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Abstract

Research fisheries monitoring surveys provide aeeble of measurements on fish stocks and theircamaent.
Presently fish stock diagnostics are based on #aéuation of abundance and the survey data cotiiblis
through abundance indices only. Here we shall densa large set of survey-based indices that reptestarget
stock over its time series through its spatial gratt(longitude of the center of gravity, latitudetbe center of
gravity, inertia, anisotropy, positive area, eqléwd area, spreading area, and microstructure Jndsxvital traits
(Lbar, L25, L75, L at 50% maturity, and Z), and @&bundance (logarithm of the abundance of the its¢ru
logarithm of the abundance at age or pooled age)agarithm of the total abundance). The presenkvaims at
establishing a procedure that analyses these miicarder to diagnose and forecast the statestifck.

Because the interannual variability in survey baseites is high and because diagnostics on fistkstannot be
based on noise, the first concern is to selectcantbine those indices that support a reliable diatics, thanks to
their continuity in time. First, the set of indicés reduced by selecting the ones that presenthtgbest
autocorrelation in time. Then Min/max AutocorredatiFactors (MAF) are used to combine the indicés fimctors
that present the maximal continuity in time, anat thill be used here to monitor the populationusafinally, the
population status forecast to the next year isvgited based on the forecast potential of the MARhod when
modelling the time continuity.

The procedure will be applied to North Sea cod thedBay of Biscay anchovy, two stocks that haveeerpced a
decline and for which survey series exist for b 10 years. Results are presented and discussiv of the
present ICES assessments, which demonstrates tbetipb of the proposed fishery independent indicétased
diagnostic procedure.

Key words:fish stock diagnosis, time correlation, Min/maxtéeprrelation Factors, survey based indices, North
Sea cod, Biscay anchovy.

1. Introduction

Most of analytical models developed for fish steskluation and based on virtual population analysescatch at
age data from fisheries and abundance at age iindexresearch surveys. These models are traditionakd by
the ICES working groups and present evaluationltesis absolute and deterministic values. Howeleret are
many questions about their performance and thiahibty to provide an advice on a fish populatifPunt, 1997).
The lack of comprehension and communication abdmegd models with the managers, in particularly wédpect
to the associated uncertainty is one of the dralsb#wat can be cited. The quality of the data sl one. These
models require an important amount of data thabéen uncertain and unavailable (Kelly and CodliBg06). In
addition, discarding, misreporting, and other adidhat distort catch records have increased hefiss due to
inappropriate TAC management (Beare et al., 2086}l the research survey data currently only coateakto
abundance indices, whereas they hold potentiabtfoer uses. We have to invent alternative appraathexplore
the possibility for better management advice.
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A first approach is to develop analytical modelsdzhon research survey data only. Although reseancley data
are generally more variable than catch-at-age tladg,have known uncertainty and reliability. Thil appreciate
the importance of research surveys and their evidesd in the marine resource monitoring due to thethod of
collecting data consistently across years. Theeeatteady an important variety of fisheries indefgsn based
models that have been developed for that purposaréet al., 2005; Needle, 2003; Fryer, 2002; Tekr@007).

A second approach is to use the research surveytdatlescribe a fish stock status, a fish commuaityan
ecosystem status, and to monitor these data forgesathrough indicators. A large variety has bemrelbped that
characterise a stock, e.g. relative abundancestafck fraction (e.g. the recruits), fish lengtishfiage or fish weight
spectra, trophic structure, species diversity, Ehey have been used to measure the impacts afdigin climate
change (Bianchi et al., 2000; Rice, 2000; RochetRrenkel, 2003; Trenkel and Rochet, 2003; Shial €t2005).
The question is to know if the system is under i@rdr not, if its status improves or not. The w$a conceptual
framework to interpret the combined trends of iatlics from ecological theory is a mean to providagnostic
of a fish stock or a fish community (Rochet et aD05). The use of quality process control (Scangd05) is
another mean to interpret the information includedhe indicators by triggering alarms on stockiigtawith
assigned risks of false alert. More generally, ititerest in making use of research survey is thay tgive a
shapshot of an ecosystem, which is quite an apreaiccupation from fisheries scientists (“ecosyssgproach to
fisheries”). Thus, the signal evaluation of an gador system should be done according to referkveds or long
term objectives, defined in the frame of the préicaary approach.

