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This manual d,..,.;bes a otratogy for the "'"tistical 
analysla and interpn:talion <>f triologlcal data 1>1\ 

<XJDUOOnity struc.tun!, amoisting of abundance or 
bl"""""' madlngs for a set <>f "''<"cieS and a number of 
samples. The latter uoually consiot of one or more 

- replicaleS talzn: 

a) at a nurrber <>fslt"" atone time (spolia! analy!lios), 

b) at the same site at a number of times (tempo<al 
analysio), 

c) fora oommunity subjod b> diffen!nt manipulative 
N-ts· (la.b<natory-or field e>pelbtoents}, 

or some combination of these. The ~ 
pies arrays are typio>lly large, and polrems in 
""""""nlty structure are often not readily apparent 
Statisti<al analy5la thenofore cen1res around redudrJg 
the cnmplexity of these llllllric<ls, usuaUy by oome 
gtaphkal~oftheblologlmln!laUonohips 
bet"m' the samp&. This io foUowe;J by o~atistical 
testing to identtly and <hlr""'lerise changes in 
COJIII<l1lnlty stnocture tn time or ..,...,., and ...tate those 
to changing envinlnmental or experimental oondl· -
Emphasis 

Of prlndple mnrern are the bioJogical effects of 
~ lh<>ugh. ..,..., lhe oame analysis 
techniques are .oppoop:tiale 1o wider studies of 
a>mmtmity structu~ a number of exatnPeo are 
included which are not pollu~Ofl---felated. In general 
thoseW119trate oomeimpirbm1:""'1""1of tile method­
ology wlli<tt ~ applicable to pollution studies. The 
6a>J"' of tile eoaomples is speciftcaUy marine (!OOugh 
the te:hniques have wider application) and, thaugh 
the example!l range aver diffeaeut Minrrnmity types 
(benthic infauno... <OJ>Ib, plankton, fioh etc.), then! io a 
bias towan:lo !0/t--Wlment benllto:!, relledlng bttlt 
the alllhors' own -h in""""ts and the wXIe­
!lpread ...., <>f anch Clli!UmiiQty data tn poUution -,00,. 
Thete ts a vast aTTay of sophisticated otal15tlcal 
teclutlques&whandllng~motricel, 

ranging fn>m their n:dudion to Bimplo divenity 
indl<:es, through rurvll:lnear .,.. dlslrlbutlonal repre-

rmmn 

senlations of ,;..._, dorninan<e, """""""" etc~ to a 
pletharaofmullivaria .. approad>eslnvolvingclll9iel'-
111g or on:llnation methods. This manual does nat 
attempt to gtve an overview of all the opOOns, or even 
the majority of them. Instead It presents a llra"'Sf 
whtdl h., evolved """" oevEnll f"lUS, within the 
Community Em1ogy group at Plymouth Marine 
Laboratory, and wbil:h has a !""""" ir.td< recon:l In 

publi:lhed analysiliand inl!!rpr<otati< of a wldennge 
of marine oommunity data. The manual attempts Ill 
""Plain how ar.J whytlle Bekrtld. teclmiques work, to a 
level of understanding oufficient to aJ>PI"<'iale when 
they are (and are not) applicable, and to inlerplet their 
oulalme. /lisatmed atemloglsts with no more than an 
intmdttttory badgnrund in statisti<s, who ......t to 
llpply t1teoe statloticalledmtq""" to answer spectfiC 
questions about dlanges In rommunity :9lriiCIUre. 

11lio volume Is also not a sol'tware IDilrtual, describing 
how to uoe a particular """'J'Ul''r program .,.. padage 
to carry- out the analyses discussed here. though the 
advocated approacll io Il'lirnmld in tile software 
pod<agePRIMER(Piymoutlt.RoutineslnMultivariatl' 
Eoologiml Resean;hl, developed at the Pl)'1110111h 
Marine Laboratory and awllable commerdaUy. 
lbolnoles In the te><t make brief >efa&"" to the 
PRIMER modules which ha"" heo!D~ Ia obtain the 
analyseo pewr.ted. The PRIMI!It pod<age has been 
used tltroughoul (though the figuTes haw in many 
""""" been wbjected to l'urtl>er annotation eic. using a 
presentation graphics program. Harvard Gnphb). 
~ hoW<!Ve!", that PIUMI!Ittsnottlteonlyopllonfor 
"""'1'1118tlon. The major statlotiml ~ _,has 
SAS, BMDP, SPSS, GENSTAT, etc. have always 
included multivariate optionr;;,. ao do oome PC 
pac:bgeo ouo:h as SYSTAI; STATCRAPHJCS etc. In 
addition, """" :9Jl"''iiiliSe soflw=. ouo:h ... CUJS. 
TAN, the CO>Tdl Ewlogy programr;;,. KYST, CANO­
CO. PAlN ecc, is lairly widesptWHL None of tbeoe 
pocbges w!U olfer predsely the romblnaUon ol 
opUons discussed here. and """"' take a rattler 
d"dfcrenl (but equaUy valid) approadl to the problell\S 
posed. A11 over-tldtngthrustof theaum>t""J'JoiUon 
is, ho...,..,., to n::tain "" grwt a oimplicity ol 
explanation and tr&nspa"""'f of tnlerpretatlon as ts 
possible In whatmnventinnaUy,has been regarded."" 
a difficult ....,.. for practitioners lacking a strong 
statistical bi>d<groulld. 



PREFACE 

The l!egiooal Seas ~was lnltlatecl.by UNEP in 1974. Since !boa lbe Glvemiog 
Coullcil ofUNEP b .. <epealedly ...oor..d a rq:iooal "PJ'l"''ICIl to tho COIIIml <>I" marine pnlllllkm and tho 
~ of1hldiiC arul.,...lal ....,.,.,.. arul has ......... oo tho devdopnlenl ofn>gional oc:tiOtl plms. 
The Regionnl Seas Progtamtne at ....- lnclndes 12 Jeglono and has """"' 140 <OII5Ial StMts 

• pmtiolpaling in il (I). (2). 

One <ll" tho basic e<nnponeniS of !lie action plall5 oponOOIW by UNEP in the ~ of tho 
Regional Seao Ptogranune is the .............X of tho iiW<: of the marine c:nvifo:nmctll arul of !Is ..,.,....,.,. 
aru1 of tho OMtt<:CS and uends of tho polllllion, aru1 tho impact of poUttlitm on hmnao lu:allh, llllnino 
OOOS)"llelllli arulamenlties. Ill ortltr to uslsllhooe panlclpol.ing in lhi• activity aad to enoure thai !be data 
obtained Jbrough this """""ment can be r;ompatm "" a wnrkl-..idc lmis arul thliB COlllribulc to the Global 
Env:ironmtlll Monllodng System (GEMS) of UNEP, a se1 of Refunmco Methods arul Guidelines for 
1113rine pollulion studies is being dowlop<:d as part of a p10Mt8llttllt of ec1111rehenoivt Leehnical. "''lPPll 
wltlcll lnclndes tile provlSion f)( expert ad•ice, reference methods arul IORtJmal, ltltiniJJg and data quality 
"""""""' {3). Th<: mclbodo aJe """""tiiClldocl LO be odopied by Oovelllllleii1S patticipating io the 
Regional Seas Prngt>lllllDO. 

The ""'lbods and guideliaes ore psepotm (a ~n wilh lbe televatit Sp<lCI'alized bodieo of 
the Unillld Natioos O)":lt<tt>S .. well .. otber organizal!ons ancl ""' l6led by a number of experts compelenl 

in the field televanl to the tne1hods deO<ribed. 

Ill the deoc:ription of tile methods and guidelines tbc ol}'lc used by the Intemational ~ 
lbr Standatdizadon. (ISO) is followed .. oloooly as P"""iblo. 

The methods aru1 guidelines, as pnblisbed in UNEP'• oeriea of RefmiK:e Methods for M>rino 
Pol!OOM Stocl!es, "" net consld«ed as final. They are planned to be periodi<:ally ..,.;"""' taking into 
lOC<Olllll the dowlopmeD: of our 1ttldentanding of tbe problems, of analytlcol lnmutnctttat!Oill and tile 
acmal noed of the """"'· Ill Older t<1 tar;;Jitate u....e terisinos the 1lllOU = imi!ctl to cottYe)' tbeir 
oommenu and suggeSilons 1<1: 

Marine Env:iratiJll<JIIal Studies Lobonuory 
IAEA Mafille Elttvinuu>lePI La\>oJaloJy 
D.P. No. 800 
MC-9801l MONACO Codex 

wlllcll Is JeSpOnoible for the Tecbnkal co-ordination of the ~ttl. lc!itiJl!! arul io!lffi:alilmlli<m of 

-~ 

(I) UNEP: 

(2) P.HULM: 

A<;hi.........,. and plannetl di:vclopmonl of Lbe UNEP's Regional Seas 
Prognnrunc arul comparable P"''lf8llllll" sponsored by otbet bodies. UNEP 
R<:giottlll Sc:ao Reports ancl Slud!es No. I. UNEP. 1982. 

A .uategy for tho Seas. The Regional Seas ~: Past and Future. UNEP 
1983. 

(3) UNEP/IAHAIIOC: Reference Melbods arul Matai.als: A Programme of COliiPieb<Dsive suppon for 
mgiottlll and Miobal marine poUolion ....,..meniS. UNEP. 1990. 
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'I'hepwpose of this opening: chapter is twofold: 

a) to introcl""" a fuw of tlu> data ..:t. which are used 
most e><tensively, as illustrntions of techniques. 
throughout tlu> manual; 

b) to outline a fra.,.,.W<>l'l< lor tlu> various possible 
9188"' in a community IUilllysis 1 . 

B~amples are given ol some oore elements of tru: 
recommended a~ fOT"eO!tadowing the iiilllly­
""" ""J'lalned In delail lab!r and ""J'IIdtly nhrr!ng 
forwanl to the relevant chapters. Thoughotthi• slage 
the details are llkely to remalo mystifying. the 
intention is !hat this opening chapter should give the 
reader oornc fccllor when: the various tcd>nlques are 
leading and OOw !hoy olollogetN,r. As such, II may 
serve both as an Introduction and a SUmriiOry. 

, ..... 
ltlsconvenlenttocalegorisepo51i1bleanalysesbroodly 
into four main •!ages. 

"J} ~C<J,.,..,nitksbygraphkaldetlcripHon 

of the rclationships bet....., the biota in the ~arlous 
oamples. This is thought of as "pure""' description, 
rather than explanation or testing, and the emphasis is 
on n:dncing !he oomple>ity of the multivarlab! 
tnknmoijon in typtcalspedeo/sarnples matrices, to 
obtain """"' form of low-dimensional picture ol how 
the biological sarnpte. intem:lale. 

.V n;s.,.;..,;,.m.rg•ites/e<~noli!i""s on !he hasisolthcir 
biotic comp;>aitlon. 'I'he paradigm h...., is !hal of the 
hypothesis test, e><aminlng whether there are 
"proven" community differences between groups of 
samples identified " priori. lor example demonstrating 
differ<nres between ronlroland putatively impacted 
sit<:s, establishing before I aflcT impact d i ffcrcnccs at a 
single site, etc. 

3) Deh!rminillg levJ• Df • .,_,.or disturbance. by 
attempting to <OJisttuct bWlogiaol measures/rom the 

1. Th< term ......... ,,. ;. u><tl lh""''?im<f tire ""'""''· 
"""""'""' ~. " rtf<r " ""Y ...,.., ... datJI ("'mpl« 
leadingtoaJIUIIsOTOiomo!Jsfor•m"8"ofsperi<s);U..~II'.w.. 

m>1 """"'""'1Y imply i~ '''"""ring of tire biot._ for 
"""""'* by """'P"'ltl"' '"""""""'" 

73??15!! 

community data which are Indicative of dlslltrbed 
conditions. Th"'"' may be absolute rnM""""' ("lhi• 
observed slrnctw:ill f""lure is irdicalive ol pollution") 
or relative crileria ("under impact. thio coeffldent to 
e><peeted lo decrease in comparison with control 
lcvcls"). Note the contrast wlth the prev:lou• otage. 
however, which ts restricted to demonstrating 
differences between groups of samples. not asmbing 
direcHonalily to the change (e.g. delel<!rlouo oonse­
quonoo). 

4l Liffkit~g to ntVironm"" tal v..,.;.w~eo and examining 
issues of """""lit!J of any changes. Having oUowed 
the biological information lo "lell its own stmy", any 
associated physical or dtemirnl variableo, mattt.;rllo 
thesameoetof samples, can be examined fortlu!irown 
otruclure and Us relation to the biotic patlem (Its 
"explanatory power"" ). The e•Wnt to which Identified 
environmental dtffere11ces are actually ""IISIII to 
o1>servec1 rommunity changes can only really be 
detennined by manipulaHve experiments, either in 
the field or through laboratory/~ sludl""" 

Tuhnique.o 

The spread ol methods for CO<ITaCiing workable 
representations and summaries of the biological data 
can be grouped into three aotegorie9. 

1) llmt>"riate metlwd• collapse the full set of species 
counlli for a sample into a single coefficien~ for 
examplo a JbJ..-.Ity lnda. Thls might be some 
n>easure of the numbers of different9p<l!Seo for a fixed 
number of individuals (spede• richness) or the e..lenl 

to which tho community counts arc dominated by a 
small number of spedes (domlna,..,.,/evenness 
index), or some combination of lheoe. Clwrly, !be " 
pricrlselertionofaslngleta~asanilfoll<>dorop<ci.,., 

amenable to spedfic inferenceo about its respanse to a 
particular environmental gradient, also gives rise lo a 
univariate analysis. 

al Dlstrib~tk>n"l tedmi'l'"'"• alro termed graphical or 
curvilinear plol:l (when they are not strictly dlstrlbu­
tional),areadassofmelhodswltld\summarlselheset 
of spedes counts lor a singlo somplc by a curve or 
histogram. One """mple ts t-.k>mllwu>l .,.,..,., 
(Lambshead el: ol., 19&3), which rank the species in 
decreasing order of abundance, ronveM the vo lues to 
percentage abundance relative to the total number of 



be mndensed into one (or a small number oO key 
summary olotis~cs. Simple (or multiple) regrcoskm of 
Shannon divet>i.ty .. the d~t variable, against 
tile envlronmetllal descriptors as independent vari­
ables, is then tecl\nically feasible, though in ~"""~"' 
rarely very Jnformo.tlve given the over-o;mdensed 
naltl"' of the tnfonnalion utilised. 

For Impact studies, much has been wriHen about the 
effilct of polltrtlo:n or distwbaru;c on diversity 
mea"""'"' whilst the resJX>DSC is n<>t necessarily 
unidirectional (under the hypothesis of Huston, 1979, 
di,..,..jty is ""J"'C'..:. to rloo at intennediate 
distwbancc lcv<:ls before its strong decline with gross 
disturbancet there i; a "'"'"' in which MWmJHi>~g 
ott.•• leo<ls is possible, through relation to historical 
di,..,..jty pallcrns lor par~cul.u environmental 
gradients. Similarly; empirical evidence may exist that 
particular lndkatur taxa (e.g. Capilcllids) change In 
abundan«o along specilk pollution g>"adlents (e.g. of 
organic enrichment). Note though that. un!ilu> the 
di,..,..jty mcasura; mnstrucled from abundances 
ocroso •pedes, averaged In some way1

, indicator 
opecies levels OT the nu....,r of ,;pedes in a sample (S) 

may not Initially ... wry the ... umptions '"'"""'"'Y lor 
doss:ical !ltatistical analysis. For tl>e number of species, 
5, the nmmality and constant vari"""' rur<liHons can 
usually be produced by translormaHon of the variable 
(e.g. log S}. However, for most individual spec;e., 
abundance across the sct of samples is likely to be a 
very poorly-hehaV<ld variable, stalistically speaking. 
Typically, a species will be absent (rom many of the 
samples and, when it is present the counts are often 
highly variable, with an abundance ~bility 
dislributionwhichisheavlly right--skewed . Thus, fur 
an but the JJXJst oommon individual "!""d•"­
translormation Is no real help an<! parametric 
statistical anolyses canna/ be applio<lto the counts. !n 
any Jorrn. In any case, it is not valid I<> "snoop" in a 
large data matrix, of typirnlly100-25Qia><a, for one or 

a. And 1/:us sul.j<d "' *"""'"/ h"mil u..,.m, whkh mill/".!. 

w ...mo.''"'""""' no..,.Jiiy-

4. It ;, '"" .. ,,.,,... "'"~""""'"" """'i•ly '" th< •rudy of l><nlhic 
"""'""niti<o,!Mtlltei~of·-""'""'d.olriO•Iol 
•• ""'"""' '" spa« 6o p.,;..., ,.....,. .. ) l>ul ... of!<>< kighl!f 
~. rillter lhrlmgA ll>cal wrl<lloN '" f'ITi"'l "'""'"'"'""­

IRI """'"""' "'m«ho•""" of "'""''""""'· ..,>l•l#y rmrl '"""""nily ;..,r...a;....,. This kads to """"" wbo:h.. '" 
.... lioli<al - ""'""""iW "' o"""-<';.p-d, rombi...J 

"''"" • higlo f"<"'leol"' of """"'· aousing ..,jor pMI<ms '" 
o<templmg PI''""""'"' ....Idling Uy ~~VI~I""'r 
...,m.~ •. 

AWfUL 

IYWJTC "interesting" species to analyse by univariate 
lel:hniques(anyindicalororl<Eyolonospedesselectlon 
tnuOt be <lone ~ privr!). Such argumentolell<lto the 
tenets underlying this manual• 
a) mmmunity data is inherl!nUy multi variate (highly 

so) and usually needs to be analysed en """""in 
ordcrtoellc!tlheimporliuttbiologicalstructu"'ond 
Its relation lo the environment; 

b) slandonl parametric modelling is totally invalid. 

Thus throughout, ratlter lillie emphaslo Is giWI"I to 
Tept'<'Silnling communities by univariare """sures, 
though !IOIIIC poSSJb~itlcs fur mnslluction ""' be 
found at the .tart of Cha pt<r 6, """"' brief remarks "" 
hypnthoststest!ng(ANOVA)atthestartofChaplcr6,a 
discussion of transformations (lo approximate nor­
mality and mnst>mt variance) a t the start of Chapter 9, 
aru:l an "'"""Pie given of a univariate regression 
bctwwn biula and ~mvil"OIIJflefllln O.apl<>r 11. Ana lly, 
Chapter 14 givesa series o/ detailed oompariOiOtiS of 
univariate with distributional an<! multivariale tech­
nique.o,inordertogaugclhelrrela~vesensitiviHesand 

merits in a range of practical studi ... 

'The first ""ample is from the IOC/GE!ll' practical 
worl<.shop on biological effects ol pollulanls (Bayi"IC d 
.J .,191!11), hcldal U>c UNvcrsltyofOslo, Augu>l 1986. 
This attempkd 1(1 oontTost o range of bJoChemical, 
cellular, physiological and community analys<s, 
applied to field sampJ... !rum potenlially contami­
nated and a>ntrol sileO, in a ljordk oompl"" 
(Frlertjord/Langesundfjonl) !Inked to Oslofjord (JFJ, 
Fig. 1.1). For the bentltlc macrofauna! oomponenl of 
this study (Grny <I al. 191!11), four rcplicatcO.l m2 Day 
grab samples were taken ateadt of six sile5 (A-E ond 
G, F!g. 1.1) and, fur each sample, organisms retained 
on a 1.0 mm sie"" were idcn~/ied and counted. Wet 
weights were dclclmlr>ed lor eaoll spedes In eaoh 
sample. by pooling individuals witbin speci"" 

Part oJ the resolting dala rnatri• can be seen In Tobie 
1.2• in total there were 110 dttfurenttaxa categorised 
!rum tne 24 samples. Such matrices {abundance, A, 
aru;l biomass. B) aTC the starting point lor oJi the 
analy"".s of this manual, and tillS """"'pie io typical in 
respectof the rei alive! y high ratloof species lo samples 
{alway• >:> 1) and the prevalence of zeros. Here, as 
clscwhorc. even an u•ldesirahle reduction to the 30 
"most important" spc<ies (...., Chopt..r 2) leaves more 
than 50% of the matrix o;moisting of zeros. Slandonl 
multivariat<: normal analyses (e.g. Motdio d ai., 1979) 
of these counts are dearly ruled out; lhry roquin: both 



Ololdbullonol ... mpl• 

Spedeo obclo..._ ..._,.._ (Cir li ,_ 
-~-

2,\ DJ.mmn.u;ng 
oiteo/«mdillom 

ANO~ on uM>Iriote .. """"""" (e.g. w; Chi)."" 
ANOS1M.,.. (CkS)•• "m.ta.""" T""fo'""""""owfflyofdi>loilnd»m 
-. ""'11 f""'of"""" (e.g. ~...0. •f,.!ii 

m...... ... ,.,J,.,.!..!ooo 

... onto= """"' ·-d!<l"'""""' 
Spt<'i<:; olnmd.,..,. diltriln<tioot 1Nts 
'hmg<ttool'!llitk-

Diffi=It, "'"''fl frJr "";""""" """"""""" of '*" .,....., (by ~•) 
(C.u..&y,,... Ch 12) 

A Je .. condensed furm of OllmiiiOT)' of eadt sample is 
offered by tho diotribut1onal/graphical methods. 
outlined fur the four stages in Table 1.3. 

~t..tirmlsby"""""'orhislograms(Oapter8}, 
either P<-d for each "']'lkate sampl~ oeparalcly or 
for pooled data within sl!ES or condi~ons. The former 
permits a visual Judgement of the sampllng variarion 
In the """""' ond,. as wi lh diversity indices, "'J'li<>~~on 
is reqoinld to discrimbutte •ltn, I.e. leSt the nuU 
hypothesis that two or more slte5 (/<:OT>:Iitions etc.) 
have the same ourvilinear structure. Tho easiest 
approaoh 1o testlngis th""lo sumrnarioe....ch "']'llrnle 
rorve by a oingJe olatistic and apply ANOV A •• befo"" 
for the ABC method, mentioned earlier, the W statlstlc 
(Cbapler 8) Is a ronvenicnt mca!IUre of the exrent to 
which tl» biomass curve • dominote;" the abundllilC<! 
curve, or vlre-ver.!a. This is effective In practice 
though, in theory. it simply amounts to computing 
anotl>eT diversity Index and is lhcrclorc just a 
univariare approach. A more ge,..,.a] t..:.t, whidt 
honours the curvil!near sii"II<IU1e, could he 
rnnotructed by the ANOSIM procedure (described 
later under mul~variate techniques). romputed 
between every pair of "'Plicate A IIC curves.6 

The dislnbutional/STaphical techniques have been 
propooed specificilly as a way of dttum/HI11g •lre..s 
"""""· For tile AIIC metMd. the strongly pulluted 
1/disturl>ed) &tate Is indicated if the abundance 
k-domir.an<e curve fans above the biomass curve 
throughout Jtslength (e.g . ..., the laterplotsin Pig. 1 A): 

the phenomenon Is linked to tho loss of largecbodled 
"cllmax"' spede5 and the rise of small-bodied 
oppo:rtuniollo. Nat<: that tho ABC ~"""""lure claims 1D 
giveanabsdule.........,re,ln thesenoelhatdisturbaru;e 
otatuo io attributable on the bBsio of !1111I1pb from a 
single .;te; in pmdicl: however tt Is always wise ID 
design collecHon ftom (matched) bnpaded. and 
oontrol sil<:s to confirm that tho control o;mdltian 
e>:hlblts the "undiSturbed" AIIC pattern (biomass 
ourve above the abundance <."W"Ve, throughout). 
Similorly, the species abundance dlstrlhudon hao 
fea.tu""' charocterlstlc of dlstlllbed status (e.g. see the 
middle plots In Fig. 1.6), narnoly a """"' tp a less 
")-Wped" dlstnbution by a ...Jildionin the first one 
or two ahur.:;lance dasscs (loss of rarer species), 
"""'bincd with the gain of """"' higher abundance 
cla"""" (very numerous opportunist spe<ics). 

