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ting the importance of some other factors.

Abstract. The use of factor scores in multiple regression models which suffer greatly from collinearity
between the variables in the right hand of the equation is discussed. Data on the abundance of the angler-
fish, Lophius budegassa, (dependent variable) and temperature, salinity, depth and prey availability (in-
dependent variables) in the Mediterranean Sea were used. Temperature, depth and prey abundance were
significantly correlated with each other. Multiple regression techniques performed on the original, loga-
rithmically transformed data revealed temperature as the only variable determining the abundance of L.
budegassa. However, factor analysis (performed on the independent variables) and multiple regression tech-
niques (performed on factor scores and the dependent variable) revealed that the abundance of L. bude-
gassa is largely determined by temperature, depth and prey availability and, to a lesser extent, salinity.
Hence, collinearity may bias greatly the fit of multiple regression models by masking and/or underestima-

Introduction

In a recent paper Koslow et al. (1987) showed that
regression analysis failed to a certain extent to define
a group of environmental variables for the description
of fishery recruitment for cod and haddock in the
Northwest Atlantic during 1950-1980 due to the inter-
correlations between the independent variables. Stimu-
lated by this work, a way to cope with collinearity,
between ecological data sets used in the development
of multiple regression models in community studies, is
presented. Such correlations between the right hand
variables of the equation result from their sharing of
common factors. They can substantially affect the fit
of the model (Neter and Wasserman 1974) when a sta-
tistical identification of the factors affecting the abun-
dance and distribution of the biota is required. When
prediction is the object multicollinearity is not impor-
tant (Fewster 1987). The present essay is based on da-
ta of temperature, salinity, depth and prey availability
as related to the abundance of the anglerfish, Lophius
budegassa, in the Eastern Mediterranean Sea (Patrai-
kos, Korinthiakos Gulfs and the Ionian Sea, Greece)
(Fig. 1). L. budegassa, is a demersal fish dwelling at
depths ranging from shallow, coastal waters to 500 m.
It is distributed in the Mediterranean and the Eastern
North Atlantic from British Isles to Senegal (Caruso
1986).

Material and methods

Trawl samples were collected in June 1985 by means
of a 425 HP motorboat equipped with a 14 mm mesh-
size net (from knot-to-knot) at the cod-end. Sampling
took place over a grid of 27 stations in the Patraikos,

Korinthiakos Gulfs and the Ionian Sea (Fig. 1). Each

Table 1. Temperature in °C (T), salinity in o/00 (S), depth
in m (D), abundance of prey (P) and abundance of L. bude-
gassa (L) in number of individuals at sampling stations in
the Patraikos, Korinthiakos Gulf and the Ionian Sea in June
1985.

STATION T S D P L
1 14.5 39.5 76 567 10
4 15.2 39.6 47 71 0
7 14.0 39.3 115 1291 21
9 145 39.3 68 446 - 10

10 14.4 39.56 95 689 16
11 15.4 39.3 30 59 4
16 15.1 39.1 41 97 1
14 13.9 38.9 99 15 6
20 14.1 39.5 112 193 2
23 14.1 39.2 116 413 9
25 15.1 39.0 86 156 2
29 15.1 39.2 103 464 6
30 16.4 38.8 43 3 0
32 15.0 39.2 115 159 3
33 15.0 39.4 72 379 0
34 15.2 39.4 50 117 0
35 15.5 39.6 40 39 2

haul lasted 45 min. At the end of each haul bottom tem-
peratures and salinities were measured by means of a
CTD. Measurements were taken at 17 out of the 27 sam-
pling stations (Table 1) because of unfavorable weather
conditions. The total number of individuals of all spe-
cies caught was also determined. No replicate samples
were taken at each station. Bottom type was the same
at each sampling station (muddy sand). The abundan-
ce of L. budegassa and of its potential prey is expres-

" sed in number of individuals (per 45 min). The

abundance of the potential prey of L. budegassa was
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Fig. 1. Location of sampling stations.

estimated by summing up the number of individuals per
station of the following species: Merluccius merluccius,
Argentina sphyraena, Trisopterus minutus capelanus,
Trachurus trachurus, T. mediterraneus mediterra-
neus, Arnoglossus laterna, Cepola macrophthalma, Go-
bius sp., and Callionymus maculatus, which represent
more than 90% by weight of its diet in Greek waters
(Tsimenidis 1979).

All variables were transformed to natural logarithms
in order to stabilize the variance and achieve normali-
ty (Zar 1984). Factor analysis (principal component, va-
rimax rotation) was performed on temperature, salinity,
depth and adundance of prey in order to cope with high-
ly significant correlations observed between these in-
dependent variables. Such correlations result from their
sharing of common factors and can substantially affect
the fit of the model (Neter and Wasserman 1974) in the
case of a statistical approach as opposed to a predicti-
ve objective (Fewster 1987). When intercorrelations are
present standard errors of partial regression coefficients
are large and, hence, partial regression coefficients are
inaccurate estimates of the relationships in the popu-
lation (Zar 1984). As a consequence, partial regression
coefficients are not found to be statistically significant,
even when the independent and dependent variables

are related in the population (Zar 1984). In addition, in-
tercorrelation may lead to increased roundoff error in
the computation of regression statistics (Zar 1984). Two
factors, explaining the greater proportion of the total
variance, were retained. Subsequently, factor scores
were computed based on the regression method (No-
rusis 1986b). Factor scores, which are not correlated
with each other (Norusis 1986b), were used as indepen-
dent variables for the development of a stepwise linear
regression model. Backward elimination and forward
selection models (Norusis 1986a) were also evaluated.
All of these procedures identify subsets of variables that
are good predictors of the dependent variable. Varia-
ble selection is based on certain entry and/or removal
criteria (Norusis 1986a). Residual analysis was conduc-
ted in order to test the final model for violations of the
major assumptions of the regression technique. The mo-
del was consequently compared with that resulted from
multiple regression performed on the original, logarith-
mically transformed data. Statistical analysis was do-
ne using SPSS/PC + Statistical package with the default
criteria. Although there is no measure of how chance
effects of the semiquantitative bottom trawling sam-
pling procedure may influence variability, the data can
be used to discuss and compare these two methods of



