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Abstract 

WG-CEMP-87/9 

The possibility of using bird observations made at sea 
as a means of monitoring krill in the Antarctic ocean is 
explored. No variation source directly linked with 
krill was identified by means of correspondence 
analysis. Contour plotting, profile analysis and tests 
for equality of covariance matrices proved capable of 
detecting changes in bird abundance and/or species 
composition, associated with three levels of krill 
abundance. 

A vector close to multi-normality was obtained, thus 
suggesting that refinements of the technique will allow 
the discrimination of krill levels by means of bird 
counts thereby providing an efficient tool for 
statistical tests of significance. The most promising 
approach seems to be the application of discriminant 
analysis. 

Further developments of the method are possible only 
with greater databases, calling for international 
cooperation on the subject. 

Est exploree la possibilite d'utiliser les observations 
sur les oiseaux faites en mer pour controler le krill 
dans l'ocean Austral. Aucune source de variation liee 
directement au kri.ll n'a ete identifiee au moyen d'une 
analyse de correspondance. Les leves de contour, les 
analyses de profil et les tests d'egalite des matrices 
de covariance se sont averes capables de detecter des 
changements dans l'abondance des oiseaux et/ou la 
composition des especes, lies a trois niveaux de 
l'abondance de krill. 

Un vecteur proche de la multi-normalite a ete obtenu, 
suggerant ainsi qu'un affinement de la technique 
permettra de distinguer les niveaux de krill par les 
denombrements d'oiseaux, ce qui fournira un outil 
efficace pour les tests statistiques de signification. 
L'approche la plus promelteuse semble etre l'application 
de l'analyse discriminante. 

La methode ne connaitra de nouveaux developpements que 
grace a des bases de donnees plus importantes, cc qui 
suppose une collaboration internationale en la matiere. 
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Resumen 

Se estudia la posibilidad de utilizar las observaciones 
de aves hechas en el mar como un medio de controlar el 
krill en el oceano antartico. No se identifico ninguna 
fuente de variacion ligada directamente con el krill por 
medic de analisis de correspondencia. El trazado de 
contornos, el analisis de perfiles y las pruebas para 
detectar la igualdad de las matrices de covarianza 
demostraron ser capaces de detectar cambios en la 
abundancia de las aves y/o composicion de las especies, 
asociados con tres niveles de abundancia de krill. 

Se obtuvo un vector cercano a la multinormalidad 10 
cual, por 10 tanto, sugiere que los refinamientos de 
esta tecnica permitira la discriminacion de los niveles 
de krill por medic de recuentos de aves, proveyendo de 
este modo una herramienta eficaz para pruebas 
estadisticas significativas. El enfoque mas promisorio 
parece ser la aplicacion del analisis discriminante. 

Los desarrollos ulteriores del metodo son solo posibles 
con mayores bancos de datos, 10 que requiere una 
cooperacion internacional en et tema. 

Pe3IOMe 

PaCCMaTpWBaeTCH B03MO~HOCTb npMMcHeHMH 
pe3YJI bTaTOB npoBeAeHHblx B Mope Ha6JlIOAeHMH 
MOPCKMX nTWQ B KaqeCTBe OAHoro W3 cpeACTB 
MOHMTopWHra KpMnH B AHTapKTMqeCKOM OKeaHe. 
AHanW3 cOBnaAeHWH He BWHBwn HWKaKMX 
HenocpeAcTBeHHO CBH3aHHblX C KpwneM MCTOqHWKOB 
OTKnOHeHwH. OKa3anOCb. qTO 0 nOMOIl{blO 
BWqepqWBaHMH KOHTypOB. npo~wnbHoro aHanM3a H 
npOBepKW paBH03HaqHOCTW KOBapMaHTHWX MaTpMQ 
MO~HO BWHBMTb M3MeHeHHH B qHCneHHOCTM nTMQ 
M/WJIM BWAOBOM COCTaBe. CBH3aHHOM C TpeMH 
ypOBHHMW qMCneHHOCTW KpMnR. 

EWJI llonyqeH BeKTOp, 
MynbTMHopManbHOMY, qTO AaeT OCHOBaHMH 
npeAnonO~MTb. qTO YCOBepmeHCTBOBaHHblfr MeTOA 
1l03BOnWT onpeAenWTb pa3nMqHWe YPOBHM 
KOJIWqeCTBa KpMnH npM nOMOIl{W nOACqeTa IlTMQ, 
qTO, TaKMM 06pa30M, HBMTCH Jl~eKTI1BHbIM 
cpeACTBOM AnH llonyqeHMH CTaTWCTWqeCKWX 
KpMTepweB 3HaqWMOCTM. Hal160Jlce 06el.l(1'lIOll(I1M 
Ka~eTCH npMMeHeHwe AMCKpHMWHaHTHoro aHanW3a. 

