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A bstract: Canonical correlation  analysis is applied to m easurem ents o f  env ironm ental variables and  spe­
cies d istribu tions made during  a survey o f  m acroben thos a ro u n d  a sew age-treatm ent farm  drain . The 
im plications o f  data  reduction , necessary to  enable the m ethod  to proceed, are  discussed. The am oun t 
o f  d a ta  was reduced by discarding the rarest species, d iscard ing  species occurring  a t fewest stations, 
an d  including only those species an d  environm ental variables which corre la ted  highly w ith the 
greatest num ber o f o ther variables. Only the th ird  data -red u c tio n  schem e gave ecologically sensible 
results. U se o f  station scores on  the first two canonical variâtes (CV1 and  CV2) enabled the sam pling 
grid to  be divided into a group o f  nearshore sta tions, a  g roup  o f  in term edia te  dep th , and  a  group o f  
deep offshore stations. Loadings o f  environm ental variab les on  the canonical variâtes were found to 
be unstable but correlations between these variables an d  canonical variâtes enabled the variâtes to be 
in terp re ted : CV1 as a g radient o f depth  and  associated  changes in sedim ent characteristics, CV2 w ith 
depth- an d  nutrient-related  com ponents, and  CV3 as patchiness in sedim ent characteristics different 
from  th a t norm ally  expected with depth . Use o f  co rre la tions betw een species and  canonical variâtes 
enables definition o f  two m ajor species groups, one confined to nearshore environm ents an d  a second 
offshore. These groups (and their sub-groups) related  well to  groups defined previously by hierarchical 
classification. It is concluded tha t, w ith careful a tten tio n  to  the m ethod  o f  da ta  reduction , canonical 
corre la tion  analysis can be an  effective tool in the analysis o f  m arine benthic survey data .

I n t r o d u c t i o n

Descriptive ecological surveys are often undertaken with the stated objective o f 
describing the distribution o f plants and  anim als in term s of physico-chemical 
features o f the environm ent. To this end, surveys are designed to collect inform ation 
divided a priori into two sets, biotic data and  abiotic data. But in spite o f the stated 
objective and possession o f data divided conveniently into two parts, ecologists have 
not been particularly successful in relating biotic and abiotic data. In m arine benthic 
ecology where complex statistical m ethods are widely used there has been little 
progress in this field. A lthough benthic surveys have frequently been carried out as 
part o f  marine environm ental research, relationships between anim al distributions 
and  environm ental disturbance or pollu tan ts have been rarely shown other than 
by subjective methods.

1 Present address: D epartm ent o f  C rustacea, N atio n a l M useum  o f  V ictoria. 71 V ictoria Crescent, 
A bottsfo rd , V ictoria 3067. A ustralia.
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M athem atical m ethods for looking for pattern  in sets o f data o f  a single type are 
well developed. Classification and ordination have been widely applied with success 
to the biological half o f the data, usually counts o f  species in samples. D ata on abiotic 
variables have been treated separately and differently or not a t all. The basic problem 
o f reducing the two data sets to a com prehensible size and  then relating them in a 
m eaningful way has rarely been considered in m arine benthic ecology.

Canonical correlation analysis is a statistical m ethod conceptually appealing in 
its ability to  ascertain the extent to which one set o f m easurem ents is related to another 
and to  determ ine the particular attributes which have been responsible for these 
relationships. The m ethod, developed by  H otelling (1935), is an extension o f p rin­
cipal com ponents analysis.

Linear functions o f the two sets o f variables are selected so that the (canonical) 
correlation between the two functions is maximized. F urtherm ore, pairs o f linear 
functions tha t are uncorrelated with previous pairs and  have the maximum correla­
tion possible may also be found. Geom etrically, the m ethod looks at the relative 
positioning o f  the subjects in the two m easurem ent spaces (Cooley & Lohnes, 1971, 
p. 169). Usually the variables with the highest coefficients in each o f these linear 
functions are assum ed to define that function and hence the key features relating the 
two data  sets may be assessed from a pair o f  coefficient vectors (Pielou, 1969; 
Cooley & Lohnes, 1971 ; Clifford & Stephenson, 1975; W illiams, 1976).

