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B-VI2 
INTERPOLATION TECHNIQUES IN BENTHOLOOICAL MAPPING : 

A Ca-1PARISON BE1WEEN TREND-SURFACE ANALYSIS AND KRIGING 

M. SCARDI and E. FRESI 

Laboratorio di Ecologia del Benthos, Stazione Zoologica di Napoli, 
Punta S. Pietro, Ischia (I tali a) 

Resume. La comparaison entre dew< methodes d'analyse spatlale de variables relatives au benthos. Ia 
Trend-surface Analysis e le krfgeage. demonlre que ce dernler rournll des reconslrucllons plus accurees solt 
a l'interieur soil a l'exterieur du domaine considere. 

Spatial analysis and mapping or benthological date can be performed by means of several techniques. the 
majority or which were developed In a geological or geographical ~ontext. In ~articular. It Is ~seful to m~p the 
observed variables or 8 synthetic descriptor (e.g. factor scores) 1n order to mfer the ecolog•cal properl!es of 
the system or to work up new hypoteses about them. Since the number or obs~rvatlons Is finite and ~elr 
dilribuitlon may be not regular, an Interpolator Is required which provides an opllmal esllmate of the variable 
to be mapped as a function of geographical or arbflrary coordinates. 

Trend-surface analysis (TSA) and kriging are lnterpolallon techniques which have been already applled 
to ecological research (GITTINS. 1968; SCARDI !.Ul . In press). but they are quite difrerent from both the 
theoretical and the practical point or view. The purpose of this paper Is to outline the major differences 
between their results In a benthological application which deals with a synthetic descriptor. However. It should 
be slressed that both methods are also suitable for the analysis of every kind of quantltetlve date (e.g. species 
density. environmental variables, etc.). for a theoretical presentation or these techniques the reader should 
refer to GRANT (1957) and KRUMBEIN (1959) for TSA and to MATHERON (1969,1970) and GAMBOI.ATI & 
VOLPI ( 1979 a, b) ror l:rlglng. 

The first factor (F 1) scores yielded by a Factorial Analysts of Correspondences on 28 macrozoobenthos 
samples collected In the Bay or Auguste (Sicily) were used both for TSA and kriging. f 1 accounted for the 
20.76~ of the totel Inertia. The sampling stends and the observed F 1 scores are shown In Fig. 1. 

In this analysis F 1 scores are related to the lnrluence or the harbour environment upon the community 
structure, as negative scores are observed In the Innermost and most polluted areas or the harbour. 
Therefore, the response or benthic communities to different environmental condl.tlon can be errectlvely 
displayed by mapping F I scores. 

The Isopleth maps or the f 1 scores were obtained by Interpolating 352 value's, which were arranged on 
a rectangular 16><22 grid (mesh sfze•360 m). The TSA map (Fig. 2) was drawn using the best fitting surface, 
I.e. the quartic one (the goodness or fit was tested by ANOVA). The l:rlglng map Is shown In fig. 3. 

Fig. I -Sampling stands. Fig. 2- QJartic TSA m11p. Fig. 3- Kriging map. 

In the TSA map two main features can be seen: (I) the regularity or the lsopleths and the steepness or 
the gradients. which should account for sharp cenocllnes. and (2) the exlreme, meaningless F 1 scores on the 
right side of the studied area. On the conlrary. the kriging map appears more even and lsopleths are less 
regular than In the TSA map. However, a main cenoclfne Is clearly shown and F 1 scores are all acceptable, 
Including the exlrapolated ones. In both examples the cenlral area, which Is often dredged, has high F 1 scores. 

A more objective comparison between the results of these techniques can be made considering the 
reduced error dlslrlbullons or TSA and kriging reconslructlons or the 28 observed values, which are shown In 
Fig. 4. These dlstlbutlons were obtained reconslructlng each score on the basis of the 27 remaining ones and 
dividing the Interpolation error by the standard deviation or all the observed values except the Interpolated 
one. This procedure was repeated for the trend-surfaces up to 5th degree and the l:rlglng In order to obtefn 
the reduced error dlslrlbutlon or each Interpolator. 

Although It was not possible to test either the normality of the distributions or the differences between 
them because or the limited number of observations, it Is clearly seen that TSA errors tend to become more 
widely dispersed as the degree or the trend-surface Is Increased, while kriging errors are the least dispersed 
about the zero. In particular. the errors or the quadratic Lrend-surrace, which are the least dispersed In TSA 
(b), are greater. on the average, than the kriging errors (remark that the quadratic surface Is not the best 
fitting one. when all the observations are slmulteneousiy considered). 
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fig. 4- Reduced error dlslributlons for 1st to 5th degree Lrend-surraces (a-e) and kriging (f). 
The maximum negative errors In (d) and (e) ere respectively -14.0 and -132.6. 

In the light of the above results It Is quite clear that outstendlg differences exist between TSA and 
l:rlging. The reliability or Interpolation and especially or short range extrapolation Is an advantage of kriging 
over TSA, which Is emphasized by the fact that kriging provides also en estimate of the lnterpolalion (or 
exlrepolatlon) error variance. This feature Is mainly due to the fact that kriging Interpolation Is based on both 
the observed values and a veriogram, which accounts for the spatial properties of the studied variable. On the 
other hand, TSA Is by far quicker and easier to carry out and therefore Its application Is convenient when a 
descriptive representation Is to be drafted or when a rough interpolation Is required In a regular. fsolropfc 
gradient (SCAROi & FRESI. 1985). 