Finally, more than one indicator would be necessallow a management based on unbiased signia¢schoice
of indicators has to rely on several consideratisnsh as the data availability, the cost of thallect, the
reliability of the indicator, the variability of ¢éhsignal, the stock characteristics described hadéed of fisheries
dependent or independent data (Kelly and Codlifg62. The approach proposed in this paper consttierime
correlation as a choice criterion. It will allow select surveys based indicators which are the oaginuous in
time from a starting set, then to combine them ioomtinuous population indicators using the metbddhe
Min/max Autocorrelation Factors (MAF). A recent &ipation of MAFs in a fishery context was reportadErzini
et al. (2005).They applied the method to catch (epee) time-series of 17 species caught duringl tsarveys off
Mauritania on the period 1982-2001. Their objectiaes to detect the main trends in the time sesied,to identify
correlations between the series, the common stegtand the explicative variables by using a dynafiactor
analysis (Zuur et al., 2003). The combined indicatMAFs) allow us to describe the population andkena
projection in time by modelling their variogram. & projection may assist us diagnosing the poteatiahge by
comparing the forecast (e.g. the projection) aedréality of the year of projection (which will hato be excluded
when building the MAFs)

2. Material and methods
2.1 Material
2.1.1 The North Sea cod data

The data used here were collected in the Northdbeimg the International Bottom Trawl Survey (IBTSB)m
1985 to 2005 (Figure 1.a). The coastal countriethefNorth Sea operate these research surveysdauogdo a
common and standardized protocol. The studied erdacated between latitudes 50°30'N and 61°30'Nd a
between longitudes 4°00'W and 9°00'W (ICES areaIRTS areas 1-7). Sampled depth interval is betw&em
and 270 m. The sampling design is random stratifigth in average two hauls per ICES square (30atfude
and 1° longitude). The number of trawl hauls pearyearied between 340 and 940, on average 685./A736
Grande Ouverture Verticale (GOV) trawl was usedwitcodend liner of 10-mm mesh. Haul duration wasnih
at a towing speed of four knots. Catch weights anthbers were recorded for all species. For cod athdr
commercial species, sex and total length were dethrand otoliths were collected and examinedeéndboratory
to construct age—length keys (ALKS) by sex. Thesgskwvere used to transform the length frequendissroed at
each trawl station into age frequencies. Cod isng-ive species, living until 12 years, and isexually mature
around age 4 and after. For our purpose, cod densiere disaggregated by age (1-6) and expressadhibers of
fish caught per hour trawled. To calculate the indéabundance, we assumed that the area swet mi3 of
trawling was 0.02 square nautical miles. Represientdife stages (recruits, immatures and maturvesie used
instead of ages. Age 2 represents the recruitagasl is less representative of the recruitmenh@survey gear
has a low selection with this age. The number ahatures and matures was determined for each trabs
according to a global ogive of maturity (Table 1).

2.1.2 The Bay of Biscay anchovy data

The data are collected in the Bay of Biscay duthmeg French acoustic surveys (currently the PELGA®S) on
the period 1989-1990, 1994, 1997-1998, 2000-200%e2000, the survey design is fixed and coveesetfitire
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French shelf from Hendaye in the South to Penmairc’'the North, with regularly spaced cross-shadhsects
(from coast to shelf break) separated by 12 ndutitkes. Prior to 2000, this design was appliedyoniside a
polygon (Figure 1.b) that was thought to be theeatistribution area of the anchovy (the continestal!f from
43°50N to 46°30N between the isobath 100m and dasty. In this study we have considered the datdi
polygon only. The time series covers the period9i2805. In the years 1991-92, there was no ageaHdrey for
the survey and therefore the estimation of aburelah@ge was not possible in these years. Ther@avagrvey in
the years 1993-96 and in 1999. Anchovy is a slieet-pecies, living no longer than 3-4 years. Anghs

sexually mature and is reproducing at age 1. Hexdhawe considered 2 groups of age that corresppnectuits
(age 1) and matures (age group 2+).

2.2 Methods

For each case study (North Sea cod and Bay of Bianahovy) and each representative life stage, amepated
time series of survey-based indices. We appliedgelset of indices that represent a target stockigh its spatial
pattern (longitude of the center of gravity, ladiéuof the center of gravity, inertia, anisotropgsitive area,
equivalent area, spreading area, and microstruatdex), its vital traits (Lbar, L25, L75, L at 5086aturity, and
Z), and its abundance (logarithm of the abundard¢beorecruits, logarithm of the abundance at ageooled age,
and logarithm of the total abundance). The demvaif the spatial indicators is documented in Vailet al.
(2007). The derivation of the biological indicatdxstal traits and abundance indices), togethehwilite spatial
indicators, are documented in a manual of indicafGotter et al., 2007).

To select and combine indices to develop an indidased assessment, we used correlation in tinieeasajor
criterion. This will be done by maximizing the tingerrelation as it is easier to monitor for changasindicator
that is continuous in time than one that is noidye time correlation is then measured at the lath@time series,
i.e. at 1 year lag if there is an annual surveyatorariable lag when there are gaps between ssigeesurveys.