The distnbutional/ graphical methods may IIIWl hllve 
particularm:ritsinallowingrerognilionof":;IJ.....:d" 
staleS (Chapblr 14). though they have the disadvan­
tage ofhcing maredilfioult 1o work with olatistically, 

G. ThitJ ;. ..,......~wt ..,,...;.: •nd ~ ""' ,........, ;, tm. """"""' 
far- "" CtoJt.! (191111). SUm"lo•/y - tie ""rmll""'" 
""' """ of "'1""/i'-'.f {<>< huo " "'""' olls<mol hjsi<Jgnomo•mlog 
from ~ <llu-« di<M1>ut!-. logoH<, II>< -
"mWI''funri<nl """""""' ,. te.ling .. ,-ry "'-­
<Wti/nlftbutttm by"""""""""-. ... (•f"""'iol<.'f"""l. 
-....d<J•nd"'"l'.WANOVA""IIte"""""'1!_,.,. 
fo•<Wt "'''lli'"'· A..-• ,.,..ibmty;. •<hi"""'f..,MII<>il (or 

....,..,.,., o{Cm.........,•Miw~,fr'l«<b>g"'""'";,y 
of""" •• ,., .. ,.,..., di.!tribot;,..., bid tWo ;, wlildyt.> "" 

"'"" glom II!< -"'/"~""""""' ix • >iosle """'f'<. 
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twelve sit<., i.e. at site 1, twelve species wcro 
"'~"""""ted by a single lnd!vlduol_ two species by 2-3 
ir.:lividuals, thf\le spedes by 4--7 individuals. etc. 
(Groy ondPearson, 1982). For tltemiddle>ilesclos< to 
the dump centre, the hypothesised loss of leo&-abiJT>" 
dant species, and gain of a few """"""' in the higher 
geometrk dasses, can clearly be seen. 

Table 1.5 summarises the analyses possOblc under the 
lour ""'B"'• wlum adopting one of three multivariate 
methods: hierardrical du.tcring (CLUSTER), multi­
dimensional scallng (MDS) and principal rumpooenl 
analysis (PCA). 

-~~ 
1 &6.4 

1&67 

1970 

Flg.U. IA<hl.ltooll<"""""" 

t-~o~u. T<>pl<fi: s'"'"""" 
div<m!y om" '"" 11 ... w~ 
''""~moo Ruliaotfug tim-
ing of ''"" of <ff/=1 dia-

<itmg< """ • - -ood -...., ;, ""'-!; ..... ;.,_ 
1 97S ing piOis •!tow ABC """""' 

I•• '" - """ 1963--1973 (B ~ """""""· 

' .. 
thin IW; A = ollu-. 
thlol: Ufl<). 

The firs!two methods 01a>1 cxpl!ci~y from a triangular 
matrix of similarity meffid.-nts computed between 
"""'}' pair of samples (e.g. Table 1.6). The coefficient is 
usuall y some simple algetn'aio measure (Chapter 2) of 
1\ow close the abundance levels are for each •pecies, 
averaged over aU species, and d•fined such !hall 00% 
represent> total 61 mllarlty and 0% romplete dlssbru1ar­
ity. Th""' is a range of~ that such a roeffici""t 
should possess but still some Aexihility In Ito d>;)lce: It 
is impm1ant to ""'H"" !hat !he definition of what 
ronstitntcs similarity of two rornmunitics may vary, 
deperuling "" !he biological qu•slion under COJiliid.,... 
ation. As with li"e earlier methods, a multivariate 
iiiial}"isloo must a~t It> reduce the complexity of 
the (high-<limcnsional) rornmunity data hy taking a 
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tested by a staqjlard nmltivariate equivalent of 
ANCNA (MANOVA, e.g. Mardia c1 (1/., 1979). 

Part of the proce6S of di..,rimina.Hng sites, timeS. 
treatment> etc., where suo::esoful. is the ability to 
identifytheapecieslhatareprlndpallyresponsiblefor 
these disti""tions: it is all too easy to \o"" sight of the 
bask data matrix in a W<:IIEr of sophisti<oled 
multlvartale ""alyoes! Similarly, one might •• a reoutt 
of a duster onalysis determi"" ccrtait> sites/ times that 
group together.. ond again wish to Identify which 
species are mainly responsibl<! fol" the observed 
dustering. Note the distinction here between • prliYrl 
groups, Identified befon> e><amlnation of !he data, and 
~ posl<riori groups, identified as a result of lhe data 

analysis (the ANOSIM - are <mly applioable to a 
priori hypot!>eocB). These ideas arepu-""' in Chapter 
7, both through rca:rTangcmcnt of the dala matrix and 
through a po..;b\e partition o/ thc avcroge 
Bray--Curtis dissimilarity between Sf""!"' o/ .. rnpleo, 
into components from different speci<G (similarity 
J'<"t""lage breakdown, SIMPER, Oarke, 1993). 

In the ole~tion of•tre.•l...,ds, whilst the multi· 
variate techniques are ..,.,.;tive (O..pter 14) and well­
suited to establishing community differences .....,.. 
doled with different sitc5/ times/ treatments etc. their 
sp«ie• optrifio basis would appear to mal<e them un­
ouitablcfordrawinggeneralinfeJ•"""""bontthe"pol­
Iutton otatus" o/ an isolated group <I. sample>. Even in 
romporotl ve studies, on the face o1 11 thon! is nota c\""' 
sense of "directionality" of change (e.g. deleterious­
ness), when it U. established that cmnmunities ot puta­
tively Impacted sib!s differ from those at mntrol site... 
Nurrelhele:;o,lhereareanumberofwaysinwhichsuch 
direct:ionality hils been ascribold in recent stu.d!eo, 
wltllst retaining an essentially multivariate fonn of 
analysis (Olapter 15): 

a) a "meta-analysis" -a combined ordination of data 
fromNE Atlantk ohe\1 waters, at a roorse level of 
ta><Ot\OffiJo dlsc11mlna~on12 - ouggests a mrnmon 
din:ctional change in the balallO<' of ta>a under a 
varietyoftypesofpollu.tion/di:lturbance(Warwicl< 
ond Oarke.l993a); 

b) a number of stud!eo demonstrate lnc:reased 
"mul~variate d;.pcrsion" among replicates under 
impacted ronditions, in rompartson to controls 
(Warwick ond Oarlc.. 1993b); 

IZ. :0.. <{frd of ""'i"¥ ""' 111< wril>us ll'""!*r<al •rtrl 
..,.Uj-... /y«< lit ..,..,io: -l<ir>glter lhllA species is 
tlo!S~Jbjm ofCIII!pln IO. 

-pog.>l-11 

c) another feature of disturbanc<\, demonot:ated ln a 
par~cular coral community study, but with the 
potential fur wider applica hlllty, io a looo of smooth 
"seriation" pallems along transects (e.g. o/Jna-ca .. 
ing depth), again in oornparioon to controls tn Ume 
or"~"'<"' (Oarke tf Ill., 1993). 

TWo mclhods of linkillg .....Wv....W. Wo& ~· 
foem~i,.,,.,.,.td~lv~rialol .. areexplotedinChapterll; 
these are !\lustroted here by the Garrnd> Heod 
<iump-&round study d.,.,;bed earlieT (Fig. 1.5). The 
MDS of the macrufaunal connnunltics from the 12 sites 
Is Mown In Fig. !.9a; this is based on Bray-Curtis 
similarities romruted from (transJonned) ~ 
biomass va\,.....1 A steady change in the cooununity 
is apparent as the dump centre (site 6) ts approached 
along the Wcotormof the traruoect !•ites 1to6). with a 
mlrr<ll'<lcl structure along the Bast arm (sit...• 6to 12), oo 
thatthesamplesfmmthetwoendsofthe\raruii!Cthave 
similar species composition. That thio bio~c pattern 
oonelates with the organic loading of the sediments 
oan best be ..., by superimposing the values for • 
single environmental variable, ouch as Carb:Jn 
<m><entraHon, on the MDS ronf!guralion. Fig. 1.9b 
Tef'l=t• C val""' by circl"" of differing diameter, 
placed otthe rorresponding liite lu<alionson the MDS, 
and the pattern across site! of the 11 available 
environmental variobl<G (sediment cono;ntrations of 
C. N, Cu, Cd, at.. NJ.. etd can be viewed In this w~y 
(Chapt<r 11).14 . 

A dliTen.nt approach is required. in order to answer 
queollons about """!.;...tj.,... of environmental vari­
ables, for example to what extent the biotiopattern can 
be "explained" by bowledge of the full oet, or a 

13. CI!Rpk< 711, ond th< ~lysm sWW.. I• O..pi<Yl5, 

~ tim o!lall"' mml• OJUi - of usi•g .,.a.. 
"'"'~.,.species !>i"'"""',....... O.th""' ""'ihobk: in fact, 
~ 13 ;. • """""di«uodoo <l Ill< - lldfkl1111ig<li of 
~porti<uW ~ oftlrebioto,far•,mdy '" lhc 
1Jedsof ,..u.tont.. 

14. Tlleflexil!iJily isde111/yn«iietl W plot •• MDS """flgtm!!l<m 

""""" "'""· '"""''~"!! diff=nl ,.,;,,.,..,~o~_,_ 
Such ...... ., .. ""' !Ire ......... ~oat ... far u.. IMd:<IM 
"""''"''"""" of !h. PRIMER poc.big.; with ito ,..,.,._.;,.., 
"'""""' that excho'W' i•fo'""";." N fib>'· n. ... , • olotlkrlly 
onolri> ;, outp.t by CLUSTER <mol iopul w MD5 (ond 
BJOENV, ANOSIM <1<.), .,.I co-figu- """""'"'"""'""' 
o•tput by MDS (ood PCAJ '"" mpullo tire plolll"l! >Wtin< 
CONPLUf. Til~ ""' II= Ire nm ..,.....Uy toilh dJffrrl"S 
"'~ ~ "'&II< d<!.lg1UIIIo ... "' tlJff<r<nl co/omna ., "" 
.,...;"'""""'"" fik. """"'"' U.. ..,.jfo ,_.,"" 10. ""'•lm"ly ,.. 
MDS ""'"I"'"";."" 
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A framework Jm. been outlined oi th,..,. <ategori.,.of 
t..<hnique (ll~iv...-labo. .f"'lph,.,l!llUtrilmti.>~a/ and 
""'ltivariaM and lour analysis otageo (1-ep......,.fbtg 
"""""""itin, tliot:rimU...tiftg &it..ICO>t4/tio,., <l<ler­
mlni"S le<>els <1 otres• and lillkl>og to erroiromtrct<tal 
'"lriabl•s). The least fanu1ior IDols, and the most 
powerfu~ are in the mulfivariate category, ond those 
that underlie the PRIMER progr"""' in porHrular ""' 
now examined from first principles. 
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Dala malrD: 

The available biologi<lll dahl is aS!111In0d It> consist of 
on Ol'l'll.y with p mwa (species) and " columna 
(&ampleo), whoseentriesarecountsofeachopcciesfur 
caclt sample, or the lola! biomass of alllndlvlduols of 
ooclt spoc~<>s !n eadt sample. For the moment nothing 
furth"" is assumed about the structure of the samples. 
Theymightronsistofoneormorerq>llcaills("'P'!"ted 
samples) from a number of different sites, times or 
eJq>erimenlal"treatmcnls" but this lnfonnat!on Is not 
used In the Initial analysis. The strategy ouUined in 
Chapter I lslt> ""'"""'any patlern of similarities and 
dliferenres aaoos the somples (i.e. let the biology "tell 
its own story"} and, only later, compare this wltll 
known or hypothesised inlcr-rclotions botW<>Cn the 
samples based on environmental or expErimentol 

"""' 
Similarity «>efficient 

The starting point formauy of lhe analy><'S that follow 
is the concept of •imil~ritr fS) between any pair of 
sampleo, In terms of the b1ologlca.1 oommun!Uestlley 
ronlaln. Inevitably, be<au.e !be information for each 
sample is mulHwriale (many species), there are many 
ways of defining similarity, each giving different 
weigh! It> different aspects o/ lhe cmnmunil)< For 
example, !IODlC definitions might ronccntrate on the 
similarity in abundonre of the fuw CUITIIIKine•t •pede• 
whereas oth""' pay more allention to concurrco.>ec of 
rare species. 

The dolo matrix Itself may first bemodifted; there are 
three main poosibilities. 

a} The absolute numbers (or biomass). le. the fully 
quant!laijve data ob..,rved for eac~ species, are 
most commonly used. In this case, two s.unplosarc 
considered p<rfoctly similar only if IIIey oonta1n u.., 
sal"!W spoc!O!" In •-1/y the sal"!W abundance. 

b) 'Ibe relaHve number.; (or biomass) are sometimes 
used, ie. the data is .tmulardiod I<> give the 
pcn:cntagc of total abundance/biomass (over all 
species} that Is ocoounted for by each species. Thus 
eachmatrixentry;.dividedbyi"'rulumntotal(arul 

multiplied by 100) to fonn the new array; Such 
otandardl .. uon will be essenllal if, for example, 
diifuring md urOO.oom vol.......,. of ,...;iiment ur 
water ore sampled, oo that obwlnte nutrb!n of 
Individuals are not comp;rrable between """pies. 
Even if sample vol.......;. are the same (or, if 
different, abnndan""" are adjusted ln a unit sample 
volwne), it may still sometimes be biologically 
more relevant to define two samples as being 
pel"fectly similar when they have the same % 
oomporition of species, fluctuations in total 
abundimre (or biomass) being of no inleresl. 

c) A reducHon to simple~ or aboeru:e ol each 
species may be aU thai is justifiable. fur example, 
sampling artefacts may make quantitative counts 
toliillyunreliable,or«:>r.:eptsofaburnlancemoybe 
difficult 1o define for oome Important faunal 
components. 

A simflar!ty coeffldent Sis convenrionany defined to 
take v..W... in the ronge (0,100%), ur Ies. oomrnonly 
(0,1), wllh !be ends of lhe range 1epni!Coting the 
extreme posslbilitlca< 
S ~ 100% (or 1} if two samples are !otally similar; 
S ~ 0 tf two samples ore totally dissimilar. 

What ronstitules tolill >limilari ty, and portkularly total 
dissimilarity; of two sample,; depends on lhe specific 
similarity coefficient adopted but Ill= arc clearly 
some properties that It would be desirable fur a 
mefficient lo po....,... Por example, S should equal 
zero when two samples have no species !n common 
and S must equal 100% if two samples haveidenH<Ill 
entries (after data reduction, in Clll!eS band c above). 

Similarity matrix 

Sirn!laritios are calculated between every pair of 
samples and ills conV<:l\t!o""l to set these nln-ll/2 
val""" !IU!ina lower triangulanmtrix. lhi• i•• '"l"""' 
array, with row and column labels beinjl tho sample 
numbers 1 to n, but !tis not necessary lo fill in either lhc 
diagonals (shrularity of sample j wit~ Itself Is always 
100%1) or the "PI"" ri!lht trianJllo (!be >lirn!larity of 
sample j to sample k is the same as the shru!arity ot 
sample k to .. mplc j, of course). 

Similarity matrices an;: the basis (e"''liciUy or 
implicitly) o/ many multivariate methods, botll in the 
representation given by a clu•tcring or ordination 



Table :Ua). 0' course, S ~ 100 if two sampleure 
idenlkal, oinoo I Yi.i - J1i11l ~ 0 fo< all i. 

b) A oca1e change in the rne.<~SUremeniS does 110t 
changeS. Forexample,biornassrouldbeeKjlt sed 
in g rather than mg or aburulanre changed from 
nuni>crs per~ of oediment surface to numbers 
per m2; all y val""'.are simply mnltiplicd by the 
same run.tant ~ lhis <:aiiOilU In the nnmer<~tor 
and denmnlnaloT tenn5 of equation {2.1). 

c) "Joint absences" also have no effect on S. In Table 
2.1a the last species is absen! in all samples; 
omitting this spedes dearly makes no diff<;!Tenoo to 
tbe two 5tltnn'l!>tions in equation (2.1). TI!i!t 
similarity should depend on species whldl are 

.presentinoneocclher(orboth)samples.andnotnn 
species Which are absent ·from both, is usually a 
desirable property; A!. Field d al. (1911:2i put It 
"Th.klng account of joint absenres h .. the effect of 
oaylng that estuarine and abyssal ..unp!"" are 
>irnilor l)eatuse. both lad< oulaYheU species". 
N"""""'l"""' Independence of joint absences is a 
property JI<Jt shared by all slmllari ty ooef!lden!S. 

"fransforrnatlon of raw data 

In onemtwo ways, the similarities ofTable 2.1b arenot 
a gocd reflection of the overall makb between the 
samples. taking all speciesinlflac<:<runt To otartwith, 
the similariHes all appear too low; sampl"" 2 and 3 
would seem lo d.cscrve a 9imiliirlty rating highoc than 
50%. As will 00 seen later, this is not an important 
consideration sinc<: the most usetul rrrulHvariale 
methods depend on the relatlve order (nml:ing)nf the 
sim!laritles In the triangular matrix, rather than their 
absolute values. More Importantly; the sirnilariticso/ 
Thble 2.1 b are unduly dominated by the counts tor the 
two mnst abwidant species (4 and 5), as """ be seen 
from sl\idylng the form o/ equation (2.1); terms 
Involving opecies 4 arul5 dominate the sums tn both 
IIUIIle!"ator and denominator. Yet the larger abun­
dances in the origina:l data matrix will often be 
c•trcmely variable in replicate samples (In otatis~cal 
blnns, varia.., _;, often found to increase with the 
"'luare of the mean) and it is quite undesirable to base 
an asscssrnent of similarity of two rornrrnmitics only 
on the counts/ora handful o/ very abundant~. 

The answer is to transform the originol y values 
(counts or biomass) be{t>re computing the Bray-Curtis 
•lmfliirlHes. Two useful transformations ~re the log 
tnmsform, log(1 + y). al"\d theJo~bleTO<>t(ur 4th mot) 
transform ·Ny. 1"here is more on the ellects of 
transformation later in the manual; fur now it i<lonly 
~to nolc lhatthclog(1 + y)and ~~ylntn:lforrnli 

have an approximately similar and fairly scvcrc cffc<t 
in down-weighting the importance of the very 
abundan 1 species so th al: the less d<imtnant and """" 
the """ .p.cie., play some role In determining 
9imilarity of twn samples. The result of the •N 
transform fur the previous example is shownln·Thble 
2.2a and the Bray-Curtis"sirt)ilaritles computed from 
these transformed abundances, using equation (2.1), 
arc given in Table2.2b. 1 

1l<ld< l.2. Lo<ll LIM~« mO<ou,' u ... {L} ..,,_ M ~~ 
_.,....,.....J•boo•oim=fort!o<!four"J'tl"omd>b:""""'"oflliN! 
2 1 (!>) R«uulitog ~ 5/m/Ltrity ""'"'" 

(•J Year: " ~ n n "' (Somp!e; ' ' ' • _,., 
' ' • 

~- ' -
Ed<lnoo>. u " ' ' ' " -
Myrw<lo<. '·' " ' u ' " • -
WY!opl. ' ' u " ' " • " • " -

~-- " " " u 

·~- " " " u 
Mylilu• " " ' ' 

"~"!tel"<! ts a general i""""""' in similarity1cvcls but of 
more importance. the nmk order of similiirlHes is no 
lungw the """"' .. in Table 2.1b (eg 524 " s,. and s,. " 
s12 now), showing that transfonnallons can ha"" a 
signifocant effect on the final ordination or clustering 
display; In fact. for very variable data, ctmice of 
transformo~011 "'n sometimes be more critical than 
dwiceofsimilaritywefficiontorordinatlontechrliqoe, 
and !be subject therefore merits a chapter to itsclf 
(Chapter 9). 

Canberra coefficient 

Anolwmo~vetotransformationistoselectaslmlli!rlty 
ooefflolent that o«l,.,.,tiD:llly adjuato the weighting 
given to each species when computed on original 
counts (or biomass). One sud\ poSSibility giV<!l> by 
Lance and Wl111ams (1%7) and refem:d to as the 
Canfmm coeffident, deHnes similarity between 
>ample j and ..unp!o k OS' 

.'jt- 100(1-p-1l:.P ly,y-J!>I ) (l.lJ 
"" 1!1!] + ;W 

CI<'Orly, this has a strong lil<eness to the Bray-Cur~s 
coefficient. but the absolute differences In counts for 
each species are~ &<aled, i.e. the denominator 

1. l!Tay-Curt« ;, til£ .,.;. ooeffident cakodaffll by tl£ 

PRIMEll. CU/STEK P"S'""'' which or.. •II<= a "'"8'" of 
tnm.prmat;., •! tn..W.. 



The «simple ma!dlittgH ,;..,;rMrity bctwccn samplos j 
andk io dclincd as: 

05) 

so called becauseit represents Utcpn:>bo.b<1ity (>< 1001 of 
asinglcopccicspickcdatrandom(fromtOOfullspeci<• 
list) belng present In both samples or absent in both 
samples. Note that Sis a function of tl here, and lhuo 
d"J""'do on pint abs<nces. 

If the «siJnplematching" coefficient is adjusted. by fU"St 
removing all "!""ies which are jointly absent from 
samples j and k, one obtains thE! J=<tM. "~' 

-';> = lOO.o/(a+b+c) 

I.e. S is u.., probability {><100) that a single species 
picked at nmdorn (from the =luced 5J""CI<'S list) will 
be Jll"SC"I In both samples. 

A popular coclflciont found under ooveral names, 
commonly So,..,..on or Dice,!.';: 

(2.7) 

Note that thi• is idcmka.l to the Bray-Curtis coefficient 
when lhc latter !.'; calculated on (0, 1)~/ ob>enre 
data, as can be oeen most dearly from the second form 
of equation (2.1).2 Fur .,.;ample, reducing Thble 2.1a to 
(0,1) data, and romparing samples 1 and 4 as 
previously, equation (2.1 ) giveS" 

Szf = 100 ( 2!0+l+l+IJ.H)+()JI = .57.1 
1+2+2+1+1+() 

1liis is d""'lythe same conslruction as oubsUtuting a = 

2, b = 1, c = 21ntc equation {2.7). 

Among the many other coefficients that have been 
proposed, one that CIUl be found occasionolly in 
marine eo;olog!eal otudles Is that of McCI>lll<ouogbey 
(1964~ 

5;< = lOO[o(2a+b·+dJ/12(a+&J(a+eJ/ (2.8) 

1) In tnOSte<:ologlcal studle., It seems to make sense tc 
usearoefficientwhichdoesnotdeperdonthenumber 
of species whidt are joinll.y absent from both samples. 

2. Th•• tho s__.. coeffHoi<•t""" 0. ..,.;,...! i•l"" PRIMER 
CLU.>TEK f""Wl"'' ltjl'l""'~ il1< doUI "'P""""<>1<i>­
...,ce onJ sekding B..y-Curlis similorily. 

2) Slmilari~es calculated on original abundance (or 
bioma"") Vlllues can often be over-dorninat\ld by a 
small number of highly abur<lant (or large-bodied) 
species, so that they fail to lcllcct similarity of overall 
cornmun!lycompost~on. 

3l Some coefficients (such as the Canberra) which 
fiETMately scale the contribution of each spedes to 
adjust for lhi., hove a tendency to over-.oompenAAte, 
i.e rore opecies, which may be arbitrarily diotribuled 
<>CYOSii the samples, ore gtven equal weight to very 
common onos The same crltld•m applies to reduction 
of the original matrix to simple pre:;enre/obsenre of 
each species. In addition. the latter loi«• potentially 
valuable information about the approximate preva­
lence of a •J""<Ies (absen~ raTI!, prl'senl In modest 
numbers, common. very ab<lndant et>c). 

4l A balanced compromise t.o; often to apply a 
sinularitycoefficient such ao Bray-Curtio lo counts or 
bimna" values which have OO<m moderately (~y) or 
fairly seV<!Tilly transformed (log (1 + y) or +lyJ. AU 
•pedes then contnbute something to the defirrition <Jf 
similarity whilst the retention of some infonnation nn 
the prevalence of a species ensmcs that tho cnmm"""' 
species are generally given greater weight than the 
"'"'ones. 

5) Initial standardisation is occasionally desirable, 
dividing each count by the tutal abundonce 1Ji an 
5J""Cies in that sample; this is essential when 
non-comparable, unkn<rwn sample volumes ha vc been 
ttlen. Without !his column standardisation, the 
Bray-Curtis coefficient will rcHect dilfcrcnccs be­
tween two samples due both lo differing community 
rontpo•itiun and/o:r differing toto/ aburo:lance. The 
standardisation removes any effect of the latter; 
whether thio;., desirable is a biological rotlu-r than 
statistical question. (Experlenoo with benthic conunu­
nilie:lsuggeststhattheotandardisa~on5houldusually 

be avoided, valuable biological lnfonnation being 
contained In the abundance or biomass totals). Not.!, 
however, that rolumn otandardisalion does not 
"""""" the,...,.,; oubseqtoently to tronsfonn the data 
malri>o:, if the similarities are to tak account of more 
than Jnsl the few commonest opccios.3 

3. I• CLUSTiiR, >t.ndo,U,.,t.io• i< Ml llted4'ull oplion for 

"""P'< "'"'IIAri""' ""'· if "'""'ted, n ;. '"""1""' -a ""' 
IJ<ji>"' '"Y lm•<f""""t""' . 



arlrilrary to some dcgrcc. Aeld et al. (1982) suggest 
removal of all specieS that nwer ronstitu.te more lhan . 
p% of the total abundartce (/biomass) of any sample. 
whete p is (arbit<arilykho= to leave In around 50 or 
61l>lped"' (typically p = .'1% or so). This Is preferable to 
simply I"Oialnlng lhe51J or 60 species wilh lhe highC$t 
tela! a\nmdanoo """""" aU sariipleo, since lhe la­
slratcgy may result in omitting severn] species which 
ai"O l:ey consUtuentsof a silewhichischaroctcr!sed by a 
low total number of individuals} It Is Important to 
rnlt.,however, that this inevitably arbltraty~of 
Omilting speci<;!o is ool """'"'"''Y for the more uSual 
bct~mplc similarity c:alculatioru. There the 
oomputlltlon of lhe Bray-Curti• coefficient down­
weights the ronlnbulions of the less oommon specie> 
inanentirelynaturalandcontinuouslasltlon(therarer 
the species the Je .. it <:<>ntrlbutes, on average}, and all 
species should be retained in lite». cakulatioru. 

