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ABSTRACT: In descriptions of fish communities, the question of which measure of abundance should 
be used, whether numbers or biornass, has never been addressed. While both measures are often 
available, the common practice is to use numerical abundance for such descriptions, without any 
explicit justification for this choice. In order to contribute to the clarification of this issue, we have 
compared correspondence analyses/TWIA-classifications performed on both the numerical density 
and the biomass of the same trawl catches from a region off the western coast of Africa. The situation 
in which the quantitative aspect of the samples is disregarded, represented by presence/absence 
analyses, is illustrated for comparison. As it appeared likely that the length of the ecological or bio- 
geographical 'gradient' would be of importance in how different the results of the 2 abundance 
measures would emerge, a series of subsamples of the total material, representing shorter ecological 
gradients, was also analysed. The analyses show that in most situations the choice between numbers 
and biornass matters little. However, in the case of short ecological 'gradients', when all or the large 
majority of species are common to all samples studied, and the individual fish sizes are different, there 
may be a marked difference in the patterns shown by the alternative measures of abundance. 

INTRODUCTION 

In the quantitative description of animal communi- 
ties, numerical abundance is most commonly used as 
abundance measure. This trend is also reflected in the 
study of fish communities (Day & Pearcy 1968, Markle 
& Musick 1974, Haedrich et al. 1975, Chavez 1979, 
Haedrich et al. 1980, Yariez-Arancibia et al. 1980, 
Colvocoresses & Musick 1984, Costa 1986, Bennett 
1989, Mahon & Smith 1989, Mas-Riera et al. 1990, 
Bergstad 1991), with the exception of a few, fishery- 
related studies, where it seemed more natural to use 
biomass values (Gabriel & Tyler 1980, Overholtz & 
Tyler 1984, McManus 1985, Bianchi 1991). Presence/ 
absence has also been used by some authors (Fager & 
Longhurst 1968, Warburton 1978, Vargas Maldonado 
et al. 1981, Lleonart & Roel 1984, Rainer 1984, Yafiez- 
Arancibia et al. 1985, Roel 1987). 

While a number of authors have discussed which 
value to use in the description of community structure, 
for example diversity measures (e.g. Wilhm 1968 and 
Bechtel & Copeland 1970), this question does not 

appear to have been seriously addressed for multi- 
variate analytical techniques used to identify species 
associations in a given sampling area. In the present 
study we confine ourselves to considerations of the use 
of numerical abundance vs biomass for multivanate 
analyses to detect patterns of species associations by, 
in particular, (Detrended) Correspondence Analysis 
[(D)CA; Hill & Gauch 19801 and Two-Way Indicator 
species Analysis (TWIA; Hill 1979). 

MATERIALS AND METHODS 

Materials. The data used in the present study are 
taken from the investigation on the demersal assem- 
blages off Congo and Gabon (Bianchi 199213). The 
data were collected in January-February 1989, and 
comprise a total of 94 stations and 314 species. The 
geographical area included, and the equipment used, 
are described in Bianchi (1992b). Both numbers and 
biomass were recorded for each species caught in this 
survey, but only the biomass values were used in the 
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analysis of the demersal assemblages. In the present 
article, analyses based on the numerical abundances 
are compared with equivalent analyses based on bio- 
mass values. Presence/absence values are included as 
well, whenever it was felt appropriate. As there is 
reason to believe that the lengths of the environmen- 
tal gradients covered are of importance for interpret- 
ing the results, several data sets representing ecologi- 
cal gradients of different lengths are included in the 
study. The main ecological gradient is represented by 
the first axis of Detrended Correspondence Analysis, 
its length expressed in standard deviation units (SDU) 
(Jongman et al. 1987). Thus, in addition to the com- 
plete material (as presented in Bianchi 1992b) repre- 
senting the longest gradient (ca 9.4 SDU), successive 
subsets of the total are used to represent shorter 
gradients. Thus a medium gradient (5.4 SDU) is 
represented by a subset of 75 stations, and 3 short 
gradients (2.6, 2.3, and 1.7 SDU) consist of 24, 21, and 
16 stations respectively. 