C anonical correlation analysis has not been especially useful in agriculture or in 
biology in general (Austin, 1968; W illiams, 1976) although Barkham  & N orris (1970) 
and  M clntire (1978) found its use encouraging. The m ethod suffers, like many 
other sim ilar param etric techniques, from  the assum ption o f  linear relationships 
between the variables. Its successful use in this paper may be due to the fact that 
sam pling was from  a fixed point on shore (i.e. the drain) seawards.

Cassie & M ichael (1968) used canonical correlation  analysis on data from a m a­
rine in tertidal mudflat. Their results took the form  o f counts o f  8 species and 9 
sediment param eters for 21 stations. It is m ore usual in benthic surveys to find 
m any m ore species than there are stations, in which case the corresponding cor­
relation m atrix  will be singular and hence no solution will be available. The 
canonical correlations will be unity for the first one or m ore pairs o f  canonical 
variâtes calculated. This means that the canonical correlations can be made to ap ­
pear high simply by making the num ber o f  variables included approach the num ber 
o f stations.

It is therefore necessary to reduce the num ber o f  species (and possibly also the 
num ber o f  environm ental variables); this may be done in several ways. The simplest 
approach is to  discard the rarest species o r species which occur a t fewest stations. 
Species whose distributions correlate weakly w ith those o f  o ther species are un­
likely to  contribute to  an overall pattern  and  may, therefore, be ignored (W illiams, 
1976). Species which do not correlate highly w ith any environm ental variable, or 
vice versa, may be omitted.
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This paper describes the use o f canonical correlation analysis o f  data from  a m a­
rine benthic survey which has previously been analysed using classification and  
partial correlation (Poore & K udenov, 1978). The objective then was to describe 
the distribution of the fauna in term s o f abiotic variables and in particular to  assess 
the effect o f  a sewage-treatm ent farm drain on the fauna. In this paper this is still an 
objective, but the main one is to illustrate the stages involved in applying canonical 
correlation analysis.

M e t h o d s

s a m p l i n g

A 2-km 2 area was sam pled a t 36 stations on seven radiating lines during 18-28 
N ovem ber 1975 (Fig. 1). The origin o f  the grid was near the 145W drain o f  the W er-

V \  Little River

145W drain
1800 18111812 

V i  / 1 8 1 3 ; 814

4 m

N

1 km

Fig. 1. The a rea  studied and  its location  in P o rt Phillip Bay (inset): transects are num bered 1 to  7; the 
origin (Station  1800) and  sta tions on transect 1 (1811-1815) are labelled (Poore & K udenov , 1978); the 

sta tion  prefix 18 is not used in subsequent figures.
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ribee sewage-treatm ent farm. A bout 40 environm ental variables were determ ined 
and m acrofaunal species in 0.05-m : samples were counted (Poore & K udenov, 1978).

D A TA  R E D U C T IO N

Thirteen abiotic variables were selected : depth, concentrations o f nitrite plus ni­
tra te ; am m onia and phosphate in the interstitial w ater; percentage o f carbonate 
in the sedim ent; mean particle size; sorting coefficient; percentages o f medium 
sand, fine sand, very fine sand, silt and clay; and percentage o f organic m atter 
(Poore & K udenov, 1978). The list o f  species was reduced from  246 to 49 first by 
om itting all species averaging less than one individual per sample.

