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ABSTRACT. In research bottom trawl surveys conducted in the Portuguese
continental waters, a variety of regionalized variables in space and
time are sampled. For each sampling station, the variables support is
defined by the volume swept by the gear in each haul.

The major objective of those surveys is to provide annual estima-
tions of the abundance of commercial fish species, in order to assess
the current status of stocks in large sectors (average area of 500 square
nautic miles). Moreover, estimation of lenght histograms in the same
areas are required for scientific advice to fishery management.

In order to exploit the correlation structure in the data, a geo-
statistical estimation approach was applied to the available regionalized
variables. Preliminary results of this work, applied to a selected zone,
are presented and discussed.

1. INTRODUCTION

The objective of this paper is to illustrate a preliminary application
of geostatistics to the estimation of fish abundance.

The available data are collected in groundfish surveys conducted by
the INIP(National Institute for Fishery Research)every year, since 1979.

The results reported here regard the southern part of the 1986
October survey, for the species hake (Merluccius merluccius). The data
sét includes 49 bottom trawl stations, the location of which are approx-
imatively shown in Fig. 1. For each haul, the water volume swept by the
gear is constant - it is the sample support S, given by:

S:AHVtD

where H is' the horizontal net opening between the wings (14.5m)
is the tow speed (3 knots)
is the duration of each tow (1/2 hour)
is the vertical net opening (3.5 m).
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In each haul station,

the following biological variables are measured
in the support S:

total weight of the species, total number of individ-
uals caugth and length of each individual. The length variable is divided

into classes with a certain ecological and commercial meaning (<17 cm,
LI L2500, - 25440 B, > 45 ClH),

i:
1‘0

-1
o
e
'.

SINES w €
e |
L s
17e80° - - 5
7 !
7.6
SECTOR "l:;uﬂ ” e77 LOCATION OF TRAWL STATION
2 2L "ﬁ“" “//. NO TRAWLABLE AREA
AT — BATHIMETRIC (m)
37°30°
a 2] 304
et
a4 =
%
I.T l.i "
y
A" ,
7, 4%/ V.RSANTON
,// PORTIMAQy
7
& / /
FARO
Ea’ // S'A.GRES L/ 104 ‘l il
Y/ R g
() el 00
p/ 100 0 age 1o - //\
%"’///' g1 , e108 "'":-)/”// ™ soe
',/4 N ,/\\' r_._._;‘—o/'/?_-
Figure-1.

Location of the sampling stations (69-117) and selected zone
(SECTOR M = M1 U M2 U M3) to be estimated.
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Since the time delay between the first and the last haul of this
part of the survey is small (7 days) compared with the period inter-
-surveys (several months), all stations of this data set can be consider-
ed to be sampled at the same time, and the necessary condition to under-
take a spatial geostatistical study is met: usual variograms and cross-
-variograms for the biological variables can be calculated, disregarding
the temporal sequence of stations. Also, the estimation results for a
selected zone (depicted in Fig. 1 as SECTOR M, divided into strata M1,
M2, M3) are valid for the entire period of time represented by this
specific survey. Obviously, this apprcach can not account directly for
the fish mobility during the sampling pericd. This feature is included
into the nugget effect, and can be considered sampling error.

2. VARIOGRAMS AND CROSS-VARIOGRAMS

Assuming that the leading factor controlling the spatial variability of
fish abundance is the orientation, referred to the shore ipe: aof the
vector h (Cf. eq. DJ L S LiiE ﬁé variogram for stations 69-97 (Cf.Fig.1)
was averaged with the EW variogram for stations 98-117. Hence, all vario-
grams and cross variograms are computed "along the shore".

Relative "along the shore" variograms and cross-variograms are
calculated using [1] , for the whole data set.

- 1 - -
= et -+ - o ] . % h - Z. P 1
¥y5(h/o = 58 [(z,(x s R)= 2,0x)) (Z(x + ) J(x))]/@lj[]
where Gij is the variance-covariance matrix of variables
=)
h is a vector along the shore (maximum 30')

Zi(x)’zj(x) are variables i and j at location x.

The experimental curves obtained for the relevant variables (weigth,
total number of individuals, absolute frequency for the classes < 17 cm ,
17/25 cm, 25/45 cm) are shown in Fig. 2 (results for the frequency of
individuals greater then 45 cm are not reliable, and it was assumed that
they follow the general structure).

It is clear from Fig. 2 that all pairs of variables depict the same
structural pattern. A global model (Cf. [{] ) was fitted to the exper-
imental curves

- >1.6
= . ; 2
¥;;(P)/0; 5 = 547 + .006 B [2]
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Since accurate variograms can not be calculated perpendicularly to
the shore line, due to lack of data, the anisotropy problem was handled*
suppressing each observation point at a time and providing an estimate Z
in that point by the remaining N-1 measurements, based on different
anisotropy ratios. For the zone to be estimated (1 = SECTOR M "Edg.2 195
the best cross-validation results (MRE=0 and MRSE=1, Cf. TABLE 1) were
found for the anisotropy ratio of 1:2 (the EW component of vector B is
twice the NS one).