2.2.1 Selection of indicators

The first step in the selection process aimedduaiag the number of indicators that describe ffstesn (here the
stock). This selection step was based on the tinvetare of each indicator (normalized to a var@aof 1). The
time structure of an indicator was described bydhkperimental variogram calculated along the timees. The
experimental variogram is defined classically itiirsic geostatistics as:
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where N(h) is the number of pairs of pointg ; x ) , separated by the distance vectar

In the case of a time series, the variogram wagl#ied to a 1D computation. In addition, and byoate, the time
structure of the indicators was only describedHeyfirst lag of the variograny* (1) . For each indicator, the half
variance between two points separated by a unisl@igus measured. It allows us to sort the indicatcording to
their time correlation. The selection will keep ptiie indicators which have the most important teoatinuity.

2.2.2 Combination with Min/max Autocorrelation Factors

The Min/max Autocorrelation Factors (MAF) are a tivdriate statistical method (Switzer and Green84)9
having similarities with the classical Principal rf@ponents of PCA when analyzing repeated valuestéloen a
set of variables. When applied to a time series,NtAFs decompose the set of initial variables ifactors, the
autocorrelation of which decreases from the fiesttdrs to the last ones (or more generally, theogeam — half
variance of increments — of which increases from filst factors to the last ones). Hence the vénst factors
extract the part of the variables which is the noosttinuous in time.

Here, a set of indicators has been selected taesept a target population over its time series. @$temated
indicators present notable variations in time. Ehemy be due to actual variations but also to vararrors. MAFs
can be used to extract from the set of indicatoesveery first factors, that present the maximalticwity in time,
and that can be thought to be used for a followstithe population in time. The continuity in time measured
here at the lag of the time series: for instanlzgaf 1 year.



Derivation

The MAFs, which are linear combinations of the wrdd variables, offer a better factorization of iabtes
distributed in time or space than PCs: in additmbe uncorrelated with each other at the same f@mécation),
they are uncorrelated with each other for a giver t(or space) lag (taken equal to the samplingrgaractice).
The MAFs are computed with the aim of: (1) presenthe highest autocorrelation (or smallest vadagrat this
lag for the T MAF; §2) presenting the second highest autocdiimiaat this lag, while being uncorrelated with the
1* MAF, for the 2° MAF. Etc. Hence, in a time series, the MAFs offeway to build the combinations of
variables which present the maximum continuity imet (as measured at the lag) for the first MAFs] &me
minimum continuity for the last MAFs.

The MAFs depend on the chosen computation lag andba correlated with each other for other lage WAFs
do not depend on a possible normation of the Infagiables and have a variance conventionallysét

Like a PC, a MAF is equivalent to its opposite lfe MAF with changed sign, that would be obtainedhgnging
the sign of each coefficient of its linear combion), because the unit variance and the variogranthe
computation lag remains unchanged. A MAF that wdaddmonotonic over a time series can indiffereafipear
to be increasing or decreasing. Similarly, a MARhwan extreme in the middle of a time series mags@nt
indifferently a maximum or a minimum.

The very first MAFs (typically MAF 1 and 2) allowsuo extract trends in the multivariate time sedésa set of
indicators. A trend may correspond to a graduahgbabut also to a more sudden change of leveldihga
inform us about the contribution of each indexhe bbserved trends. The very first MAFs can be tgaglalify
the stock.

Limitsfor short time series, and robustification

The number of MAFs cannot exceed the number obbées, nor the number of year increments (no. yea)sif
the number of variables tends to be larger thamtimber of sampled years, the MAF i (i = 1, 2ends to have a
period equal to (no. years - 1)x2/i. In particutaere will be evidence of a high continuity withrioel (no. years -
1)x2 for MAF 1, (no. years -1) for MAF 2, etc, whaer the data, which may not be significant outsigecurrent
time series, e.g. for additional years.

To prevent such an overfitting to the very detaledlues of the variables and to increase the sogmi€e of the
MAFs, we computed them while adding a repeatedaandoise to the variables. The noise, added twdhables
after normalization, was normally distributed witero mean and with a variance equal per defaulttox (no.
indices / (no. years - 1)) vanishing for a longieer The MAFs were calculated for a given numb&0@) of
realizations with different noises. A final MAF iag obtained by merging the MAFs i from all realiaas: first
these MAFs i were made consistent by setting sigir to the same value (to avoid that some presé&mdency to
increase in time, while the others would decread®n the coefficients for each contributing valéalwvere
averaged into their median value (more robust thair mean value). So the final MAFs are obtainexnf the
median profile of the MAFs from all realizationg@h of these MAFs being renormalized to a varianics).