,nan bHC~!Illee pa3BHTwe 3Toro MeTOAa B03MO~HO 
TOJlbKO npM HanWqWW 60JIbllfl1X 6a3 AaHHbIX. qTO 
Tpe6yeT Me~AYHapoAHoro COTPYAHMqeCTBa B JlTOM 
Bonpoce. 
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Man-induced changes in the Antarctic ecosystem will first appear 

as changes in biological parameters of the species suffering the pressure 

of fisheries. It was the case with whales, seals, fishes, etc. While the 

mentioned species are more or less suitable for direct observation, at the 

present state of the art it is economically impossible to keep track of 

biological parameters of krill populations on a regional basis by means of 

direct measurements. This represents a significant shortcoming in our 

capability to provide in time the advice needed by the Commission and calls 
for indirect measures of krill population status. 

Ecosystem monitoring in the open ocean represents an important and 

difficult task. It is a necessary complement to the land-based monitoring 

programs being developed by CCAMLR members and can provide information on 

areas not reached by indicators when studied in their reproductive sites 

but crucial to ecosystem evolution and management. 

For monitoring purposes it is necessary to define a sampling unit 

where measurements can be taken regularly, which is more difficult in the 

open ocean due to the high variability of the abiotic component of the 

marine ecosystem. It is imposslble to sample the same spot under the same 

conditions in two consecutive years. 

Moreover, other parameters of value to the ecosystem are still 

less suitable for sampling : rates, variations in zooplankton abundances 

and composition, etc. calling for indirect estimators. 
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Bird observations made from ships are an inexpensive and simple 
methodology which can be performed with a minimum of training, thus 

allowing the utilization of practically any platform. Observations give 

information on factors governing distribution and abundances. The 

rationale behind the present exploratory work is that the vector composed 

by the bird counts per species will show differences associated with krill, 
either in its position measures or in other distributional properties. 

Such changes will be more efficiently detected if parametric statistics can 

be applied. 

In the Reports of previous meetings of the Working Group on 

Ecosystem Monitoring a list of interesting variables and parameters was 

identified. As well as minke whales and penguins, bird populations will 
reflect changes in abundance of krill in a given area. 

On the other hand, if changes detected are to be used by 

administrators, it is necessary to make every effort to obtain a measure of 

statistical significance associated with every statement produced. 

The present paper is the result of exploring the possibility of 

using bird observations made at sea, for the purpose of krill abundance 

monitoring. Bearing in mind the concept of the CCAMLR Working Group on 
Ecosystem Monitoring that recommends the survey of parameters and variables 

easily obtained and sensitive to changes in the actual object of the 

monitoring program, this possibility was considered worthy of being 

investigated. It is to be noted that bird observations can be carried out 

from any ship operating in the area, thus becoming an inexpensive way of 

monitoring krill abundances over great areas, least as accurate as any of 

the already proposed indicators (seals, minke whales, etc.), and not tied 

to the operations of a fishing fleet as is the case with catch per unit 

effort. 
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To this end, 72 bird observations made during FIBEX (1981) cruise 

of R/V Dr Eduardo L. Holmberg taken together with acoustic records of krill 

abundance were studied by some multivariate techniques. The main objective 

was to identify which bird species can be used as indicators of krill 
abundance and to outline the methodology of data analysis in order to 

obtain parametric exact tests for hypothesis testing. 

The same data set has been analysed by Visbeek and Fontana (1983) 

from the viewpoint of the autecology of bird species. This analysis has 

proven the sensitivity of the bird variates to slight variations in abiotic 

conditions and was based on an ANOVA approach to profile analysis developed 

by Gneisser and Greenhouse (195$) followed by planned contrasts according 

to Bonferroni. 

MATERIAL AND METHODS 

Along the January-February 1981 cruise of R/V Dr Eduardo L. 

Holmberg, realised as part of the FIBEX exercise, birds within 500 m of the 
sides of the ship were recorded in the 1Q-minute Seabird Record Cards. The 

area sampled lies between 57 and 62 degrees South and 42 and 48 degrees 

west; more details on the methods are to be found in Visbeek and Fontana 

(1983). 

From the records of a Simrad EK120 echosounder, five levels of 

krill abundance have been determined associated with each bird observation. 

It should be noted that the fifth level is several orders of magnitude 

greater than the fourth. 

The statistical methodology employed was selected in order to 

obtain : 
Graphic displays purporting dimensionality reduction, readily 

understandable in biological terms. 

Methods allowing hypothesis testing with the material at hand. 

Methods that can be used for comparison with other data sets, thus 

allowing for monitoring of different parameters. For the sake of 

clarity, the methods applied will be briefly described: 
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Correspondence Analysis 

Descriptions of the method can be found in Lebart, Morineau and 

Fenelon (1979). 

The method is closely related to principal components; it is based 
on the eigenanalysis of the moment of inertia of the given set of points. 

