resulting MLAIs (unweighted case) with the SSB revealed that the
abundance of small larvae (5 < 10 mm) represents the best index in relation to the
SSB. The coefficient of determination here is 0.859, compared to an r* of 0.674 for
length class 10 to 15 mm and an r* of 0.623 for all larvae larger than 10 mm. Including
the total LFD (5 to 24 mm) gives an infermediate result, slightly better than that for the
LFDs 10 to 15 mm and 10 to 24 mm but worse in contrast to that of the larvae smaller
than 10 mm. The inverse prediction error of SSB indicates the best model fit also for
small larvae in terms of prediction power (see tables 4, 6 and 8 in the Annex).
Caleculating the same for LFDs 5 to 9 mm and 10 to 24 mm by use of the weighting
factor let increase the corresponding coefficients of determination and decrease the
inverse prediction error in both cases: for LFD 5 to 9 mm r? = 0.207 and for LFD 10 to
24 mm r?> = 0.688 (see tables 5 and 7 in the Annex).

The same computation for LFD 5 to © mm but including the whole period (1972 - 1897)
is resulting in both cases {(unweighted and weighted) in slighily smaller coefficients of
determination due to a varying coverage especially in the later years (see tables 2 and
3 in the Annex), i.e. for the unweighted case is r* = 0.822, for the weighted case r* =
0.872.

Obviously weighting the MLAI on survey coverage and inverse variance increases the
coefficient of determination by approximately five percent in both cases (periods 1972
to 1997 and 1981 to 1991).

When simulating reduced survey effort and caiculating the corresponding MLAI for
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larval lengths below 10 mm.and period 1981 to 1991 for the unweigthed case (see
table 4 in the Annex) the relative importance of specific units for the survey purpose
became evident. Eliminating all surveys in the CNS (i.e. LAl units D1 to D4) results in
a 0.2% decline of the coefficient of determination (12 = 0.857 instead of 12 = 0.859 for
the' complete case). A minimum of about 38% of explained variance was reached
when only surveying C1, B1 and E8. A reduced survey effort which- reproduced the
surveys in the North Sea best could be localized for LAI unit combination C1, B2 and
EB (12 = 0.874). This value is higher than that when including all LAl units. For this-case
the inverse prediction error also reaches its lowest value. In other words, the
concentration on LAl units C‘t B1, E6 would increase the prediction power in-the
nwe:ghted case. r :

Considering the weigthed case results in a slightly different best LAl unit comblnatlon
(see tables 5 in the Annex). The exclusion of the CNS results in a decline of the
coefficient of determination of-about 10% points (r? = 0.806 instead of 0.907 for the
‘complete case). The proportion of explained variance is at its minimum for LAl unit for
LAl unit combination C1, B1 and E8 (r? = 0.434). The best result is reached for LAl unit
combination C1, B2 and E8 (r? = 0.874), the second best for LAl unit combination C1,
B2 and E6 (r* = 0.872). Correspondingly, also here the minimum inverse prediction
error is reached. Between the second best and the remainding LAl unit combinations
a more substantial dlffenerence of about 7% pornts occurs.

Companng these results W|th that of the entire data set of the years 1972 to 1997 the
best fit is also achieved for LAl-unit combination C1, B2 and E6 without weighting-and
for Q:1 ,B1, B2 and E6 with‘sweighting (see tables 2 and 3 in the Annex).

Dlscussmn

When frying to analyse and reproduce the tradltlonal procedure used for calculatlng
LAl values, a complete identification of all details tfurned.out to be difficult. This is due
to the fact that the methods have evolved in the course of time and changes have
been made in calibration procedures, handling of the missing value problem, definition
and coding of standard areas, the way of merging information from different co-existing
area files with those from the survey files etc. It is thus strongly suggested to decide on
a new standard definition of the calculation procedure for LAl's per sampling unit and
per year, and we propose the procedure described in this paper as the basis for-any
further dascussmn in the correspondlng planning and working groups of ICES

The results presented here for different size groups of larvae, indicate that the MLAi
values for the group of smallest larvae (< 10 mm) show the best relation to the
spawning stock biomass (SSB) of the same year (i.e. without any time lag). This is
[ntumvely plausible as the abundance of older larvae should depend to a larger extend
on.varying environmental influences. : _ .

The comparison of results obtained from different sampling effort have in ge'neral
confirmed that, LAl values based on reduced effort lead to a reduced precision of SSB
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estimates. This can already be seen from the 5-10%:-better fit obtained when using the
less extended but more completely covered time period 1981 to 1991 compared to
using the entire data set (1972 to 1997), with.less consistent sampling and largely
reduced effort during the last years. The MLAI values obtained from systematically
varied subsets of sampling units also lead to weaker relationships with SSB in general.
The differences, however, were not very substantial. In a few cases even a slight
increase in percentage of explained variance was obtained compared to the complete
coverage. This may be expected by chance in case of generally similar values.

The latter effect may also be related to some degree to the use of a weighting factor
which is inversely proportional to the variation. Such a factor leads to a harmonized
MLAI data set. l.e., it is reducing not only the internal but also the external LAl unit
variation. Furthermore, the use of such a weighting factor provides not only a helpful
tool but also a more objective instrument to balance out extreme values (as for
instance in case of the extremely high larvae numbers of the southern North Sea in
1997). The alternative of leaving out extreme values from the entire analysis does not
only mean dropping valuable information but also biasing the results in an arbitrary
way. Furthermore, the fact that the combined weighting factor used here also includes
a coverage component makes it unnecessary to stick on an arbitrary missing value
elimination, by which information is lost, or correction procedure, which may bias the
results. The data fit could actually be improved this way.

The effect of reduced sampling effort is obviously depending on the sampling units
selected. When using larvae smaller than 10 mm the optimum choice for minimum
sampling effort appears to be given when surveying the units C1, B2 and ES8 or the
units C1, B2 and E8. This suggests that the surveys in CNS are of less importance and
thus may be omitted if necessary. It has to be considered, however, that these results
are based on a data set obtained from complete coverage over a limited period of
time. In future periods the variation in spawning time and area may differ from varia-
tions so far observed. Thus, the survey strategy should aim for at least occasional,
exploratory coverages to allow the identification of possible general trends in the
spawning behaviour and success of the herring groups in the North Sea.
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