2.2.3 Forecasting

We forecast the status of a fish stock for one orenfollowing years by using the forecast poterpiathe MAF
method through the factor variogram modelling (¢hge MAFs variogram modelling). For each factoe time
structure is modelled through the experimentalogram. The forecast for the following year is ohéai for each
MAF by ordinary kriging. By assuming that the distitions (of the starting indicators) are reasopatbse to a
gaussian distribution, the uncertainty associadethe kriging estimate is known. Thus, the krigimgiance allows
us to define the 95% gaussian confidence interefiheld by + or — 2 times the kriging standard diéota

We used this method to compare a posteriori thectsted yeam with the kriging estimate obtained from yedrs
n-1to its true, or observed, value obtained fromuhkies of the indicators for yearand the loadings determined
by using the years n-1. This method measures a posteriori the differdratereen the forecasted and the observed
values. When the difference is high relative tokhiging standard deviation, the considered yeer inadequately
described by the established model, identifyingwaation from the previous time series.

Kriging can also be used to re-estimate each ye#nenseries while filtering the nugget effect (plyrrandom
components), then smoothing the series, the nuggaponent giving the 95% confidence interval withihich
the determined value of the factor should lie.



3. Results
3.1 Selection of indicators

35 indicators have been calculated to represenNtréh Sea cod population during the period 1986220 hey
present more or less marked variations in time. §&lection step maximizes the time correlatiorhefindicators
at the first lag of the variogram on the period 32804 (Figure 2.a). 21 indicators upon 35 showaaked time
correlation with a value at the first lag of theisgram below 1. Among these indicators, 12 indiceshow a time
correlation notably stronger than the others (diiooity between the values 0.547 and 0.750). Thedeators
have been retained for the following steps of tteegss. There are 1 vital trait (L at 50% matuyigy)ndicators of
abundance (logarithm of the abundance of the maamd of the immatures) and 9 spatial indicatdrs igngitude
and the latitude of the center of gravity of masuithe anisotropy of the matures, the positive eipgivalent and
the spreading areas of the matures, the posite @frthe immatures, the microstructure of the itunes and the
one of the recruits). Their values at the firstddghe variogram are between 0.167 and 0.547.

For the Bay of Biscay anchovy, 24 indicators hagerbcalculated to represent the population dutiegperiod

1989-1990, 1994, 1997-1998, 2000-2005. The selestiep maximizes the time correlation of the intticaat the
first lag of the variogram on the period 1989-199994, 1997-1998, 2000-2004 (Figure 2.b). 16 indicaupon

24 show a marked time correlation with a valuehat first lag of the variogram below 1. These intiica have
been retained for the following steps of the precé&here are 3 vital traits (Lbar, L75, L25), 1 ioator of

abundance (logarithm of the abundance of the resgrand 12 spatial indicators (the positive arddb®age 1 and
age 2+, the microstructure of the age 1 and ageh2tequivalent area of the age 2+, the spreadig @f the age
2+, the latitude and the longitude of the centegmaivity of the age 2+, the inertia of the age @l age 2+, the
spreading area of age 1, the anisotropy of ageTheir values at the first lag of the variogram bhetéween 0.435
and 0.983.

3.2 Combination with Min/max Autocorrelation Factors

The MAF method is now applied on the 12 retaineticators for the North Sea cod and the 16 retaindidators
for the Bay of Biscay anchovy in order to combinerh into the most continuous factors in time tlzat be used to
follow these populations. The very first MAFs (hetee MAF 1 and 2) allow to extract the trends ir th
multivariate time series from the set of the sedcindicators. These MAFs have been obtained fré&®01
realizations where a white noise has been added.figiures 3 and 4 present the MAFs time series thed
contribution of each indicator to the corresponditéyFs, respectively for the North Sea cod and thg Bf Biscay
anchovy.

The North Sea cod shows two first MAFs marked Isyranger continuity in time than the Bay of Bis@mchovy.

The first lag of the variogram of the MAFs 1 andr2 respectively 0.029 and 0.178 for the North Geh(Table
2), while the ones of the Bay of Biscay anchovy @@94 and 0.183 (Table 3). This could be relatetheir life

cycle and to their sensibility to the environmdntleed, the life cycle is shorter for the anchavart for the cod,
and anchovy is known to be a resource highly véiabrelation to its environment.