Methods. Following the methods adopted in a series 
of papers by the first author on the benthic assem- 
blages outside the coast of several tropical areas, viz. 
the Pacific coast of Central America (Bianchi 1991), 
Angola (Bianchi 1992a) and Congo-Gabon (Bianchi 
1992b). DCA and TWIA have been singled out for 
detailed analysis. These techniques have been in 
common use among community ecologists for several 
years (e.g. Jongman et al. 1987), and should need no 
further introduction. The computer programs for the 
implementation of DCA and other ordination tech- 
niques are all included in the program package 
CANOCO (ter Braak 1990). While a certain element 
of arbitrariness is introduced in DCA through the 
detrending procedure (see Jackson & Somers 1991), 
this is probably of no concern as long as the same 
method is used throughout. In the present case, the 
default value (26) of number of segments in the de- 
trending procedure is used. 

TWIA (implemented by the program TWINSPAN; 
Hill 1979) produces a hierarchical classification in 
which the number of groups is doubled at each 
division level. Thus at division level 1, 2 groups are 
generated, 4 groups at level 2,  and so on. TWIA is 
related to (D)CA in the sense that the ranking of the 
stations is based on the first (D)CA-axis. However, the 
ways the abundances are used in these 2 programs 
are different. While abundance values are used as 
input to DCA, in TWIA, the abundance values are 
replaced by so-called pseudospecies. The pseudo- 
species cut levels for numerical abundance were set 
to reflect the range of abundances in the data set (0, 
10, 100, 1000, and 10 000). The cut levels for biomass 
were chosen so that a rough correspondence to the 
categories used for numerical abundance was estab- 

lished, thus facilitating comparison between the 
results. The mean weight for all fishes caught was 
calculated, and cut levels roughly corresponding to 
10, 100, 1000, and 10000 such 'average' fishes were 
selected. The resulting cut levels were then rounded 
to 0, 0.5, 5 ,  50, and 500 kg. 

Presence/absence was used as an 'abundance 
measure' in 2 ways: to serve as a comparison with 
numerical abundance and biomass for the data sets 
representing the 3 longest gradients in the DCA, 
and, with the help of TWINSPAN, to define 'inde- 
pendent' groups of reference stations for all data 
sets. For the 2 longest gradients, the number of 
groups thus defined was 8, while the number of 
groups varied between 4 and 7 for the 3 shortest 
gradients. The TWINSPAN groups defined in this 
way were used to identify and circumscribe faunally 
related stations in the various DCA plots, with the 4 
groups generated at level 2 of WINSPAN as main 
groups, and the extra groups generated at level 3 as 
subgroups. 

Both numerical and biomass values were ln(x+l)- 
transformed before analysis with DCA. This is common 
practice in community studies to reduce the influence 
of aberrant h g h  values, to give less weight to domi- 
nant species, and thus to increase the weight given to 
the qualitative aspect of the data. 

The results from the DCA analyses based on 
numerical abundance and biomass (DCAn and DCAb) 
were compared by RDA (Redundancy Analysis), the 
canonical form of PCA (Principal Component Analysis). 
The Pearson product-moment-, and Spearman rank 
correlation coefficients between the station scores on 
each of the 4 axes obtained from DCAn and DCAb are 
also presented. 

The station scores from DCAn and DCAb were 
used as analogues of species abundances and envi- 
ronmental variables, respectively, in the input to 
RDA. To test the hypothesis that the results from the 
2 ordinations are completely independent, a Monte 
Carlo permutation test was performed, using the 
residuals after fitting 'environmental' (i.e. DCAb) 
variables (ter Braak 1990). As this hypothesis was 
rejected for all our data sets, and the F-type test cri- 
terion was considered unsuitable for comparing the 
results across different gradient lengths, the sum of 
all canonical eigenvalues (trace) was used as a 
measure of how well the 2 sets agreed. As the sum 
of all unconstrained eigenvalues in PCA/RDA is 
always equal to 1 (because of the scaling of the 
species data; ter Braak 1990), in this case the sum of 
the canonical eigenvalues is equal to the ratio be- 
tween the 2 sets. 

