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Abstract

Collapse of important fish stocks have revealetl fibh stock assessment based on fishery landings
at age suffer from a number of limitations. Prolahke most serious limitation is that the indicatuf
population collapse is only perceived very latehvatich data. The present work aims at looking for
indices, based on research survey data only, thdd capture the spatial pattern of populations and
changes across years. A series of candidate staltistdices has been selected or developed far tha
purpose. In order to handle diffuse populationtsnihese indices have been designed so that they d
not depend on an arbitrary delineation of the domadihe spatial pattern of fish population is
described by a variety of indices characterizingaton (centre of gravity, inertia and anisotropy,
spatial patches), spatial extension (positive aspegading and equivalent area) and microstructure.
Collocation between different ages and years isnsainmzed by a global index of collocation. The
indices are estimated on the hake data seriesttfnbdrawl surveys performed by IFREMER from
1987 to 2003 in the Bay of Biscay. Behaviour of spatial indices is analysed, including interaction
between the different indices, their relationshighvabundance and age. The ability of the indices t
capture patterns and provide early warning on inegrohanges is discussed.

Keywords:Spatial indices; European Hake; Geostatistics; @aBiscay.

1. Introduction

Fishery-independent data such as research sure¢gsatk often misused; they are aggregated to
form indices of relative abundance for stock assesss purposes and all spatial information is lost.
However, the spatial dynamic of a stook. the way that fish occupy the space from a cohmrt t
another, is a fundamental component for a good rstateding and management of the stock. The
collapse of northern coadus morhugoff Newfoundland and Labrador was associated wlghrly
defined spatial and temporal changes in densitybémmlass. Although this fishery was followed, this
change was perceived very late with the methodd fmsehe stock assessment.

In this study, the idea is to look for indices, &h®n research survey data only, that could capture
the spatial patterns of fish resources and seelibage can be linked to a change of abundance, Thu
spatial indices have been developed on raw dasaientific surveys (fish densities measured locally
by trawl haul). For that purpose, data from IFREMHERSstitut Francais de Recherche pour
I'Exploitation de la MER) surveys on European hddeve been used. The behaviour of the spatial
indices is analysed through their pairwise intéoacand their relationship with abundance and age.
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The ability of these indices to capture spatiatgyvas and provide early warning on incoming changes
is discussed.

2. Materials and methods

2.1 Data

The European hakéerluccius merluciusof Bay of Biscay is a commercially important sigsc
and biologically well known although there are sammeertainties about is growth. In addition to its
economic importance, this species drew the atterdfdhe managers and the researchers because of
the problem raised by the simultaneous capturephrops and juvenile of this species.

Since 1987, groundfish surveys are carried outhan Bay of Biscay in autumn with the R/V
“Thalassa” (the EVHOE survey). During each cruifeREMER samples between 139 and 70
stations, distributed according a stratified (ititlale and depth) random sampling design locatea ov
the shelf between 15 and 600 m of depth. Fish wampled with a ‘Grande Ouverture Verticale’
GOV bottom trawl during day time. Haul durationtéass 30 min with a towing speed of 4 knots. All
hake caught were counted, sexed, weighted, andumezhen board. Age was estimated back to the
laboratory by reading otoliths. Thus, data usedhis study are densities of hake, expressed in a
number of individuals per hour of trawling (ind/apd disaggregated by age classes over the period
1987 to 2003 (gaps in 1991, 1993 and 1996). Focdheulation of index of abundance, one will use
the fact that the average size of the support®fiimsities (i.e. the trawling surface in a halfifias
of 0.02 square nautical miles (nm2).

2.2 Spatial indices

In the context of populations with diffuse limitspatial indicators have been built to avoid the
problem of the delineation of the area of presemd¢ech may be variable from one year to another.
This is achieves by letting zero sample valuesrtpa null contribution to these indices (Bez and
Rivoirard, 2001).