The observed trends of the multivariate time sesiesdescribed through the MAFs. For the North Ga the
MAF 1 is globally monotonic, with very small disaowuities, while the MAF 2 increases until 1993-29%hen
decreases until 2004, with higher discontinuitiesween two successive years. MAF 1 can be detailébree
periods. From 1985 to 1990, it increases. From 1891998, it is close to being flat. And from 19892004, it
increases again. For the MAF 2, one can note agerfi higher values between 1988 and 1995, slighthdvance
to the flat period of MAF 1.

For the Bay of Biscay anchovy, the MAFs show maregularity than the ones of the North Sea codrettaze
more gaps in the time series but also the discoititis are more marked. It is another point wheffer@nces
between the behaviour of the two populations casden. The MAF 1 is almost monotonic, except fer ldst
years of the time series (from 2001) which are spd by a marked discontinuity from the othersn€&oning the
MAF 2, it increases until 2000 and then decreases.

The loadings inform us on the contribution of eadlicator in the observed trends. For the North &e@, the
indicators that contribute the most to MAF 1 are kbgarithm of the abundance of the matures (-0,4th& L at
50% maturity (-0.378) , and with an opposite sitpe, latitude of the center of gravity (0.383). Thte indicators
that contribute the most to MAF 2 are the micrastuite of the immatures (-0.613), the anisotropthefmatures (-
0.589) and with an opposite sign, the L at 50% nitgt(0.393).

For the Bay of Biscay anchovy, the indicators trattribute the most to MAF 1 are the L75 (-0.33Bg inertia at
age 1 (-0.335), the microstructure at age 2+ (®.3#hd with an opposite sign, the equivalent ateage 2+
(0.322). Then, the indicators that contribute thestrio MAF 2 are the logarithm of the abundancéhefrecruits
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(0.498), the microstructure of the age 1 (0.36, fositive area at age 2+ (0.337) and with an sippsign, the
spreading area of the age 1 (-0.374).

The time series of the indicators contributing thest to the first two MAFs allow us to explain tbbserved
trends. For the North Sea cod, the MAF 1 (the ltergn trend) is explained by the decrease in twesirof the
logarithm of the abundance of the matures firsttii@r years 1985-1991 then for years 2000-2004 .stdtality of
the abundance corresponds mostly to the flat perfiadde MAF 1, however the MAF 1 decreases soohnan the
abundance). The MAF 1 is also explained by thet sifithe matures towards the North for the yeai8712004
and the reduction of the L at 50% maturity for tfears 1985-2004 (Figure 5). Thus, the status oNbgh Sea
cod stock has declined compared to the beginninigeo$eries. The decrease of the reproductive piatédecrease
of the logarithm of the abundance of the matures)td the impact of the fishing activity (decreaséhe L at 50%
maturity) have been accompanied by a change isghgal distribution (shift towards the North féwetmatures).
The microstructure of the immatures, the anisotrmihe matures and the L at 50% maturity are tidécators that
contribute the most to MAF 2. This short term trélhgstrating the North Sea cod stock presentsarease then a
decrease that can be explained by the behaviopreafously listed indicators. In short, the chamgehe spatial
distribution of the matures (modification of theogeetry of the distribution), the impact of the fisp activity on
the matures (decrease of the L at 50% maturityjve as the spatial distribution of the immaturepdtial
regularity of the densities) are the charactegstitthe status of the stock explaining the trehMAF 2. One can
relate values for the MAF 2 between 1988 and 19fibthe flat to the MAF 1 with a period of small mastructure
of the immatures (illustrating in a delayed way tfuodness of the recruitment) and the stabilitthef abundance
of the mature that appears few years later.

For the Bay of Biscay anchovy, the same analysisbeadone on the time series of the most contrigutidicators
(Figure 6). For the MAF 1, trend is mostly explalniey the increase of L75 (low value 1990 opposediitih
values in 2002 and 2003), the increase of theimattage 1, the decrease of the equivalent aregea+ and the
increase of the microstructure at age 2+. All iattices show marked changes in the last years cddties. For the
MAF 2, the trend is explained by stability of thecruitment index in the middle of the series in agifion to low
values in years 1989, 2002-2003, the decreaseeddteading area at age 1, the increase of th@stiacture at
age 1 on the period, and the increase until 208h the decrease until 2004 of the positive aresgat2+. The
stock has experienced in the recent years a drélpeimecruitment, a larger length, a higher ineiriighe spatial
distribution of recruits, smaller occupied areastffie recruits and the older fish, and a higherwamof irregularity
in their density surface for the mature and theuiedish. This situation illustrates a decline tbe reproductive
potential of the anchovy that also affect the répation success.

