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* COMPARING K-DOMINANCE CURVES: YET ANOTHER SUGGESTION

Camilo B. Garcia

ABSTRACT

A simple procedure is presented which facilitates the comparison of k-dominance curves and
permits statistical comparison of replicated curves. Two indices are proposed, one for diversity (KDI)
and one for dominance (KDQO), which summarize the relationships in terms of diversity between one
assemblage and all the others in a given set of data, as it is depicted by k-dominance curves.

RESUMEN

Se presenta un procedimiento sencillo que facilita la comparacién de curvas de k-dominancia y
permite la comparacion estadistica de curvas replicadas. Se proponen dos indices: uno para diversidad
(KDI) y uno para dominancia (KDO) que sumavizan la relacién en términos de diversidad, tal como esta
relaciéon es representada por las curvas de k-dominancia, entre un ensamblaje y todos los demés den-
tro de un grupo dado de datos.

INTRODUCTION

The k-dominance curves introduced by Lambshead et al. (1983) have
become popular in benthic ecology as graphical means of studying diversity (e.g.
Warwick and Clarke, 1991). Their utility,' however, has been limited by the lack of
an appropiate procedure for statistical comparison of replicated curves. The clarity
of presentation, and with it, visual discrimination between curves, also declines
sharply as more curves are plotted together. Recently three suggestions have been
made to deal with the issues above (Clarke, 1990, McManus and Pauly, 1990, and
Garcia and Salzwedel, 1991). The first two deal specifically whith the extension of
the original idea, the ABC curves of Warwick (1986). These first two approaches
involve calculation of areas between curves. Clarke (1990) also suggested a trans-
formation of the y-axis to improve clarity of the plots. I introduce here a modifica-
tion of the strategy presented by Garcia and Salzwedel (1991) that is less cumber-
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some. The purpose is the same: clarity of presentation and interpretation, and as
mean of statistical comparison of replicated k-dominance curves which does not
involve major calculations.

PROCEDURE

By means of a visual comparison of all possible pairs of curves a triangular
Matrix of Comparisons (Garcia and Salzwedel, 1991) can be constructed where the
entries are assemblage labels and the indices can take on two values, following the
Lambshead et al. (1983) criteria: whether the assemblage on the row is more
diverse than the assemblage on the column (relation symbolized by >), or the
assemblage on the column is more diverse than the assemblage on the row (rela-
tion symbolized by V). When two curves cross they are not comparable
(Lambshead et al., 1983), symbolized by N.C. For each assemblage the number of
times it is found to be both more diverse and less diverse in the Matrix of
Comparisons is scored. When ranked, these numbers, which I will call k-diversity
and k-dominance indices, KDI and KDO, respectively, provide information as to
the global ordering of assemblages in terms of diversity and dominance as pictured
by k-dominance curves. If there is some spatial, temporal or other gradient, the
KDI and KDO indices can be plotted against the corresponding gradient’s values to
explore the behavior of diversity and dominance along the gradient. In the case of
replicated k-dominance curves, mean KDIs and KDOs and their standard devia-
tions can be calculated and plotted as above. The mean KDIs and KDOs can be
used as input for analyses of variance and other comparative analyses.

EXAMPLES

In order to ilustrate the application of the KDI and KDO indices to study the
behavior of diversity and dominance along gradients I will use the data of Pearson
(1975) on the evolution of two permanent benthos stations under pollution stress
through the discharge of an adjacent pulp mill. Lambshead et al. (1983) presented
k-dominance curves for Pearson’s station 2 for each year of the study from 1963 to
1973 (Fig. 5, page 866). Table 1 shows the corresponding Matrix of Comparisons
including the scored KDIs and KDOs. Figure 1 shows the plot of KDIs and KDOs
against the corresponding years.

The behavior of diversity during this period as shown by the KDI index is in
accordance with the conclusions of Pearson (1975) and posterior analyses of the
same data (e.g., Warwick, 1986). A trend of decreasing diversity is evident during
this decade. In 1970 the lowest diversity was reached (Fig. 1) perhaps in response
to the maximum discharge level of the pulp mill (Pe.rson, 1975). In 1971 and 1972
there appeared to be some signs of recuparation but in 1973 diversity dropped
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again (Fig. 1). Dominance as depicted by the KDO index behaved in the opposite
way, increasing during the decade (Fig. 1).