Masses are allocated as total birds observed when considering the 

sighting-points in the p-space of bird species; or as the total number of 

birds of a given species when species-points in the n-space of observations 
are considered. These two representations of the set of observations are 

reduced in dimensions by considering only those eigenvectors associated 

with a high contribution to total inertia. It can be shown that the 

eigenvectors are the same and that representations in both spaces (birds 
and observations) are equivalent. This allows the representation in a 

single plot of bird and sighting points, providing good insight on the 

interrelations of species and localities of observation. 

The main output is formed by a table of eigenvalues and 

percentages of total inertia explained, and bidimensional plots of the 

points using as coordinates the projections on the directions of 

eigenvectors. 

Contour Plotting 

This method is due to Andrews (1972) and also described in 

Gnanadesikan (1977). Given a vector (x) in a p-dimensional space, a 
bidimensional representation is obtained defining a set of directions in 

the p-space and projecting the interesting points on these. Useful sets of 

directions are generated by means of the vector of parametric orthogonal 

functions : 

(1) a'(t) = (1/1"2 ),sin t, cos t, sin 2t, cos 2t, ... ) 

the parameter t is kept between pi and minus pi. 
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The projections are calculated as a linear function of t for the 

point x 
(2) Fx (t) = a'(t) • x, 

and the values of Fx(t) represented as ordinates of the abscissa (t). In 

that way, each point will be replaced by a curve, allowing for graphic 

comparisons. Those directions where differences occur can be identified 

for ulterior investigation by the values taken by a'(t). 

The representations obtained are not unique, in the sense that the 

order of the variates in the p-space determines the coefficients associated 

with each variate. Each permutation purports a strict association of 

variates and coefficients defined in (1) (each permutation might be 
considered as a different definition of space orientation), thus 

permutations provide different insights into data structure. 

At variance with discriminant analysis this method is not aimed to 

obtain a direction where differences between treatments are maximal, but to 

obtain a picture of the directions where the differences occur. 

Two applications of the method will be developed in the sequel 

1. Quantile contour plotting: 

On each of the directions generated by (1), F(t) functions are 

calculated for the 72 observations according to (2). These 72 values 
are ordered and First Decile (D1), First Quartile (Q1), Median (M), 

Third Quartile (Q3) and Ninth Decile (D9) evaluated. Then quantiles 

are plotted against t values and the ratios : (D1-M)/(Q1-M) and 

(D3-M)/(Q3-M) calculated and listed. The plot will give information on 
the presence of multimodality and highly correlated variates, while the 

ratios should be approximately equal to 1.9 if joint normality of the 

variates is assumed. 

It is to be noted that quantile contour plotting is not a formal 

test for multinormality, but will give an idea of the distributional· 

properties of data, which is sufficient with the data set at hand. 
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2. Function contour plotting: 

Taking the centroids of different treatments and treatment levels 

as the points in p-space to be analysed, function contour plotting as 

described above provides a method of classification which permits 

clustering (provided number of points is kept low). At variance with 
conventional clustering methods based in the definition of 

ultrametrics, it allows the inclusion or not of a point in some of the 

clusters formed as well as identifying directions that result in 

similarities or differences in the plot. Furthermore, as a consequence 

of the selection of orthogonal functions as components of vector a'. 
11; 

3. As _! [fi(t)-fj(t) 1~2 dt 

is proportional to the euclidean distance defined between points xi and 

xj, closeness of the curves might be considered as closeness in the 
original p-space. 

Comparison of Covariance Matrices 

A Chi-square statistic is constructed as an extension of 

Bartlett's test (Morrison, 1977), to provide an exact test of the null 

hypothesis of equality of several covariance matrices. The statistic is 
also highly sensitive to non-normally distributed variables and not defined 

if one or more of the matrices is singular, thus precluding the inclusion 

of variates not observed in one of the data subsets. 

Profile Analysis 

Given a set of groups of p-dimensional data, with non-singular 

covariance matrices (not necessarily equal), we can define the profile of 

one of the groups as the values of the mean vector of the group. This 

technique, fully detailed in Morrison (1977), allows the construction of a 

test for the profile parallelism hypothesis and tests for group mean level 

and variate levels, the last two only if the first test resulted 

non-significant. 
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Fortran source programs for correspondence analysis are those 

published in Lebart, Morineau, Fenelon (1979). Other methods were run 

utilizing Fortran programs developed by authors on IBM PC-XT 640K. 

RESULTS AND DISCUSSION 

Bird sightings have been used by fishermen and sailors as 

indicators of fishing targets and geographical features for many years. 

OUr goal should be to translate this fact into a mathematically tractable 

form, defining a model to be applied in hypothesis testing. Results given 
by each of the methods used will be discussed prior to general evaluation 

of results. 

Correspondence Analysis 

Table I. presents the percentage of inertia associated with each 

of the eigenvalues obtained considering all variates and krill related 

variates (as per literature information) alone. 