3.3 Forecasting

The population status forecast to the next yeattmmpted based on the forecast potential of thé-M#ethod,
making use of the variogram of the factors. Thias,eéxperimental variograms of MAF 1 and MAF 2 axdeiled
respectively for the two populations (Figures 7 8nhdFor the North Sea cod, the models with two ponents are
respectively a nugget effect of 0.01 and a 0.0F®wer 1.99 model for MAF 1 and a nugget effect &10and a
0.155 x power 1.15 model for the MAF 2. For the BdyBiscay anchovy, the models are a model witteahr
components for the MAF 1 — a nugget effect of 0@&ubic model with sill 0.5 and range of 8 and@L0x power
1.99 model — and a model with two components ferMAF 2 — a nugget effect of 0.01, a cubic modehuvill
1.3 and range of 5.3 —.

The kriging estimates are performed for the twoyaions according to the models fitted, for theangeof the

series as well as for 10 years ahead. The assummtithe distributions has been checked to be naddpclose to
the gaussian distribution to use the 95% gaussiafidence interval defined by + or — 2 times thigikig standard
deviation. For the North Sea cod, the observed MalBes (for MAF 1 and 2) are reasonably lying witttie 95%
confidence interval defined from the kriging esties as well as for the observed MAF values (forAviAand 2)
of the Bay of Biscay anchovy. Concerning the fosted years, for the North Sea cod the year 200Baappo be
in the continuity of the MAF models inferred withet past years, while, for the Bay of Biscay anchdkg year
2005 is not in the continuity. There is no obsergbdnge compared to the forecast concerning thieitéwo of the

North Sea cod status: this is what it was befaeniot good. For the Bay of Biscay anchovy, theran observed
change compared to the forecast, but it may benanovement as well as the opposite.

4. Discussion

A procedure is proposed to select and combine aobesurvey based indicators that describe the main
characteristics of a fish stock. This does not nteamever that this choice of indicators and thecpdure can not
be improved. Currently the idea is rather to sebisf procedure is enough demonstrative to makiagndsis of the
status of a fish stocks.



The main problem of an indicator approach is thewmhof available information. Many indicators anailable to
describe a fish stock. The information must be ceduor combined to make a coherent and compretensiv
diagnostic. Our selection step retains a certaimber of indicators based on a time correlationedon. The
choice of the number of indicators to retain haeomade according to the number of years pregettiei time
series. Indeed, even if the MAF method has beeremalouist on this point, it does not allow us todiaras many
indicators as possible. Its weakness is in the b indices compared to the size of the timeesersince the
noise to be added for robustification has to ineeewith the number of indices. Then, to select mbyer of
indicators below the number of years is reasondbie can note also that the MAF method is senstbvthe
proportion giving the amount of variance for theitwmoise. Then, when indicators are ordered adogrib the
variogram value at the first lag, clumps can benitfied. So selecting as many clumps as possibta witotal
number of indicators below the number of studiedrges the way that has been adopted here, edpdoiathe
North Sea cod. For the Bay of Biscay anchovy, #lightly different as only spatial indicators wduhave been
selected by this way. It has been decided to rethithe indicators that present a variogram atladgelow 1, in
order to incorporate vital traits and abundancdcatdrs. Indeed, these indicators appeared impogarthey
present high contributions to the MAFs (L75 and ltbgarithm of the abundance of the recruits) argy thelp the
interpretation. For the North Sea cod it was chdakat no other important indicator would have blryhlighted
by retaining more indicators.

Results are now replaced in the light of the pred€fES assessments. The North Sea cod stock ighdyhi
deteriorated stock according to the ICES diagnosiltis stock has a reduced reproductive capacity its
exploitation is qualified to be not sustainable.eTfishing mortality compared to the maximal produt
corresponds to an over fishing. The fishing mantag above the determined objectivedir) almost on the whole
studied period, it has reach&tim around 2004. The spawning stock biomass is urtdelimit biomass (in the
early nineties and since 1999). For the Bay of &jsanchovy, the ICES WGMHSA (Working group on the
assessment of mackerel, horse mackerel, sardinarafvy) has considered that recruitment was teglalow
since 2002. The closure of the fishery was reconasiaénn 2004 and 2005. The decision to close thefiswas
taken in 2005 only. Note that anchovy scientifizviad for the management relies on assumptions atuburte
recruitments, which is not the purpose of this pthoe.

However, the MAF method allows us to follow a fistock in time through the most suited indicatorsbo

followed in time: the MAFs. By looking at the coibtuting raw indicators, fish stock status can benidied. The

North Sea cod shows a progressive evolution ddtatus towards a general degradation, while the@aiscay

anchovy shows a sudden change in the recent y2@@9-2001) towards a decline. The observed sitadtio the

forecasted year (2005 for the both series) is endbntinuity of the trend for the North Sea cod.(the decline
continues), while it is not in the continuity oftltrend for the Bay of Biscay anchovy (i.e. thelidecaccelerates or
the situation improves). In fact, time series afigators show for the Bay of Biscay anchovy thatdlegradation is
more marked in 2005 (e.g. very low abundance ofireatand recruits).