Table 1. Matrix of comparisons between sampling years (1963-1973) for Pearson's (1975) station 2 data. Based on
Lambshead et al..(1983) K-dominance piots of the same data (Fig. 5, page 866). KDI: K-diversity index, KDO: K-domi-
nance index, >: row year more diverse "' “n column year, V: column year more diverse than row year, N. C.: not com-
parable.
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Figure 1. Evolution of diversity and dominance at Pearson's (1975) station 2 during the sampling period from 1963 to -
1973 as depicted by the K-diversity and K-deminance indices.

Statistical possibilities of the KDI and KDO indices will be ilustrated with the
macrobenthos data set gathered and used by the Group of Experts on the Effect of
Pollutants (GEEP) set up by the International Oceanographic Commision, in their
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1986 workshop (Bayne et al., 1988). The sampling was done at 6 sites (four repli-
cates/site) along a contamination gradient in Frierfjord/Langesundfjord, Norway,
from the top to Langesund Bay (Bayne et al. 1988). The area is affected by different
sources of pollution including heavy industrial and municipal waste water (Follum
and Moe, 1988). Raw data were taken from table 1 of Appendix 3 of the Marine
Ecology Progress Series Special Vol. 46.

Table 2 shows the Matrix of Comparisons including mean values for the KDI
and KDO indices. Ranking the mean KDIs in decreasing order the following pat-
tern is obtained: A>G>E>D>B>C, where the letters are station labels (Follum and
Moe 1988). Analysis of Variance (ANOVA) of mean KDIs indicates that there are
differences in mean diversity as depicted by k-dominance curves between stations
(p=0.000, table 3). The Tukey HSD multiple comparisons test identifies station A as
different from all the others (p=0.000, table 4), whereas station C was found differ-
ent from stations G and E (p<0.05). Thus a gradient of diversity does exist: station
A is distinct and the most diverse, stations G+E are truly more diverse than station
C and stations D+B are intermediary between estations A+G+E and station C.

Table 2. Matrix of comparisons between replicated K-dominance curves for six sites sampled during the 1986 GEEP
workshop (Bayne et al. 1988). KDI and KDO + standard deviation. S.U.: sampling unit. See table 1 for acronyms and
symbols.

SU. A1 A2 A3 A4 B1 B2B3 B4 C1 C2 C3 C4 Dt D2 D3 D4 E1 E2 E3 E4 Gi G2 G3 G4
Al - > V VvV > > > > > > > > > > > > > > > > > > > >
A2 -V VvV o> > > > > > > > > > > > > N.C N.C N.C > > > >
A3 -V s s > > > > > > > > > > P > > > > >
A4 I > > > > > > > > > x> > > > > >
B1 - > > N.C > > > > N.C NC > > N.C N.C N.C N.C N.C N.C N.C
B2 -V NCNC> NCNCV V NCV vV V. V NCV Vv V '
B3 - > NC > > > > NCNC > V N.C N.C N.C NC N.C N.C NC
B4 - NC> NCNCV V NCV vV V. V. V VvV Vv vV Vv
c1 - > > > N.C NC V N.C N.C NCNC NCV NC NC V
c2 - vV NCV V V v vV V. vV V Vv Vv V v
C3 - NCV V NCV v V. vV V V Vv Vv v
Cc4 - v V Vv v v V. V. V V V V¥ Vv
D1 - V NC NC V NCNCNCV NCNC NC
D2 - N.C > N.C N.C N.C N.C N.C N.C N.C NC
D3 - N.C N.C NC NC V NC > N.C N.C
Da : - ¥V V. NCNCV NCV \
E1 - N.C N.C N.C N.C > > N.C
E2 - > N.C NC > N.C N.C
E3 - N.C NC > N.C N.C
E4 N.C NC NC N.C
G1 - > > N.C
G2 - N.C V
G3 - N.C
G4

KDI 21 16 22 23 8 1 7 1 3 o 1 0 5 7 5 5 10 8 6 4 10 5 6 8
KDO 2 3 1 0 4 16 6 17 7 22 18 19 9 4 3 12 4 3 4 4 4 10 6 4

Mean KDI 20.5+3.1 4.3£3.8 1.044.0 5.5+1.0 7.0+2.6 7.382.2
Mean KDO 1.5+1.3 10.846.7 16.546.6 7.0+4.2 3.8+0.5 6.0+2.8
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Confirmation of this picture is obtained when ANOVA is applyed to the
KDOs. There is a significant difference between mean KDOs (p<0.01, table 3). The
Tukey HSD multiple comparisons test identifies station C as different in mean
dominance to the other stations excepting stations B and D (p<0.05, table 4).
Stations B and D, however, are not different from the others (p>0.05, table 4).