~Rnmi'Mtf~"Tiii*l ~~tlt:M~lllt!.".:tt 
The conv"""" concept to similarity is that of 
di.simil<frity, the dcgl"2e to which two samples are 

u nl!kc each other. Tlwugh similarity and dissimilar! ty 
are just opposite sides of the sarno coin, the latt<:t Is a 
more natural >larting point in constructing ordina­
tions, in which diz;;imilarit;., (~) between pain of 
wmplcs.,., turned lnto dfslonoes {d) between sample 
!o<a "onson a "map". Thuslaoge dissimilarity implies 
lhat.arnple• !!hould be located at a large dlstanre hom 
each other, and dissimilarities """' 0 imply nearby 
loca~on; 5 must therefore always be positive, of -
Similariliffi am easily be turned Into dissimilarities, 

"'' s = 100-5 (2.11) 

!<or ""ample, for the Bray-Curtis ooclfidcnt this gi"""' 

' :E,1 ly;ry,,l 
Ill= 100. 

r.,=; lyij+!f;t) 

(2.12) 

w!uch has limits 5 ~ 0 (nu m,..;milarity) and 5 ~ 100 
(total dissimilarity). 

4. rm, PRIMER CLUST£.R P'"g>"O"' will "'lff1"'k Bmf-C,.. 
<(• """"" •imil<rit...,. wilhor wi<houl """ standanl""'"'" o.d 
l,.,>fonno!Wn (!hough th<tkfmdl. ;.., """""""""" h<r<), ond 
n/lowi•xprior..duaiom/oylh<p'l.<nkrwn,eilil<fl!y"!"""f!ling 
pOT <hsnumb.r I> of "".m..l ~· 

1-11 
poge2--7 

However, rather than· conversion from similarities, 
othor Important diSI'imUar!ty measures arise in the 
111"91 plotee •• di.tance.. Their mk! as lmpl!dt 
dissimilarity matriceo underlying J"'rtlCUlar ordina­
tion techniques will he ,.,... """""'dearly taler (e.g. in 
Prirodpol Components Anal ysi0; Chapter 4}. 

Euclidean d:l&tanc~ 

Thouotural dlstanre between any IWo points insl"'ce 
is referred to as EIIC!ide4n dMance (from classical or 
Euclidean geometry}. In the con~ of a spedes 
abultdance matrix, the Eudldeon distance between 
samples j and tis dofincd algcbroioally a"' 

(2.13) 

This can be>t be understood. gcomctrically; by taking 
the special case where there aro only two species so 
that samples can bo "'~"""""ted by points in 
2-<1 imco>Sionolspace, namely their P.,sition on the two 
axes of Spedes 1 and Species 2 counls. This is 
lllu,trale<l below for a specific two samples by two 
"J"'clos abundan<:<: matrix. The Co-<lrdinate points (2, 
3} and (5, 1) nn the (Sp. l, Sp. 2) axes are the two 
samples j and k. Thcdirc<tdlsta""'4J. between them 
oH[(2 - 5:o' + (3-1)2 l (Py!hagorns} clearly corresponds 
lu equation (2.13). 

Sampleo j k 

Sp1 2 5 
Sp2 3 

It 1s easy to envisage lhe extension of this to a matrix 
with three specie>; tho two points are now simply 
located on 5-dimensirmal spedes """' and their 
straight line distance apart is a natural geometric 
cuocept. Al!J"braicrllly, it is the mot of the sums of 
squared distances "I"'" along the lhrcc axes, cq uation 
(2.13). Extension ru fuur and highor numbers oi 
species (dimensions) is harder lo envisage geometri­
""lly (in our 3-dimensional world} but the concept 
""""ins unchanged and the algebra 1s no more 
dlfi!C1ilt to understand in higher dimensions than 
three: itddilional >quared di.tanceo •P"•t on .,.rn new 
species axis are added to the summatlon under the 
squa!'C root in (2.13). In fao~ this ooncept of 
repn""'"ling a specics-by-<lomplos matrix as points In 
high-dimensional•puks •paco is a very fundamen Ia! 
and important one and will be met again In Chapter4, 



The previous doapter 1\as !11own how to replace the 
origiMI data matrix witlt pairwise sinlilarities, chosen 
to ,..nect the P'""cular aspect of s1mllar1ty In 
rommunltystructu,..(slmllar1tylnrountsofabundant 
9p<lde9,9imilarityingeneraldispositionolrarespecies 
etc) whkh the biologist requires to emphasise lor the 
study in question. 1YPicaUy, !he nwnbcr of pairwise 
similarities is large. n ( n - 1 )/2 lor n samples, and il can 
often be no easJer to detett a pattern In the resulting 
lower triangular 9imilarity matrix lhan it is in the 
original data. Thble 3.1 illustrates this fur justa portion 
(roughly a quarter) of the similarity matrix for the 
FrierfjOI'd macrofauna data (F/. Close ""<'ll\lnation 
shows that the lour replicates within slte A generally 
have higher witltin-sile similarities than do pain of 
replicates wilhin sites 8 ond C, or repliatleo limveen 
slle.s,bulthepaltemis/ar/romdear. Whatlo~edis 
a graphloal display linking samples that have 
mutually high l•vel• of similority. 

ThW. 3.1. frletfi<m/ ~- =<><b /F), B~uffls 

•imi~Rri~ml, oJU. ~~ ''""'fonrio!Um of"""""· for """'9 .,.Ur of 
~te"""pks from siles A,. B, C ooly (four t<pli<N< ,.,.. 
pcr<i .. ). 

" " " A4 Bl Il2 83 ll4 C1 C2 C3 C4 

" -

" " -

" • " -
M • " " 
" " " " • -

" " M " " " -

• " • • " • • -

" " " " " • " '" -
0 • " " " " " " " -
0 • • • • • '' " " " -
0 • " " • • " " " • .. -
~ " • • " • " • " • " " -

Chlst.T """lysis (or clRssij'i<>monl alms to Hnd 
"natnrol groupings" of .. mples ouch that sampleo 
within a group are more similar to each other. 
seneroJly, than samples in different groups. Ouster 
analysis Is used in the pn!Se<'lcontm<t in the following .. ,.. 
a) Different sites {or different lirnf:s at the same site} 

can he seen 10 have differing oommunity romposi-

!l'iJH 

lions by noling that ""li"'le samples within a site 
formadustErthatisdislinctlromreplhleswilhin 
other sites. This can be an important hurdle 1o 
"""""'""' in any analysis; if replicates tor a site are 
dusteJed IIIOl'e or less randomly with teplkaleO 
hom every other site then further inte<pn:tation is 
Hi«lly to be dangerouo. (A more formal statlotlc:al 
te&tlnrdlstingulsl\lngslteslslhesubjectofCbapter 

"· b) When it i• established that sites can be di!ilir.­
guishcd from one another (or, when ""licales an: 
not taken. it is assumod that a singlo sample is 
representativeofthatslteortlrne},slteoortlme5can 
be par~tioned into groups with similar conununily 
.~. 

o) Ouoter analys!o of the '!""'"'" similarity motrb can 
be used 10 define species assemblages.legroups of 
sper:ieo that tend 10 ro-uocur in a paralleiiiiiiiii\el" 
across sites. 

Range of methods 

Literally hundreds of clustering methods exis~ some 
ofthemopera.lingonsimilarity/dissimilaritymatrices 
whilst others are based on the original data. Everitt 
{1980) and Cormack (1971) give e:«:ellentand readable 
review& Qiffurd and Sreplrenson {1975) is ai'IDI:he< 
well-established tc:<t on dassilication methods, from 
an eoologlcal viewpoint. 

l'ive da"""' of duslering melhods can be distin­
guished, fuUowing Ute categories of Connock (19n). 

1) Hl.,.srd<ica.l mothod&. Samples are grouped and 
thcgroupsthcmsclvcs/onndustcrsatlowcrlcvcls 
of similarity. 

2) Optimising l«hniques. A single set of mutually 
OOusive group• (usually a ~fied number) 
!s formed by optimising oome dmteringaiterion, 
lor e><ample minimising a within-duster distance 
measure in Ute species space. 

3) Mo~ nreth<>d•· These ""' based oo 
oonside<ations of dmoily of samples in the 
neighbourhood of oUter .. mples, again in the 
species space. 

4) Clumping f<dmiqun. The term 6 clumping" is 
reocrvcl lor methods in which samples can be 
plared in more lhan one dusler. 

5) Miocd/aMoiUl ~<'8. 



T~~le3.2. Lo<bUoobe,.,..,f-~(L/OIIN<t.,Ah..:.mt<"""!'afi<'..ji-<,.ov;form,U.."""UingB"'J""C•"i<.<imJlori<y_,rix...! 
tO. ~ '"oed s;,mlorily """'"""froo• o h!.mdi<»! clut!..,.;"8, "'ing IP""'' """"X" !iolriog. 

,_ .. • " " -·· ' ' ' ' Somple ' ' ' - ' ~- 1.7 0 " " 
~ 

' ''" Myrioc/Je. :1.1 Q " " ' o_o &7.9 ....... 1.7 2.5 " 
,. 

' 52.1 ~ ,{2_() ,_ 
" " 

, 
'' Opitdla " " ~ " Mytihts " " " " 

a) s;~~gl• /ifrkaU. Sf1, 2&4) is the m<IXimum of S(l, 2) 
and S(l. 4), i.e. 52.2%. 

b) C""'Pirldilrkage. 5(1, 2&4)is th• ltftttlmum of 5(1, 2) 
and 5(1, 4), i.e. 25.6%. 

c) Group---~v""W' link. 5(1, 2&4) is the..,..-.g,of 5(1. 
2) and 5(1, 4). i-<. 3B.9%. 

Table l.2 a~opl< gtOUp-i<verngo linking. hence 

$(2&4, 3) ~ (S(2, 3) + 5(4, 3)]/2 = 55.0 

The new IIIiltrix is again =mlr>ed for the highest 
similarity, dof!nlng the li<'><l fusing: here thls Is 
between "2&4" and "3",at,.;mi]arity JevelSS.O%. The 
malrix is again reformed for lhe two new d~s~ "\" 
and "2&3&4" and there is only a single similarity; 
5(1,2&3&4), to define. For~geHnking,lhis is 
the mean of S(l, 2&4) and 5(1, 3) bul it must be a 
weighl<!d """-'1\, allowing (OO" the foctthotthere are twice 
as many samples in dusi>;'r "2&4" as in duster ":3°. 
Here: 

5(1, 2&3&4) = (2 X S(l, 2&4) + 1 x 5(1. 3)1/3 

= (2x38.9 + 1 xOJ/3 = 25.9 

IOough it is computa~onally efficient ro form each 
sucressive similarity matrix hy taking weighted 
averag"" of the sirnilari~"" In the previous matrix, an 
alterna~ve which is entirely equivalent (and perhaps 
oonccptuolly slfnpl"r) is to defin<! the olmUarlty 
bolw<!en two groups as lho dmplr (unweighl<:d) 
average o( all bclwccn---sroup >irnilarilies in tho Initial 
triangular ma\1i~. Thus: 

5(1. 2&3&4) : (S(l, 2) +SO, 3) + 5(1, 4)]/3 

= (25.6 + 0.0 + 52.2)/3 ~ 25.~. 

the same answer- a• above 

The final merge of all samples into a oingle group 
therefore lakes place at slmUarity level25.9%, and !he 
clustering proce:;s for the group-average ]Inking 

' S.mple ' ·~ ' Sample 1 =~ 

' ' ~ 

·~ "' -
~ U.M( 253. -

' ""'"' 

shown in Table 3.2 can be di"Jllayed in lhe foUowtng 
dendrogram. 

" j ~ I 
;oo LIL_JI___L_[_ 
Somplo> 2 4 3 1 

Dendrogram features 

This example raioos a number of more general points 
about the """ and appeaTanCI' of dendrogrnms. 
1) Samples need tu re--urdered along th<> :< a><ls, for 

clear presentation of the dendrogram; it is always 
possible to anangc samples in ..,rn an ordeT that 
nooo of tho, dendrogram hranches cross each other. 

2) The resulting order of samples on tl>e x a>ls '"not 
unique. A simple analogy Is with a child's 
"mobile"; the vcrlical lines are •lrin(IS and th• 
l>orimnta! lines rigid bus. W~en the whole 
structut<: is suspended by the top string. the bars 
am rotate freely, generating l!lilny ~ ,__..r­
rangements of samples on the x o>Js. For example, 
in the above figure, samples 2 and 4 could swilch 
places (sequence 4, 2. 3, nor sample 1 move to the 
opposll<l side of the diagram (sequence 1, 2, 4, 3), 
but a seqm,nce sucll as 1, 2, 3, 4 is not possible. h 
fullowslhaltouoethexaxissequenceason~ 

of sample> is misleading. 
3) Ouster analysis attempts to group samples into 

di=-clustennoldloplaythelrlnter-relationship 
• on a conHnuous satle; the latter is the province of 

ord;nation and this would be preferable for the 
9lmpleexample above. a~ stering-imposes a rather 
arbitrary grouping on what appears to be a 
continuum of change from an unpoUulcd year 
(1964). through sl<ladily inoreasing impact (loss of 
some "J'8I'Ies, increase in obundance of "opportu-
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Collins and Williams (1982) pcrform hiemrdlic>l 
duster analyses <>f zooplonklon samples, collected by 
double oblique han Is at 57 ;Res in the Briotol Charm•\ 
UK, foe tlu"" different ..,.sons in 1974 {B J_ This Is not a 
poUution study but a ba...Jine survey carried out by 
tho Plymouth laboratmy, "" part of a major 
programme to understand and modellhe ecosystem 
of the estuuy. Fig. 3.2 is a map of t""' sample locations, 
sites 1--58 (site 3D not sompled). 

Fig. 3.3 shoW> the TeOUlts of a hlerardtical clustering 
using group-average linkingundata sampled during 
Aprill974. 'The l'llW dala were expressed as nurnbcYS 
per cubic metre lor earl\ uf 24 holrumoplonkton 
spc<ies. orul Bmy-Curtis similarities calculated on 
V"i'-troru.formed abundances. From tllC resulting 
derulro!l"'m, Collins and Williams oclc<t the fuur 
groups dctennlned at a 55% simllarHy level and 
characterise these .. !nit tsiuar/ne (5it<s 1~, 10, 1.2}_ 
""tu.rlneand marine (9, 11, 13--27, 29). owyhali,.,,.,.;,e 
(28, 31, 33-JS, 42--44. 47--50, 5J-55) and sttiWitafine 
mJlf'ine (32, 36-41, 45, 46, 51, 52, 56-.58). A 
c<>I'!'esp<ll>ding clustering of species and a Te-<ll"dering 
of the rows and ro\UJru'\S ot the original data matrix 
allows the identification of o number of species groups 
characterising these main site clusters, as i>"""" later 
!Chapter 7). 

The dendrogram provides a sequcnc<: o/ fairly 
convincing groups; oru;e cad\ ol the four main groups 
bosf<>nn«<itrematnsseparatefromolbergrwpso""' 
a relatively large drop in similarity. EV<ln oo, a cluster 
analysis gives an incomplete and disjointed picture of 
!he samplepatl<!rn. Remembering the analogy of tho 
"mobile", it is not dear from the der<irngram alone 
whetlllir there;, any natura! sequence of conununity 
change across t11e four main clusters (implicit in the 
designotions true estuarine, estuar!ne and mari""­
•uryholioe marin~, otenohal!ne marine). For example, 
the stenoholine marine group could Just as ~y 
have been rotated to lie between the estuarine and 
marine and euryhaline marine groups. In fa<t, there is 
a strung (and Jru)J'{)-{lr-1ess rontlnuous) gradient of 
O>mmunily change ocross the region.. associated with 
the changing salinity levels. This is best seen in an 
ordination of the 57 samples on which are sul"'rim­
posed lite salinity lovels at eoch site; this =mpte Is 
thetelotc l'l'!umed tu in Chaplet 11. 

1) Hterarchiml clustering with group--averoge link­
ing. baoed. on sample similarity at dissimilarity 
malriC<IS ouch as Bray-Curtis, bas proved a useful 
tedmlquein a number of erologiatl studies of the 
last two de<.'ldes. It is appropriate for delineating 
groups of sites with distinct community structure 
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An ordinati"" is a""''' of the samples, usually in two 
or three dimensions, in which the placement of 
samples, rother than representing their simple 
gwgraphicallocalion, rellcct. the similarity of their 
biological communities. To be more precise, dis/more; 
between samples on the ordination attempt to ma"'h 
tho rnr,..,.pondlng dil<imolori/ies in community stru<­
ture: nearby points J>avc vcry &imllar oommunities, 
s.>mpk> which are far apart haw few species in 
common <>r the same species at wry different levels of 
abundance (or biomo .. ). 'I1'>e wurd "atrempr is 
importanth=oinccthe>"etsno uniquely defined way 
in which this can be ac~lev<ld. (Indeed. whct1 a large 
number of 5p<cie• fluctuate in abundance tn response 
tu a wide variety of cnvlronmontal variables, each 
species being olfcctcd In a difrerent way. the 
community >tructure i> essentially high-dio"""'*""'l 
and it may be impc=ble to obtain a useful twu ur 
three---.:!irnensional rcprcscntation) _ 

So, as with clu •ler ana ly><is, oowral methodshavc been 
proposed. each using <.liifurent ftmruo o/ the original 
dat.o. and varying in their technique lor approximating 
hlgh-<:lirnensional informaUon in low---<limerurional 
plots. They iucludco 

a) l'rilripol C""'P""""ts- Analysis, ~CA (,.,., f()t 
example, Chatfield and Collin.•. 1980); 

b) Prin;;iptrl C,_.,rdi..,.tes A""lysis, PCoA (GoW<il", 
1%6); 

cl Co"""'P""den"' Analys;, and Drltmoled Co,.,_ 
"1""'4="" Analysis. DECORANA Q-lill and 
Gauch.l980); 

d) Mulli--Dimensionol Scaling. MlJS; in particular 
no~ MDS (sec, lor example, )(ruslal and 
Wisl,, 19'78)-

A <omprffiensive survey of ordina~on melllo<ls lli 
outside tile scope of this vOIUJJle. A> with clustering 
methods, detailed explanation is given only of the 
tedu\iques requlled for the onalysis strategy adopt<ld 
throughoutthe manual. 1llio is not m deny thr validity 
ol other methods but simply to offitm the importance 
o/ applying, with U01Jer:lfilnding, nne or lwn todlniquc!; 

of proven uHHty. The two on:linatinn mcthodsselected 
are therefon: lhc simplest (arguably) of the various 
options, at least In concept. 

o) PCA is the longeskstablished method, though the 
relative inflc><ib!Uty of its definition limits its 
practical usefum.,. more to multivariab;> analysiS 
of envtmnmenW data rather !han species abun­
dances or biomass; nonetheless it ;, ,till widely 
enrountered and is nf fundam<>ntal importance. 

b) Non-metric MD5 ;, a more recent deV<!Iopment 
whose <omplex algorillun could only ha"' been 
rontenlplated in an ern of ad vonccd oomputatiurud 
power; howeve<, it> rationale can be Vl't"Y simply 
described and under~. aM many people 
would argue that then""" tu make Jew Gf any) 
ossumption'"boutthedatamakeilthernnstwtdely 
appli<able and effective method a va!l.>bt... 

The starting point fur a PCA i' the original data matrix 
rather than a dert ved similarity matrix {though til= is 
an imp/hi dissirrularity matrix underlying PCA. that 
o/Euclideandistan<r). Thr data aTrayls thought of as 
<lefining tho po•ltions of !'Omples in relation to axes 
representing the lull set of "Pf'cles, one oxis for each 
I!J'I'<ies. Tills is the very lmportantronceptintroduced 
in Chapter 2 (loUowing ""'atiun (2.13)). 'IJ'pically; 
there ore many 9pe<:ies so the sampk!s ""' points m a 
very high--dimcnslonol 8pa"'-

A •lmple 2-dimensiooal example 

It helps to visualise the proce« by again ronsldering 
an (art1fl<ia1) example in which there""' only two 
specie; {and nine >arnples). 

S.mplo12J4567R9 

Abundance Sp. 1: 
Sp.2o 

50 5 71110151814 
lQSOOl081414 

TI~e nine samples HJ"e thereture points in two 
dimensinns,ond lobolllng these pc< nts with the sample 
number g1 ves the following plot. 



(porpendlcttlar) distances of the points hum the ~ne. 1 

TheSilmnd approach comes from noting in theabovc 
<lJ<Ilmpletha !the b iggeot d!/ferenres between oamplcs 
take plare along the PCl axis. with relatively smo!l 
<l\anges in the PC2 direction. The PC! axis is thel'llfore 

do6ncd as that dlre<tion in whidt the ""'"''"'" of 
sample points proje<tm pelpCll<li<ulorly ontu the axis 
;. maximised. In fact, these two ""''"'ate definiHonsof 
the PC! axis tum out lObe tcWJy equioo/cnt and one am 
use whkkvcr <Oncept i> ea•ier to visualise. 

Exhlnsion to :l-dimensioJial data 

Suppo.., that the simple example above is e><londcd to 
the following malrix of rounts for lhn:o specks. 

Abundance Sp. 1: 
Sp.~ 
Sp 3: 

6 0 5 71110151814 
20~661081414 

3160911101615 

Samples""""'wpulntsinthreedimonslons(Sp.l,Sp.2 
and Sp.3 """")and there are lherclore three principal 
compmwnt axes, again simply a rotation of the three 
SJ""Ie> axe•. The deiin!Hon of the {PC!, PO.. T'CJ) 
OIXffi generalise• the 2---<IHnensional ca.., in a natural 
way: 

PC! Is the o:ds which """'im!S<S the,.,.;,,._, of pointo 
projected pcrpondlailarl y onto it; 

PC2 is ruru.trolned to be perpondtrolru: to PC!, but is 
then again chosen as the <lirec~on Ill which the 
varianreol points projected P"'J"'''dkularly onto it 
Is n'IID<imi!!ed; 

PC3 is the axis pcrpa>dicuhr to both PCl and l'C2 
(then, is no ohoi<e remaining hen>). 

'- Till< lype of M moy be famUia, from or!!"""!! rm..,. 
.-.gm.«io., e=pt that tile Ower ;, f"'""'iato>l ~•ymmetrirally. 
II>< "'gn=o" of y on X miniOU><.S lh, '""'of "I"'"..J ~ 

d~"'"'"' "'""'""from the li"'-

An equ!valentwayafvisualisingthislsagalnln lenn5 

of "best fit": PC! ;, the "best fitting" Hneto lhe>Ounple 
points orul, togEther, the PCl and PC2 oxes de6ne a 
plane (stippled in the above dlagraJJI) which is the 
'best 61ting" plane. 

Alget>ralc definition 

The above geometric formulaHon <an be exp"""""' 
algebrai<allj< The lhmc new variable> (Pes) are just 
r;,.,., combi~at;~.,. al the old variables (species), 
such that PC!, l'C2 and PC3 arc u"oo..-.1"1•11. In the 
obove"'"'mple: 

PC! = 0.62xSp.1 + OS2xSpl +0.58xSp.3 
PC2 ~ -073><Sp.! + 0.65XSp.2 + 0.20><Sp.3 (4.11 
PC3 = 0.28><Sp.1 + O.SSxSp.2- 0.79><5p.3 

The principal components al"<! therefore lnterpretahlc 
(i!t theory) in Ienos nf th~ rounts for each original 
species axis. Thuo PCl is a sumohoughly"'J"al (and 
pooilivc) contributions from each of the species; it is 
"""""!Ially or<! ering the samples/rom low tu high total 
abundance. At a moro subUe level, for samples with 
the ••me total abundinre, PC2 then mainly distin­
guisho.s "'lalivcly h1gh oounls of Sp.2 (and low Sp.l) 
from low Sp.2 (and high Sp.l); Sp.3 values do not 
f<><l~•re strongly in PC2 because the rorresponding 
roefficient is smaU. S<milarly the PC3 a>ds mainly 
mntra.sts Sp.1and Sp.2 ruunts. 