Finally, the North Sea cod and the Bay of Biscaghawy, two stocks that have experienced a seveaiadeallow
us to demonstrate the potential of the proposeakffis independent indicator based diagnostic praeedhy
selecting and combining survey based indicatorsaotime correlation criterion. This time correlatitbsed
procedure has also a potential to forecast. Tha idehat, if the actual situation deviates too mfiom the
forecast (i.e. the kriging estimate), it means #mahething abnormal has happened compared to $tetipia could
correspond to a deteriorated situation or not,vandld require an increased monitoring.

Acknowledgements

These developments have been done with the finasgjgport of the European Union (program FISBOAT -
Fisheries Independent Survey Based Operational sBssent Tools, DG-Fish, 6thFP STREP, Contract No
502572).

References

Beare, D. J., Needle, C., Burns, F., and Reid, 2085. Using survey data independently from conecrabdata in
stock assessment: an example using haddock in d&ESion Vla. ICES Journal of Marine Science, 62691005.

Bianchi, G., Gislason, H., Graham, K., Hill, L.nJiX., Koranteng, K., Manickchand- Heileman, S.y#&al.,
Sainsbury, K., Sanchez, F., and Zwanenburg, K. 20@@act of fishing on size composition and divisrsf
demersal fish communities. ICES Journal of Mariogfce, 57, 558-571.



Cotter, J., Mesnil, B., Trenkel, T., Rochet, M.Betitgas, P., Woillez, M., Rivoirard, J., Uriarfe, Witthames, P.,
Spedicato, M. T., Lembo, G., 2007. Manual of inthea and methods for assessing fish stocks usihgfishery-
independent, survey based information. ICES CM 2D027.

Erzini, K., Inejih, C. A. O. and Stobberup, K. A0@5. An application of two techniques for the asayof short,
multivariate non-stationary time-series of Maurigantrawl survey data. ICES Journal of Marine Sc&eefi2, 353-
359.

Fryer, R. J. 2002. Tsa: is it the way ? In: Repdthe ICES Working Group on Methods of Fish Sodséssment.
Appendix D. ICES CM 2002/D:01. (Working Document /& the ICES Working Group on Methods of Fish
Sock Assessment, Copenhagen, December 2001).

Kelly, C. J. and Codling, E. A. 2006. 'cheap andydifisheries science and management in the nétthntic.
Fisheries Research, 79(3), 233-238.

Needle, C. L. 2003. Survey-based assessments wila.sWorking Document to the ICES Working Group on
Methods of Fish Stock Assessment, Copenhagen,fada— 5 February 2003.

Punt, A. 1997. The performance of vpa-based managerisheries Research, 29, 217-243.

Rice, J. C. 2000. Evaluating fishery impacts usimegtrics of community structure. ICES Journal of Mar
Science, 57, 682-688.

Rochet, M.-J. and Trenkel, V. M. 2003. Which comiityimdicators can measure the impacts of fishirgreview
and proposals. Canadian Journal of Fisheries andt#fqSciences, 60, 86—99.

Rochet, M-J., Trenkel, V. M., Bellail, R., Copplh, Le Pape, O., Mahé, J-C., Morin, J., Poular@, , Jchlaich, I.,
Souplet, A., Vérin, Y., and Bertrand, J. 2005. Camirl indicator trends to assess ongoing changexioited
fish communities: diagnostic of communities off t@asts of France. ICES Journal of Marine Scie62e,1647-
1664.

Scandol, J. 2005. Use of quality control methodsitmitor the status of fish stocks. In : Kruse H5. Gallucci, V.
F., Hay, D. E., Perry, R. |., Peterman, R. M., Bir T. C., Spencer, P. D., Wilson, B., Woodby, (Bds.),
Fisheries Assessment in Data-Limited Situationaské Sea Grant, 213—-234.

Shin, Y.-J., Rochet, M. J., Jennings, S., Field5.J.and Gislason, H. 2005. Using sizebased indlisab evaluate
the ecosystem effects of fishing. ICES Journal afile Science, 62, 384-396.

Switzer, P. and Green, A. A. 1984. Min/max autoelation factors for multivariate spatial imagingechnical
report no 6, Department of Statistics, Stanfordversity, 14 p.