The results from TWINSPAN were compared by 
calculating the proportions of stations common to 
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corresponding clusters at each level of classification. (no element in common in any of the clusters) and 1 (all 
This was done with a variant of the Jaccard index of elements in corresponding clusters are shared). 
similarity: 

RESULTS 

Long gradient 

where S, expresses the similarity between the classifi- Fig. 1 shows all 94 Congo-Gabon stations in a plane 
cations derived from numerical and biomass abun- defined by the first 2 DCA-axes, based on numerical 
dances, for division level:'; m, = the number of clusters abundance and biomass. Table 1 shows the eigenvalues 
at division level j ;  c, = the number of shared elements and the gradient lengths for both of these abundance 
of the ith cluster; a, and bi = the elements unique to the measures, as well as for presence/absence data. The 
i'th cluster of each classification. 5, varies between 0 first axis of this data set covers a gradient of about 9 

Fig. 1. Detrended correspondence analysis 
of the 94 stations of the Congo-Gabon 
material, long gradient (SDU, standard 
deviation units). Plots based on (A) numer- 
ical abundance and (B) biomass. Corre- 
sponding groups from TWINSPAN based 
on presence/absence data are indicated by 
different symbols, Roman numerals and 

lower-case letters 

I I I I I I I I 

0 1 2 3 t, 5 6 7 8 9 10 

D C A  A X I S  1 

D C A  A X I S  1 
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Table 1 .  Eigenvalues and lengths of environmental gradient Table 2. Summary of the various correlations between scores 
(SDU, standard deviation units) for the first 4 axes of DCAn, from the DCA based on numerical abundance and biomass 

DCAb and DCAp/a, long gradient (34 stations) 
l I 

Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalue 

DC An 0.883 0.415 0.335 0.256 
DCAb 0 907 0.467 0.381 0.285 
DCAp/a 0.868 0.424 0.326 0.247 

Length of gradient 

DCAn 8.7 4.9 3.3 3.3 
DCAb 9.4 6.0 3.2 5.0 
DCAp/a 8.6 5.0 3.2 4.0 

SDU and the stations are arranged from left to right ac- 
cording to increasing depth (from about 10 to 750 m). 
The similanty between the 2 plots is striking and the 
various station groups lie in similar positions and with 
approximately the same degree of overlap between 
groups. However, some minor differences in the posi- 
tion of a few stations are apparent, especially along the 
second axis. In particular, the uppermost station (in 
Subgroup IIa) in the biomass plot appears as an outlier. 
This is due to the presence of some rare species, com- 
bined with relatively low biomass for the common 
species. These common species still dominate in terms 
of numerical abundance, however, so that this particu- 
lar station does not deviate from the majority of the sta- 
tions in this subgroup in the DCAn plot. The apparent 
similarity between the 2 ordinations is confirmed by 
the high value of the trace (0.927; Table 2), as well as a 
very high F-ratio. The correlation (Table 2) between 
Axis 1 in the DCAn and DCAb is very high, and still 
rather high for Axis 2. For the lower axes the correla- 
tion is low or negative, and probably not significantly 
different from zero. The general impression is that the 
groups appear somewhat better defined and perhaps 
with less overlap in the DCAn than in the DCAb plot. 

As seen in Table 3, the correspondence is absolute 
between the 2 TWINSPAN classifications for level 1, 
and still very high for level 2. For levels 3 and 4 the cor- 
respondence is still acceptable, while there is a sharp 
decline for level 5. 

Pearson Spearman RD A 

Overall Trace 
F-ratio 

Long gradient (8.7, 9.4 SDU) 

Axis l 0.997 0.992 281.14 0.927 
Axis 2 0 889 0.885 
Axis 3 0.657 0.054 
Axis 4 -0.124 0 . 1 0 5  

Medium gradient (5.1, 5.4 SDU) 

Axis 1 0.993 0.988 183.62 0.913 
AXIS 2 0.943 0.927 
Axis 3 0.499 0.328 
Axis 4 0.648 0.601 

Short gradient (2.5, 2.6 SDU) 

Axis 1 0.975 0.951 19.98 0.882 
Axis 2 0.838 0.843 
Axis 3 0.347 0.414 
Axis 4 0.568 0.278 

Short gradient (2.3, 2.4 SDU) 

Axis 1 0 883 0.861 7.94 0.665 
Axis 2 -0.016 0.014 
Axis 3 -0.511 -0.635 
Axis 4 0.257 0.300 