In conclusion, It hils to be slressed that kriging is a complex approach to spatial analysis problems 
rather than a simple Interpolation technique and that It provides cartographlcai representations which are 
usually more accurate than those obtefned by TSA. Nevertheless, TSA can elso prove to be useful when the 
quantitative representetlons/predlctlons are not the primary goal or the work. 
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B-VII1 
LES GRANDES TENDANCES DE L 

1 
ETUDE DES PoLYCHETES EN fi'ED ITERRANEE (1800-1970) 

Gerard BELLAN 

Station Marine d'Endoume, Marseille (France) 

L 'etude scientifique des Annelides Polychetes en Mediterranee remonte au de­

but du I9eme Siecle. Sans etre exhaustif, on peut, peut-etre,evoquer de Savigny(l826) 

et Phillipi (!844), puis de Quatrefages et Claparede et, dans les 20 dernieres annees 

de ce siecle, les travaux de Marion et de ses collaborateurs (Marion et Bobretzky, 

1875) et de Lo Bianco ( 1895). Les recherches de ces deux auteurs etaient remarquable­

ment extensives du point de vue de la connaissance de 1 'ensemble du Groupe, mais, 

a contrario, relati vement condensee si 1 'on tient compte du secteur geographique 

etudie, respectivement, les Golfes de Marseille et de Naples. On peut, d'ores et deja 

faire deux observations. La premiere, est que ces deux secteurs devaient, jusqu' 8. 

l 'epoque actuelle, faire l 'objet de prospections continues et de recherches de plus 

en plus di versifiees sur les Polychetes. Par la suite, d 'autres secteurs geographi­

ques ont servi de cadre a un ac.croissement sensible de nos connaissances sur les An­

nelides Polychetes, en Mediterranee. Au premier plan, il apparait que 1 'on peut met­

tre la cote des Alberes, avec Banyuls (Pruvost, 1898, Laubier-in Laubier et Paris, 

1962, et multiples travaux ulterieurs), mais on ne saurait negliger la Haute Adria­

tique et, plus recemnent, les cotes de Tunisie, d'Israel, de Grece et d'Espagne. La 

seconde remarque a- trait aux preoccupations scientifiques des sp€cialistes a partir 

de cette fin du 19e.me Siecle. Nota)>lement orientee vers des etudes systematiques, 

vers des preoccupations descripti ves jus que la, la recherche sur les Polychetes s 'est 

alors diversifi€:e. Des travaux de systematique se sent, certes, poursuivis et se 

poursuivent. Il £aut, a ce propos, citer_, en sus des travaux d€j8. €voqu€s_, ceux de 

Cognetti (195 7) sur les Syllidiens du Golfe de Naples et ceux de Zibrowius (!968), 

sur les Serpulidae de la region de Marseille. Des travaux, de caractere biogeographi­

que, se sont perpetuees pour aboutir a la Somme sur les Annelides Polychetes de la 

Mediterranee de Rullier (1963). Toutefois, les recherches de Marion avaient marque 

un tournant capital. La plupart des recherches sur les Polychetes qui ont suivi ont 

porte, de maniere plus ou moins exclusive, sur 1 'Ecologie des Polychetes. A partir 

des annees 1950, une des preoccupations majeures de .. nombre de specialistes mediterra­

neens s 'est portee sur 1 'Ecologie des Polychetes, taut 1 'autoecologie que la syneco­

logie. Peres (1954) a ete 1' ins tigateur de ces recherches, reprises par d' autres, 

dont Cognetti. Un eleve de Peres, Bellan, a base l'essentiel de ses recherches sur 

les Polychetes, sur leur distribution ecologique et les rapports etroits entre syste­

matique et ecologie allant meme jusqu'a proposer (Bellan, 1964) l'utilisation des 

donnees ecologiques en tant que criteres objectifs dans la taxonomti.~ des Polycheteii. 

Les recherches sur l'ecologie des Polychetes ont connu un developpement tout a fait 

exceptionnel, en Mediterranee, au cours des trente dernieres annees. On peut conside­

rer que les recherches de ce type, qu 'elles aient porte sur les seules Polych.etes ou 

qu'elles aient ete integrees dans des travaux plus generaux de bionomie, sont une des 

caracteristiques essentielles et des plus originales des recherches sur les Annelides 

dans notre mer. Toutefois, on est oblige de cons tater qu'en depit d 'efforts serieux 

d 'un certain nomhre d 'auteurs (Laubier, Cognetti, Zibrowius, Cantone, Ben Elahiu et 

de jeunes auteurs italiens et espagnols,. a titre d'exemple), la connaissance taxonomi 

que n'est pas satisfaisante pour de trop nombreuses familles. Cet etat de fait n'est 

pas propre a la Mediterranee, mais il prend, dans notre mer, une acuite d'autant plus 

vive que l'utilisation des Polychetes, a quelque titre que ce soit, dans de nombreu­

ses disciplines et, tout particulierement, les recherches finalisees, est tentee a 

grande echelle. A cote de l'ecologie, d'autres voies de recherche ont ete explorees. 

On citera les travaux, deja anciens, de genetique de Bacci et de ses nombreux colla­

borateurs, ceux ·sur la regeneration des Anneli.des de 1 'Ecole d 'Abeloos, a Marseille, 

et, plus pres de no us, 1 'etude des s tades larvaires et des eye les de developpement de 

diverses especes realisee par Bhaud (1971) • Enfin, de nombreux travaux de toxicolo­

gie ont ete executes avec des Polychetes comme especes-tests. On remarquera, a ce 

propos, que les especes choisies avaient toujours une signification ecologique pre­

cise et que ces travaux d 'ecotoxicologie ont ete conduits par reference a la distri­

bution bionomique des Polychetes dans le milieu naturel, perturbe ou non. On rejoint 

la une des voies derivees les plus importantes, a savoir la recherche, la mise au 

point et 1 'utilisation d'indicateurs biologiques et d"'indices biotiques" bases 

les Polychetes dans les "etudes environnementales" a caractere applique. 
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