VariaUon explained by each PC 

'The d!'!'!ni~ "" of principal components gi vtm above is 
i1> tctms al >u<:ee>o.ively maximising the variance a1 
,.mple points proje<ted along each a><is. with the 
variance ti-.erefore de<reasing from I'C1 to PC2 to PC3. 
It is thus naturaltoquote the values o( these variance> 
(I n l"Oiation to their total ) as a mea,.,reof theamoont of 
4nfurmation" cOntained !n each a:ds. Furlhonnore, it 
tums out that tho total of the variances along all PC 
a><os is equal to the total vorianoo ol points proje<ted 
SUOCilS.Ovely onto each of the original "Pf'd'"' IIJ<e&. 

That Is, Jelling rnr (PCii denote valianc!e of sampl<'S on 
the ith PC a~i• and ''" (Sp.i)dcnolc varion"'otpoints 
on the ith species a:ds (i - U.3): 

I:, var(PO! - I, l!aT(Sp.ii (4.2) 

Thus, the relative variation of points along 1M tlh PC 
axis (as a pcn:cn!Og< of the tutal), nomcly 

P; - 100. rnr(PCiJ 
J:; !lllr(PCII 

=100. var(PCi! (4.3) 
~ var(Sp.!! 

hos a ~l interpreta~nn a. the % of the original total 
v~ri"""' explaiud by the ith PC. for the simplP 



nal abundanoo data /LJ is mown in Fig. 4.1. The 
original matrl~ rontlioed ~ tolal o/115 species for the 
11 ..,mples. one fur each ycaroftl\eperiu<l 1%3-1973. 
Pulp-mill efllucnt was first disd~~>rged to the loch In 
!966 w:ith an inc,..,.oed disd'l"'!l" in 1969/70 and a 
subsequent decrease in 1972/73. 

!!~dude les&-<:ommon spedes 

The re!=lion of ra= species In a PCA ordinat>on will 
hove a strongly dl•tortlngeffect. even suppo&inglhat 
the matrix operations to roru.buct the ordination ""' 
possible. For the Loclt LinnhO data there are 11 
samples In 115-<limensior.al spc<ios 9p11ce! An initial 
and dra$ic reduction in the number of spcdes Is 
nece ... ry for the PCA algorjtlun to work. In fact, 
many of the species are represented only by a single 
individual In a ;41gleyear and their omission will no! 
be a ~ousloSs to intorpreta:lion, bu!lhcn"""lSSity of 
maklngan{e•senijallyarl>ttrwy)decisiona\x>Utwhkh 
8pede>toexcludcisoooofthepmblorn.<withapplying 
PCA to biological community data. lly runlr""t, the 
clusl<>ring method• of the laotcl>apter ,..,..., applied to 
asimi!aritymatrixwhichcnuld\>eronstruclcdfromal/ 
.•J""C'es, the rarer ones either being emphasised, as in 
reducHon to pros<!Oce/a\),.,nce, or dnwn-welghted 
automatically (though not ignore.l totally) by the 
choh of similarity roeff"Lcicntand tmmformalion . An 
ordination meiliDd based on this similarity matrix (for 
c"Omple, Ute MDS method of Chapter 5} dco>l y """"'" 
over PCA, in U>is respect. 

In fact Fig 4.1 Is booed on a data malri~ of only 2~ 
species, U\ooc making up more than 3% of tho total 
abundance in at least one of the samples. tTite 
rationale for this typoi of ..,\ection procedure was 

' " ' " " " .. .. 
• .. 

" ;.: -' " ~o .. 
~o .. 
~o " ~o 

~· ~· 
~o 0 • 0 

"' 
Fig. 4.1. L«h Li...W. '""""""'""" {L}.. 2-dim..,.~=II'CA 
onii,.timofstmtpic•Ou..J.,""'f"N-<m~fromth.11 
_. !96.l-J913. PC! (>-axie) •'fli PC2 ly-<!Xi<J to~ 
""""'"'for 57% ofllreiolol"mpl< !H>riahility. 

dlsrossed in the sec~on on spi!cles simi.\orilies in 
Cllapter 2). Calculation of lheprincipal components is 
now pooslble !hough, even so, lhc soflwa., package 
needs to handle its oornputa.tion9 caretully. A·tolal of 
11 .sample prri>)ts will always. fit perfectly into 10 
dlnwnstons (think of the lowcr-<limen.Wnal onalogy 
ogaln: 3 point. inJ..dimerulonal spare will always lie 
ona2-dfmensional plane). Thus, only 10 (atmosOPC 
oxes can beconstrucwd, _or to put it iiROther way,aU th• 
>ample variance can be explained by the llrst <d res. 
In fac~ the first two l'Cs in l'ig. 4.1 exj>lain 57% of tho 
tntal vaMobilfty 90 lhe2-<limenslonal ordlnaUon dt>es 
no) give a fully satisJacto'Y picture of the <flanging 
mmmunity pattern nv<"l" tile yo>ars. If this example 
were l>cing pursued further, it would be advisable to 
look also at the third PC {atlrn~O, p<'rhops w:ilh """'e 
furm of 3-dirnensional pcn;pc<ti ..., plot or by the throe 
""P"'ate 2-<lirncnsl(mal plots of (PCl, PO). (PCJ. 
PC3)and (1'("2, PCI). Nonetheless, oncmoln feature is 
clear lmm ~ig. 4.1: lhe relaHvely larg<> change in 
community composition h<>twren 1970 and 1971. and 
the n>version in 1973 to a oomrnunity which Is.....,;., 
H~e Ute earlier years. 

lrarufarmation of abundance/biomas• 

lnmuch the same way a s was seen lor thccalculotion ot 
similarity coeflidents in Chapter 2. it may be nemssa.T)' 

to make on initial transfnnno~on of the abunda>tccor 
b\omo,; values to avoid ovec-domination of tlu: 
resulting anal ysls by the very common species. For the 
Loch linnhe data, C"''ifrlla number.; ina year! y sample 
range from 0 to over 4.000 individuals, whereas the 
bulk of the oUter species have counts in single or 
double ligures. Poruntransformed data (and using a 
covariance-based ana\y""" as disrusoed below), the 
Otpilello al<ls wi!l dea:rly contain a•ubstanlial pit11 of 
the overall variation of sample> in the specie• spaoe, so 
!bot the direcHon of t11e PC! axis will tend to be 
dictated by that species alone. A more balanood 
picturo will emerge alter transformation: l'jg. 4.1 is 
based on ..J..J-tronsformed abundanoos. 

Scale and lo.:alion dtmges 

The data matrix oan also be no...,all<o!d (after any 
transformation has taken place). For each spc<los 
abundance, su !>tract the mean count and divido by tho\ 
standard deviaHon over ~11 sompleo fur that species. 
This In<lkes the varianoe of samples along all species 
axes the sam<>(~ 1) so aU species are of potentially 
equal importance In determining !be prirocipol 
rompnnents. This nonnali"'--d analysis "ls ,...fencd to as 
.,.,.,..J,fion-ba .. .t PCA rather than the cuvariturt»­
~a•ed PCA obtained when the datals not normalised 



different variloblea in the environmental analyois, e.g. 
<:onbuninont «>nee~~tra~ons will often be right­
slew«! (and require -g like log tramlonna­
llon), oolinity may be left--<lkewed (n:vcrse log 
transformation) and ....mnent !lfanulometry mea­
sures like "% mud" or ~silt/day" may nc<:d no 
transfonnalion at aU. Tltese issues are returned to in 
Chaptcr9. 

,.._ ____ i"'="'trt=il 
"!)Hft'UnJn~ffi]JW:ilililft1iliiMJI!IIilo 

1) PCA is ""••:•phudly simple. Whilst the ..tg.,brak 
basis of the PCA algorilhm requires a facility with 
matrix algebra for its undcrstauding. the gwrnetric 
conrepts Of a "best fitting" plane in the "P""'•" 
•pore, and pcrpendlrular projection of sample• 
onto that plane. liTe relati vdy casUy gra>ped. Some 
of tile 1t10re mcenlly propose.:! ordination mciltods, 
which .,; liter e><l<!t>d or supplant PCA (og l'r!ru:ipal 
Co-<>rdinates Analysi". Detrended Co,.pon­
dence Analy&ls) am be very much harder 1o 

understand for pracll~oners without a malhcma~­
cal bad<gmund. 

2.) It is rompufiltlong!/g stmighlj<>rruQrd. Ag<>ln.thi> 
statement needs lo be occn In relative terms. 
PrwUkd the number of &pedes is reduced, noually 
drastically; the required m>lrtx operations pose no 
real problems to m(J(Iem <x>mputing power and 
pod:ages are widely available w hlch cany out the 
neoe..ary eigenvalue (/Qt<IJt TOOt/ extraction. That 
multivariate methods have only rome to the fore as 
a proctlcal data analysis 1001 in lite last two decades 
should not be a surprise to anyone. Even the 
computaijonally simplest o( lc<hniques, PCA, 
could ncvcrbe canied oul manually in any realistic 
e><ample. Nonetheless, PCA llmds to lake only 
occonds, rather than minutos Ol" hours, of 
processing time on a porsonal annputer. The 
constrah1ts are mainly on the number of •pedes 
handled, and taq,;c numbers of Stunple• can usually 
heaccommodaW. This is in oontrasttodusterand 
MDS analyses which tend to be mol"l' constrained 
by the number ofsampltl; they <an iland!e;oncc the 
daia is r<:dn<ed to a similarity matri~ OOtw<'en 
samp!"" (the inpu~ fonn to both clustering and 
MDS) the number of species in the origi nal matrix Is 
irrelevant. PCA could thereiore have a role, "hen 
thore are largE numba-s of sampl es, in providing an 
in!Ha! pl<ture which would suggest separation of 
the dala into two (or more) diolinc:t 5lCts of sampl.,, 
each of which Is analysed by more accurate (but 

""""compulallonally-inlensive)ordinadons....,h _..,. 
~ Ortti>rafion.,_ aflfl~"""""'aWo. "!"he PC""""are 

simple linear t>;>mbinalions of the values for eat:h 

opectes,as in equalion (4.1 ), "" in theory """" some 
potential for Interpretation. In practioe though, 
when then! ""' more tlum a handful of species (as Is 
usual), this rarely leads to any u .. ful Information. 
Hnvlronmental data arrays often contain a smaUer 
munber of variables however; and interpretation of 
the PCA axes may be lnforrnati"" in that case (see, 
lor e><ample, Chapter 11). 

· · ~~ ~ .,l!!~~~~amm" ti.M£58 n m;d:t I~*" m, 
f!:m:0 ** * -· ill#! HI**" *** ili1 
lJ n,_ /.o little f/ex!Wlity i~ de/filing di .. imilarity. 

An ordlna~on ;, essentially a tedu\ique for 
oonverting dis!Jimilarilies of community annposi­
t!on between samph Into (Euclidean) dislancts 
between those s;unples in a 2- "'" higher-<!ime.,.. 
sional ordinall"" plot. fmplicmy, PCA defln .. 
dissimilarity between two samples ., their Euclide­
an di>lance aport in the full p-dimensional species 
"P"C•; how.>v.r, as was seen in O!aptcr 2, this Is 
rather a pour way of defining sample dissimilarity: 
something like a Bray-Curtis ooeffi<ienl would be 
ptefet ted but standard PCA cannot accrmunodate 
this. The only A""ibility it luis is in transfonnlng 
(and/or nonnallslng) the species axes so that 
dissimilarity Is defined as Euclidean distance on 
these new scales. 

2J Its di•t..,ce-p,....,.,;~g properti.. M<! poor. 
Hoving defined dissimilarity as distance in the 
p-dirncnsional species •pace, PCA crmverts these 
d!Sian<e.< by projection of the samplas onto the 
2-<l!mensional ordination plane. Thi• may distort 
some disiaf"IC"Il" rather badly. Taking the 1>sual 
visual analogy of a 2 -dimonsional onl!nation !rum 
throo species, it can be oecn that samples which are 
relahvcly far apart on the PC3 axis can end up be! ng 
<x>-incidcnt when projected {J"'rhaps from noppo­
s!le sides") unlo the {PO, PC2) plane. 

~ 5p.1 



Principal Co-ordinates Analysls 

Th~twomatnwea"""""'"ofl'CA,idenli/icdattheend 
of Chaptet 4,- are its inflexibility of dfi;slmilarity 
meosureand its l""''d totonce--preservafion. The first 
pro]>lemisaddreosedinanirnportantpopetbyGower 
(1966), de5crihlng -an ""-tension to PCA termed 
Prirociptll C,....,N/h44o AW!f$11 (PCoA), aloo""""'" 
times JLft:nod to as &hwi<~<lscllliJOg. "This allows a 
much wider definition uf dissimilarity than o!mple 
Euclidean dis!aru:e in the species spare (the Ws of 
PCA). OtJte. di05imilarity,...,.....,... o.re rurr.-erted to 
diolanccs, In hlgh----dirnens "!"""'• hut the Anal 
step ts a.gatn a proje<lion onlll a lo.w--dimenslonal 
ordination spare (eg a 2--dtmens:lorlal plane.l, as in 
ordinary PCA. Thus, PCA tao &pedal """"<lf.PC.oA.. 
when lhe original dlsslmilarity is ~ Euclidean 
dist""""· It follows that l'CoA is still subject to the 
oe<ond criticism {If PCA: Its lack of empilaois pn 

dtstanre--preoerwOOn when the lnlonna.li<>n is 
difficult tu repreoent in a low number of dlmet\5IOI'IS.. 

De!r<!nded-Cmreopondence Analysis 

C<>""'P""""""" aNalY""" are a doss of ordination 
methods featuring strongly ill Frnncll data---mlalysis 
Uteralnre (for a review In English see Grcena=, 19M). 
Key popers In erolugy _arc Hill(W73a) and Hill and 
Gauch (191!0), who Introduced <ldromk~ .,.,........,.. 
fletuoe Rnaly.ris (DECORANAl. The methods start 
from the data malrix, rather than a set of dlssltnlruity 

- coelficienls, so am rather tnfle>dble In their definition 
ofsampledissimilority;lneffect,multinrnniolossump­
~ons ge11erate an implicit dis$irnilarity measure o/ 
"<bi---,;quared" dislanooo Basic correspondence ilnllly-­
sis (CA) has its genesis In a particular model o/ 
unimodal species ""'J'J1"1!"> to underlying (but 
unmeasured) environmental gradients; an """""tis 
outstdethescopeof this mareial hut a com"prol\enslve 
""pwition (by C F. j. ter ll<aak) o/ CA and related 
ledmiqueo can be found In jongman<l of. "(1987).1 

1. A """""""'' '""JJ of "'...y;"g 01lt "" ' I ul<nr:< """~· 
•nd """'"' CRtuntict!l metlo<>d>o, i; ro ""' "" ~ <=<ilrnl 
CANOCO ,.,...,ge. 

The popular OECORANk version of CA bas- a 
prtiiUIJ)' motlvetlon o/ straighrening out. an "arch 
effect" In a CA ordination, which Is e..pected on 
thccJctical gr9Ullds lf- """""'" ahundana!s- ha"" 
unimodal (Cousslan) responses along a oinglc-suong 
environmental gradient ~ SHCh models an( not 
appropriate, it is uncloar wh~t ortef.lots the algorit!ims 
may intrnduce inll> the final pktun.. In the Hlll and 
Gauch {1980) procedure.. \t>e detn!nding Is """""tially 
carried out by fi,..t opH!ttrigthe-rirdlnatlon space inln 
~ stn!b:hing or sluinking the """" in each 
~land then realigning the oegrnenta to "'!"""" 
wide---.ocal.e curvature. Por some people-.. this is 
ur.mn ofru tablydoseln ati;.ckl ng the data with $cissoJ"s 

and glueand.. thou ghthe method is notas""bjedi.~ "" 
this would Imply, SOllie arbitrary decisions ~bout 
where and how the oegrnentatlon and resatli"ff; are 
defined are "'!her hidden from the-1:15eo'"in the program 
code. Thus P!olou (198f) and others ha"" criticiz.e<! 
DECbRANA for ita '"overzeah"rus"" manip,J~tion of 
the data. It is also a pity that the multi:Yariate 
lechniques which hl9h:lri<ally have bccnapplicd most 
frequently in the ecologi<:allitcrature are often either 
in&d"'JJllltee.y suited to !he dala 01" ore _based. m> 
ooru;eptually complex algorithms (e.g. OECORANA 
andtwlNSPAN.Hlll1979a_b),er..:lingarommunlca­
tlon bonier between data anolyst and eoologlst. 

The Oldinatlon technique which is adapted in this_ 
manuat'sstrategy;...,,._.,.,hicMtlS,isiiSClfacomplex 
nUJJIElii:Bl algorithm bul it oan (and will) be argued 
that tt ts CllnaphJ4JJJI simple. It makes "lew {if any) 
model assurnp~on:H>bout the form of th~ data or the 
fnter-reialionshipol the .. ~ and !he link between 
the lina1 p~ and the user's original dolil i• 
rela~vely transparentand easytn explain. It addresse. 
-.the maj<>r criticisms of PCA made earlier: It h"" 
gm11 pexi!rilify both In thedeftnttion and conversion nf 
d!s.Omtlarity to dista""" and its rationole is ti» 
~ooo/ theoe ,.,]ationship•ln the Jow-dl"""'­
sionol onflna~on space. 

The method ot w-•hic MVS was introduced by 
Shepald (1962) and Krusl<al (!964), lot applica~on lo 

problems in psychology; a usefUl introductory le.>Ct is 
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""'~ " " " " M'f'ffu. " " " " 
Three "'J''icare sediment cores wen. token fur 
melolaunalanalysisoneach<>e<:asion,andnematudes 
identified and counted. This analysis o:msiders only 
the mean nematode a bundanres across replicates aud 
season [no ,..,,,.,,nal di fferences were evident in a mo"' 
detailed analysis), so the data matrix consist~; of 182 
spedesand 19 samples. 

Tius is not on <'X<lrnpie of • pollution study: lhe E><e 
estuary is a rdativcly unlmpaoled environment The 
aim here is to dlsplo.y the biological rob~onshlps 
among the 19 stath:msand then to ~nk U\CSC to asetuf 
environmenW variables (granul<nnetry, inlerstilial 
salinity elc.) IJ1EliiSilred atthese sites, to reveal poll!ntial 
detenninaniS of nematode community slruclim;,. Fig. 
5.1 shows the 2-dimcnslonal MDS ordination of the 19 
samples.. based on ·N-trarufDrrned abundances .00 a 
Dray-Curti>9imilarity matriJ<. Diotinct clustersof sires 
""""ll" (in ~~ with those from a malching 
duster analysis). bearing no ciear-cut relaMn to 
geographical position or tidal level of the samples. 
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fig. 5.1. Eu .. tu"'l' """'AIOO<.! /X). MDS ''"'""""" oflhe 19 

,!1<> u.-1 on ~~-I'""""~- ood &oy-C•rli> 
-•111.-ili<s (sl,.. = 0.05). 

• Sample 1 ' ' ' ' ' ~ 

' ; ~ 

' ' ; ' ' • 
' ' ' ' 

Insread they "PI""'" to n>L!.te to vatial>les ..,ch .. 
sediment type and organic conten~ and these links are 
disco•sscd further in Chapter 11. For now the question 
;., what are stage• in the coii>Irudion of Fig. 5.1? 

The non-metric MDS aiflorithm, as employed ln 
Kruskal'• original MDSCAL program /oT """mp!e, ls 
IIIl i~ pro«!lb>M conwucting the MDS plot by 
su=ivcly reilnlng the po>itioru! of the points until 
they sathiy. as d~y as ~ble, the disstmllot1ty 
"'lotions between sample._ It has the following steps. 

1) Sp.dfy tl& """'""'"~! dimemWns {m) mquired for 
the /ina! ordination plot. If, as will sumetimes be 
desirable. one wi.ne, to cmnpare configurations in 
two and three dimensiorn then they have to be 
c:onstrucled separately. For tho moment think of m 

"'· 2) Conoln<ct.utartingcolffigrmllion ~1 th,! ~ «<"'Piu. 
lhls could be the r<"SUit of an ordinolion by another 
method, for ~ PCA or PCoA, <»" It rould 
literally be just a random sol of n poinl:l in m {= 2} 
dlmensiil:nS. 

3) &gr. .. !&s inh!1poh!t <list~ma• from flUs plot "" 
tho """"'P<'nding dissimilariti<$. Let ldfr) der.ote 
the distance between the jlh and <tit sample points 
on the current ordination plot, ond IB,.l the 
rorrospondlngdlsslmllarity in the original di,.;m;.. 
lat1ty matrix (of. say, &ay-Curtis cocfficiento). A 
..,~Iter plot is then drawn of distance agalrut 
dissimilarity for all lfln- 1)/2 such pairs at values. 
1llls Is renned a SJup.,.<l diauam and !';g 5.2 shows 
the type of graph thai resul15. (In lac~ !Ills 15 at alate 

a. n., i> .~ tht •lgonlhm.,... in 11« PK!Mfll.l""8f'l'll 
MDS. Ti«~iopul i<•>imff""'-~"'"ldx(•-8"·"-'Pmduced 
by CLUST£1<). om/ t/" 01~put '"""""' • plot fik wltldt '''" b< 
inpU! to CONPWTW•Ii>p/uy lhe 1-d MDS ron{igu'fll.,.. 



threo dimensions. with just a 2-dimcnsl<>nal parantf'­

IH space (the x.~ plane) and the \'eltlcal oxis (z) 

dencrtrng the stress at """h (%,y) point. In rmli.ty the 
9tre"" surface is a function ofl)'lOI"e pariiiRO!= than 
this of <ourse, but we have seen before how useful it 
<an be to visualise high-dimensional olgebrak 
"P""'~Ons in terms of :>-dimensional ge<>rrtelr)' An 
appropriate analogy is to Imagine a rambler walking 
across a range of hills in a thick fogCl. attempting to 
find tho b:Jwst point within an cndrdlng range of high 
peaks. A good .trategy is alwaY" to wall in the 
din>ctiorl In which the ground slop... away most 
steeply (!he method of si""J'C't dCSOOJrt, in fact) but 
lhcicisno gwran~ thatthisstrategywill necessariy 
find the lowest point overall. le the glob• I mi..;,.,., of 
the stress fimction. The rambler moy reach a low point 
from which~"' ground rises in oU dtre<~ons (ond the 
thus the steepest descent algorithm converges) but 
there may be an even lower point on the other side of 
onadjacent hill. Hets then trapped in a/oct</ ,;rrimum 
oftl>e 6tt'e56 func~on. Whcthof helirubtheglobal or a 
lo<al mlnirnwn depends very mu<h on whcrr, l>e starts 
the w.~lk, i.e. the starting ronfigurntion of points In the 
ordination plot. 

Sn<h loco! minima do ""''" in many MDS anolJ'"'", 
usually <:<rrresponding to oonliguraHons of sample 
points which arc only •lighUy diff~rent from one 
another. Often this may be because the"' are one or 
twc points which bear ~ttle relation to any of the other 
samples and therearesoveral cholrelasto whcrr, they 
may he placed, or perhaps they have a moremmplex 
relationship with other .. mplesand may he difflcul t to 
lit inltl (>ay) a 2-dlmenslona\ picture. There Is no 
gwuantccl method uf ensuring that a global 
minimum of !he stress function has been '"""""cd; the 
pracfical solution Is therefore to repeat the MDS 
analysis '"'vera! ~=• starting with different random 
posi~ons of '""ITI]>Ieg in the initial <onflguro.tion (.rep 2 
a hove). lithe same (Joweststre») >Oiution ,.,...ppeors 
from a number of different otarts then lhcrc is a strong: 
as.urancc, thotlglt never a total guarantco, that this is 
1ndeed the best solu~on. Note that the easiest way to 
determin~ whether the same solution h.. been 
reached as in a previous attempt Is simply to check for 
equality of tho stre65 values; remember tho.! the 
configurationo tOOm.el.ves could bo arbl trarlly rotated 
or reflected with respect to"""' Olher.~ In gt."Jluinc 
appli<ations, convcrg<ld >ire:ls values arc rarely 
precisely the .. me U ronfiguraHons differ materi"lly. 