Centre of gravity and inertia

The spatial distribution of population can be gasiimmarized by tools such as centre of gravity
and inertia (Bez, 1997). The centre of graviB is the mean location of the population, also the
mean location of an individual taken at randomhia field, and the inertia is the mean square distan
between such an individual and the centre of gyavit
Let x be a point in 2D (short for usual 2D notatiary)), z(x) the fish density of population at location
x and the total abundance of the population is :

Q=2 d

and the probability density function of the locatig of arandom individual is M

Then, the centre of gravity is:

~ ~ VZ(X) jx.z(x)dx
CG—E(x)—I,\Q dx= T2 0%

and the inertia is:

I(x—CG)Z.z( 3 d>
Jz(x)dx

In the case of an irregular sampling, surfacemfifience affected to samples are used as weighted
factors. Practically, from sample valugat locationsg, with surfaces of influencg, we have:

CG=ZN: X.$ ,ZIZN: S,z
i=1 i=1

Inertia =Var(x ) =
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Global index of collocation

The global index of collocation looks how close twwopulations are geographically, by
comparing the distance between the(s to the mean distance between individuals takemrarsdom
and independently from each population (Bez andiRivd, 2000). Let us consider two populations,
z(X) andz(x), their density at poirnt, ACG the distance between their centres of gravity lamhdl,
their inertia. Then the global index of collocatign

_ ACG?
o ACG + I, +1,
lg= 1 — ratio between the square distance betweetwih@&entres of gravity and the square distance
between individuals from the two different popuwat. It is a spatial statistics that ranges betvzen

in the extreme case where each population is corated on a single but different location (inertia
equal to 0), and 1, when the two centres of grasdincide.

Anisotropy
In 2D, the total inertia of a population can beataposed on its two principal axes, orthogonal to

each other, and explaining respectively the maxinamd the minimum of the overall inertia. The
square root of the inertia along a given axis gitles standard deviation of the projection of the
location of the population along this axis. An atiepy exists when there is a difference in inertia
between the directions. This is summarized by th&ae root ratio between maximum and minimum
of inertia.

A= /I méx
I min
Number of spatial patches
The spatial distribution of a fish population ingaven area may not be homogeneous. Local
aggregations of fish, i.e. spatial patches whioh laigger than a fish school, may be present. To
identify spatial patches, an algorithm has beertewj based on a distance limit to attribute sample
values to patches. The algorithm starts from tbleest value and considers each sample in decreasing
order. The richest value forms the first patch. mhie current sample value is attributed to the
nearest patch, provided that the distance to itdreeof gravity is smaller than the chosen distance
limit. Otherwise, the current sample value defimegew patch. The indicator obtains is, for each

survey, the number of patches whose biomassepéerisuto 10 % of overall biomass. The chosen
distance limit has been fixed at 100 nm for theehak

Positive area
An area of influence is attributed to each sample positive area is the sum of the surfaces of
influence of the positive values.

PA= Z $]zzo

Spreading Area
This index comes from the selectivity curves whiave been developed in mining geostatistics to

characterize probability distributions and theisgdirsion (Matheron, 1981). These curves are in
particular useful to handle the effect of the suppa which the variable is measured or defineceyrh
have been used in fisheries to look at the aggimyaf values when the abundance changes (Petitgas,
1998).

Let Q be the total abundance (in number of individudX),) the abundance corresponding to the area
T occupied by the highest density values (in nm2encgntage of a maximal area). A selectivity or
aggregation index can be defined as:

2 QN _1lgr
°L Q



when expressing as a proportion of a maximal area. However thideinis dependent on this
maximal area and on the zero values. In order tee Isatistics in which the contribution of zero
sample values is null, curves have been reverséwrboup, leading to the spreading area. The
spreading area is then proposed instead, equal to:

211@ dT
°Q
with R(T) = Q-Q(T)being the abundance remaining off the richest @rea

Equivalent area
The transitive geostatistical approach (Mathero®70) can be used to describe the spatial

distribution of a fish population when this incleda few large density values, and when delimitagéing
domain with homogeneous variations is difficult (Band al, 1995, Bez. and al., 1997). The
(transitive) covariogram, function of the distate#ween two locations, is a tool for descriptiorihe
spatial structure and can be used for mapping:

g =[2Y£» hd
Here, the equivalent area is defined as the integnge of the covariogram:
h) dh 2
ae Jothdh g

g(0)  g9(0)
As we can write:

Q
EA=———
J‘z(x)ﬂ dx

Q

And it represents the area that would be coverethbypopulation, if all individuals had the same
density, equal to the mean density per individual.

Microstructure index

This index comes from the covariogram. It meastinesrelative decrease between distance h=0
and a distance hO chosen to represent the meametygeen samples. It measures the relative
importance of the structural components with seataller than hO (including random noise):

i < (90)~9(h0))
9(0)

Some of the indices are spatial statistics in these that their values would be changed by
inverting densities between two locations. Thighis case of the centre of gravity, the inertia, the
global index of collocation, the anisotropy and thierostructure index. The abundance and the other
indices (positive area, spreading area and equivalea) depend only on the statistical distributd
values over the region.