Tjih) . afarse
Tij

15 }
'\J

5

1-TOTAL WEIGHT

his)
Tijm) 1222730 Getats
Coe [

15 J
: /
2-TOTAL INDIVIDUALS

5

ik GLOBAL MODEL
Yijin) Gja=1521 Gaae 3777 [FAver Siith)
Qij / Fa=-78 Pa3e.08 o /
15 l l 15* /
N / P
1 A ! 7
7 Z
5 -5
g hls) : hl’)
¥iith) 047 951 gy n 10854 [T G2 = 6807 10 20 30
i} 14292 ru-Au 9":." \’"(M
16
L e -
H H F i
1
Tij(h) ald 1
i Gygu252 6,ga0070 Oyge2103 Gegr ! [
e e / farts / oo / " .
15 I ~
: ®
~ WV V NS, A
5
hi’)
10 20 30 10 20 30 10 20 30 10 20 30 10 20 30
[r-rotaLwerGH1] [2-to1aL inDiviDuAls]  [3-<17cm]

Figure 2. Relative variograms and cross-variograms along the shore.
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TABLE I - Cross-validation criteria for SECTOR M

ABSOLUTE FREQUENCY
TOTAL
VARIABLES WEIGHT | noIvIDUALS | < 17 cm 17/25 cm | 25/45 cm
1 z 4
MRE == X (Z.-Z.)/ 0y 0.002 0.005 0.003 0.003 0.010
Nj-q 1 i i
1 N =%
MRSE =5 I (Z.-z.)210k2 1.054 1.080 1.110 1.305 1.090
tel X9 i
2 1.6 : s
MODEL USED: y(h) =g (.547 + .006 h ") Anisotropy ratio = 1:
*
N - no. ef samples Zi - estimated value for sample 1
Oﬁ, - kriging variance for sample i Zi - real value for sample i
i
MRE - Mean Relative Error MRSE - Mean Relative Squared Error

3. GLOBAL ESTIMATION IN A SELECTED ZONE

In order to compare the geostatistical estimation method, with the one
currently used by the INIP, the SECTOR M and strata M1, M2, M3 were
selected (Cf. Fig.21).

The current estimation method, denoted "stratified random" in TABLE II,
is briefly outlined in the sequel (Cardador, 1983):

The average and variance of eaclhy stratum are calculated by the
arithmetic mean (fg) and variance (02) of the ng samples contained in
the stratum.

The average in the Sector is given by:

e e
T

where A, is the area of stratum £ and A is the area of the Sector.
The variance in the Sector is given by:

3 02 A2

1 2 L

VAR = — 2§1 v g
A = 2

Regarding the geostatistical estimation method, it is obvious from
equation [ﬁ] that conditions of "intrinsic correlation" (Matheron,1979)
are met for this data set. This means that all variograms and cross-vario-
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weights are the same for all variables,

total number of individuals is the sum of estima

absolute frequency.

kriging

Results of estimation using both methods are givgn_in TABLE IL The

column "ERROR" denotes the coefficient of variation (g/Z) in %.
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LOCAL ESTIMATION OF LENGTH CLASSES
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5. DISCUSSION OF RESULTS

The basic assumption underlying the stratified random estimation method
is the homogeneity of variables within strata. Hence, strata are designed
so that variability is greater between than within strata, in ordex to
account for the "patchiness" of the overall distribution.

This assumption requires an a priori knowledge of the environmental
factors controlling the fish behaviour in space. Moreover, multispecies
surveys are difficult to handle, since strata boundaries depend on target
species distribution.

On the other hand, the kriging estimation method accounts for the
particular spatial correlation pattern emerging from data, without claim-
ing for any a priori assumption.

So, when a limited knowledge about the behaviour of a certain species
is available, or when multispecies surveys are conducted, it is pref-
erable to estimate abundance indices by kriging, since the variogram
reveals the spatial structure of variables.

In the case study reported here (Cf. TABLE 11}, kriging sleads to
lower estimation errors for the entire SECTOR M, even though the
stratified random method provides a smaller error for the variables
"weight" and "frequency in the length class 25/45 cm" in stratum M2,
because these variables are rather homogeneous in this particular stratum,
exhibiting a narrow range of variability.

Furthermore, kriged values allow a local mapping of spatial concentra-
tion of length classes, derived directly from available data, without
relying on pre-defined strata.

6. CONCLUSIONS. FURTHER DEVELOPMENTS.

The preliminary results obtained at this stage illustrate how the basic
geostatistical approach can be applyied to the estimation of abundance
indices of fishing resources.

The assessment of fish stocks from research surveys is a promising
area for the enlargement of the application domain of geostatistics.

In fact, some problems found in this area provide a challenging
opportunity for adjusting geostatistical methodology to the specific
case of multiple regionalized variables, varying in time and space.

The geostatistical approach is a good basis for handling the
following practical questions raised by fishery research:

- design of sampling schemes

- comparison of temporal evolution of stocks

- study of interspecies correlation in space and time

- change of support from research surveys to commercial gears.
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