D<generll!o sorntio,. can also o«:ur, in which groups 
of samples collapse I<> tho ""me point (even though 
they arc not 100% similar), or to the V<!Tii<es of a 

triangle, or are s1rung out nnmd a circle. bt lhcsc ,...,. 
thestreos may go to zero. (This is akin to our rambler 
starHng his wo\k outside the enctn:ltng ~IUS. oo that he 
setsulfintotaUythewmngdt""-'-'onandendsupattl>e 
sea!). Arte/actua\ solutions of litis sort are relatively 
rarc and easily delil<IOO: repolition from dllferent 
randomstartswillfindmanysolutionswhi<haremore 
oer.5ible. (In fact, a more likely c•n•:.eof an ordination 
in which points te11d to be pla<;eo;l around the 
cir<:umferen<e of a circle is that the Input matrix is oi 
similarl~cs when the program is expecting diOGlmilar!­
Hes.or vlre-ve1"9o; in such cases the stress will ai!IO be 
very high.) A. much InOTe oonunon fotm <>I degenerate 
ooiutlon is repeamble and is a genuine result of a 
disjunction in the data. For e>ampJe.. if the data divide 
into twc group"- which have no species in common.. 
then there is dearly nu yarrlsHck for determining how 
far aport the groups should be pla<ed in the MDS ploL 
They arc infinitely far aport, in eflect, and II Is not 
surprising to lind that the samples in each group !hen 
rollapsetoa poinL Thcsolu~on is tu sp~tthedataand 
carry out an ordination seporai<'ly on each group. 

Another feature of MDS mentioned ""'lier is tho~ 
unlike PCA. there IS not any direct relationship 
between ordinationo In dUferent numbers of dimen­
sions. In PCA, the 2-dimenslonal picture Is just a 
]>1<1joxtion of the 3-dimensional ono, and an PC """" 
can be generated In a single analysis. With MDS, the 
mtntmlsatlon of stress is dearly a quire different 
optimi.saHon prubl~m lor each O<dinotion <>I different 
dim<)TII;tonollty; Indeed, this c•plains the greatEr 
su=ss of MDS in dislaru:<'-P"'servation. Samples 
that are in tho same position with =pctt to (PCl, PC2) 

a>«>S, though are far apart on the PC3 axis, will be 
prujocted on top of oach otiler ln • 2-dimrosional PCA 
but they will remain ""P"'ale, to some degree, in a 
2-dhnensiunal as well as a 3-dl~sionol MOS. 

If the ultimate aim Is a 2-dimonsional ordination_. It 
may still be u:.efulto carry out o 3-dlmensiona\ MDS 
Initially. Its first two dimensions will ofren provide a 
reasonablcstarlillgp<>influtheiteratil'Ccornpulatlons 

4. Th< aro.J,;,.,. of •'*"'"'''" ""' be • pmtt!OO ""'"'""' 
"'"""' <DmJXVi"'i d(ff,_,l omlma!iuo>. md il "'"be "'ipful!o 
""'"''an MDS " lhot iO; dhutOm of,.,,;.,./ "'"'tim' olwoy• 
li<t. "'"<stU. x .m. Tloi.• "'"be '""'ply och;,i "Y •pplJ""'i 
I'CA lo II>< 2-d MDS ~- (lhi.s ;, not "''""""' thing .. 
applying PCA to the o'igi""l ""'" mmn"x of co•....!); lite 
PRIM~ MD5 "'",;"" d~J« Iillo ""''""'""'"Y bot lite 
CONPLOT pmgNm olso ,.,..,d, ~fieti o ...... ltlli<>n/r<· 

fiut"'"'· 
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accurate~ or slmply~stoamoJor 
cnw in the data matrix. 

3) Z. fh,... 4/.t<>rlUm wiJ., oimilm •QmplOQ ""' 
,...,-.,tJ in the .m~;~.ma~ p/<lf! Onesimple ched< on 
theotJCOOSOof!heonlinotion!ndlssimilarity-p"""""'>­
~on is to identify the top 1 ()% or 20% (say) of values In 
the simi.,T'lty rnatri~ and drnw a line between the 
~ing points on the MDS contigu"'llon. An 
inaccurate "'P"''I'fOtllion io indicated If severil 
co:nnectims ore made between points which are 
fur thor aport on the plot than oll>er unconnected polro 
of points. 

4) l$ the. "mi~imum ._.mrg ,..,.,. ronsistent Mlh 
lk orJirurtionpldun? A similar idea to the above is I<> 
conotruct the millinwm "P"nnl~~g tree (MST. Gower 
and Ross, 1969). All samples are "cOJU\CCted" by a 
sil1gle line which is allowed to branch but does not 
fonn a dosed loop. SU<h that one minimises the sum 
along this line of di5Simi!arilics (taken from the original 
dlssirnilarily matrix not the dlstaru:c matrix from the 
OT'dination, note). Tht" line is lhcn plotted on the 
2-dlmen<ional ordination and Inadequacy is ogain 
Indicated by cOJ'Ine<tion" whl<h look unnatural in tl>e 
crmte>d of placement of .. mples in the MDS 
coofigurat!on. 

5) Do suprimpoHII gTt>Jlp$ from a d,.sm- aMiyoi• 
dist.J>t the ,.dination plot? Tit<> combination of 
clustering and ordination anaiJ""'S can be a very 
effective way of <~ecking !he adequacy and mutual 
oonsistoncy ofhuth rcpresenlaHon!C Fig. 5.3 shows the 
dendrogram from a duster analysi> of the fue estuary 
nematode data {Xi of Fig.S.l. Two rrr more (arl>itrary) 
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similarity values are chooen at a spread ofhiemrchlcol 
levels, """" delennining a partioula< grouping o/ 
samples. In Fig.5.3, fourgmupsaTefnnnedataround 
a 15% similarity 1"""1 and eight groups wm>ld be 
doterm~Md for any similarity thresh WI between 30 
and 45%. These two oets ot groupings ""' 
ouperimposedontheMDSardinaHon,fig.5.4,andltts 
dearthatthe~betweenthetwo teohniquesls 
e>«:eelent: the clusters are oho'J'ly defined and W<>Uld 
be det=ni.-...:1. In much the same way II one were to 
oelect dusters by eye from the 2~ 
ardi»ation akme. Tl>e stress for Fig. 5.4 is also low, at 
o.re. giving oonfideru:e !hat the 2-dlmeruokmal plot is 

- -- --- " -

··c"· ',. ·. . 

F;g. SA. fl». .. lrluy -~-- (XJ, 2---db"""''"fl'd MDS 
D>ofiguNf/o"• "' i• Fig. 5.1, with ""f'<'"'~ duolm; from 
Fog.5~.alsun:ltmtyl=dtoofl5% (d.slo<d fine.)oP1d30%---<:;-.. 

(«>nni""'"' u,., ). 



2...wnensional PCA of Hg. 4.2 but with supertm)IO!!ed 
groups from a clnster analysis of the liudidean 
distance matttx10 between the 16 oampleo (Pig. S.Sb). 
With the &ame division Into fi"<' duSiel5 (thin Unes) 
arMl ten clusters (lhid:.]ine.), a much mo:re distorted 
pictuTe results, with sampl., that aJV virtually 
o;aincldomt in the PCA plot being placed In separate 
groupoaruisamptesappearlrlgdist.mtfromea<hothet 
f<mning a <:OmiJ>I}J\ group. 

Theo~ttromeonewould""J>">'lontheoretkalgrounds 
ts theref<>rc appan:nt tn practice here: MDS can 
provide a more ""'listie picture In sihlallons where 
PCA gtves a distorted n:presentatitm of the trne 
"distances" between sampl ... In fact, the biological 
condiiSions from this particular otudy are erlildy 
negative: lhe te.t deocri1x<d in Chapter 6 9hows that 
there ""' no stalistieolly significant differences tn 
coDUnunity structure between any of the lour d osing: 
levels In this ""J>"fimenm. 

In sltuaUons where the sarnpl"" ore strongly grouped, 
as in Fig. 5.3 and 5.4, both dustering and ordination 
analyses will demonotrakl !tWo, u!ltlally In equally 
adequate fashion. The strength of ordination is tn 
di!iplllylng a K'aJati<JR of community composititm 
a<.TOSS a setof sampl""" An e-<ample is provided by Fig. 
5.6, of zooplankton data from the Celtic Sea (C}. 
Sampl"" were collected from 14 depths, separately loT 
day arMl night time studies at a single site. The 
changing oomnrunity composition with depth wn be 
traced on !he resulting MDS (from Bray-Curtis 
slmilarilieo). There is a greater degree of variabi~ty in 
community structure of the ...,r--surla<e samples, 
withallliU"kedcbangeincornposl!lonataboutW-25m; 
d'"'Per than this the changes are steady but less 
pronounced and they s!<>p Ia parallel for day and night 
lime samples. Another obviotls feature is the strung 
difference in oomposilion betwEen day and night 
,..,.,.....urlare samples, contrasted with their relatively 
higher similarity at greater depth. Cluster analysis of 
the same data would clearly nut permit the •ocuracy 
and subtlety of iutcrpretalion !halls possible from 
ordination of a gradually chonging commtmity ,._ 

10. lis ~!y noli>~, E"didmn .mttmce is ~~~ diEsimir.ri'Y 

"""""'" implidl ;,p PCA '"''""'""· 

• 

0 

• 
" 

f'lg. 5.6.. C.l"" S.... """1''-"i<Ho IC/. MDS plol for ,jg!!t 
(!>o>al) •P>I dRJI time """1'1« fro0>14 d<pllts (5 to 71J1n..den oltd 
A, 8. ·- N), IdlE• .t•si•gk.<&durilw ~ JnB. 

1) MDS i• ri"'P~ ;, ~. Though the ttllnleric.al 
algoritlun Is undeniably complex, it is olways clear 
whotMDSislrylngtoachieve:theoonstrnctlonota 
sample map wOOse inler--p<lint diot<lnceo hove the 
som•mnkordn ao the co~ingdiM!milaritics 
betwEen samples. 

21 lt is b.lllell "" the .. Jeomrt •amp~ ilrfu..,.atlrm. 
MDS worb on lhe sample dissimllority matrix not 
on the rniglnal data array, so thete Is complete 
freedom <i <hnice to define similarity ot mmmunl­
ty 001l'lp0l!ilion In whatever tem'IO are biologically 
most meaningful. 

3) Sp«./4 Jeletioo• _, .,....,.,...d'!f• Another 
ad van~>~gcof starting from the sample dissimilority 
liii>Irix islha t the numbo;-r of species on w hlch it was 
based ;s largely irrelevant to the amount of 
calculation required. Of course, if tho O>"lginal 
matrix contained a la'll" number of •pedes whose 
paltc<ns of abundanre across !he sampl"" variod 
wkl.el.y, and priur transformaUon (or d10ire of 
sirnilarily coeffidenl) dictated that all spcc;es were 
given oqual weight. then the structure In the sample · 
dlssbnilaritics might bo moro difficult to "'J""'SE'Sll 
in a low number of dimcn5ion9. More usually, the 
similarity measure will automatically downweigbl 
the rontribution of species !hot are mrer (and thus 
more prone to random orul unlnterpn'table 
1\uctualion•). Th•,... Is then no nc<"OSSity tu delete 
•pedes, either to obtain reali9tic ]ow-dimensional 
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Fig. -"-1. Notwndric MDS •"<>oftguMion of the >Wl4 d:s""""' 
(pl!rlly git>m ;" TaVk 5.1) b<t"""' ,.lecled UK "'"''"•..! cities 
{"""=OM). 

5) 5i.,ilarili .. ca11 bo given """''"al-wei&f<t. If so= 
samples arc inherenUy less Tcliabk than olh•rs 
bc<auoo they are baoed on smaller amount. of 
maieritd oampled (perhnps combini~>g thomesultsof 
fewer replicatcst th<m similari~es involving !hcsc 
samples can be given less influence in the 
construction oJ the MDS oonfigura~on: a weighting 
term could be added to the defini~on of stress in 
equation (5.1 )_ It is also lruc. though not of P"''"'" I 
significance here, that the algorithm mn operate 
pcrfcctl y >uccessfu lly when the similarity matri , is 
subject to a certain amount of missing data.'~ 

l) MDS ;, oofflputoHomdlyd•m"""ing. Togeoernteo 
single configuration with rrwderalc to !drge 
number. of samples takes some time on a mod<'l"n 
per><tnal computer, though speed bas bcoome 
muchlcsso/ a problem than it once was. However, 
M DSon much more than n = 100 samples Is not only 
rather computationaUy intensive (processor time 
in"""""'s roughly proportional to n2) but also 
in.,.stng sample size g<lnerdlly brings increa5ing 
comp1<9<ity of the sample relationship>, and a 
2-<limensional rcp"'-"Cntalion i• unlikely to be 
adequate In any ca>e. (Of cour9e this last point Is 

' 1'18· 0.8. N..,._,,,;, MDS cooflgu ntti"" of tile ""'*' '""""' •nd 

~''""" in 1i>Pie 52. bu""'"'"~~ '"''" lh< m.trix uf mw:t n• 
"" """"fl"'") dist"""'' l'er"""" """1f pair (•l"'.s.s • 0), 

~st as true, if""' more true, for other ordination 
meiOOds). This scenario was touched on in Chapti!T 
4, where II w., ouggesled that hrge data sets can 
often be >Ub---dividod • rricri, or 011 the bo>is of 
well-defined subsets hum a cluslet" analysis, and 
lhcgroupsonalysed '"'l''"""'ly by MDS. Rcpresen· 
latives (or •verngcs) from ""-<h group cAn then be 
input to an MDS to display the large---5cale 
Sl:l\lcture. 

2) Com:r'"'li""''" to tlie gl obaJ m loti"'""' of s tres• i• ""t 
gum-ant"'</. A s we have """"· !beiterati ve natu re of 
the MDS alj\OrWtm makes it n="'"'ry to repeal 
each analysis a numbe< of tiones, frum different 
starling configurations, lobe foirly confident that a 
solution thai ,..._.PI"'""' sevctol tune> (with lhP 
loW<"S! oboorved slrcss) is indeed the global 
mitlimum of lhe slrcAA iu""tion. Gcncrony, with 
higher ......... the grealcr is the likelihood of 

1:1. Ilu> """"' only 0. of'"'!"""'""' if """ ""'" to "'""illlulbl. 
"" ,;;..,-.,,it;,..; ""-'l'"cW from po;,.,. "'"''~"''""'"' of 

Oiolog0ol """""'I, """ -"""'" of'""-"' '""""'""''"' "" rw1 """"' 
or On" lo>f_ IJ ~ ""' of 1f.ievanc< if oio"'lo'W<.< "" grormtal f"'m 
a speci<s-"!i___.,mpl"' a.ta ""'"ix """"· "'"'all~. e~lr.r all" 
'"'"" of lh< "milan""' M•nlvi•g • !""""'"' "'"'Pie '"" II< 

""""""""'if'"' "''"'· tlre• ''""' i.clearly"" "")" tO. "'"'ph' ''"'01 f<al•« in th< "'"""''""I 



Many community data sets P""'"''" rome • priori 
doAned struclun> within the set of samples, for 
"'"""pie there may be replica!f's from a number of 
different si"'s (and/or times). A pre-""J.uisl,.. to 
interpnoUng rurrnnunity d!ffereoc.s between ,Ot<s 
should be a demon•lTatlon that there ore statistically 
sigrufioantdiffeT'ctlCCS 10 interpret. 

Wilen the species abundance (or biom.,) informaticm 
In a sample ,. reduced to a single inde><, such ., 
Shannon diversity {see Chapter 8), the e><!sten<e of 
replioale,.mplesfrornruohofthegmupo(sttes/times 
etc.) alluws formal statisticall...,..tment by anolysts of 
variance (ANOV A) . 1his ""!" ires the 8.Ssum ptlon that 
the univariate index is normally distrilrutcd and ha• 
constant vorianco across the groupo. conditions w hlch 
.,... nOTmally not difficult to jllsUfy (perhal" after 
transformation, '""' O.apter9). A ><>--<alled global tut 
of the null hypoth.,..is (H0). that lh<= ""' no 
dilferenc•s between grouJ"'. involves oompuling a 
particular ratio of variabmty in the group mtlllnS to 
variability among replkates within "'<h group- T""' 
resulti"!l F ''"U.tk lakes values near 1 if tho null 
hypothesiS is true,larg<-r values indicating that H, is 
faloo; standard tables of the" F di~bution yield o 
f'lgnificancc level (p) for thP ob<erved F ota~stic. 

Roughly speaking, p is inlorpocted a• the prnbal>lllty 
that the group means"" have oboorv<>d {or a set of 
"""""which appear to differ from ...rn. other to an 
even g<".ater extent) could have occurr<:'<l !f the null 
hypothesis H., is actually true. 

Fig. 6.1 and Tobie 6.1 provide an lllus!ration.lor the 6 
,;re, and 4 replicalCO por >ite of the Frl<'<ljoJd 
ma<"fofauna samples. The mean Sba nnon di,.,.sity f()f 
the 6 sif<>.s Is !<leO in Fig. 6.1. and Thble 6.1 sllows that 
the F ra~o i• sulflcicn~y high that tho probability of 
observing meons as dlsparare as ~ris by chonce is p < 
0.001 {orp <Ill %).1fthe true mean diversity at all oltes 
is the same. This ;, deemed to he a sulfidontly unlikel. y 
chancc event that the null hypothesis can oately be 
rejected. ConventilJII diclak's that values oJ p < 5% 

{say) arc sufficiently small. i11 o single lest. to di>rnunt 
thr possi!>Jlity lbal H0 iS true, but th..,.. Is nothing 
sacrosanct aOOut this figure: dearly. values of p ~ 4% 
and 6% should elicit the """"'infcnonce. It is equally 
clear U10t r<:po.! led significa I">Ce tests, each of which ha> 
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Fig. 6.1. Fri<ofl=l m<=fa""" /F), Mni•• om/ !15-,. 

w"fid'""' j/llm)(j/s of Sho""'" <~rv<rsily (I l") "' 11 .. 0 f"ld sit<s 
(A-E. G)'""""' in fig. 1.1. 

{,..y) a 5% possibility of desmblng a chan"" event as a 
rwl difference, will <."UmUlatively run a much greater 
rlskofdrawingat !,..stone fa~ inference. This is one 
of the {many) rea>ens. why It Is notusually appropriat. 
to handle a multi -I'JX"'ies matrix by perfonni"l.l an 
ANOVA on each s!'<'<ie> in lurn. {More decisive 
reasons are the complo><ilics ()/ d"J"'ndence between 
species and the inappropriateness of normality 
aosumptiun>). 

Fig. 6.1 ""ows the main diffurence to be a higher 
div~rslty at the oulcr site, A. The inlcrvals di>playcd 
are 95% «mfidonc. intervals for the true moan 
div.,..;ty a t""ch site; note that theoe are oi oqua1 width 
bc<:auS< they are based on the assumpdon of runslanl 
variance, that is, they usc a pooled e>timale <>I 
rcplication variability from the residual mean "'!"""' 
in the ANOVA tahl~. 

1Rble~l. Frlerfjord m•crof•u,.,/F}. ANOVJt tol>les/-ng 
"'J«<fu" /al • rignifiooM ~<><] af V 1 % ! of tire gWNI hypat/.,.;. 
af "no site-<....., di.ffr>.-=" ins""""'" div<r,itu /If'! 

Sum of -· n.g. of 
freedom 

p s;g. 
.. tin 1.,.,1 

15.1 <tl.l% 



ANOSIM !>o•t Wt~ly•l• ~~ oimi!ouitks)', by analogy 
with the acronym ANOVA (anolysisol variance). 1'he 
history ol such pernrutation - dates had< ro the 
opidcmiologioal work of Mantel (1967), and thl• is 
oomhincd wtth a general randomi7ation apprOI>dl to 
the generation of significance levebo (Mont. C.rl~ 
1~. Hope 1968). In th~ oonte><t below, il was 
described by Clark< and c...,.n (1988). 

Fig. 6.3 di>plays the M OS based only on the 12 samples 
(4 replicates per site) /rum the B, C and D si""' of the 
FrieJfjOTd maO"Ofauna data. The null hypothe&is{H.,) 
is that there are no diffcn:n<es in commur~lty 

composition at these 3 "tcs. Jn order to examine H,. 
thcrc arc3 main steps: 

I) Camp~te" rest st"ti•Hc rcAeoting the observed 
dille== betwern sites, contrasted with dilfercru:es 
among replicates wHhj" si"'-'· Using the MDS plot of 
Flg. 6.3, a natural dwice might he to calculate the 
average distance belwet:n """'"Y pair of replicates 
within a site and contrast this with the averag<l 
distance apart of all pairs of samples corn:spondlng to 
replicales from d t flerentsites. A test could certainly he 
mnslructl!d lmm these dis~'"""' hut has a number of 
drowbocb. 
a) Such a statistic could only apply lo a situation in 

whioh th~ method of display was an MDS rather 
than, say. a duslor analysis. 

b) l'hercsultwouldd"J"'ndon whether the MDS wa• 
oonstruclffi in two, th""' or higher dimensions. 
1"here isoft<:n no "correct" dimensionality and one 
may end up viewing tl>o picture in S<veral different 
dimensions- it would he UJ'ISati.tactory to generate 
diffunmt le>t statislio; i n this way. 

c) TheoooiiguraUon ofB,Carul Dn::pliootc.< in fig. 6.3 
also d!~ sligh~y from that In Fig. 6.2o, which 
includes the full ""I of sites A-E, G. ll is again 
urdes:i rabl• t~ata tell statisfic for oomporing<~nly B, 
C and D should depend on whir~ other sitesare 
included in the p1cture. 

The,..th,.diffi<ultiesdisappc:ariithet<.ti:.basednot 
on distances hetw=t samples in on MDS but on the 
cOJ"J"<spondtng (rank) similarities bctwe<:n sample> in 

1. Tho PRIMER 1""8""" ANOSlM """"t..ts for "'PPical"' 
frum.l """"l' 11111!2-""Y ( .-..! "' """"'") ~"' '""~"'K"'"' 
JIN"OSIM2 ldh lite .,.,.I=< of a 2""""!' lay01tlmilh 11t:1. 
"""""'ion, ..J.ich nMis • modifi<d .tyl< of 1<>1 described Itt lh< 
em! offfd$</rapt<r. 

' 
' ' ' 

' 
' ' 

' 

Hg. 6.3. frl«fj<ml m=of•~"" If/. MDs <ml.i,.,lion.,. for 

Fig. 6.2 lnd '""'~"'"'" '"ly fm"' ""' '"'"Jo"'i" i"oofuing ""'-' 
B. C ond D I"= =OJl). 

the underlying triangular similarity matri>. Jl rw to 
defined as thE average of all rank similarities among 
rcplieaies wtlhin sites. and i', is the aver"!!" of rank 
sirrularities <>rising from aU pairs of replicates bel= 
d!fferent>il<>, thEm a •mlable test statistic is 

R = 6', - -.,J/IM/2) (6.1) 

whore M ~ n(n-1)/2 arul ~ i.s the total n~mber of 
samples under consideration. Note that the highest 
slmtla<tty <OJ"J"<spcmds to a J"allk of I (the \ow.,t value), 
following the usual mathematical convention for 
assigning ranks. 

n.., denominator ron>toont in equation (6.1) has been 
chosen so that: 

a) R can newr te<hni<aUy lie outside the rang<l (-1, 1); 

b) R = 1 only if aH n::plic.ates within sites are mOTC 
:rimilar lo each oth•r thon ""Y rephcail's from 
different sites; 

c) R i.s approximat<:ly Z<'I"O If the null hypotho::•is is true, 
"' that <imllarlties hetweenand within site• w!ll he 
the some on overage. 

R will usually fall between() and 1, indica~ng """"' 
degroe ol disc-rimination hetw=> the sites. R 
substantially less than :<ero Is unlikely sinoe it would 
ronespond to similarities a<ross different sites being 
higjw" than those within sites; sudt an o:>CCIU"Il>nre is 
more bl:ely to indicate an ln<orrect labelling of 
samples. The R stalistl< lt<;e\l is a uoclul oomparative 
measure of thedo:greeol ..,.ration of sites, though the 
main Interest usually centres 0t1 whether it l• 
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computed; 12% of these value• arc C<JUO!tu or larger 
tho n 0.23 so H., cannot be rcjoct<d. By amtr ... ~ R ~ 0.54 
fur the comparison of B against D, which is the rno't 
extre...., value possible under the 35 permutations. B 
and D arc therefure inferred to be olgnlf!cantly 
different at thep < 3% !<>vel For C against D, R ~ 057 
similarly leads to rejoc\lon of the null hJ'F'ltheS" (p < 
3%). 