For comparison between surveys, we have decidég tbe maximal area of presence which has
been surveyed along the time series (polygon otistn); the surfaces of influence are computed
within this delineated domain from year to year.isTHomain limits the surface of influence of
positive sample values when the spatial populagamt closed by zero values. Using such weighted
factors when computing spatial indices such asreenf gravity, inertia, and global index of
collocation, reduces the effects of the variatiomsampled area along a time series. So the cehtre
gravity of trawl haul is fixed over the period.

2.3 Dataanalyss

Bubbles plots of fish densities samples, plotshef time series of spatial indices and abundance,
plots of centre of gravity and tables of globalérdf collocation have been used to explore tha.dat
Then we have been interested in examining theioekttip among variables by looking at pairwise
scatter plots of the spatial indices, and alsotecgtiots of the logl0 of the abundance with each
spatial index. The level of abundance of each domas also been examined by plotting the log10 of
abundance for each age in order to identify tranchange in the abundance over the studied period.



2 Results

For the fourteen studied years (years 1991, 199B 1896 are missing), spatial indices and
abundance have been computed. The spatial occopattibake along the age is described by the
centres of gravity (Fig. 1); the young hake presmnitres of gravity that are rather stable over the
time. This comes from the fact that they have depeatial habitat (nourricery grounds) around a
place named “la grande vasiére” (Dardignac, 19B&jribution of centres of gravity of age 1 and age
2 are also relatively stable. The older ages haflactuating average position which tends to move
away from the coast. However if one is interestedlisplaying the age classes per year or per cphort
the previous schema is not so constant (Fig. ZFBg global index of collocation completes this
approach by quantifying the observed charts. Thius,years 1988, 2000 and 2002 present three
different situations (Fig. 3): one where the agesdaose together, another where the young ages are
more distant compared to the old ages and a lastwrere most ages are distant from each other. In
addition, global index of collocation allows to itéy particular years. For example, age 0 in year
2000 is distant from the other ages 0 (Fig. 4).ebd] the global index of collocation calculated
between age 0 of this year and the others alwagsepts lower values. It appears that its centre of
gravity have a position more northern than the rsthe

For the other indicators, the analysis of the tgadges allows to identify the main trend (increase,
decrease, stability or none) and the years whietddferent. The number of patch increases with the
age. There are 1 to 2 patches for age 0, 1 tocheatfor age 1, then 2 to 4 patches for the oldes a
except 1997 (Fig. 5). The number of spatial patctethe age 0 shows three years (1987, 2000 and
2002) where there is only one patch instead of &ig. 6 shows the patches surimposed to the bubble
plots of hake densities for two typically yearsage 0. The ® patch corresponds to a southern part of
population, absent for the year 2000. It can berpreted as a bad recruitment on this region of the
Bay of Biscay and it explains the northern positidithe centre of gravity. For age 5, the singleepa
above 10% of biomass for year 1997 is due to uncomaotuster of high values. In addition, 400 to
600 m depth strata, which are the preferentialthlbf age 5, have not been sampled for years 1997
and 1998. So this index may not be relevant hdne.anisotropy is a relatively stable indicator with
age classes (Fig. 7) it decreases for the ages3Gatal then it increases for age 4 and 5. The d@ge 5
mostly concentrated in deep zone along the slop&hnexplains the large values of anisotropy. The
exceptionally low anisotropy for 1987 age 0 is du¢he absence of patch on south and larger values
being more regularly concentrated into a circlentttee other years without the south patch (Fig. 8).
One can note that the spreading area decreasks nedent years for the old ages (Fig. 9) where the
abundance is mainly due to one or few high val&és (L0).

The next step has been to examine the level ofddnae of the cohorts (Fig. 11). It seems that the
cohorts have comparable levels of abundance. Fdr &ge, the abundance varies by a factor 10 (one
unit in log10). However there is no cohort beingdw or higher than the others at all ages. Moshef
time, there is only one age for each cohort whictar from the mean. Some curves also intersebt wit
higher values for the young ages and lower valoeghe old ages. So the follow-up of the cohorts di
not show outliers, but raises the problem of samgptiomparison.