Three alternative schemes were tried to further reduce the num ber o f variables 
and canonical correlation analysis was perform ed on each resulting data set. (1) Spe­
cies with to tal counts o f  fewer than 118 individuals were discarded; this left 22 spe­
cies and all 13 environm ental variables. (2) Only species present in half o r m ore o f 
the stations were included; this resulted in 18 species and  13 environm ental variables. 
(3) Only species which correlated with three o r more environm ental variables with 
|rI > 0 .4  were included. In addition, only environm ental variables correlating with 
seven or m ore species w ith |r |  > 0 .4  were included. This process left 22 species and 
9 environm ental variables in the analysis. It was observed that the species which were 
om itted were those which also correlated highly with fewest ( < 14) other species and 
the environm ental variables om itted correlated highly w ith at most two other en­
vironm ental variables.

DA TA  T R A N S F O R M A T IO N

As with most m ultivariate m ethods, m ore success can be expected when applying 
canonical correlation analysis if the data are approxim ately m ultivariate norm al in 
distribution. As counts are usually skewed in benthic surveys, a log transform ation 
was decided upon. In fact, log (count + 1) was used. In the case o f abiotic variables, 
those that were percentages (P ) had the transform ation arctan  square root applied 
to P/(100 -  P ) (Snedecor & Cochran, 1976, p. 32).

D A TA  A N A L Y SIS

For each reduced set o f  p  species variables and  reduced set o f  q environm ental 
variables a canonical correlation analysis was carried out using the SPSS subprogram  
C A N C O R R . The outpu t consisted o f  (1) correlation coefficients between all pairs 
o f  p  + q variables; (2) correlations between q pairs o f  linear functions (canonical 
variâtes); (3) coefficients (loadings) o f the p  +  q original variables on the q pairs of 
canonical variâtes (CVs), and (4) the canonical variate scores for the stations on the 
first two pairs o f CVs.
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Considering the first pair o f  canonical variâtes for example, if s ti, s2i... spi are the 
standardized species counts a t S tation i and  e,„ e2l... eq,a re  the standardized values 
o f  environm ental variables a t th a t station , then the ou tpu t gives the vector o f loadings 
a and b such that

z u = a ls u + a2s2i + ... +  a ^ p,

^v=z b xe u + b2e2i+ ... + b ^ qi,

where z, and z: are the pa ir o f  canonical variâtes. Hence the canonical variate 
scores for Station i can be evaluated, plus the correlation between z, and z, (called 
the canonical correlation coefficient).

Given a pair o f canonical variâtes that are highly correlated it is only necessary 
to  consider the canonical variate scores for one set o f  data variables. Selecting one 
set o f station scores from each o f  the first two pairs o f canonical variâtes (environ­
mental CVs in our case), the stations were plotted in the two dimensional space, 
in order to see if they grouped together. These groups were then m arked o ff on the 
original m ap o f the sam pling area in which the stations occurred (see Fig. 1), to  see 
w hat interpretation, if any, could be placed on the canonical variâtes.

Given the correlation m atrix for the environm ental variables (or species), m ulti­
plication by the corresponding vector o f  loadings, produces a vector o f correlations 
between the environm ental variables (or species) and the canonical variate. If  one 
or two o f these correlations are high, then the canonical variate may be interpreted.

R e s u l t s

The initial intuitive in terpreta tion  o f  the results, both environm ental and biotic, 
suggested that the m ajor gradient in the sample grid was with increasing distance 
from  shore and increasing depth. Sediments nearshore (within the 1-m contour) 
were more sandy, better sorted (lower sorting coefficient) and contained less car­
bonate than those offshore (Poore & K udenov, 1978). Interstitial nutrient concen­
trations were generally greater nearshore than offshore. The stations were also 
separable into a nearshore group and  an offshore group based on their fauna but 
many species were quite w idespread (Poore & K udenov, 1978).

In the first data reduction scheme both  CV1 (the first pair o f canonical variâtes) 
and  CV2 represented several environm ental variables but only CV2 was associated 
with any species. The correlations between these species and environm ental va­
riables were not high and  were often contradictory in sign. The sample scores 
plotted for a canonical variate o f  each pair did not fall into discrete groups or show 
any spatial trend. The only exception was that the shallowest stations tended to fall 
together.