Data dimensionality can be sensibly reduced applying this method, 

but neither of the new coordinate axes obtained can be attached to the 

variables of our interest (figs. 1-4). This approach might prove to be 
significant to the biology of avian communities, but to our present purpose 

they show that krill influence is at least correlated with other factors. 

Thus a methodology allowing for specific representation of interesting 

directions in the space defined by the bird variates is necessary. 

Contour Plotting 

Figs. 5-9 show the application of the method to raw and 

log-transformed data, with and without considering the Pygoscelis spp. 

variate. From the comparison it results that log transformed data are more 

stable, both representations showing not only the differences between 

treatments, but also the fact that without penguins their discrimination is 

still possible. 
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From Figure 5 and other permutations of variates (random, 

according to food regime and abundances) several directions where 
treatments show differences have been identified. The next step was the 

identification of the coefficients associated to each variate in these 

directions. The analysis showed clearly the influence of Pygoscelis spp., 

Pagodroma nivea and Pachyptila spp. in treatment discrimination. Results 

were not so clear for Daption capense. 

Krill treatments resulted in different curves that can be grouped: 
1) Sightings where krill was highly abundant 

2) Sightings where krill was abundant 

3) Sightings where krill was scarce or absent. 

In the sequel, only these three levels will be considered. Figs. 

8 and 9 present the results obtained applying the method to the species 

considered as possible krill feeders with and without penguins. 

Contour plotting in the space defined by indicators identified 

here was not attempted because the same set of data provided the selection 

of species and the representation. 

Profile Analysis 

Due to the fact that under the assumptions of this method all 

groups to be compared must possess a non-singular covariance matrix, we 
were restricted to the use of following species (present under all krill 

levels) : 
Diomedea exulans + D.epomophora, Daption capense, pagodroma nivea, 

Pachyptila spp. and Oceanites oceanicus. 

Results of the test were significant at the .01 level, thus 

indicating that the species considered react differentially to the presence 

of krill. A simple inspection of the profiles shown in Figure 10 indicates 

that it is Pagodroma nivea and to a lesser extent pachyptila spp. that can 

be used as krill indicators. 
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Equality of Covariance Matrices 

In all cases tested and with the transformations (raw data, square 

root and log) used, covariance matrices were significantly different. It 

is impossible to decide with the evidence at hand, whether this result is 

due to an inequality of covariances or to non-normality of data. Anyhow 

any of the origins of the significant difference will lead to a useful 

insight: if it is non-normality, data can be transformed in order to get a 

rnultinormal set of variates thus allowing for a highly efficient test of 

hypothesis. If the matrices are essentially different, this inequality can 

be used to detect variations in krill abundance and comparisons from year 

to year. Contour plotting of the position measures for treatments 1 and 2, 

(log transformed data) shown in Figures 12 and 13, as well as their 

quotients, strongly suggest the possibility of obtaining a normalized 

variable by means of the log transformation or a related one. These plots 

also show that if non-normality actually exists it is not very great. 
Further work should be devoted to this approach. 

Based on the above results, we can now develop a line of 

analysis 

I. From the correspondence analysis of the whole set of data, no major 

axis can be extracted with a high correlation with krill abundance. 

This means that the general linear model (purporting a regression) 

will be of little use until a set of interesting contrasts is defined. 

Krill appears always correlated with other factors, thus calling for a 

line of analysis enabling the selection of specifically interesting 
directions. 

11. Contour plotting is strictly descriptive in nature, no significance 

can be attached to the graphics obtained, but they showed that the 

method is sensible to krill presence, that penguins are not essential 

for discrimination, but only three levels of abundance were detected. 

It must be noted that the plots are scaled to make full use of a 130 

spaces printer, so curves coming from different plots should be 

compared with caution after rescaling the drawings. 
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plots made on 3 or 5 krill levels identified the species responsible 

for the discrimination between treatments. These species might be 

considered as sensitive to krill presence, but not considered as good 

indicators until further validation is done. 

Ill. A vector was constructed with all species present at different krill 
levels and latitudes. This restriction is needed if non-singular 

covariance matrices are to be obtained in each treatment level. 

Covariances at three different krill levels and four latitudes were 

found to be significantly different. Significant results might be the 

outcome of a non-normally distributed variable, or of differences in 

covariance matrices. In either case, a multivariate general linear 

model cannot be fitted if probability levels are to be used outside 

the present body of data. 

IV. with the same subsets defined for krill and latitude treatments in 

Ill, profile analysis was performed. Significant results prove that 

species do not react homogenously to changes in latitude or krill 
abundance. Direct inspection of profiles showed that Pagodroma nivea 

and pachyptila spp. are the variates responsible for the non 

parallelism of profile of the third treatment. 

V. A vector of variates supposed to be sensitive is constructed and 

analysed with the same methods with the following summary of results 

No krill regression on species is worth trying (correspondence 

analysis). 