The most interesting pairwise scatter plots betwibenspatial indices have been plotted on Fig.
12. First, we have the centre of gravity which mot@wvard the West with the age and also North for
some age 5 (Fig. 12a). Indeed, for the age 5, ttiiea@te of centre of gravity is sometimes largeis |
explained by large value of densities in the NAfflest. One can note that inertia and number of
patches move in the same sense; there is moregsatghen the inertia is larger (Fig. 12b). In
addition, large inertia corresponds to old agesctvizire mostly on the West side of the studied zone
(Fig. 12c). Pairwise scatter plot between positivea and inertia is very interesting (Fig 12d). The
positive area decreases with the age whereas éngaimaises. So, age 4 and 5 which have a great
inertia with a small positive area are opposed&yioung ages which have a great positive areaand
small inertia. Otherwise, positive area goes inghrse of spreading and equivalent area (Fig 12e).
Moreover, spreading area and equivalent area ase ¢b each other (Fig. 12f). Indeed, the value of
these area indicesd. positive area, spreading area and equivalent &dajv for the old ages and
large for the young. To summarize, young hake areentrated on the East side of the studied zone,
and they usually present two patches for age On,Thake move offshore and scatter over a larger
habitat with the age, but with a reduced density.



Scatter plot of spatial indices and log10 of theratance have been examined and are given on
Fig. 13. The most interesting plot is the one with positive area (Fig. 13a). There is a strong lin
between these two variables. Moreover, this limkams at age except for the age 0. One can nate tha
there is an overlap between ages in the contimfitthe observed link. Age could not be the best
discriminator; investing such relationship with tlength could be interesting. Indeed, there is a
problem of interpretation of the otoliths. Studas in development and hake have been tagged. Links
with abundance at age were not found with the otpetial indices, except for the spreading area at
age 4 and age 5 but to a smaller extent (Fig. Rfine graphs do not bring more than the previous
pairwise scatter plot. Fig.13b shows that the iaediecreases with the abundance. Age 0, 4 and 5
present large values of anisotropy (Fig. 13c). mbmber of patches increases when the abundance
decreases (Fig. 13d). The centre of gravity movestWhen the abundance decreases (Fig. 139),
whereas the ordinate of the centre of gravity themstable with abundance, except for some values
(Fig.13h). One can also observe that the microstradndex is rather stable with the abundance. (Fig
13i). Finally, abundance is not linked to the miyoof indices except the positive area, which nigh
be very interesting because of its robustnessatdith values.

Decrease of spreading area in the recent yearg®ms has been previously noted. Positive area,
which have a similar behaviour, also decreases alilmdance on age 5 along the time series. The
guestion is to see if we can predict such levelalmfndance. We are also looking for low values of
abundance of age 5 in the case of age 4 wouldentmvbin abundance, but the positive area would be.
However no result appears in that sense. Indeeghes in the opposite direction of the observed
relationship between abundance and the positive &e explanations should be search with the other
indices. But it appears that other indices didalearly explain the low values of abundance for age

3 Conclusion

Spatial indices that have been selected or develapehis work allow us to draw a rather
complete situation of the spatial pattern of thedpean hake. We observed that the older ages of the
population moves toward the west of the Bay of Byscentre of gravity). However, when the age
increases, the population is more scattered (Tebeu of patch increases and the inertia is larger)
and it occupies a smaller area but on a largeresfthe positive area is smaller). Moreover, atdixe
age, the abundance raises with the positive araa.dan remark that spreading and equivalent area
are relatively close to each other and they giénsense of the positive area, which appears thebe
most interesting index of these. For the othergca®] the microstructure index is stable for aksg
and the anisotropy is larger for the age 0 and 5.

The most interesting result is the link betweennalammce and positive area, with continuity
between successive ages. It would be interestirgeéoif the partial overlapping between different
ages is not reduced when looking at length, whichld then explain more closely the variation of
abundance and positive area.

We have not been able to see if these indices qumolduce an early warning in incoming change.
But these indices still remain interesting in hefpito make the link between abundance and spatial
patterns. More than searching a relationship wWithgresent abundance, which reveals to be irrefevan
to predict a change, it is better to look for riglaship differed in time to identify such early warg.
Looking at other data sets could improve our knolgée and especially for a stock with a clearly
identified decline.

Finally, resampling should be undertaken to testsnsibility of these indices to high values and
their robustness in general.
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Fig. 1. Centre of gravity of the location of halendities per age.
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