Similar results were obtained w ith the second data reduction scheme although 
different environmental variables and  species were involved. In neither scheme
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T a b l e  1

Loadings on nine environm ental variables and 22 species on the first tw o canonical variâtes (CV1 and 
CV2) in the th ird  canonical corre la tion  analysis: species are given with a single-letter code indicating  
taxon (thus A m phipoda, Bivalvia, C um acea. Isopoda, M ysidacea, O stracoda, Polychaeta) and  the to tal 

num ber o f  individuals captured  in 36 samples.

E nvironm ental an d  biotic variables
CV1 

r =  0.993
CV2 

r  =  0.979

D epth 0.588 0.509
O rthophosphate 0.090 0.530
A m m onia 0.119 -0 .3 1 6
Percentage carbonate • 0.037 -0 .5 0 9
Sorting coefficient -0 .2 5 1 -0 .2 5 7
Percentage m edium  sand -0 .3 5 4 -0 .5 8 5
Percentage fine sand -0 .8 5 1 -0 .4 1 2
Percentage silt -0 .3 3 0 -0 .1 9 9
Percentage clay 0.530 0.138

Gammaropsis sp. 1 A 1414 -0 .0 7 2 0.021
M ediomastus sp. 1 P 1026 0.693 -0 .3 2 7
Caulleriella sp. ! P 536 -0 .4 2 8 0.835
Eunice antennata  Savigny, 1820 P 269 -0 .7 1 2 -0 .9 7 1
A sychis sp. 1 P 217 0.948 -1 .0 1 1
Dimorphostylis cottoni H ale , 1936 C 199 -0 .5 6 1 0.129
Euphilomedes sp. 1 O 182 0.239 0.623
Exoediceros sp. 1 A 177 0.102 -0 .3 9 8
Afrom ysis australiensis T a tte rsa ll, 1940 M 146 0.058 -0 .5 6 0
Limnoporeia sp. 2 A 138 0.056 -0 .3 9 0
Notospisula trigonella (L am arck . 1818) B 131 0.298 0.531
Magelona sp. 1 P 114 0.584 -0 .0 4 8
Cirolana woodjonesi H ale. 1924 I 97 0.162 0.445
Gastrosaccus dakini T a tte rsa ll. 1940 M 92 0.025 0.334
O edicerotid  sp. 4 A 72 0.788 0.428
Glyphocuma bakeri H ale , 1936 C 71 o.or -0 .1 5 1
Paraphoxus sp. 9 A 64 0.40 : 0.241
Oediceroides sp. 1 A 50 -1 .0 4 9 -0 .3 1 7
Ophiodromus sp. 1 P 48 -0 .2 7 6 -0 .4 8 1
Dorvillea australiensis (M cIn tosh , 1885) P 40 0.988 0.050
Paraphoxus sp. 6 A 39 0.200 0.349
Rutiderma  sp. 1 0 39 -0 .3 4 9 -0 .2 2 8

could the pattern  o f  stations in the two-dimensional space (defined by the first two 
canonical variâtes) be transposed to a map o f the stations in real space such tha t a 
trend or zones were apparent.

In the third data reduction scheme (Table I) CV1 was dom inated by a single en­
vironm ental feature, the percentage o f fine sand, which decreased with increasing 
distance from  shore. W ithin the 1-m depth contour the percentage o f fine sand 
ranged from  62 to  81% but beyond this line values from  2 to  62% were found. 
Dorvillea, Asychis, and oedicerotid sp. 4 were all negatively correlated with fine sand 
and were found only beyond the 1-m contour. Oediceroides and  Eunice were also
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negatively correlated with fine sand and distributed similarly to the o ther three so 
their loadings on variate 1 seem anom alous.

No environm ental variables had particularly high loadings on CV2. The three 
species with high loadings on CV2 were m ost com m on at middle to greater depths.