'fh<.,n, is a danger in such Yl'p<lOted significance tests 
whlch should be noted {although little can be done lu 
amelioratc it here). To reject tlte null hypot~es:is at a 
significance level of3% implies lhata 3% risk is being 
run of drawing an incorrcctconclu;ion (a 1Jipe1 ...,..,, 
In statistical terminology). If many such tcsl.s are 
p<lrformed this risk wm cumulate. For c<ample. ~ll 
pairwi"" comparisons between JO si~, eaclt with 4 
rcplicol<ls (~ilowing 3% lew! te.<ts ot best), would 
lnvolve45tests,and the overall risk ofdrawingath>st 
one fa].., concluswn Is high. For the analogous 
pai:rwise mmparioons following tlte global F-in a 
univariate ANOVA. there exist m1lllipk «>mparis<m 
k'sl< which att<mpt to ad just foTthls repitition of risk. 
No such wru.tructs aro possible here, and the 
pragmatic COUTSe is to exercise "pprupriate caution in 
inteT)>TCiation ar><l!ur enhance tho po~tiol signifi­
cance of the lndl vidual tests by a onodto.t in<Tea"" in the 
numl>er of replicates. E!ju.<tion 16.2) shows that 5 
replkatestromeacholl<l would allow a 1% lev<:! test fur 
a pairwise comparison (126 pennutatums), ond 6 
replicates gi'-"'-' dose to a 0.2% lf'Vol "''! (462 
permutations); compuunding these SJnilller values is 
doarly pr<>~ble to cumulating 3% n.k> (or the 10% 
Type l error, at best, from pai rwise comparisons of on! y 
3 replicalo,!). 

Titis also raises the issue of 1jrp2 ll smr of •uch a 
permutation test, related to its po~'"' to detect a 
dl ffenmce between sites 1f one genuinely exists. Such 
con"-"P!s arc not easUy examined fur non-parametric 
pmcedu""' of this type, which make no diotr>butionol 
a""'mptions ond fur which it io difficult to specify a 
preci>ell!ln-null hypothesls; all that can be obviously 
said is li1al pOW<'!" will improve wiU> increasing 
replication. 

Generality of application 

It is evid<'llt that few, if any. assumptions have be<n 
made about lh< data In constructing the 1--way 
ANOSIM test, and II is therefore very gcncmlly 
applicable. It i• not restricted to Bray-Curtis 
>imil.arities or even to ;imilaritics comput<:d from 
opecies abundance data: it could provide a non--para-

metric alternative to Will:s" ll Ills! for data which .m 
rnorenearly multivar!al<' Tl!lnnally distributed, e.g. for 
testing whether grouP" (sites or ~mes) can be 
diotingt>ished on the basis of tholr environmental dala 
(S<'I' C"hapler 11). The latter would involve rumpuling 
a Euclidean distance matri~ between samples (after 
>uitable lransfonnation of the environll\CI\tal vari­
ables) and en.U,.ing th Is as a di>Similarity ma trix to the 
ANOSlM procedure. Gearly, if rnulttvaT!ate normaJ. 
ity a"'"'rnpUons ore genuinely /"sUfiad then the 
ANOS I M testmust lack scns;u vity in rumparison with 
st.ndard MANOVA, but this would seem 10 be more 
than compensated for by its greater generality. 

Note aloo that there i.s no I<'Stric~on to a balanced 
number of replicates- Some groups could cvon have 
unly ono replicate provided Enough replication exists 
in other groups to generate suff ocicnt pcnnut.o.tions for 
the globalte>t (though thore wm be • sen:;e in which 
the P""""' of the test is compromised by a markedly 
unbalanced design, hN-c os c1S<"where). More uS<fully, 
note that no assumption:. have been mado obout the 
variabihty of wlthif>-group replication uccdlng ru be 
sinular lor all group>- Titis is sccu in tho follm•ing 
c .. mple, fur which tlte groups in the 1-woy layout arc 
not sites but sampcs from different years at o slngle 
site. 

Warwick et •1- (1990b) e><omin<>:l da ta from 1 0 replicate 
tranS<c!S aero» a single coral-reef site in S. Tilrus 
/$hnd. Thousand Islands, I ndone>ia. Jor.,.cr, of the si> 
yeors 1981. 1983, 1984. 1935, 1987 and 191111. The 
commum ty data are Jn the form of % cover of a traru.tll:l 
by eaclt of the 58 coral sproe• identified, and the 
analysis u'"'d Bray--Curfis similarities on untrans­
fonned data to obtain the MDS uf Fig. 6.5. '!'hero 
appears to l><' a strong change iu community pattern 
between 1981 and 1983 (putatively hnkcd to the 
198Z/3 El Nino) and this is confirmed by a 1-way 
ANOSlM test forth..., two years alone: R ~ ll.43 (p < 
0.1%). Note that, though not really designed for this 
siloa~on, the testis perfectly valid in the lace of much 
greater "variability" in 1933 than 1981; in fact it is 
mainly a change In vaT!abUity rather than location in 
tlte MDS plot that distinguishes the 1981 and 1983 
gruupa(a pdnt returned to in Chapter 15). This is in 
contrast with the slando«< univariate ANOVA (or 
mul~voriatc MANOVA) t.>l, which will have no 
power to detect a variability change; Indeed it is 
invalidwilhoutanassumpUonofappruximatelyequal 
variances(orvariaru:e--covarianccmal;riw;)aerossthe 
groups. 



• 

ClCl Papa 

" 00 o• " C2C2 " 

' • • 
i 
• , . 
' • ,. 
• • • .. 
< 
• ,. • • • • ,. • 
' • • 

Hg.li.6. C!yd< -~!odes f)'), n)MPS ofsp«<<SIIbu•-= 
from lh= 'pollute,J' (Pl-P3) ond thm '""'"""' sUes (CJ -C-'}, 
win, U= ~ """f''.,. ••"""" sit., (>1..,, = O.W!. 01 
SimuloW d~ITU..tim of the tesl Sla!i"i' l1; und., th< 
hy,..the,!s Hl •!' "" sil< diffrnm«>' w#kio eo<il oonda.,, the 
'"""""R!<0.75_ 

demonstrat.rl that there are, In effect, only throo 
"replicales"(thesitesH)ateadtofthelwooondiuoru; 
(CandP)_ Thlsisa 1-waylayout,and H2 can be tEsted 
by 1-way ANQSIM Jmtone firstnoeds to combine the 
information from the th""' original T<plicates at eadt 
site, tu define a similarity matrl~ for the 6 "new" 
noplicatcs. Consistent with the overall slralegy that 
tests •luJuld only bedepcrul<mton the <ank similarities 
in the original triangular matrix, une first averages 
over the ~ppropriare ranks to nblaln a Yeduced matrix. 
For example, the similarity betwoon the three PI and 
three 1'2 replicates is defined "" the average of the nine 
Inter-group ronJ; •inularilies; lhis is placed into the 
new similarity matrix along with the 14 other averages 
(Cl withC2, PI wllhCt etd and all15 values arc lhcn 
,.._I'OJthJ; the 1-way ANOSIM thcl1 gives R ~ 0.74. 
11tere are only 10 distinct permut>tlons so that, 
although this Is actuaRy the most e><ln:me R value 
possible. H21s only abl~ tore rejected a\ a p < 10% 
slgnl~cance level. 

The other scenario tn OJnsider is thai the first test fails 
to reject Hl; there are then two posolbiUtles for 
examiningH2: 

a) Proceed with the average ranking and re-ronking 
exactly as above, on tt.: assumption that even if it 
cannot re pr<>tll'd that there are no dilh!n!nc<!s 
between sill>• 1 t would re unwise tn <!8SIImelhat this 
io so; the test may have had rather l!ttle power k> 
clrlect such a difference. 

b) Jnkrfromthe te.tofHllhatlh<!rean""' dllfereru:es 
t.otween site.<, and treat all replicales as lf tlwy we:re 
separate sites, e.Jl. tho::rc would re 7 replicates for 
control and 9 replica- for polluted conditions in 
Hg.6.6a. 

Wlllch of these two cour""" to take is a matter for 
debate, and tho argument here is e><R<tly that of 
whether "to pool" or "not to pool" in forming the 
residual fur !he analogous univariate 2-way ANOVA. 
Optiuo b) will certainly ~a ve greater power but runs a 
real risk of being Invalid; option a) is tt.: "'"""vati "" 
]<,st and !I is certainly unwise to design a s\tldy wlth 
anything other than option a)'" mind.> 

An e>:l~Inplc of a two-way crossed design is given in 
Warwick eta/, (1990.) and is introduced more fully 
1-.ore in Chapter 12_ This Is a so---a~Ued nahln~l 
erperi.mmt, studying disturbance effects on mci~ 
benthic rornmunitics by the continual reworl<ing of 
ocd!nwnt by soldier crabs. Thm "'Plicate samples were 
taken from each of four disturbed pa!COOs uf oediment, 
and from adjacent nnd isturbed """''• on a sand flat at 
Eaglehawk Neck, Tasmania; Fig. 6.7a is a sche!Thltk 
rel"'esentation of the 16 sample locatloru. 'There are 
tw<J factms: the presence or absence of disturbance by 
the crabs and the "block effc<t" of the four different 
<futurbaru:c patch.,. It mtgl1t be anHcipated that the 
community will change naturally across ~>e sand flat, 
frum block to block, and !I is Important to re able to 
""1"''"\c this effc<t from any changes asoociatcd with 
the distutbance it>elf. There are parallels hen> wtth 
impact >tudies in which pollutants •ffect sections of 
several bays so that matehed mntrol and polluted 
condi~ons con be compared ogainst a background of 
changing cooununity pattern across a wide "Jlatial 
scale. There are pre;urne<ltu be replica!€ samples from 

Z. Ih< AN051N! prngmm ;, <INI PJUMOR P"'kng< o!w.y' !a),>, 
UUs f;,-,J opiUm. 
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cores w..... randomly divided bctw....n 4 mesooo'm 
bosin>, 16 to a bo&ln. The experiment involved 15 
diffe=lt nutrient enrichment ronditions one! one 
control, the trea!Jl>ffi!.s being applied to the ,,rfac<'ol 
the undisturbed ....:limen! cores. Aller 16 weeks 
controlled ""P"""'" in the mesocosm environmen~ 
t~e meiofaunal communities in tho 64 rores were 
iden~ 80<:1, and llray-Curlis simUarities on rool-tran&­
formed abundan:esgavc the MDSofFig. 6.8. The full 
scto/16 treRtmen!.s is l'<lpeated in each of the 41><c>ins 
(blocks). oo the structure is a 2-way tre•tment• x block< 
layout with unly one replicate pet cell. little, if any. of 
this >lrncture i sapparent /rom Fig. 6.8 and a form•! test 
of the null hypothesi• 

Ho= there ""' no treatment diiicrcnccs (but allowing 
the P"""ibility of basin effects) 

i> clearly """"'"''Y before any intcrpre~.<tion is 
aucmpled. 

In lhcahsence of replication, a tdt is still po»ible in the 
univarkl/ec.,.,, under the assumption thatin.,rartion 
effocts arc small In ,...latiun to the main troatnwnt or 
block differe"""' (Scheffe, 1959). In a simil•r opirit, a 
global test uf H0 is posS1hlo """'· "'lying on lhc 
observahon that if certain treatments orc rc.'>pomible 
for conununity ~. in a morc-{lr-l<'Ss consistent 
way """""blocks, S2p!Jr./f MlJS analy>es for oach 
block should show • repeated trealnl<'ntpatt<>m. Titis 
is ~~ ustrated ochemoticallyin the top half of Fig. 6.9: !he 
fact !hal treabnent A is cmlSistently dose to B (and C to 
lJ) con only arise if He is fa!..,, The analogy with the 

" "' 

" 

" 

"' 

" 
Hg.U. ~0. 

...,_rod.. "''''rl'"'"' 
/WI. MVS of ~ 
•brmd.m"" from 16 dif/<,. 
""' ""tri"l-enrichm..,t 
'""'"''""·A t• P. "f'PI..t 

'"--'""'"'"'""~'! 
four '"""""'-'"' bo.si"'· l '" 
4(st..,., = 018). 

univRrialc lest is d""' l<~:rge interaction offects Imply 
U10t tho treatment pattern diffors from block to block 
ond the"' is little chance of Identifying a treolment 
effect; on the other hand, for a treatment ~ block design 
su('h as the rurrent mcsooosm c~periment there is no 
l'llOSOn to "'!"'<! tzrohncnts to bella ve '""Y dilfcrently 
in the different basins. 

What is therefore required i>l• measure ofhow woll the 
treatment patterns in the ordinations for til<' dofferent 
blocks rnat<;h; this ;tatistic can then be reoomputed 
under all poosible (or a random subset oO ponnuta· 
lions of ilio treatment labels within each biO<k. A> 
previumJ y, il the obscnrcd staUstlc does not fall wi thin 
the body (>/ this (simulated) distribution tllere i> 
significant evidence to reject H 0. Note that, as required 
by the >lal=lent o/ Hu the «lot rnal<.es no "ssumpti<>n 
about the ab..,ce of block effects; brtwwn-block 
simoloritie> dre irrelevant to a sla~~c t.>sed only on 
agre...mentin wilhln-blocl pott<>rru;. 

In fact, for the """"' ""sons advanced lor the previous 
ANOSlM tests (e.g. aTbitrariness in d>OlCC of MDS 
dimcnsiorudity). it i> InOTe !latlsfactory to define 
agreement bctwc"<n treatm,.,.t P"ttems by rc/crer.;c to 
!he underlying similarity mahix and not tho MDS 
lO<•tions. Fig. 6.9 indicates two muw,, w~le~ lead to 
"']Uivalcnl fonnulations. If there are n treatments and 
tltus N ~ n(n-1) /2 similarities within a block, a natural 
choice lor agreement of two blocks j and k Is tl\e 
Spearman rorn-lation coefficient 
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nematode communities at 19 sileo in the Exe estuary, 
ooen in ChapterS. In hu:t, this is ba.., onana veragc of 
diltaover6su~vebi-monlh!ysamplingoccaslaru. 
POl' the individual ~me., thesample•<emainstrongly 
clu.otered Into the 4 o< 5 main groupo apparent from 
Pig. 6.11. Less clca:r, however, is whether any 9!ruc\Urc 
cxlsto within the largest group (site. 12 to 19) or 
whEih<r the &a- in l'lg. 6.11 is simply the 
COl>""'!"""<:e of """'''Hns variation. 
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Fig. 6.11. fu<Siw'!!tl""otodn{X}. MDS,for19 inlet__...,/ 
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of lh< ,.., -..; "" 
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from0.!6100.M). 

Rejection oi the null hypolhesis of "no site to site 
differences" would be suggeslcd by a rommon site 
pattern in the SCJI"""Ie MDS plols for the 6 ttme. (Fig. 
6.12). At some of the times, however, one of the slle 
""mples Is mi"'ing (site 19 at times 1 and 2, &lte 15 at 
time4and site lS attime6). lnolead of removing these 
sites horn .U plot., in order to achieve ttlllldling sets of 
similarities, one can remove for each )JQir of times only 
those sires mi.sing for .,jlher of that palr, and mmpute 
the Spearman cocrelation p betwoen lhe r<!mOinlng 

rank 3lntilarilies. The p values for all pairs of tiJIIEs ""' 
!hen averag<'d to giv<: p,, i.e. the left-hand route is 
taken in tt.! lower half of Fig. &9. This is usually 
refurred to as ~ .emoval of missing data_ in 
ronW.Ito the Usturise ,..,..~~/ that would be ~ 
lor the right-band route. Thuugh increasing the 
computation time, pairwise removal d .. rly utilises 
"''"'' of the available information. 

Figure fi. 1 2 shows evidence of a ronsistent site pattern. 
lor example in the proximity of sites 12 to 14 ond the 
-.:Ieney of site 15 to be placed on itsown; the fact that 
site 15 is misoing on one oocasion. does not undcrmi"" 
this perceiv<!d wucture- Pairwioc romputa! "'gi""" 
P,v ~ 0..36 and its significance can be determined hy o 
Monte Carlo test_. as before. The (non---mlsslng) site 
labels arc permuted amongst the awilable sample•, 
separately lor each ti rre, and these designations fixed 

whilst all the paired p values are computed (u:.ing 
pairwise removal) and aVC>"aged. Here_. the targe;t 



·' 

Chaptcl' 2 (page 2-6) describes how the original data 
rna\rl< Olin beused to deftneotrnllorities betw.:cn c very 
pair of •pedes; two spcaos are thuught o/as nsirntlar" If 
their numbers {or biomass) lend to Auctuate In parallel 
across sil<!s. The resulting ~ oimi!luity ,...trix 
""" be input to a clustcT analysis or ordination in 
c•actiy the samo way as for <ample similorllles.1 

Pig. 7.1 displays the rosultsoladusreranalysls on tixe 
estuary nematode dala /XJ. extensively illustntted in 
Chapter~- The dendrogram is based on Bmy-Curll• 
similaritic5oompuhldonslandardloodaburulancco,os 
given in equations (2.9) and {2.10). Following the 
~~ous on page 2-6, the nurrber of species 
was first rcducco;l, retaining only tho .. tbat accounted 
formorelhan4%ofthetotalabuodanooatanyooesite. 
Cluster analysis with a greater nmrber of spedes is 
possible but the nhll--and-rnlss" ocrum:r.c:e of the 

1. Cilmf"'O.tiwl of '~"'""'"'"""'rim. ~ •• op/wn...nattl•;. 
n., PRIMER I'T"::""m CLUSTER, ontl i< '"frttnd lo "" ;,.,.., 
•••ly•i< by Fidi '' ol /1982). 

rarer specito; across the siles l<mds to roofuse the 
picture. In file~ at a similarity of around 1(1%, lhc 
dendrogram divides fairly """tly into ~ cluslerS of 
species, and these groupa ""'be idcntille<l with the5 
cluslels that """'"W' from tho sample d•ndrogram, 
Fig. 5.3. (This identification ruJIIEs simply from 
c:at.gurising the species by !lie site groups in whictt 
they have tlu> gr<'llte&tabwtdan<o; the rorresptmdence 
bclweensiteandspec!esgrnupingsonlhisbasisisS<!<!l1 
to be veyclooe.) 

Fig 7 2 .bows the 2-d!rnensfonal MDS plot of the """"' 
species similarities. The groups detenrrinl'd from the 
clwter analysis are superimposed and Indicate a good 
measur<! <>I agreement. However, both clwleringand 
MDS have worked well her<! l><l<ouse the sib;!o are 
strongly grouped, with many species charact<:ristlo of 
only one sile group. JYphlly, spccicsdu>t•r analyS<s 
are Ieos clearly delineated than this and lhc 
oonespondlng MDS ordinations have high slroos. A 
more inlorrnativc approach is often lo COl'l<en\rate on 
the ..mtpfe similarities and highlight the species 
principally re;pOUSJblc for determining the EOmpk 
groupings in the cluster or ordination analyses. 

.. .. 
Hg, 7.2. fxo '"""'!' """'"' 

took< {X}. ll<nd"'ll""" 
.,;nggr<~Uf'""<'""""t' linld"ii 
on Bmy--<:url~ ~AsimJ­

Jar~""' """' ''"""'";.,.,; 
"""""'""' d•tn; ltre 57 """" 
impo"""' """'~' """' "" 
""""' frorn on origuur!l~t of 
181. TI~ 5 gro"l"'lkfiii<Jd ol 

•>l>itmry "'"'"'"'Y ~ of 
JO~ ondntlio!W. 
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F;g. 7.3. /lri•tcl O.•nnd ;w.,pl..kto• /1<1. S/..de maiN.< {tlr 
II>! 24~ ond57 •i~<> Th£ "~i'"'l "'""''"'"""' nm., !<rn 

"''"&"riW' and "''"'~ !')/ ;yma..!o of '"""""'"R 1/ensiltf, 
ond lht """' ..a "'/"""" •f lh< '"'Y .....,.,.._ "" the ""'' uf 
c!w.ter """ MDS '""iJ's<s of life Slte.s """ 'r<ri"· 

Similarity breakdown 

An alternative, more analylic.ol way o/ achieving the 
same characmisalion is to compute the average 
4issimiblrity l1 lx-twccn uJ1 pairs of inter-group 
sample' (i.., """'Y sample in S"""P 1 paired wilh 
every sample in group 2, say) aru.l then break this 
average down into tho separore rontributitms fmm 
e..dr. speri<3 lu S. 3 

For Bray-CurHs dissimilarity 8jk. between two samples 
j ond k. the runtnbulion from lhe ith 'P""i•s. a,_(t), 
could simply he dcfll\Cd as the ith term in the 
summation of cquati"" (2.11), namely: 

~(!}is then av<'r>g<'d over all paiTS lj. k), with jin the 
first and I; in the >eoorul group, to give the average 
contrilnoti"" 11, (rom the ith species lu the overall 

3. Tim is implembo!<>l ;., the PRrMER P"'8""" 51MPER 
I" •i.,i/orily 1"""""4ge>" ), lw!O iu =prn of <•mlrieutioll3 to 
"""'",gB •imilarify wi<~i" • group and ""''"IS" J=i>mlnrify 
~gro.,... 

dissimilarity 'II between groups 1 and 2. 4 Typically, 
there ore many pain o/ samples (j, I;) m•klng up the 
average 'II.. and a Ulleful measure of how amsis/etlllya 
•pcc!CS oontrlbuteo tu 11, across all sud> pairs Is the 
•land...-4 4""iaWmSD(~) of thclijk(!) valueo. 5 Jfll, is 
la'W' and SD(5[) small (.mel thus the ratio '11,/SD(!i,) Is 
Iorge), then the lth species notouly oontribu tc>: much to 
the dissimilarity between groups 1 and 2 but it also 
does so consistently In lnter-mmparisons of all 
.. mplos In the two groups; it is thus a good 
dioc,.;.,.;,..ting spedes. 

n.•le 7.1. Brin<>! Cho~t~~ut! :wop!o"lt"" {B}. B,._, of 

""'"""' di..ruuilar~y """""''" gm«p> 1 ,_/ 2 '""' ""''"ib.Ji,.. 
from '""" '~""'"' sp<e<<> an "'don</ iud-=asi"" ronlnbuJ."'" 
lp«tt "'"Y "''''") 

Sp. Name ' SD(S,) ~/SD(Il,} l:S;% 

• 0\ay~""""' affmi• " " ·~ "" ' Cent"''"S'-' n.""""' " '' <? J5.J 

' C.lmn" hdgohmdi~ .. " '" " • •• 
' A,.>t;, l>ifilosa '' '" ' ... "" " li'm<"" J.mgirunrn; " " <? "' " Ps.ndo.,..r.u,.. '"'"~""' '' " 3J• ~ ... 
" r-~ ~""'"" ·~ " " ~9.1 

" PJ<uarlJ,.,h;, P'""' jo H '' ' ' '" • &>giltaeleg>!os ;v " " u· 79.1 

'' &.g/110</eg>!OS ' ' " ' ; '" ' Gaoh-•••m" 'P'"ifi'r w " " '" " Pleurolmocl<;, pilru.< " ,. " "" W M""'Padopoio olo#m u " u '" • Sch<SWmyru splrllu• " '' " •• 17 P.,Jychacte I""""' " " " 97.1 

' Ao"'ia ""'"' '' " '' '" .. ,_ . ... .. ..................... ... ... 

f01' the Bristol Channel zoopl•nkton data /BJ of Pig. 
? 3, Table 7.1 show' the results of breaking down tl>e 
dlsslmllariHes be~ samplo groups 1 and 2 intu 
spec>os contributioo>S. Sp.l<ie" are ordered by their 
avera~ C(JJIIribution 8, lo lhe total ov~raS" 

dissimilarityS~ Ill, ~ 59.S. Species whido are Hkely to 

f. Tl•"'~h t~u< is • """"'" dtfi""""'' il <iomld o. '""""' ll"'t 
'""' [< no """ml>igru>IIS l"rlliW" "f OJ< '"" rouln~"'""" from 
01dl <p«i«, ~· '"" th£ ol.,,a.m;.;,g "'"" in th< '""""''""'" uf 
"l""li'" (7 .1) ;, n {lm<twn of all ~ "''""'· 

5. The ,.,.,,, ""'"'"o" uf .,,,.J,,o deoimio• '"'"' '""""''"'Y 
""' """" ;, • """"""K-nt """~'" of ""ri.V!lily '""'· but II~" is 
'"' """"' iN win<* the 1)~1 """"' "" "md<p<nd""t 

'"'"'""'"""'". •nd "'" """"'I ""' .... r.~om ""'"1100 '"'""'""' 
W d<fi"'' say, ",_,\1. <anftd= tnl<rnl~' {~»' II~ """' 
"''"nbtdiou fmm '"' itl< .'f"'C"'3. 



i!!!IIJII""''"""""I!!~m~~mv, ~ W¥ilf~~dR1lli;&M;ill?Hi! 
A variety of dlflerent lndlres (single numbers) can be 
used as """'"""'" of some attribulc of community 
structure Ina >Wnplo. Thcso Include the tutal number 
oFindlvldual5 (N), total nu rrber ol9pecies (S), the total 
biomass (B), and also ratiru such as B/N (the average 
oizeof an o rgan!sm!n t!te sa mpe} and N /5 ( 1he a V<'rilge 

number ofindlvl<luals per species). t'ho9e lndire. tend 
tobelessinformatlvethansomemeosoreoflhewayin 
which the total number of individuals is divided up 
among the dl!fetent species, i.e. div<rBity india&. 