Highly different contours resulted. 

Significantly different covariance matrices have been found as 

well as profiles resulted non-parallel. 

VI. Quantile Contour Plotting was performed on the vector of sensitive 

variates showing minor deviations from normality. 
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This result strongly suggests the possibility that covariance matrices 

comparison results are rather due to actual differences in covariances 

and not to the lack of joint normality. This leaves open the 

possibility of finding a set of treatments that leaves multinormally 

distributed residuals. In that case a conservative degree of freedom 

ANOVA, as developed by Geissen and Greenhouse (1958) and described in 

Morrison (1977) and Winer (1971), can be applied. This will give a 
powerful tool for monitoring by means of the formulation of adequate 

contrasts, and eventually to obtain regression curves. No such method 

is attempted here, because of the fact that directions to be tested 

are defined from the same set of data. 

CONCLUSIONS 

1. The present analysis has been developed mainly on a Fibex data set 

restricted to the summer 1981 north of South Orkneys Islands. Its 

results cannot be extrapolated to other areas and years, until the 

analysis is validated by subjecting other data sets where krill and 

birds have been registered simultaneously, to the same or refined 

statistical techniques. Moreover, the exploratory work performed does 

not preclude the application of other methodologies not used 

(discriminant analysis, canonical correlation, non-parametric 

statistics, etc.). 

2. A set of sensitive bird species has been identified. This set would 

allow either : 

a) detection of krill concentrations by means of classical 

discriminant analysis. This will be possible if normality 

analysis and comparisons with other data sets allow for the 
restrictions of the method (mainly normality) and the analysis 

made under different well-identified conditions; 

b) detection of krill concentrations by means of univariate ANOVA 

under the conservative degrees of freedom formulation; 
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c) detection of krill concentrations by associating to its presence a 

certain covariance structure. Thus intensive cruising of a 

certain region will provide a data set to be compared with those 

where krill has been independently evaluated. Comparisons can be 

tested by means of covariance matrices comparisons or profile 

analysis. 

3. If the univariate approach is tenable, the possibility of constructing 

a regression line of krill abundance on the bird variates should be 
considered and carefully tested. Such an approach will directly yield 

an estimation of krill abundance from bird sightings under different 

affecting factors. 

4. A monitoring minimum approach can be outlined 

i) To identify areas where bird observations (with or without 

simultaneous krill evaluations) are carried out by ships not 
necessarily committed to research; 

ii) to decide the methodology to be used for krill detection by means 

of bird sightings (parametric statistics, covariance matrices 

comparison, profile analysis or non-parametric tests); 

iii) weights should be allocated providing a compensation for the 

total Record Cards obtained by a given cruise in the area; 

iv) numbers of bird cards indicative of krill presence can be taken 

as a measure of krill abundance in the area considered. 

5. Due to the amount of information necessary, this monitoring 

development can be fruitfully envisaged only under a cooperative 

international basis, allowing the use of BIOMASS and CCAMLR data 

bases, which will provide the background for the simultaneous analysis 

of other factors not included in the present paper because of the 

insufficient number of observations (e.g. time, depth of krill 

patches, latitude, meteorological conditions, etc.). 



- 407 -

Acknowledgements : Authors are grateful to Dr Aldo P. Tomo and Lic. Diego 

Gru, who recorded krill abundance. 

References 

Andrews, D.F., 1972. Plots of high-dimensional data. Biometrics vol. 28, 

pp 125-36. 

Geisser, S. and S.W. Greenhouse, 1958. An extension of Box's results on 
the use of the F distribution in multivariate analysis, Annals of 
Mathematical Statistics, vol. 29, pp 885-891. 

Gnanadesikan, R., 1977. Methods for statistical Data Analysis of 

Multivariate Observations. New York : John Wiley & Sons, Inc. 

Lebart, L., A. Morineau and J.P. Fenelon, 1979. Traitement des donnees 

statistigues. Methodes et Programmes. Paris: Dunod. 

Morrison, D.F., 1976. Multivariate Statistical Methods. Tokyo 

McGraw-Hill Kogakusha Ltd. 

Visbeek, J.G. and L.R. Fontana, 1983. Factors regulating the distribution 

patterns of seabirds. Biomass Scient. Series vol. 7 : 117-124. 

Winer, B.J., 1971. Statistical principles in Experimental Design, 2nd 

Ed. McGraw-Hill Book Company, New York. 