Nevertheless, the station scores plotted for a canonical variate from  each pair 
(Fig. 2) fell into discrete groups which were meaningful in real space (Fig. 3). G roup

CV2

31. 00.
51«

•3 5

•45

•66

62*
61*

53*
•23

•3 3

•64•25

72*

•32•42 52»

Fig. 2. Sam pling stations p lo tted  using scores on canonical variâtes 1 and 2: da ta  reduction  schem e 3; 
groups o f  sta tions obvious by inspection are circled and labelled A, A ', B, and  C.

A, with highest positive scores on CV1, included deepest stations. W ithin this G roup 
A ' comprised the three deepest stations with highest scores on CV2. Stations in 
G roup B had interm ediate scores on CV1 and  low scores on CV2 and occurred at 
interm ediate depths (Fig. 3). The rem aining G roup C included m ost o f the stations 
within the 1-m contour (Fig. 3). Stations 14 and  15 had much lower scores on CV2 
than expected. By exam ination o f the original data it could be seen that the per­
centage of medium sand was greater here than at other stations in G roup  C. Per­
centage medium sand was one o f the factors associated w ith CV2. The position of 
Station 72 cannot be interpreted in this way.
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As the plot o f scores gave meaningful results, the analysis was extended by com ­
puting the correlations between the variables (environm ental and  species) and the 
canonical variâtes. In the first instance this was done for the first two canonical 
variâtes and. when these were found to be encouraging, for the third variate as well.

■ A '

Fig. 3. Station groups (A. A ', B, and  C  derived from  Fig. 2) p lo tted  on the original sam pling grid
show n in Fig. 1.

The first canonical variate had strong correlations with most environm ental 
variables. High positive correlations were found with silt, depth, and clay and high 
negative correlation with fine sand (Table II). The variate can therefore be said to 
represent a gradient o f increasing depth and associated changes in sediment charac­
teristics.

C orrelations with CV2 were weaker but a positive correlation with phosphate 
and negative correlations with medium sand and carbonate  were apparent (Table II).

T a b l e  I I

C orrelations between variables and the first three canonical variâtes ob ta ined  using data  reduction
schem e 3.

Variable CV1 CV2 CV3

D epth 0.867 -0 .0 1 2 -0 .4 2 7
O rthophosphate -0 .5 1 2 0.537 0.423
A m m onia -0 .3 5 8 -0 .1 0 5 0.201
Percentage carbonate 0.459 -0 .6 6 7 -0 .1 6 9
Sorting coefficient 0.689 — 0.301 0.482
Percentage m edium  sand 0.262 -0 .7 2 3 -0 .0 3 5
Percentage fine sand -0 .8 2 7 0.409 -0 .1 5 3
Percentage silt 0.890 -0 .1 2 2 0.298
Percentage clay 0.738 -0 .0 5 1 0.541
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species in any sample is small and  is m ore likely due to chance than to similar habitat 
requirements. Elim ination o f  rare species in fact has an  effect similar to tha t o f re­
duction in sampling effort. W e reduced ou r original species list o f 246 to 49 by ex­
cluding the rarest species. A further reduction by the same exclusion principle p ro ­
duced answers for the canonical correlation analysis which were difficult to  in ter­
pret.

The second data reduction scheme elim inates species occurring a t fewest stations. 
This has the disadvantage o f  rertioving from  the analysis species confined to  a single 
station or to a small group o f  stations. We suspected in this study that, the sewage- 
farm drain would influence only a few stations. Removal o f  species confined to 
these stations defeats the purpose o f the investigation and, as expected, gave u n ­
satisfactory results in the canonical correlation analysis.

The third data reduction scheme gave the most easily interpretable results. Va­
riables which do not correlate w ith each other (or with o ther variable-sets which are 
themselves interrelated) behave independently, unconnected with patterns elsewhere 
in the system. In the search for pattern  they may as well be om itted. In addition , this 
scheme is less arb itrary , depending on exam ination o f data relationships rather 
than restriction o f the com m unity studied. T hat is, the scheme does not violate the 
concept of a com m unity as much as the o ther two schemes and provided us with 
ecologically sensible results.