Trenkel, V. M. and Rochet, M.-J. 2003. Performaatedicators derived from abundance estimatesi&iecting
the impact of fishing on a fish community. Canadianrnal of Fisheries and Aquatic Sciences, 60857—

Trenkel, V. M. 2007. A biomass random effects moBREM) for stock assessment using only survey :data
application to Bay of Biscay anchovy. ICES CM 20D:703.

Woillez, M., Poulard, J-C., Rivoirard, J., Petitgls, and Bez, N. 2007. Indices for capturing sppatatterns and
their evolution in time, with application to Eurape hake (Merluccius merluccius) in the Bay of BisciCES
Journal of Marine Science, 64: 537-550.

Zuur, A. F., Fryer, R. J., Jolliffe, I. T., DekkeR., and Beukema, J. J. 2003. Estimating commomdsrén
multivariate time series using dynamic factor asalyEnvironmetrics, 15: 665-685.



Table 1. Ogive of maturity at age used to deterntiigerepresentative life stage (immatures and regfuor the
North Sea cod.

Proportion of matures
0.01
0.05
0.23
0.62
0.86
1.00
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Table 2. Values of the variogram at lag 1 for thd/@Fs computed for the North Sea cod.

MAFs Variogram at lag 1
0.029
0.178
0.434
0.496
0.764
0.916
0.845
1.131
1.233
1.289
1.473
1.746
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Table 3. Values of the variogram at lag 1 for thé/@Fs computed for the Bay of Biscay anchovy.

MAFs Variogram at lag 1
0.094
0.183
0.391
1.036
1.168
1.513
1.465
1.953
1.752
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Figure 1. a) Map of the North Sea showing the trstations for the survey 2005 with the polygon vahiias been
sampled in all surveys (ICES area IV, IBTS are&9.1) Map of the Bay of Biscay showing the acaustinsects
for the survey 2005 with the polygon which has bsampled in all surveys. Prior to 2000, samplintsiole this

polygon was not done regularly.
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Figure 2. Plot representing the indicators deseglihe North Sea cod (a) and the Bay if Biscay amghb) that
have been ordered according to their time cormiatespectively on the period 1985-2004 and omp#red 1989-
1990, 1994, 1997-1998, 2000-2004. In red, the mostinuous indicators in time (i.e. the ones tha&spnt the
lowest values at the first lag of the variograngtthave been retained at the selection step.
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Figure 3. Time series of the two first MAFs anddmays associated to each indicator for the North &al. These
are the most continuous MAFs and they have bedhftmri 1000 realizations.
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Figure 4. Time series of the two first MAFs anddimgs associated to each indicator for the Bay ist&y
anchovy. These are the most continuous MAFs andhhee been built from 1000 realizations.
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Figure 5. Time series of the indicators contribgitthe most to the first two MAFs for the North Smad. The
logarithm of the abundance of the matures (a)latiide of the center of gravity (b) and the L5886 maturity (c)
for the MAF 1. The microstructure of the immatur@y, the anisotropy of the matures (e) and the 5@
maturity (c) for the MAF 2.
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Figure 6. Time series of the indicators contribgtihe most to the first two MAFs for the Bay of &y anchovy.
The L75 (a), the inertia at age 1 (b), the equivatrea at age 2+ (c) and the microstructure aagg) for the
MAF 1. The logarithm of the abundance of the rdsr(g), the spreading area at age 1 (f), the nticrcisire at age
1 (g) and the positive area at age 2+ (h) for the-\2.
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Figure 7. North Sea cod. Left: Experimental varaogs of the MAFs 1 and 2 with their models. Rightigihg

estimates and observed values for the MAFs timesdblack crosses). The kriging estimates appfarshe

whole time series as red points with the 95% camiie interval defined by +/- 2 times the krigingnstard
deviation (red vertical lines). For the forecasyear, the black point is the observed value forythar using the
loadings defined from the previous years.

Variogram Forecasting MAF 1 (codNS )

3 © .
- |
N - *++#++¥
: S A—
2 ST +++
0 N +++
o 1
o ™
e | | | ' | | |

5 10 15 1985 1995 2005 2015

Variogram Forecasting MAF 2 (codNS )

< ™
(ap]
10 ~
) #
3 RO
. A X Il
; _ + ++++ + 0000000004
" e t
0 N
o 1
< ™® +
e | | | ' | | |

5 10 15 1985 1995 2005 2015

18



Figure 8. Bay of Biscay anchovy. Left: Experimentatiograms of the MAFs 1 and 2 with their modétght:

Kriging estimates and observed values for the M#fRe series (black crosses). The kriging estimafgsears for
the whole time series as red points with the 95%fidence interval defined by +/- 2 times the krigistandard
deviation (red vertical lines). For the forecasyear, the black point is the observed value forythar using the

loadings defined from the previous years.
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