1 Short gradient (1 .7  1.8 SDUJ 

A x ~ s  1 0.866 0.900 4.03 0.594 
Axis 2 -0.088 -0.156 
Axis 3 0.020 -0.038 
Axis 4 -0.011 -0.021 

Medium gradient 

To illustrate a medium long gradient (ca 5 SDU), the 
75 samples constituting Groups I and I1 from the first 
analysis were selected. This data set consists of the 
shelf stations down to about 200 m depth. Fig. 2 shows 
the ordinations based on numerical abundances and 
biomass values respectively. Compared to the first 
analyses, the direction of the major gradient (Axis 1) is 
nosv reversed. The similarity between the 2 ordinations 
is still high, reflected in a trace value only slightly 

Table 3. Modified Jaccard similarity indexes (S,) for TWINSPAN classification based on numerical vs biomass abundance, 
for gradients of 5 different lengths 

Level Long (9.4 SDU) Medium (5.4 SDU) Short (2.6 SDU) Short (2.4 SDU) Short (1.8 SDU) 

1 1 1 1 0.83 0.60 
2 0.94 0.90 0.85 0.52 0.45 
3 0.81 0.83 0.55 
4 0.81 0.63 
5 0.62 
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lower than the one for the longer gradient, and is also 
apparent from the Pearson and Spearman correlation 
coefficients for the first 2 axes. There is actually a 
higher correlation between Axes 2 than in the case of 
the long gradient (Table 2). The impression is still that 
DCAn results in somewhat more well-defined groups 
with higher resolution than DCAb, especially as re- 
gards the clear distinction between the 2 subgroups of 

DCA A X I S  l 

D C A  A X I S  1 

Fig. 2. Detrended correspondence analysis of a subset of 75 
stations of the Congo-Gabon material, medium gradent (SDU). 
Plots based on (A) numerical abundance and (B) biomass. 
Corresponding groups from TWINSPAN based on presence/ 
absence data are indicated by different symbols, Roman num- 

erals and lower-case letters 

Group I. I t  is also obvious that the eigenvalues and 
lengths of gradients for Axis 2 are actually much 
higher relative to the values for Axis 1, for the medium 
than for the long gradient (Tables 1 & 4). 

The srmilanty between the TWINSPAN classifications 
for this gradient is perfect at the first division level, be- 
comes slightly lower at the second and third, and drops 
abruptly at the fourth division level (Table 3). Thus only 
about 60 % of the stations at this level are shared 
between the 8 clusters of the classification based on 
numbers and the one based on biomass values. 

Table 4. As in Table 1 but for the medium long gradient (75 
stations) 

Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalue 

DCAn 0.746 0.455 0.266 0.183 
DCAb 0.773 0.482 0.411 0.254 
DCAp/a 0.697 0.430 0.246 0.191 

Length of gradient 

DCAn 5.1 5.2 3.4 2.8 
DCAb 5.4 5.0 5.3 5.0 
DCAp/a 5.0 4.7 3.7 2.3 

Short gradients 

To illustrate a number of 'short' environmental gradi- 
ents, the 24 stations belonging to Group I11 in the plots 
used for medium gradient were selected (Table 5). This 
data set was then further reduced in 2 steps (Tables 6 & 
?), first by removing a group of 3 stations clearly sepa- 
rated from the remaining groups in Fig. 3, and finally a 
further 5 somewhat scattered stations, to show what 
happens with data sets representing really short envi- 
ronmental gradients below values of, say, 2 SDU. Figs. 3, 
4 and 5 show the plots resulting from DCAn and DCAb 
for these data sets, representing ca 2.5, 2.3 and 1.7 SDU 
respectively. Visual inspection of the plots shows that 
the similarity is still very high in the case of the longest 
(24 station 'gradient') of the 3 'short' gradients, while the 
correspondence falls off steeply between this and the 
next (21 station 'gradient') plots. This impression is con- 
firmed by the values of the correlation coefficients in 
Table 2, where the trace for the RDA analysis is still high 
for the 24 station plots while it falls off to a significantly 
lower level for the remaining plots. The same result is 
shown by the correlation between indvidual axes, for 
w l c h  an apparent discontinuity in the gradual decline 
of these values is seen between the 24 station values and 
the ones for the 21 station analysis. This is mainly due to 
a change in ranlung of the axes, as the former Axis 1 be- 
comes Axis 2 after removal of the 3 stations in Groups I11 
and IV in Fig. 3. Thus the correlation between Axes 1 
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Table 5 As in Table 1 but for shorter gradient (24 stations) 

Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalue 

DCAn 0.401 0.226 0.147 0.062 
DCAb 0.365 0.257 0.143 0.095 
DCAp/a 0.389 0.221 0.148 0.100 

Length of gradient 

DCAp/a 2.5 2.2 1 .? 