Alternative data reduction schemes have been used in canonical correlation an a ­
lysis. For example, B arkham  & N orris (1970) replaced their original data m atrix by 
a smaller m atrix o f  eigenvectors from  which those vectors associated with a small 
eigenvalue were om itted. The loadings o f  the original variables on the canonical 
variâtes can then be derived indirectly but Barkham  & N orris were not satisfied with 
their analytical results.

D A TA  A N A LY SIS

There are at least three ways o f  giving the canonical variâtes meaning. One is to 
look at relative sizes o f  loadings, ano ther is to  plot station scores on the canonical 
variate. The third is to look at the correlations between original variables and 
canonical variâtes. The first approach  appears to be unsatisfactory. The loadings 
are not independent o f  one another, so rem oving a particular variable from  an 
analysis causes the loadings o f  the o ther variables to  change magnitude. It was 
found that rem oving a species a t random  from  those used in the th ird  data reduc­
tion scheme (thus rem oving th irty  correlation coefficients) changed the loadings 
reported in Table I out o f  all recognition.

The use o f  station canonical scores was a valuable aid to describing our results and 
relating them  to sam pling space (see Figs. 2 and 3). Surprisingly, this approach 
appears not to have been used before in the ecological literature. This is p robably  be­
cause scores are o f  little value in the sociological problem s for which canonical
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correlation analysis was developed. An anonym ous individual’s score on a canonical 
variate is o f no value to the sociologist but in ecology it is possible to relate scores 
to an extrinsic variable, the stations’ spatial relationship to each other.

Com puting the correlations between the original variables and their corresponding 
canonical variâtes enables us to  do two things: first, group together those species 
with high correlations with some canonical variate, and  secondly take the environ­
mental variables correlating highly with the o ther canonical variate o f its pair to ex­
plain the factors causing this grouping.

The choice o f how many canonical variate pairs to include in the results can be 
made on the basis o f  significance tests on the canonical correlation coefficients. The 
size o f the canonical correlation coefficient is dependent upon the relative number 
o f stations and data variables. Hence avalué very close to unity may look impressive 
but, as in the above reduction schemes, is only high because the num ber of stations is 
only one or two above the num ber o f  data variables. Tests o f  hypotheses concerning 
the significance o f  canonical correlation coefficients are obviously irrelevant if the 
coefficient is unity. For following pairs o f  canonical variâtes they are valid only if  
the stations are a random  sample o f  the area o f  interest, which is not the case for 
transect sampling. Using the significance level produced, however, by the SPSS 
package as a guide only, the first two or three pairs o f canonical variâtes in each of 
our data reduction schemes were retained for further analysis.

Geometrically, a canonical correlation o f unity implies tha t the position o f the 
stations on a line in the species-space is identical to the positioning in the environ- 
mental-space, apart from a m ultiplying factor. This does not mean that these 
canonical variâtes are im portant factors in the original spaces. A better measure of 
the way in which species distributions are determ ined by the environm ental va­
riables measured may be the redundancy (Cooley & Lohnes, 1971. p. 171). In this 
study, for the first three canonical variate pairs, 48% o f the variation in the spe­
cies was associated with variation in the environm ental variables. Total redundancy 
is analogous to the squared multiple correlation coefficient in multiple regression 
analysis and in fact canonical correlation analysis reduces to regression analysis 
when either p  or q equals one.

R ESU LTS O F  T H IS  S T U D Y

It certainly aids in interpretation if the environm ental canonical variâtes can be 
explained in term s o f  few variables as was the case with the th ird  scheme. It was a 
fault o f the first two schemes tha t several environm ental variables had high or 
similar loadings on the variâtes. On the o ther hand, the ecologist wanting to explain 
the biotic attributes in term s o f the abiotic attributes is delighted if several species 
have high loadings or correlations on a variate explained by a single abiotic variable.