Table 3. ANOVA tables for the comparison of mean KDIs and KDOs for six sites sampled during the 1986 GEEP work-
shop (Bayne et al., 1988). SS= sum of squares, df= degrees of fredom, MS= mean squares. P<0.05 is considered sig-
nificant. Out put produced by the SYSTAT stats procedure (Wilkinson, 1988).

KDt

Source S8 df MS F P
Between groups 904.3 5 180.8 28.1 .000
Within groups 115.5 18 6.4

KDO

Source ss df MS F P
Between grouops  567.3 5 115.2 59 .002
Within groups 347.5 18 19.3

Table 4. Tukey HSD multiple comparisons matrix of pairwise comparison probablities between mean KDI and KDO
values for six sites sampled during the 1986 GEEP workshop (Bayne et al. 1988). Probabilities less than .05 are con-
sidered significant. Output porduced by SYSTAT stats procedure (Wilkinson, 1988).

KDI
Sites A B C D E G
A 1.000
B 0.000 1.000
C 0.000 0.482 1.000
D 0.000 0.980 0.172 1.000
E 0.000 0.648 0.036 0.956 1.000
G 0.000 0.564 0.027 0.919 1.000 1.000
KDO
Sites
A 1.000
B 0.074 1.000
C 0.002 0.461 1.000
D 0.507 0.828 0.063 1.000
E 0.976 0.263 0.007 0.869 1.000
G 0.699 0.652 0.033 0.999 . 0.976 1.000

The results above are well in agreement with the results of the GEEP work-
shop. A variety of univariate measures identified stations B and C as the most
stressed followed by D, E, G and A in decreasing order. Indicator taxa suggested a
stress condition for stations B, C and D, and “unpolluted” conditions for stations G
and A, whereas the status of station E was equivocal. ABC plots indicated that sta-
tions C and D were “moderately to grossly polluted”, stations B and E were “mod-
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erately polluted” and stations G and A were “unpolluted” (Warwick, 1922). The
quotation marks reflect the fact that the assemblage structures followed a depth
gradient rather than a pollution gradient (Warwick, 1988). Figure 2 shows selected
k-dominance curves in order to illustrate the diversity relation between stations.

100 g

90 —
A4

80

Q

g 704 B4

£ = e

E 60 c2

ke =

® 50 Da

g

2 e

= 40

o]

35 E1

E 30 —

© G3
20
10]
01 T T T I\I\Y1I0 T T T T T T II“OO

Log species rank
Figure 2. K-dominance curves for the sites sampled (selected replicate site) during the 1986 GEEP workshop (Bayne et
al., 1988) showing the relationship between the sites in terms of diversity as depicted by the curves. Legends in the
figure correspond to site replicate labels.

DISCUSSION

The evident inverse correlation between KDI and KDO indices (see Fig. 1) is
of course not surprising on theoretical grounds (diversity and dominance are
inverse complementary concepts). However, the KDO index is not necessarily the a
mirrow image of the KDI index. For instance, the Spearman correlation between
KDI and KDO for the second exemple here is -0.8. This is due to the fact that diver-
sity also depends on the number of species and an assemblage may be more often
noncomparable, according to the criteria of Lambshead et al. 1983, than other.
Noncomparability, however, occurs not only when there is a marked difference in
species numbers. It may also arise when one assemblage shows higher incidence of
codominance in relation to another.

Since the value of the KDI and KDO indices is inversely related to the num-
ber of noncomparable scores, it is convenient to keep it low. Very often the crossing
of k-dominance curves occurs at the end, reflecting a slight difference in species
numbers. In such cases, I suggest to ignore the crossing, provided it does occur at
the very end of the curves. This is equivalent to reduc.ng the data matrix by elimi-
nating rare species, a common procedure in benthos studies (e.g. Field et al., 1982).
On the other hand to ignore crossings due to codominance in one assemblage with
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respect to the other would render the procedure useless.

The approach introduced here may prove to be useful on account of its stm-
plicity and because it rescues the idea of noncomparability of assemblages in terms
of diversity under certain circumstances (see Lambshead et al., 1983 and references
therein), which has beeii neglected since then. Naturally the procedure must be
tested in different situations to explore its limitations.
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