Table 6. As in Table 1 but for shorter gradient (21 stations) 

Axis 1 Axis 2 Axis 3 AXIS 4 

Elgenvalue 

DCAn 0.281 0.168 0.102 0.038 
DCAb 0.311 0.181 0.117 0.086 

Length of gradient 

DCAn 2.3 1.7 1.4 1.3 
DCAb 2.4 2.0 1.7 1.5 

Table 7. As in Table 6 but for shorter gradient (16 stations) 

Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalue 

DCAn 0.230 0.172 0.109 0.039 
DCAb 0.245 0.170 0.067 0.031 

Length of gradient 

DC An 1.7 1.7 1.5 1.2 
DC Ab 1.8 1 .8 1.5 1.2 

falls from 0.98 to 0.88, while that for Axes 2 falls from 
0.84 to zero, for this small drop in length of environ- 
mental gradient (from 2.5 and 2.6 in the former case to 
2.3 and 2.4 in the latter). While it is still fairly easy to 
identify correspondmg groups in the 2 DCA plots for the 
24 station 'gradient', such an identification is only possi- 
ble with some difficulty for 2 or 3 of the subgroups in the 
plots for the 21 station 'gradent', and none of the groups 
in the 16 station 'gradient' plots can be so identified. 
The dramatic drop in the F-ratios from the medium to 
the short gradients, as shown in Table 2, is less easily 
interpreted. The comparisons between the TWINSPAN 
classifications (Table 3)  show that whlle, for the 24 
station classification, the correspondence is still excel- 
lent to good for the first 2 levels (down to 0.55 at the h d  
level, however), only for the first level an acceptable 
correspondence remains for the 21 station classification, 
and very little, if any, similarity is evident for the 2 levels 
shown for the 16 station classification. 

D C A  A X I S  1 

D C A  A X I S  l 

Fig. 3. Detrended correspondence analysis of a subset of 24 
stations of the Congo-Gabon material, short gradient (SDU) 
Plots based on (A) numerical abundance and (B) biomass. 
Corresponding groups from TWINSPAN based on presence/ 
absence data are indicated by different symbols. Roman 

numerals and lower-case letters 

DISCUSSION 

When discussing the relative merits of various meas- 
ures of abundance (or 'importance value') for multi- 
variate analyses of animal communities, it is important 
to take into account the purpose of the investigation, as 
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D C A  A X I S  l D C A  A X I S  l 

D C A  A X I S  1 DCA A X I S  1 

Fig. 4 .  Detrended correspondence analysis of a subset of Fig. 5 .  Detrended correspondence analysis of a subset of 
21 stations of the Congo-Gabon material, 'shorter' gradient 16 stations of the Congo-Gabon material, shortest gradient 
(SDU). Plots based on (A) numerical abundance and (B) bio- (SDU). Plots based on (A)  numerical abundance and (B) bio- 
mass. Corresponding groups from TWINSPAN based on mass. Corresponding groups from DVINSPAN based on 
presence/absence data are indicated by different symbols, presence/absence data are ind~cated by different symbols. 

Roman numerals and lower-case letters Roman numerals and lower-case letters 

well as the nature of the data. Thus, in a purely ex- stray singletons to be unimportant. In cases when finer 
ploratory survey, when the sole purpose is to establish detail is wanted, and especially when correlations with 
coarse 'associations' of organisms living in a particular environmental or biotic data are to be established, the 
geographical region, it is probably unnecessary to pro- choice between numbers (or numerical density) and 
ceed beyond presence/absence. The only condition is biomass could be critical. Of course, if all the organ- 
that the samples (or catches) are large enough for the isms of interest are more or less of the same size, the 
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distinction will become academic, and can safely be 
ignored. In comparing fish communities, especially if 
based on trawl catches in which a wide spectrum of 
size categories is represented, the choice could be 
critical, however. The problem of which value (either 
numbers or biomass) should be representative of 
species abundance in community studies rises just 
because there is usually a wide variation in individual 
weight among species and within the same species at 
different ages. 