- 408 -

Table 1. Eigenvalues obtained from correspondence analysis 

Krill related variates All variates 

EIGENVALUE PERCENT. ACCUMUL EIGENVALUE PERCENT . ACCUMUL 

2 . 72307 35.14 35.14 .71822 28.75 28.75 
3 .61801 30.03 65.18 .56255 22.52 51.27 
4 .48580 23.61 88.79 .46305 18.54 69.81 
5 .17237 8.38 97.16 .30425 12.18 81.99 
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Contour plot of the centroids of five krill levels in the space 
defined by the 10 variates in decreasing order. Raw data. 
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Contour plot of the centroids of five krill levels in the space 
defined by all variates except Pygoscelis spp. in decreasing 
order. Raw data. 
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Contour plot of the centroids of five krill levels in the space 
defined by sensitive (from literature data) variates in 
decreasing order. Raw data. 
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Contour plot of the centroids of three krill levels in the space 
defined by all sensitive variates in decreasing order. Log 
transformed data. 
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Contour plot of the centroids of three krill levels in the space 
defined by all sensitive variates except Psygoscelis spp. in 
decreasing order. Log transformed data. 
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f ________________________________________________________ _ 

Hacr DeAP PNYV Pach DOCE 

Figure 10 profiles of the means of three levels of krill abundance. Log 
transformed data. (+ = scarce or absent, * = present or 
abundant, # = highly abundant). 



Figure 11 Quantile contour plot 
(scarce or no krill). 
(*), 3rd Quartile (A) 
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• • 

. I 

. . 

for the position measures of treatment 1 
1st Decile (.), 1st Quartile (-), Median 

and 9th Decile (,). Log transformed. 
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Figure 12 Quantile Contour plot for the position measures of treatment 2 
(present or abundant krill). 1st Decile (.), 1st Quartile (-), 
Median (*), 3rd Quartile (~) and 9th Decile (,). Log 
transformed. 
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Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 
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WG-CEMP-87/9 

Legende du tableau 

Valeurs propres obtenues a partir de l'analyse de 
correspondance. 

Legendes des figures 

Analyse de correspondance des variantes liees au krill. 
Projection sur l'axe 1 (horizontal) et 2 (vertical). Les 
stations ou le krill etait fort abondant sont representees 
par KKKK ou *KKK si les stations sans krill ont les memes 
coordonnees. Les points marques d'un ! ne sont pas 
rapportes a l'echelle. Pachyptila spp = Pach; Pygoscelis 
spp = Pygs; oceanites oceanicus = OOCE; Pagodroma 
nivea = PNYV; Fulmarus glacialoides = FGLA; Daption 
capense = DCAP; Macronectes spp = Macr; Diomedea 
exulans ± Diomedea epomophora = Derr; Diomedea 
melanophris = DMEL; Phoebetria palpebrata = PPAL. 

Analyse de correspondance des variantes lieesau krill. 
Projection sur l'axe 2 (horizontal) et 3 (vertical). Pour 
la legende, voir la Figure 1. 

Analyse de correspondance de toutes les variantes. 
Projection sur l'axe 1 (horizontal) et 2 (vertical). Pour 
la legende, voir la Figure 1. 

Analyse de correspondance de toutes les variantes. 
Projection sur l'axe 2 (horizontal) et 3 (vertical). Pour 
la legende, voir la Figure 1. 

Trace de contour des centroides de cinq niveaux de krill 
dans l'espace defini par les 10 variantes dans un ordre 
decroissant. Donnees brutes. 

Trace de contour des centroides de cinq niveaux de krill 
dans l'espace defini par toutes les variantes sauf 
pygoscelis spp. dans un ordre decroissant. Donnees brutes. 

Trace de contour des centroides de cinq niveaux de krill 
dans l'espace defini par les variantes sensibles (obtenues 
a partir des donnees de documentation) dans un ordre 
decroissant. Donnees brutes. 

Trace de contour des centroides de trois niveaux de krill 
dans l'espace defini par toutes les donnees sensibles dans 
un ordre decroissant. Donnees transformees a 
l'introduction. 

Trace de contour des centroides de trois niveaux de krill 
dans l'espace defini par toutes les variantes sensibles 
sauf Pygoscelis spp. dans un ordre decroissant. Donnees 
transformees a l'introduction. 



Figure 10 

Figure 11 

Figure 12 

Tabla 1 

Figura 1 

Figura 2 

Figura 3 

Figura 4 

Figura 5 

Figura 6 

- 422 -

Profils des moyennes de trois niveaux de l'abondance du 
krill. Donnees transformees a l'introduction. (+ = rare ou 
absent, * = present ou abondant, # = tres abondant). 

Trace de contour du quantile pour les mesures de position 
du traitement 1 (krill rare ou absent). ler decile (.), 
ler quartile (-), mediane (*), 3eme quartile (A) et geme 
decile (,). Transforme a l'introduction. 

Trace de contour du quantile pour les mesures de position 
du traitement 2 (krill present ou abondant). ler decile 
(.), ler quartile (-), mediane (*), 3eme quartile (A) et 
geme decile (,). Transforme a l'introduction. 

Encabezamiento de la Tabla 

Autovalores obtenidos del analisis de correspondencia. 