Table 2. Correlation matrix of the logarithmically tran-
sformed data: A =temperature, B = salinity, C=depth,
D =prey and E =abundance of L. budegassa.
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Table 4. Results of factor analysis (principal component,
varimax rotation) performed on temperature (A), salini-
ty (B), depth (C) and abundance of prey (D).

A B C D Var Communality Factor Eigenvalue % Var Cum %
B .0210 A .79940 1 2.16818 54.2 54.2
C —.7452** —.0776 B .89895 2 1.24177 31.0 85.2
D —.3887 4416  .5614* C .89637
E —.6719* 0749 5518 4866 D .81523
Number of cases: 17 one-tailed significance: * — .01 ** — .001 Rotated Factor Matrix
FACTOR 1 FACTOR 2
statistical analysis.
A —.89409 .00121
. . B —.13117 .93901
Results and discussion C 04573 04427
The results are presented in Tables 1 through 5. Tem- D 57517 .69599

perature, depth and prey abundance were significan-

tly correlated with each other (Table 2). Although-

salinity was not found to be significantly correlated with
the remaining independent variables such correlations
are to be expected in nature at least as far as salinity,
depth and temperature are concerned. The results of
the fit of a stepwise multiple regression model on the
logarithmically transformed data are shown in Table 3.
Forward selection and backward elimination models re-
sulted in the same equation produced by the stepwise
selection model. Temperature was the only variable
that met entry and removal criteria, explaining 45% of
the variance in the abundance of L. budegassa.
Factor analysis (principal component, varimax rota-
tion) was performed on the independent variables (Ta-
ble 4). Two factors were extracted, explaining 85.2%
of the total variance of the variables (Table 4). The esti-
mated factor scores were used as the independent va-
riables in the development of a stepwise multiple
regression model (Table 5). Factor 1 was the only va-
riable that met entry and removal criteria. This factor

Table 3. Results of the stepwise multiple regression mo-
del performed on the logarithmically transformed varia-
bles. Dependent variable = abundance of L. budegassa.

is negatively related to temperature and salinity and
positively to depth and prey abundance (Table 4). Back-
ward elimination and forward selection models also re-
sulted in the same equation. Residual analysis did not
indicate any violations of the major assumptions of li-
near regression. In addition, the examination of the le-

2
verages for values greater than —;i = 0.12 (where

p=number of estimated parametres including constant,
N=number of cases; Villeman and Welsch 1981) did not
reveal the existence of an observation having an unu-
sual influence on the results of the regression. Howe-
ver, the examination of the Mahalanobis’ distance
showed that cases 6 and 17 (stations 11 and 35) had unu-
sual values for the independent variables which may
have a substantial impact on the results of the regres-
sion. When cases 6 and 17 were omitted, the values of
r2 and adjusted r 2 rose to 0.57 and 0.53 respectively.

It is clear that multiple regression performed on the
factor scores and the dependent variable revealed that

Table 5. Results of the stepwise multiple regression mo-
del performed on factor scores (FAC1, FAC2, see Table 4)
and the abundance of L. budegassa (dependent).

Multiple R 67187 Multiple R .65655
R. Square 45141 R. Square 43105
Adjusted R. Square 41484 Adjusted R. Square .39312
Standard Error 81157 Standard Error .82649

Analysis of Variance Analysis of Variance

DF Sum of Squares Mean Square DF Sum of Squares Mean Square
Regression 1 8.12957 8.12957 Regression 1 7.76294 7.76294
Residual 15 9.87968 .65865 Residual 15 10.24630 .68309
F= 12.34286 Signif F= .0031 F= 11.36451 Signif F= .0042

Variables in the Equation Variables in the Equation

Variable coefficient SE Beta T Sig T Variable B SE B Beta T Sig T
Temperature —19.41106 5.52511 —.67187 —3.513 .0031 FAC1 .69655 .20662 .65655 3.371 .0042
Constant 53.50721 14.88374 3.5695 .0027 Constant 1.22161 .20045 6.094 .0000
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the abundance of L. budegassa is greatly controlled with
both biotic and abiotic factors: temperature (negative-
ly), depth and prey availability (positively) and, to a les-
ser extent, salinity (negatively) as it is widely held in
the literature (e.g. MacArthur 1972; Cody and Diamond
1975; Thiery 1982; Strong et al. 1984). On the contra-
ry, multiple regression techniques performed on the ori-
ginal, logarithmically transformed, data indicated that
the abundance of L. budegassa is merely associated with
bottom temperature. This points out the importance of
using factor scores in multiple regression models which
suffer greatly from collinearity between the indepen-
dent variables. The latter bias greatly the fit of multi-
ple regression models by masking and/or
underestimating the importance of other factors. It
must be pointed out that in multiple regression models
the assumption of non-intercorrelated variables in the
right hand of the equation is an arbitrary requirement
which arises from the limitations in the use of the stan-
dard distributions for significance tests and hence al-
ternative tests suitable for a given sample may also be
found (Fewster 1987).
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