It appears from our study that the choice between 
these 2 abundance values is not critical in the case 
of community analyses based on methods related to 
Correspondence Analysis, including TWINSPAN. This 
is true for data sets covering long gradients, while a 
clear decreasing correspondence is shown when 
analysing short gradients. 

There is a high degree of correspondence between 
the plots based on numbers and biomass for the 3 
longest environmental gradients, while the corre- 
spondence deteriorates rapidly somewhere between a 
gradient of 2.6 and 2.3 SDU (Tables 2 & 3) .  Thus, while 
much valuable information is to be gleaned from a 
juxtaposition of the 2 categories of plots, for most 
investigations covering long environmental gradients 
(more than about 2.5 SDU), biomass and numbers 
seem to be about equally suitable as abundance meas- 
ures for exploratory studies of fish communities. The 
increase in correlation between Axes 2 from the long 
to the medium DCA's (Table 2) may be because the 
influence of the outlier station in the long gradient 
biomass plot is much reduced in the corresponding 
medium gradient plot. 

The reason for the similarity in the results of ordina- 
tions/classifications using different types of abundance 
data can be explained by the nature of CA and related 
methods. The double standardization implied in the 
algorithm (to species total for a species and to site total 
for a site) reduces the quantitative aspect of the data. 
For this reason, and particularly if the data have been 
log-transformed, the differences between the use of 
numbers or biomass will be minimal. This is obviously 
true only when the data analysed cover long gradients, 
i.e. where there is a clear succession of species along a 
gradient, in the area covered. In the case of short 
gradients, as for example in the extreme case where all 
species are common to all sites, the quantitative as- 
pects will become more important and the differences 
in the results based on numerical abundance and bio- 
mass will become more conspicuous. 

The 2 different aspects implied in abundance data, 
viz, the qualitat~ve aspect (presence or absence of the 
species) and the quantitative aspect i.e. regarding 
differences in abundance when the species is present, 
are thus differently stressed depending on the multi- 

variate analysis techniques used and/or the length of 
the ecological gradient covered by the data set. 

The generality of these conclusions may of course be 
challenged on the grounds that this particular data set 
is incapable of illustrating the many facets of natural 
fish communities representing various environmental/ 
biogeographical gradients. A more ideal approach 
would probably be to analyse a series of simulated fish 
communities, in which the environmental gradient is 
varied over a broad spectrum, and various levels of 
noise are introduced. With the fragmentary knowledge 
of the assemblage rules for fish communities, this 
possibility is not very realistic at the moment, and we 
could not see any realistic alternative to the present 
investigation for our purpose. Another possible objec- 
tion to the generality of the results is that other multi- 
variate methodologies might be more sensitive to the 
choice of abundance measures than DCA and TWIN- 
SPAN, and we do not of course claim that our conclu- 
sions could be extrapolated to other such methods. 

An investigation of this type is incapable of settling 
the question of which abundance measure is 'best', 
whenever the correspondence between 2 alternatives 
is small or nonexistent. When, as in this case, the cor- 
respondence falls from excellent or good to dismal with 
a shrinking environmental gradient, it may be because 
there is really no natural pattern in the data, and that 
any attempt at grouping would be equally meaning- 
less. A possible explanation for lack of meaningful 
patterns in material of this kind is the presence of 
sampling 'noise', which would be more serious the 
shorter the gradient sampled. The potential effects of 
such sampling noise cannot be disregarded in our 
chosen example. A trawl of the kind used in this inves- 
tigation is not at all immune to such criticism, and both 
the way it works, as well as seasonal and diurnal vari- 
ations in the swimming behaviour of the animals 
sampled, will influence the reproducibility of the 
catches. Thus it is perhaps best to restrict this kind of 
investigation to environmental gradients longer than 
ca 2.5 SDU. In the spirit of Gordon (1982, p. 134), it 
might be wise only to accept as 'good' groups those 
clearly identifiable from analyses of both numerical 
abundance and biomass. 
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