Leyendas de las Figuras 

Analisis de correspondencia de las variables relacionadas 
con el krill. Proyeccion sobre los ejes 1 (horizontal) y 
2 (vertical). Las estaciones en las cuales el krill fue 
sumamente abundante se representan p~r KKKK, 0 por *KKK, si 
las estaciones sin krill tienen las mismas coordenadas. 
Los puntos marcados con ! estan fuera de escala. Especies 
Pachyptila = Pach; especies Pygoscelis = Pygs; Oceanites 
oceanicus = OOCE; Pagodroma nivea = PNYV; Fulmarus 
glacialoides = FGLA; Daption capense = DCAP; especies 
Macronectes = Macr; Diomedea exulans ± Diomedea 
epomophora Derr; Diomedea melanophris = DMEL; Phoebetria 
palpebrata = PPAL. 

Analisis de correspondencia de las variables relacionadas 
con el krill. Proyeccion sobre los ejes 2 (horizontal) y 
3 (vertical). Los encabezamientos son iguales a los de la 
Figura 1. 

Analisis de correspondencia de todas las variables. 
Proyeccion sobre los ejes 1 (horizontal) y 2 (vertical). 
Los encabezamientos son iguales a los de la Figura 1. 

Analisis de correspondencia de todas las variables. 
proyeccion sobre los ejes 2 (horizontal) y 3 (vertical). 
Los encabezamientos son iguales a los de la Figura 1. 

Trazado de contorno de los centroides de cinco niveles de 
krill en el espacio definido por las 10 variables en orden 
decreciente. Datos en bruto. 

Trazado de contorno de los centroides de cinco niveles de 
krill en el espacio definido p~r todas las variables, 
excepto las especies Pygoscelis en orden decreciente. 
Datos en bruto. 



Figura 7 

Figura 8 

Figura 9 

Figura 10 

Figura 11 

Figura 12 
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Trazado de contorno de los centroides de cinco niveles de 
krill en el espacio definido, por las variables sensibles 
(en base a datos obtenidos de la documentacion) en orden 
decreciente. Datos en bruto. 

Trazado de contorno de los centroides de tres niveles de 
krill en el espacio definido por todas las variables 
sensibles en orden decreciente. Datos transformados a 
logari tmos. 

Trazado de contorno de los centroides de tres niveles de 
krill en el espacio definido por todas las variables 
sensibles, excepto las especies Pygoscelis en orden 
decreciente. Datos transformados a logaritmos. 

Perfiles de los valores medios de tres niveles de 
abundancia de krill. Datos transformados a logaritmos. 
(+ = escaso 0 ausente, * = presente 0 abundante, 
# = muy abundante). 

Trazado Cuantil de Contorno para las medidas de la posicion 
del tratamiento 1 (krill escaso 0 ausente). ler D~cil (.), 
ler Cuartil (-), Mediana (*), 3er Cuartil (~) y 
90 D~cil (,). Transformados a logaritmos. 

Trazado Cuantil de Contorno para las medidas de la posicion 
del tratamiento 2 (krill presente 0 abundante). 
ler D~cil (.), ler Cuartil (-), Mediana (*), 
3er Cuartil (A) y 90 D~cil (,). Transformados a 
logaritmos. 

3aronOBOK K Ta6nJilue 

Co6CTBeHHwe 3HaqeHJilR, nonyqeHHWe npJiI aHanJil3e 

cOBnaAeHJili1. 

AHanJil3 COBnaAeHJili1 nepeMeHHbIx. OTHOCRlI\JilXCR K 

KpJilnro. npOeK~JiIJiI Ha OCJiI 1(ropJil30HTanbHYro) JiI 

2(BepTJilKanbHYIO). CTaH~JilJiI, BO BpeMR BbmOnHeHJilR 

KOTOPbIX KOnJilqeCTBO KpJilnR 5bInO OqeH b BenJilKO, 

OTMeqeHW CJilMBOnOM KKKK JilnJil *KKK - ecnJil y CTaH~Jili1 
5e3 KpJilnR Te me caMble KOOPAJilHaTbI. TOqKJiI, 

nOMeqeHHbIe "!", BbIXOART 3a npeAeJIbl MaCIIITa5a. 
Pach - BJilAbI Pachyptila, Pygs - BJilAW Pygoscelis; 
ooeE - Oceanites oceanicus, PNYV - Pagodroma nivea, FGLA -
Fulmarus glacialoides, DCAP - Daption capense, Macr -
B JilAbI Macronectes, Derr - Diomedea exulans ±. Diomedea 
epomophora, DMEL - Diomedea melanophris, PPAL - Phoebetria 
palpebrata. 
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PI1CYHOK 3 

PI1CYHOK 4 

PI1CYHOK 5 

PI1CYHOK 6 

PI1CYHOK 7 

PI1CYHOK 8 
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AHanl13 cOBnaAeHI1A nepeMeHHhlX, OTHOCR~I1XCR K 
Kpl1n~. npoeK41111 Ha OCI1 2(rOpI130HTanbHY~) 11 
3(BepTI1KanbHY~). YcnOBHble 0603HatfeHI1R - KaK 11 Ha 
PI1CYHKe 1. 