In this study, C V 1 represented a gradient o f  depth and associated sediment proper­
ties, CV2 represented depth and nutrients, and CV3 represented changes in sediment
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characteristics not associated with depth, i.e. patchiness in the abiotic habitat.
The clear division of the species into two groups along the first three canonical 

variâtes enabled characteristic (“ indicator” ) species to be recognized. In Fig. 5 these 
groups were com pared with the six species-groups obtained by classification analy­
sis by Poore & K udenov (1978, their Table 3). (Note that the species used in the 
canonical correlation analysis were only a subset o f those used in the classification.)

CV3

Fig. 5. Species plo tted  using co rre la tions on canonical variâtes 1 and  3 (Fig. 4): species are  here labelled 
with the group (I lo VI) to  which they were assigned in Poore & K udenov 's classification: (1978, their 
Table 3); the hierarchy o f  groups (inset) is given and  translated  to the plot by encircling progressively 
higher levels in the h ierarchy ; the position  o f  G ro u p  11 is anom alous (see text): the dashed line divides 
sub-groups o f  G roup  V -, Dorvillea  was incorrectly given as cf. Synasterope sp. 2 by P o o re &  K udenov  (1978.

their T able 3).

The species from  G roups I, III, and IV (together combined at higher levels in the 
hierarchy) were confined to or most dense at shallowest stations. Species in G roups V 
and VI (the second half o f  the hierarchy; Fig. 5) were most abundant in deep water. 
Mediomastus (from G roup  II) was mis-classified in Poore & K udenov’s treatm ent 
and is better placed with deep-water species as happens in the canonical correlation 
analysis.

Species G roup V contained the largest num ber o f species and was relatively con­
fined on CV1 and CV2 but had both positive and negative correlations w ith CV3 
(Fig. 5). Subsequent exam ination of the hierarchical classification indicated that 
this group can be further divided into two sub-groups, the first o f species whose 
correlations with CV3 were > -0 .1  and the second o f species whose correlations
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with CV3 were <  -0 .1  as indicated by the dashed line in Fig. 5. The species with 
highest positive correlations (Dimorphostylis, Paraphoxus sp. 9) were confined to 
stations at depths >2 m. The species with highest negative correlation  (e.g. Cirolana) 
were more scattered and more widespread.

C O N C L U S IO N

The success o f this study suggests that canonical correlation analysis has not re­
ceived the attention  in benthic ecology tha t it deserves. We have shown how it is 
possible to erect station groupings, define characteristic species for different habitats 
and to relate the distribution of species and  samples to  environm ental variables. 
M ore popular classification techniques fail to m eet the last, and  often m ost im­
portan t, o f  these objectives.

It is alm ost axiom atic that the structure and  function o f  the benthos is determined 
in the first instance by the nature of sediment. T h orson ’s (1957) concept o f parallel 
level-bottom  com m unities relies on this proposition  bu t there has been very little 
research on the particular features of the sediment to  which anim als respond. Sanders 
(1958) found that the density o f m acrobenthos correlated  with the percentage o f 
clay, but suggested that high levels o f organic m atter associated with clay were 
responsible for the nature o f  clay-loving fauna. O n a  gross scale the sediment-fauna 
relation is probably  true, but what rôle do grain size and  o ther sedim entary properties 
play in determ ination of patchiness or trends in species distributions over inter­
mediate o r small scales? Are their effects m asked by interspecific com petition? Lie 
(1974) used principal com ponents analysis o f a benthic fauna followed by multiple 
regression to explore the relations am ong the extracted com ponents and environ­
m ental variables. A correlation was found between one o f  the com ponents and mean 
particle size which was independent o f depth. Smith & G reene (1976) used similar 
m ethods w ith some success for benthos influenced by a subm arine outfall. Few 
authors have, however, attem pted to dem onstrate such a statistical relation between 
biotic and abiotic variables on small scales and use o f  canonical correlation analysis 
for this purpose seems well worthwhile.
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