Indices of diversity omd fi!\lenness 

A single index of "f"'Cies (or ~lgher taxon) divorsity Is 
oomrnonly employed In <lmlmunity studies, and Is 
amenable to simple stalistical analysis. A bewildering 
variety of diversity indices has been used, and it ;, not 
appropriate here tu discuss their relative meril> and 
disadvantage>. Goodaomun!scanbefoundinHeip<t 
a!. (198B)1 and Magurran (1991). 

Two d iHe""'t aspects of community otructure contrib­
ute to the amcept of community divcroi!J" 

a) Specia ricknoso. This ls a measure relotcl to the 
tolal number of SJ'<'I'ie. present. Obviously we 
would runsider a sample oontalning more species 
than anolher to be the more diver,.,. 

b) f.tJuihWility. This ""P"""'"'" lww evenly the 
individuals are d!stnbured among tho different 
species, and is often termed ..,.,...,. For example, 
lftw<>SBmples.achcomprlslnglOOiOOividualsand 
fouropecleshadspe<i.,.abundanccsof25,25,25,25 
and 97, 1, 1, 1, we would lnlul~vely consider the 
former to he TnOTe diverse although the species 
richness is the SOJrte. The fonner has hlgh"""""""' 
but low dami~ance (essentiaUy the ""'"""' of 
evenness), while the latter ha• low evenness and 
high dominance (the sarnpl~ being highly domi­
nated by one spedes). 

1. Although th~ boo~< "'"""' sptrijicRIJy "' the m<WO<ntlm.lhe 
ln!Ot""'"' of •tal~liO'l ,..,h<W" llpp/icabk to oil oommurUly 
•lulli<s. 

Dillcrcnt diversity indice< may emphasi .. tile SJ'<"''ee 
ridute.!. or equita.btlity romponents of diversity to 
vaJYing dcgr=. Several of thesE indk"" aYe IOOnded 
as spe<lal case. in a unified ..,.;"" of diversity numbers 
of differenl orders proposed by Hm (1973b).l 
However, these number.. du not as yet """"' to have 
been widely adopted. The most commonly used 
diversity measure is U., Sh~~n<m-Wietrer div..-.ity 
inde<' 

(8.1) 

wherep; is the pmportlonof the tolal count (or biomo"" 
ct<) arising hum the ilh spoct"". 

This Incorporates bolh the species richness and 
equitabilityromponents. Nore that logarithms to the 
base l aro often used in !he cakulatlon. giving the 
diversity units as 'bits per individuol". Log. Is also 
frequenlly used, .., when mmparing publlsloed 
indiC<!S Ills Important to check that the '"""" logari.Uun 
base has been used in each case. 

Species ridtneso 

5p«<u ridmess Is often given simply "" the total 
number of species (5). which Is obviously very 
dependent on sample size (the bigger the sample, the 
"""" spocleslhere are likcly to be). More rornmonly 
Mtupiif• ;,..u,: (d) is used., which also I"""'"J'"1"ales 
the total number ot Individuals {N) and is a measureot' 
~ .. number uf "f"'de• P""'""t for a given nllinbEr or 
individuals: 

d-/s-1!/logN 

EquUabU!ty 

(8.1) 

This is rnostcommonly expressed as Pf..t"" 'o ....,.,.,, 

"""" (8.3) 

whe"'ff ...,Is themaximumpossibk diversity which. 
would he achie...,;; if all sped"" were equally 
abundant(= logS). 

l. The PRIMER progrom DIVERSE 1'<"''"'15 sehi4m from a 

""""" " " jlld.,., inoluding /ijj] ""mh.m; ami Ike "'""'" 

ri~ ond "1"'1lli>ilay "'"''''""' ~ /"''"· 



Determining sireS11levels 

Increasing levels o/ envirorunental stt""" have 
gcruorally been considered to decreaS< diversity (e.g. 
H"), <k=se species rkhness {e.g. d) and decm!se 
""""""" (e.g. n i.e. mer- dominan('('. Thl" 
inl<rpretation may, however, re an uver-;,implifi<»­
tion of the situation. More recent llteories on the 
influ"""" of disturbance or stnlso on diversity suggest 
tl'lot in sltuotlons where disturbance Is minimal. 
species diversity is redured bo><ause of rompeti~ve 
""elusion between species; with a .:lightly increo>ed 
level or frequency of disturbance competition i> 
1\'laxcd, 1\'solting in an in=,ascd diVCT.sity. and then at 
>till higher 01" more Jrequ""t level; uf disturlxmce 
species start lo berome eliminated by stress, so !hat 
diversity Jails again. Thus it i•at in!crmodia\c lcvelso/ 
dloturbanre that diversity is htghe~t (Connell, 1978; 
Huston. 1979). 'l'herefore. depending on the starting 
point of the crmununity in relation to e><isting sireS~> 
lo>Vels, lnoreas!ng lev<* of stra'i5 (e.g. lndiiCOO ~y 

pollution) may either result in an increose or""'"'""" 
in diven.ity. lt is dilfintlt if nut impo»ible, to .. y at 
whatpointonlhiscrmlinuumlhecomrnrnunityundeT 
investigation CJ<is~ or what value of diversity one 
might o•pcct at that site if the community were not 
subjected to any anthropogenic stress. Thus, chang.s 
in diversity can only be a,.,.,.,.,.j by comparison. 
between stations olong a spatial contamination 
gr<>dient(e.g. Flg.8.J)or with historical data (Fig. 8.2). 

Ca•well'• nealral model 

The equitabrlity component o/ diversity can, however, 
be compan:d with oome theoretical expe<tation ol 
diversity, giwn the munber o/ individuals and >pedes 
present. Observoddiversity has been compared with 
predictions fmm C.u;,.,.l/'s ~••t.-.d m6tt.l (CaS\wll, 
1976). Thi:l JJUJdel rurotrucl> an ecologically 'neulrdl" 
corrununity with the same number of species and 
individual• as the observed rommuni!Jo; assoming 
certain community a•sembly rules (random birtha/ 
deaths ond random immigrations/emigrations) a•>d 
no inreracliuns be~ >p"d"". Th" deviation 
otatistic V ;, then dctcrmlncd which compares the 
observed d!wrsity IH") with l11<1t predicl<d from the 
neutral model {E(H'))o 

[H" -E(H')/ 

S.D. (H') 

18.4! 

A value of rem for t~e V starlstic Indicates neutrality. 
positive values indicate gro,ak'r diversity than 
pred lcted ond negaHw values lower diversity. Values 

fmmitil .. ~ 
>+2 or <...2 indicate significant departures /rom 
neutrollt;< 11>0 computer frogram of Goldman & 
Lombohead (1989) Is useful. 

"\llbl~ 8.1 give< tho V statistics f<lr the macrobenthos 
and nematode component of the meiobenthos from 
Hamilton ~our, ll<nnuda (c./. Fig. S.D. Note that 
the divcrf'ity of the mocrobcnthos at stations H4 and 
H3 is significantly below neutral m<>dcl prclictions, 
butthenema!Ddesaredosetoneutra!ityatallstaHoru. 
Tills indicates that the macrobenthic communities are 
under some kind oi stress at these two stations. 
I !owev•r, t I must bo bor"" !n mind that doviation In H' 
from the ncutral model pnodiction depends o•~y on 
dilference' in "'!nita bility. >inre the spe<ies richness Is 
fixed, and that tl1c cquitabitity component of diversity 
may behaV<l dllfurently from the spc<ics richllCSS 
component In response to stre6S (ooe. for e><ample, Fig. 

8.2). Also, it is quite possible that the 'intcrmcdialC 
dtstnrhance hypolhe$1,.. will haw a bearing on tho 
behaviour o/ V in re;ponse to dlsturbarlce. and 
increased di•turbence may either omse it to decrea"" 
or increase. Using this method, Caswell found that the 
flora of tropical rain fore•ls had a diversity below 
n=tr.U model pn!diotions! 

Thlol< $.1, Jiomlllo~ Ji-o B<m<1<do {H). V ''"''"'" f-' 
sum""'>~ "'Pii"'~ of '"""..mmtlws ood mrio""'ll•o: """""'"'" 
"'"'Ph•l .0< >lot;,,, 

Sla!ion MO<robenlho> Nematode• 

m '"' '"·' "' ~' '"' H< ~ ~' 
ill -1.9 "" Ho -1.3 ~ 

"' '"' '"' 

'The purpo"" uf graphical/di>tributiumll rep......,ta­
tions is to extract in/ormation on patterns oi relative 
;pee;.,; abundanc"eS wllhout reducing that lnform<>­
tion to a sin~lc sununary statistic, such as a diversity 
inde•. Th!s class of techniques can b<: thought of as 
intmn<>diate botween univanalf summaries and full 
,.u;wrb<te analyses. Uniik multivariate method•." 
th""" distributions may e•lract universal features of 
community structure which OJ(" 1101 a function of the 

4. Thi• ;, imp"""'"lt>i iH lh< PRIMER pmgmm CASII'EU. 
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pollule<l (outer) stations ;,; much Oatler, with low 
domlnanre. Fig. &5b shows k-dominancc curves fur 
the same dato. Here the curve fur the inner otatiOJ'\5 is 
elevated,iodkatinglowerdiversitythanatthe250m-
1 kmstations. 

Abundancelbiomasll comparison (ABC) plots 

The advlll\lage of distribution plots such as k--&>ml­
rumcc curves is that the distribution ol species 
abundonresamongindividualsand the distribution of 
'J"'des biumasocs among individual• oan be com­
pared on the saJJ~e t.rms. Since lhe two 11ave different 
unils of moasurcmcnt, this Is nut prnillible with 
diversity indices. 

• ' " '"" • 0 • 00 • .. • • • " • " " .. • • • ' • " .. . 
' •• • • ' '" " .. 

~ • " 0 
0 0 

'" '" ' SpMiM rank 

This is the basis of the Alnmdarte<l- Comp.orl­
... (ABC) IIllillwd of detennining levels of dlstu,... 
bance {pollution-induced or otherwise} on benthic 
macrofauna oommunlHes. ll r>der SlaNe conditions of 
inf""luont dl"'t~rbanoo the rompetitive dominants in 
l'!IEICrobenthic communities aTC K~cctcl or conser­
vative species, with the attribules of layge body size 
and long: liie-span: thC8C ore rarely dominant 
numerlcaUy but ore dominant in lenru of biomaos. 
Also present in these rnmmuoitics oro smaller 
r--selected or opp<>riUniotic spedes with a short 
~ which are usuaUy numericaUy dominant 
but do TXJt "'''"'"""t a large proportion of the 
community biomass. When poUnllon pertmbs a 
community, conservative spc<ics are less favoured 
and npportunlotlc gpectes often become the biom•ss 
dominants as well as thellUIIlerical dominants. Thus, 

Fig. B.;, Bwfl•~ '""""" 
~.a. .. /[}. o) A""""!i" 

...,;,~ ~ """""""" 
"'""" (Jt-<!Ii• /_..)for 
6 sllitW.• wil/:in 250 .. of 
tho """'"' ofdn'l/ing o<"lio-
ity (dolled UrreJ •P1d 10 

'"''"'"" """'- ZSO m 
aNd 1 ltm from the ""'"" 
(,.,lid N,.J; b)-... .. '" ..... ""'""for'*" """" 
S""l" if .Wtlo,., 
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method of data analysis would hove Indicated gms.< 
pollution. However. the blomaso and abundance 
curv•s •tort tu becoJne trar"'P'"'ffi. at """"' distance 
from the dwnp-o:ntrc, when spc<ics diversity is still 

"" 
liansfunnat:IOJis o:f k-domlnan<e turVes 

Very often k-dominano:: 01rV<'S approo.ch a Cl]mula­
tlve frequency of 100% for a large part of !heir length. 
and in highly dominated cmrnnunities this may be 
after tbeArsttwoor throotop-unked species. Thus. it 
may be diffi01lt to di<ringtllih between the forms of 
these curves. "I1><l oolutlon to this problem is to 
transform the y-a><is so that 1hc cumulative values arc 
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/ 

Fig. 8.7 . I..J<II L/>1.,., 
"'I'C'Of-(L}. Sho ... 

1978 """ di...,..;ty (H") mol 
ABC plo>ls """' IJt. U .. ~-

J!lj;3 to 1973. 
Abmul.n"' • IOidr Uo<, 
bi"'""' ~ lhio u,.,. 

d~ 10 lln .. rlty. Clarke (1 ?9IJ) sugge.slstho "'odJ,...d 
WgioHc tronsfunnatlon; 

;~' ,; logfn ... y;Jtnm - y;JI (8.5) 

Ane><arnpleoflheeffuctoflhistranst'onnotiononABC 
cur""' is !;~""" in Fig. 8.9 for the macroiauna at two 
slations in Fricrfjord.. Norway {F/, A bciug an 
unin'lpaoiM reference slte aM C a potentlaUy 
impacted site. At sltcC lhcrc is an indication that the 
biomass and abundance curves orossatabout the tenth 
species, but since bolh ourvcsareclose to 100% al this 
point the crossover is unclear. Tho logistic 
transformation enables this <l"O!lsover to be better 
visualised, and mustrates more dearly the dlfferen<es 
in the ABC configurations between those two sites. 
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thebiomasscurve,showingaslightand-ydedine 
before the inevitable ftnal rise. 