AHanl13 COBnaAeHI1A Bcex nepeMeHHhlx. npoeK41111 Ha 
OCI1 1 (rOpI130HTanbHY~) IiI 2 (BepTI1Kan bHY~). YCJIOBHble 
0603HatfeHI1R - KaK 11 Ha Pl1cYHKe 1. 

AHanl13 COBnaAeHI1A Bcex nepeMeHHhlx. npoeK41111 Ha 
OCI1 2(rOpI130HTanbHY~) IiI 3(BepTI1KanbHY~). YcnOBHble 
0603HatfeHI1R - KaK 11 Ha Pl1cYHKe 1. 

KOHTYPHoe nOCTpOeHl1e 4eHTpol1A nRTI1YPOBHeA 
KOnl1tfeCTBa KpI1nR B npocTpaHcTBe, onpeAeneHHoM 
10-~ nepeMeHHbIMI1 B nOp5lAKe y6bIBaHI1R. 
Heo6pa6oTaHHhle AaHHhle. 

KOHTYPHoe nOCTpOeHl1e 4eHTP0l1A nRTI1 YPOBHeA 
KOnl1tfeCTBa KpI1nR B npocTpaHcTBe, onpeAeneHHoM 
BCeMI1 nepeMeHHbIMI1, KpoMe BI1AOB Pygoscelis, B 
nopRAKe y6hlBaHI1R. He06pa6oTaHHhle AaHHhle. 

KOHTYPHoe nOCTpOeHl1e 4eHTP0l1A nRTI1 YPoBHeA 
KOnl1tfeCTBa Kpl1nR B npocTpaHcTBe, onpeAeneHHoM 
tfYBcTBI1TenbHbIMI1 (no ony6nl1KOBaHHbIM AaHHbIM) 
nepeMeHHbIMI1 B nopHAKe y6bIBaHI1H. Heo6pa60TaHHble 
AaHHble. 

KOHTYPHoe nOCTpOeHl1e 4eHTpol1A Tpex YPoBHeA 
KOnl1tfeCTBa Kpl1nH B npocTpaHcTBe, onpeAeneHHoM 
BCeMI1 tfYBcTBI1TenbHbIMI1 nepeMeHHbIMI1 B nopHAKe 
y6hlBaHI1H. ~aHHhle, npe06pa30BaHHhle 
nOrapl1~Ml1pOBaHl1eM. 

KOHTYPHoe nOCTpOeHl1e 4eHTP0l1A Tpex YPoBHeA 
KOnl1tfeCTBa Kpl1nH B npocTpaHcTBe, onpeAeneHHoM 
BCeMI1 tfYBcTBI1TenbHbIMI1 nepeMeHHbIMI1, KpoMe BI1AOB 
Pygoscelis, B nopHAKe y6bIBaHI1H. ~aHHble, 
npeo6pa30BaHHble no rapl1~Ml1pOBaHl1eM. 

npO~l1nl1 cpeAHl1x Benl1tfl1H Tpex YPOBHeA KOnl1tfeCTBa 
Kpl1nR. ~aHHble, npe06pa30BaHHble nOrapl1~Ml1pOBaHl1eM. 
(+ - peAKo BCTpetfaeTCR I1nl1 OTCYTcTByeT, * -
I1MeeTCR I1nl1 I1MeeTCR B 1iI30611nl1l1, # - OtfeHb 
6onbllioe KOnl1tfeCTBo). 

KBaHTl1nbHOe nOCTpOeHl1e KOHTypOB n03114110HHhlX 
113MepeHI1A cI1Tya41111 1 (peAKo BCTpetfa~I1AcH I1nl1 
OTCYTCTBY~I1A Kpl1nb). I-A Ae4Hnb (.), I-A 
KBapTl1nb (-), MeAl1aHHOe 3HatfeHI1e (*), 3-A 
KBapTl1nb (A) 11 9-A Ae411nb (,). ~aHHhle, 
npeo6pa30B aHHble nOrapl1~Ml1pOB aHl1eM. 
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KBBHTHRbHoe nOCTpoeHHe KOHTYPOB n03HQHOHHWX 
H3MepeHHM CHTYBQHH 2 CHMe~HMcH HRH HMe~HMcH B 
H306HRHH KpHRb). I-M AeQHRb C.), I-M KBBPTHRb 
C-), MeAHBHHoe 3HBqeHHe C*), 3-M KBBPTHRb CA) H 
9-M AeQHRb C,). ABHHWe, npe06pB30BBHHWe 
ROrBpH~MHpOBBHHeM. 