Under pollub!d conditions there is still a change in 
position of JW:IIal dominance curves for abundance 
andbioma..,.witll theabundanrecurvenowabovethe 
biomass curve in places, and the ~ curve 
becoming much more variable. This implies that 
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Fig. 8.111. Frieifjoni"""""'""""/FJ. Pom.ldo>m"•"""'"'"""' 
~~~ ~·.V fr»' refrr<m:e sileA (cf. Figs 
8.9<> ond c for ~;"8 slondtmlond !~rmed ABC 
plot,). 

Site C: 

.. 

Fig. 6.9. Frlorfftwt~ ......... 
t- IF/. ,). b) Slandmtl 
ABC piM< for <!"" II 
(~•odC(po~<o>tW­
ly ;"""""""). <), II) ABC 
plot. ,.,.«iho A.,.! C-
1!.< !f-<!XI» ~ to 
..,difis4 ~ ,,.,.,.,._ 
..,,.,_ ~rmdllll<>'=lhi<k 
!U..,-=ihb<ll ... 

poiiution elteds are not }1151 oeen In dtangeo to a few 
dominant species bnt are a pJtenarnenon wbi<h 
pervades tho wmpletc suite of species in ti-e 
communi!}< For """"'ple, the time sorieo of 
macrobenthosdatafromLod\Linnlle{Flg.S.ll)shows 
that in the most polluted years 1971 and 1972 the 
abundance CDI'Vt! Is above the biomass rurve for most 
of its length (and the abundance curve Is wry 
atypi<ally enalic), the curveo """"' over in the 
moderately pclluled years 1968 and 19:>1.1 and have an 
unpoUutedconligwalicnpricrtolhepollutionimpotct 
in 1966. In 1967, there is perlulps the suggestion of 
Incipient change In the initial rise in the abundance 
curve. Although the9e rutveS ore MISO smooth {""d 
ti»Ycforc not so visually appoaling!) as the original 
A IIC ourves, they may provide a useful olb!mative aid 
to interp<etation and are cerlainly more mbust to 
random fiuoluations in the abundance of a small­
sired, numerloally dominant species . 

Phyletic role in ABC ml'lhod 

warwick and Clarke (1994) have rec<mtly shown that 
the ABC re9p01'I9E! results from (l) a shift in the 
proportionsofdifferentphylapresentln<ommunltles, 
some phyla ha ""'S larger-bodied species \han olhen, 
and (ii) a ohift in the relative distributions of 
abundance and biomass among species within the 
Poly<haelabutnolwithinanyoftheolhermajorphyla 
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Fig. 8.12. Ho.Uito• Hoo+."'-"""' fH~ Dlff<r<n« 
Ill-A) """""" ,..,.ulalroe o~om,.,,., '"""" {llr """"""' •"" """"""""'for fom' rep/ical< """''"' ol ...,.,.,. II2 (thick lin<) 
otul H4 (lhln JIH<). 

W statistics 

Whim the number of sites, limesorrepllcateslslorge. 
J'l"'SSl'~ng ABC plol$ lor tvtr)l sample ran be 
cumbcrsomc, and it would be conveniont 10 reduce 
ead1 plot to a~ summary stati<ti<. Clearly, some 
!nformatlon must be lost In sudl a rondensa~on: one 
plots oumulallve doll'llrlanoe rurv"" rather than 
quoting a divemty inde>< predsely becauso of o 
relnctaru:c to reduce the diversity information to a 
single statlstlo. Nonetheie;s, Warwick's (1986) 
oontention that the biomass and abundance ourvcs 
increasingly overlap with modentte di~, and 
transpose altogether for the groo:sly distu:dcl concli· 
lion. Is a U1tidil'<lctiorud llypothesis and very IIJJIEnable 
to quantification by a single summary statlstk. 

Fig. 8.\2 displays the ofiJf<IOIOU Cllt'l>ft' 8-A for each of 
four "'Plicate macrofauna samples from two stations 
(H2 and H4) in Hamllton Harbour, Bermuda; theseare 
simply the result of subtra<ting the abundance (A,:) 
from the biomass (llj l value for ....,h species rank (,) ln 
anAOCc:urve.7 

For all lout revli<'ates irum H2, the bk>~I~B>~> curve is 
above the abundance curve throughout its k>ngth, so 
the sum of the ~A; values aoross the ranks; will be 
strongly p<»!itive. In amlrilst, lhissum will be strongly 

7. N•lellrol,"' ~s wilh., ABC""""· II, ond A, @ '"'I 
"""""'"'ly nf"' m "'I= f•' 111.""""' "~""'""'tire ~8 ;, 
~ _..,ly "''""""""""""" m.,..,~ 

negative fOT the repll<a leS at H4, fOT whl<h abundance 
and biomassrorveo ""' largely tlansposod. Intennedi­
ate """"" in whkh A and 8 curves .,.. lnterlwlned wlfl 
tend to gl ve I(lb4;) values near zero. The Sllmiiilllion 
""lui"'" some Fonn of standardisation ro a common 
scale, 90 that comparisons can be made between 
oamples with ditreringnumbers of opect<>o, and Clorl<e 
(1990) proposes the W (f<>T Warwick) sto~stk': 

18.7). 

ltcan be shown algebra!colly that W takeo valu"" in the 
range (-1, 1), with W---> + I for even abundoru::eaoroso 
species but biomass domlna.le<l by a single ..,.,.,.,.., 
and W -->-ltntheconversease(thoughneitherlimit 
Is lll<ely robe attained. in practice). 

An ,;ample is given by the changing IDitcrOfauna 
oommuntues along the transect atf05S the sludge­
dumping gwtmd atGarrocll Head [G). Fig. 8.13 plot. 
the W values for each o! the 1Z statiorul against the 
sta~on number. These summarise the l2 component 
ABC plot. of Fig. S.R and clearly delineate a similar 
pattern of gradual change from unpolluted to 
disturbed conditions. as the centre of lhe dumpoite Is 
approae!>ed. 

HJJH!Ihesls teoling for dominance cunes 

1'ltcn: arc no replicates in the Garrocb Head data to 
allow testing fur statistical oignificmtce of observed 
dtanges ln ABC patterns bu~ fur studies involving 
rcplication,theWstatist!cprovldesanobviousrouteto 
hypothesis testing. For the Bennuda samples of Fig. 
8.12, Wlakcs values IU3t o.253, 0.250 and 0.349 for the 
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Fig. 8.13. Go•rod• &.>d -=>/"""" IG/. W wZ.... 
~i"81oii1<12ABC '"""'ofFig.8.8,plo!l<dogai..t 
""'""' '''""b<r; .tat"'" 6 ;, th< ..,,,. of tire d~m~p ground (Fig. 
8.3). 



There are two distinct roles for transfOI'IJiations in 
rommunity analyses: 

a) tu validate statisli<sl o>Sumptiorul fur parsmeiJic 
techniques- in the approach of Ibis manual such 
methods are rcstrict<:d to univ.!rimc tcslo; 

b) to weight the conbibutkrns of"'"""'" and rare 
species in the (non-parametric) muUiwriate n:pre­
sentaHono. 

The second """"m is the only one of relevance to the 
JII'.'C"ding chapters, with the eoo;eption of Chapter 8 
wher<! 11 was """" lhot s\andaTd parontl!lri< analysis of 
variance (ANOVA) could be applied to diverslty 
irulkeo mmpuhld. from replicate Slllllples at different 
sites or times. llcing composite indices, derived. from 
all species munts in a oample, some of theoe wiU 
alrea<ly he oppro>Qmately ron~nuous variates with 
symmetri< distribu~ons, and olhen <an he I"Mdily 
transformed. l(l the normality and constant varian<:e 
requlrementsol standard ANOV A. Also, then>may be 
Interest in the abundance patterns of Individual 
spec:les, spedlieda priori (\,.g. key>tune species), whkh 
are suffldentlymlt'llnol\ aoross most sites lor there to 
be""""' po.ssibi~ty of valid pararretrio:: analyois aftH 
tTansformation. 

Forpurelyillustra~""pwpo"""' Thble9.1 extra<ts the 
oounts of a single T/ryo8irn species from the FricrfJOnl 
rruta"Ofaurut data /f'J, mnsistlng of four replicates at 
eadl of six sit<'& 

1llb'l< !l.l. Fr1<rfj<mf fft#TD/""""/F). A!>u~ ofo oingl< 
~ IThya.iro "PJ m Jmn "f'liotie P"•"' cod< of <lie m 
•IUs (A-E. G). - • • ' ' ' ' -· ' ' ; " ' • .. 
' • " " • •• " ' ' ' " ' • 0 

• ll • ' " • • ...---· - .. '" " " '" ., Stand.-. " " '' • •• "·' '" 
Two features are apparent: 

1) the n:pl- ore rot synunetrioally dlstributcd 
(they tend to be rlght-«kewed); 

2} the n:plioali<:m variance tends I<J increase with 
in=asing mean, as is dear from the mean and 
9landard deviation (s.d.) values given in Thblc 9.1. 

The lad of symmetry (ond thU9 opprcn<ill"lllle 
normality)oftherepli<attondistributionlsprobablyof 
less Importance than the large <liff<:n=e in variability; 
ANOV A rellos on an a""""'f"ion of oonsblnlvariaru:e 
a<ross the groups. Fortunately. both defec1s can be 
"""""""'bya>limpletransfurma~onoltherawdata;a 
power lranstormotton (Sirll as a 9<fU""' root), or a 
logaritlunic traruk>rmation, have the effect both of 
redudng rlgh"""'wness and !ilablll!iing the variance. 

Power transfonnalions 

The )1<Jwer transftmtt<rtiono !I' - 0k>rrn a simple and 
useful family, in whiffi d""""sing values oil proo:hu:e 
intrea>i:ingly severe trarufonnations. The log trans­
k>rm, !I' = log.,.(yl, """ also he enmmpasoed in this 
series (kldlnically, <!?' -1)/l -+ iog.yasl-+ 0). Box 
ond eo~ (1964) give. formal maximum likelihood 
proo::edure for optimal selection oil but, in prnctke, a 
precise wlue is n<>l important, and indeed rather 
artiftcial if one were to usc slightly d!ff=t valucson. 
for eaoh new analysis. The aim sllould be to sel..:t a 
traruforrno~on of tile right 01"deT for aU data of a 
par~cular type, d>Ooslng only from. oay: none.. '"l""rc 
mot, 4th root or logarithmk. It is""' n""""""'Y for a 
validANOVA that !he variance hepreciselystabi~oed 
or the nolHUlrmality IOially removed, juot that gross 
deparhn"es from theparametrk asrumpllorul {e.g. the 
order of magnitude change in .. d. in Table 9.1) ore 
avoided. Oneuselul technique io to plotlogo.d. ogoinst 
log mea~ ond <5tirnate the approximate .tope of !hi• 
n:lationship (jl). This is shown here for tho data of 
Table9.1. 

!.og(o.tiJ • 

' 

,j_,,-,,,-,,, ------­
" ' . ' 

It can be shown that, appro:<imatcly, if ~ is .. t roughly 
"'JJl''l tu 1 - p, the transformed data will have constant 
variance. That i•, a slope of zero implies no 
transformation, 0.5 implies the square root, 0.75the4th 
root and 1 the log transfonn. Here, the square root is 
indicated and. Thhle 9.2 giV<lS the mean and standanl 



transfunn. However, ln thls form, the transformation 
is Impractical because the (many) zero values produce 
log(O)-+-. Thus,rommonpracticeistouselog(1-tyl 
rather than log(y ), since log(1 +y) is alway• posl~ve fur 
posl~ve y and log(] +y) ~ 0 fur y ~ U The modiAed 
transformation no longer falls strictly within the 
power sequence; on large abundances i t does produce 
a more """""' transformation than the 4th root but for 
oman abuno:lances 1 t!" Jess """""' than tl'le 4th root 1 n 
iact, there are rarely any pra<tlca1 differenresbetween 
dusM and ordination re>U!Ili performed fulluwing 
y0.2!'i or log(l+y) transformations; they are effectively 
equiva\entin focusing atlcnlion on pallcrns within the 
whole community, mixi~ contributions from both 
common and rare spe<ies. 

TUI< !U. Lo<k Ll!t!tkc mO<mfoo•••l LJ ••but. TJt.< dwtghog-
.;.,;o,,.;~y..._,..,mpi<o2•ml4(oflhlo~9.3) .. ""'*oftMsix 
>p«i<s is omitW in lum, for both ""'"'"ofM"md """ 4th 
root---fflm•J".....I obu..J.m...,_ 

u ...... -...0<1 
Spocioo omitledo ~·· ' ' ' ' ' ' Bray-Curtis (S), " " " " " M " 
'1/~Mof<l""od 
Spec;esamiHedo N- ' ' ' ' ' ' Bny-CurtiJ <sr. • " " • • " " 

The logical eOO-p<rint of this tnmsfurmalion sequeru:e 
is thcrcloiC not the log transform bu ta Teduction of tkc 
quontitativedola to,...mu/,.._t:he Bnty--Qlrtis 
coefficient (>ay) being computed on the result!ng 
motrix of l's (J"""Cl'C"l and O's (absence). This 
romputallon ls illustrated In lllble 9.5 for the sub6et of 
the Lodt Linnhe macrofauna data used earlier. 
Comp¥1ng with Table 9 .3, nole that the rank order of 
similarities again differs, though it is do- to that for 
the4thTOOttransfonnationlhanfortheuntransfonned 
data. In /act, reduo~on to presence/absence can be 
tl!oughl of as the ultimate transfonnotion in down-

1. n...gh pnrdiall di!frr<nas .,. lil<riy to toe "''((igible, "" 

purely -iailgnmnJ. it a.M. (., ~ I'"" '"" 4lh ...t is 
II~ ""'"' "'~'!! llf tl:e '"" tw:...pmn.t»ns -""' 
Broy-Curlis si.ut.nly- ;, I"'" 1..-lmtl 1<> ~ >=1• doo"'!" io 
if s;,;;,,.;~y wl""' 1l!lllllt l1e alt<md •nder • logfl+JI) 
tmnsformrilim if obu...,nces """' «....,..! from ol>soluto 
,....,. lo •~""""' P'' m'of t11< "'*"PW so-.o<e, or iflli<mtim 
"""*"8"""""~"""'"'81og.1lln.doe,.,,,_. ... ,h 
• .trio! Pl"""tr.osfimnaiio»J;it is ri<or from "'"'""'" (2.1 ) thRt 
••Y m..Uiplying <OJm;jQnl •pplim lo y .,.71 "'"""' .,.,~ up olfd 
bottom li,...oflho '"""""'"'"'· 

welght!ng the effects of romnwn sped,_ Species 
whkh ore sufflden~y ubiquitous to appear In all 
samples{producing a 1 in all columns) clearly carux>t 
discriminalc between the sarnplco inany way,and thus 
do not contribull! In the final mu !!!variate description. 
The emphasis is therefore shiftEd finnly towards 
pattErn> in the inlernrediare and .,...,. species, the 
generally large< numbers of these tending to over-ride 
the rontribul10ns from tltc few numodcal or biomass 

-~~ 
Thlrlo"-'-Wcl Unohomoaoj\nm.,(t.J_,_., """"""'(!)or 

- (D) if 1/Je "'x spedn "' 1/J< four """J''<s of ToNe 9.l,and 
''"' """itmg &.)'-Curli< ..,,.,,.;,...._ 

p,..,nce~ab • ....,. 
Sample: ' ' ' ' Sample! ' ' ' Spori>• ' -
Ecloin""- ' " " " ' " -- ' " " ' ' " m -
/_abf.lopL ' ' " ' ' " " " --- " ' ' ' ""'""' " ' ' ' MyliZ.• " • • " 

One inevitable consequen<e of "widening the fran. 
chise"inthisway,ollowingmanymorespedcsk>havc 
asaylndeWmlnlngtheoveraUrommur~ltypatlemsls 
tloat lt will become Increasingly hni..- to ob!aln l---<1 
ordmotions wtth low streos: the "view" we have 
~ to take of the community is inherently 
high-dimensional. This can be soon in Fig. 9.t for the 
dosingexperimentiDJintheSolbergslnmd"""""""' 
(CEEP Oslo workshop), J""'i'iously met In Figs4.2 and 
5.5. Four levels ot contaminant dosing (designated 
Control, Low, Medium, Hlgh) were ea<h represeuted 
by four replicate samples of the J"e!IU!ting nematode 
rommunldes, giving the MDSmrlinalions of Fig. 9.1. 
N<>te that as the 5eVI!rity of transfonnaHon in<reases, 
through none, root, 4th mol and presence/absenc:e 
(Fig. 9.1~ to 9.\d "'"J"'di~), !he stress values riso 
fromO.tll to 0.19. !tis important to realise thotlhlo iolitll 
an a<gUment lor deciding against trnnsfonna~on o1 
the data. E'ig. 9.la Is not a btll<ir representation of the 
be~plerelationships than the other plots: it 
Is a different one. The choio;: of lransformalion i• 
determined by whkh aspe<.1S o1 tho community we 
wioh to study. lf interestis in !he response o1 the whole 
community then we have k> ac<rpt that ilmay be more 
dlfflc-ulttocapturelhisinalow-dimensionalpicture(o 
3-d or higher-dimensional MDS may be desirable). 
On the other haod, if the data are totally domina~<>;! by 
ono or two opede9, ond It Is these that are of key 
blologkal lnteres~ then of 0011rselt wiU be possible to 
visualise ina l-or 2-d pirtun' how their numbers (or 



For some univariate and graphioal/dlslribnHonal 
methods of dam iiiillly.U. ills important to include all 
species present at each site,. siru::e the omission f)( ..,.,.., 
of tilem will affc<t the outcome of the analysis. (Thls Js 
obviouoly true for dl""'sity .,.,..,....,. ouoha• •p<rie• 
richness, for e><ample). In ocrtaln dmlmataOCE!I, 
however, it i•not possible ornDt advisable to include 
all species ln rrrultivariale analyses. There arc two 
main cirrumstances wh""' dimU.ortl~~g <pec~eo 1s ,_,., 
a) &.mpJe PCA (not MDS) ordlrutlions. The specle:l 

number must be reduced to {soy) <50 spe<:les, or 
cloc there will be pmb1ems w:lth <x>mpuling 
eigenvalues (oee 0\apter 4).1 

b) ~ ordinations. Although MDS and cluster 
analyses are possible for all spectes, the ,.....,. 
>pedes, whose occu,....,..,., at a particular station 
may largely be due too~, must bccxohtdedfor 
an inifrpJctable outcome (..,. O...pi<!T 7).2 

The way in wiUdt spedes are eliminated requires 
ooreful oonsideration. A oornmonlyemployed method 
is to remove those species whiohare rare In respect of 
their total abundance at aU stations In the""""'}', for 
e.ample lhosespecies oomprisingloso than 1 or 2% of 
the total number of lrilividuals. This howev..-""' be 
dangerous in silua~ons where lolal abundance 
beween •lations Is very variable, as is often the caoe. 
Sitoationsfrequentlyarisewhcrerertainstalioruihave 
a very low o""'an ahundanre olorganioJno, but there 
may be many species whkhare absolntcly oharacterls­
lkofthoscstations. U!iinglheabovemethodofspedes 
reducHon, all these apecif!O coukl he ellmlnated! Th 
overcome this problem ltls recommended that spedes 

1. A• d~ in Clfapln I. PCA is ...: ,.,...,ny 
""'"""'o!Rde.l fo• iip<cles ilala. If ""'"ind, n.--. /'RIMER 
am perfrJrm a by fin! "'"ning RltDI.ICE. lo """'" ooly 111< so 
mMt /""""""" ,,..,.., (in !lr - Mfiod "'*"'!. •>Ill 111m 
...!ng SI'MP lot- <l1t ..,trix ft" "'*"f into ""' PCA 
.... m.. 111/ddt <>poet< ... ,~ .. "'/""""· 

2. Tid• '<I<M obo O.l>lt"ri<d out by"" ioil!ol run af Nt:DUCE 

h•l• /Idler option ~I)J ;. to llf"<'"IY-"'~ 
({<llmpl<s)<U..:tly in CLUSTER. 1JDo.,;jl..toio........Wgeof 
U.C orig;,./ ...., ({allwno) IIUmb<r< n. lho d£.m..J &pede> 
({<llmpl<s) simU.rity""'ri< 

accounting lor ~!1% of 1M tolai ocore (abundance or 
blorrlass) in O"JJ<mesamp/r are <etalned (pis chosen to 
redure spectes to the required number; typically~~ 3 

~" 

We have already seen (Chapters 4 & 5) that """'pic 
relationships can oll<!n he weD >UJJIJRllli""" in a 
2...dimcnsional ordination, which Is reduced from a 
very ll"lllOh hlgher...dimensionol species spare. This 
Implies that many species must be mt...:h""&"~W• In 
the way they charat:lerlse the samples, and that an 
iiiilllysisol a small SUbset oi the total number of species 
may give a similar result to that for the fuU spectes 
analysis. This am be confim>ed by perfonning MDS 
on a randomly chosen subset of species. Gray d Ill. 
(1988), fur =mple, compared ilu> oonilguraHons 
pmdured fromanMDSofllOspeciesofmacrobenlhos 
at six staUons in Frler/jc>n;l, Norway with a similar 
analysis U&ing ju•t 19 nmdomly selected species <Fig. 
10.\l. Note thatthe on:linalionsareretnarl<ably similar 
ln the way in which ilu>y discriminate betwetm sites 
(although there is a slight diffeft!nce tn that the 
replicatesample&atstationsC and Earetrarnposed in 
lorntion). 

Tims, there appeaP.Oio be considerable redrmdmrcy in 
the species which characterise the community 
compooition. Although theabove •••mple, I!Xtracting 
a J1IRdom subset oi species, is ol no mal practkBI 
interest, attempts have been made to "'<plait lhis 
l"l.'dundancy in the oontext of taxonomk aggrq;alion. 

The palnslaking: work involved in SOTiing and 
KlentifyingsamplestothesperiesJevi,lhasT<'Stllledln 
oomrnunilyanalyslsfurenvirorunenlalimpactotudies 
being traditionally regaJdod as labour-intensive, 
tlme-<nnsuming and therefore relatively expensive . 
OneJ'I"'U'Iical means ol overcoming this probl<= is to 
""~"oil the redundancy in community data by 
""alystng the samples to higher taxonomk levWi such 
as family or phyla. rather than tn opec;.s. If results 
from Identifications to higher taxonomic levels are 
o:nnparable to a full spectes analysis, this means tho" 
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2} Diot:ributiongl motholk. Aggrega"on for ABC 
rurvE5 is possible, and family level anaiJ'1"'5 are 
often identical to species level anoiJ'1"'5 {oee Fig. 
10.7). 

3) llflh>....u.h mdlwll>. The """'"'Pt of pollution 
;ndi<;ator JI'OIIPS rather than lndiottor species is 
well-established. For exampre, at organically 
enriched sites, pol~s of lhe family Capltelll­
dae beoome alnmdanl (not just C.plh/1.1. capltahl). as 
do melobenthic nernaiOdcs of the f<llllily Ond>;lloi-

midae. The ntmatoddcoyepad ratio (Raffaelli ond 
Mason, 1981) is an <'l<llmple of a pollution Index 
based on hlghertaxonomiclevels. Such indices are 
likely to bcofmoreg........,lappilcabi~ty !ban those 
based on sp;-cies level infunnalion. Di""""ty 
lndiO!S lhemselws can be defined at hie1archical 
taxonomic levels for !nlerno! rompamlive pur­
poses, although this Is not rommonly done in ... -

Species Families Phyla 
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F;g. 10.1. L<><h Uttnm -=fmma IW. MDS ("smg B"'f-C"His .n.il>riliel;) of somp~.s from Il ymrs. Abu>rdan= ""' 
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the left in 1973 <ISilO<iated with mduced pollution 
levels and mmrmmity stress.. "This pattern is equally 
dear at an l<!v<!ls of taxonomic aggregation. Again, the 
scparalionalthemostpollutedyearsismostdistlnctat 
the phylum len!, atleost for the double squore root 
transfonned data (and theconfiguralionis more lin""" 
with =pcct I<> the p<>llutlon gradient at the phylum 
len\ for the untransformed data). 

Amoro-Cadlz oil-spill 

Macrofauna species were sampled at staUon 'Pie"" 
N<>ire' in the Bay o/Morlaix on 21 occill!ions between 
April 197'7 and Pebrary 19.'12. spanning tho period of 
the ........c1:. al the' A,....,.,....a,diz' in Mar<h 1978. The 
spedes abundance MDS has been repeated with the 
data aggregated Into five 'phyla·' Annelida, Mollu&<a. 
Arlluopoda. Echlnod•nnata and "otherS' (fig. 10.4). 
The analysis of phyla cl"""IY rellects the timing of 
p<>Uutlon events, the<:<>oliguralion being slightly moJ"e 
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Hnear than in the species analysis. Att ~pill 
samples (A-E) ""' In the 1<>p left of thc<:<>nflguralion, 
the innnedlate post;plll sample (FJ shifts abruptly to 
thebotlnrnrightaflerwllldlthereisagradualrecovery 
in the ~pill direction. Note that In the spcdcs 
analysis, although results are sinular, the irrone;liale 

post-spill ""'P"""' is rather """" gradual. The 
community n:p<>nsc at the phylwn level is n=orkably 
sensitive,ronstderingthatthesampllngsttewas""""' 
40 kmaway from the oil-spill. 

Indonesian reef mrah 

The El Nifl'o of 1982-3 resulted in extensive blea<hlng 
of reef corals throughout the Pacific Fig. 10.5 shows 
the coral community response at South Pari Island 
<we< stx yearS !n the perlod 1981-1988, booed on ten 
replicate nne transects along which ooral speclcs<:<>ver 
was determined. Note tho immediate post-Ill NiJ'I;> 
k>cation sbift un the species MDS and a ciro.Iitous 
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Q.l2,0.11,0.13). 
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"" 
again shown to be surprisingly sensitive in dCICCting 
poUutlon-Jnd ured <omrrnmily change. 

Loch lJnnhe macro.fauna 

ABC plots for the Loch Linnhe macrobenthos species 
data are g;wn tn Cl>apter 8, Fig. 8.7, whero the 
perfonnance o/ the"" <urveo with ''"'Peel I<> tho 
~ll'Ul--illut"" ol poUu~on events is di!<Cil..ed. In Fig. 
10.7 the spccics data are aggregated to family level, 
and !tIs seen that the cur""" are virtulllly id.,j;calto 
the sp'des tev.l analysis, so that there would haw 
bcct1 no loss o/ infuJIIII>tion had the samples only bo.m 
sorted originally into families. 

Similar result> were produced hy replotting the ABC 
curves for the Garroch Head sewage sludge dumping 
ground maorohentlw>IG/ (I;g. 8.8) atthelamily lcv•l 
(Warwick, 191!8h). 

Indonesian reel rorals 

Fig. 10.8 shows results /rom another survey of 10 
replicate line lransocls fm- coral cover o""' the periOO 
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Rg. 11J.8. I..-.;on -f 
'""'""' m. """"'"' • ..~ 95~ """.(ida<"' ;.-~for •• ,__ 
l!er •f .. ,., """ Sll'iiUllln 

diO<'<Sily "' ...... ~ IJku.< 
Wmtd, <hoooing '"" i"''""" 
.,..~ ~""'"' """"""l' fro"' ,,.. 
1982-JEINt.o. Sp<ri>;dot. 

(/eft) """" be.., "88"'81'1«1 
inlogenm:(rig/11). 

1981-191!8, in this case at South 11kus Island, Indonesia 
/I}. Note the similarity of Jhe species and gertWI 
analyscslorthenumberoltaxaondShannondiv""'tty, 
wtth an lmme<llate pool-Ill Nino drop and subscqucnl 
sttggestlon of partial reco'-""Y-

Clearly the operational taxonomic level lor environ­
mental impact studies is anothEr factor to be 
considered when plaTUling such ~ survey, along with 
dcctslons about the number ol stations to be sample<!, 
number of replicates, types of statislical analyoloto he 
employed etc· The choke will depend on ..,vera] 
faotors, par~rolarly the time, manpower and e><perti .. 
available and the extent to which that componenl ol 
the hiota being studied fs known to be robust to 
taxonornl< aggregation, lor the type of •ta~sti"'l 
analysis being employed and the type olperturhaUon 
expe<'led. Thu•, lt ts diffirolt to give any fiJITI 
recommendations and eaclt case must he .,.ted on I IS 
individual merits. For routine monitoring of organiC 
cnrichmcntsitua~ons using mocrobenllw>, one '-"""he . 
relatively certain that family level anolysis wilt be 
perfeclly odcquate, but for other <ornponcnts o/ 1he 
fauna. and lor other types of perll.uba~on, sufficient 
evid"""" Ms not yet accumulated lobe sure of this. 



~'"""-IPJl!F~;;;:;;~~~ :m=~NilN mAtst:CI:: 
In many studies, the biolic data is matched by a suileof 
environmental variables measured at the same set of 
oll<!s. 'fhesecould ben•ttrul ~-.. describing the 
physi<B! prupertie> of the substrate (or water) from 
which the sample• were taken, e.g. median part!cle 
diameler,deplhof the waleT wlumn, Slllinity etc., or 
they oould be<'<'..tamilumfvaridol .. such ., >ediment 
ooru:entro.tlons of heavy ntelals. The requirement here 
is to e><11mine the extent to which the physi<:o-chemi<al 
data is re\at..i to ("«plorim") the observed biological .. -
The approach adoplcd is firstly to analyse the blotlo 
data and thefl a51< how well the information on 
environmental variable;, taken either 9ingly (field d 
of._ 1982) or in oombinotion (Clarke and Airuoworfu, 
1993), matches this romnmnity olructure1. The 
motivation here, as in earlier dlaptcr., is to retain 
simplicity and transparency of analysi•, by letllngthe 
spec>es and environmental data "tell their own 
slm'ie,... (under minimal model assumptions) before 
judging the extent to which one provides on 
"explanation" of the other. 

An analogous range of mUtlvariote melhods is 
available lor dis¢ay and testing of envlnmmental 
samples as has been described f<>r faunistic data: 
species are simply replared by physkal/d>emkal 
variables. However, the matrix cntrico ""' now of a 
rather dlflenmt type and lead to dlffurent analysts 
oltoire!. No longerdo z=• predominate; the readings 
are usually more nearly continuous and, though their 
distributions are (lflen righl-<lkewed (with variabUily 
lnoreasing wilh the meanl, it is uf!En po""'ble to 
transform them to approximate rumnality (and 

1. --sud!"'"'"""""! romi<Jitm (e.g. Mml;, <1 111 .. 
197ll),a,.;' lh< i"'!"'•l<nt labni'f""of cmonico! """'''1''......., 
(.,. BfMk,.1986). """'"" mUI<fdlfl<•m"""""' of~"! 
I"' ,,;_1 dato .,;!hi, Ill< Oi>li' ·~·,, ""livoiiJd by 
'f'<dlic ~ ""'d'ls defining llu> ~"'"""'"! 
..Ja~ron"'ipo. 

stabilise the variaro:el by a simple root '" logarithmic 
transfonnation, sec Chaplcr 9. UndC< those condi­
llons. Eu<lldean distance Is an appropriate measure of 
dissimilarity and PCA (Chapter 4) Is an effe<live 
ordination techniq""' though no"' that this will need 
to be perfolllll!d on the correlaHon 13ther than the 
oovarlar.cc matrix, I.e. the variables will usually haw 
different units of measurement and need normalising 
to a common scale (see the discussion on p4-<i). 

In the typl""l """" of sample5 from a opo~al 
COI'Ltaminant grodtent. it is olso usually true that the 
number of variables iB eithor much smalleT than foT a 
biotic matrh or, If a large numl>cf of dumoi<al 
det.!nnl,.,.tlons has been mi'IO:Ie (e.g. GC/MS onolysis 
of a range of sped~C ammaUc hydrocarboos_ PCil 
crmgeners etc.), they are often highly inleT-correlated,. 
tending to preserve a fixed relation to each other in a 
simple dilution model. A PCA""" thusbeapected to 
do an adequate job of representing In (say) tw<> 
dlmens1o!lia pattern which lslnheren~y low-dlmen· 
sional to start with. 

rn a """" where the samples are replirntes from 
different:groups,definedo priori, theANOSIM- of 
D-.apll!r 6 a .. oqually available for testing environ­
mental hypotheses. e.g. e5tablishing dlll'erenooo 
between siteo, timeo, conditio!li etc. where ouch te9tS 
""' meaningful.' The appropriate (rank) dissimilarity 
matrix would usc Enclidcan distances. 

For the 12 sarnpllng stations (Fig. 8.31 """""' the 
sewage--<~ludge dump gmund at Gamxh Head (G), 
the bi<>ti< infonnaHon was supplemented by sediment 
chEmkal data un metal cunrenlratit>llli (C u, Mn, Co, ... ) 
and organic loading (% carbon and nltrop); alS(I 
recorded was the water depth at each station. The data 
matrix is shown in Thble tl.l; it followothe normal 
convention in classical multivariate analysis of the 

2. Tile ANOS 1M ~<>~• in til< rJ<IMfR ""'""'g< ""' not """' t/1< 
only f"'S5''1>1i<y; liM .~.~., wm 1'""' MIH '"''"-"''"JGI " 
""""""-••••••lily "· if .,,., ...... , ....... IJ/e> ... Ml l<'l(<, 
cl=iall multhwriale (MANOVA) f<sts ""chos Wilk<' A (e.g. 
Mo..U. el ot, 1979) "'" oolid, ...J .,;ff ~ J.m.P""' 
~· 



strong patlem of i""""""'tal change on moving from 
the .....:Is <>I tile transect to the cenlre of the d ump ,Ote, 
which (un:.urprisingly) """ lhe grea- level• of 
organic enrichment ond metal concenlnl.tions (a 

significant excepHon bcing Mn). 

Univariate community measures 

If the biotic data are rest summarised by one, or a few, 
simplennlvarialomeoou,..,.(ouch.,.dtversttytndtoost 
one possibility is lu a[b,mpllo correlate these with a 
similarly omall number of environmental variables, 
taken one at a lime. The oummary provided by a 
prlndpal component frorri a PCA of environmental 
varlablescan be e><ploited ln this way. In the case of the 
Garroch Head dump ground, Fig. 11.2 shows lhe 
relation between Shannon dl """"o/ of the macrofauna 
gamples at the 12 sites and the overall c:ontamlnant 
lood. as reOected in the first PC of the environmental 
data (Fig. 11.1). Here the relationship appears to boa 
9imple linear d= iu diversity with iuorcasing 
k>ad. and the litlcd linear regression line dearly""" a 
signifioanHy non-zero .:tope (~ ~ -0.29, p<0.1%}. 
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PC1 lor Chemical vanal>les 

Hg.ll.2. Gam><kHelldmu,.fi<•••IG/. Uooo;"W'-"fu" of 
Shomnondiveffity(ll") • .ttJ..J1"""'fUng•tatOJn•."8"i"-'ttM 
firs< PC IIXit """'from ""' ml>iri>nm<nt.ll PCA llf Fig. ll.l, 
whichl>...,l!y""""""'"'"'""""~ofirl"""'i"g"'nl<lminanltood 
(qu.rlion 11.1). 

Mulllvariate community measures 

In moot caoes however. the bjo"e data !o best described 
by a multivariate summary, such as an MDS 
ordination. Its relation to a unlvarlateenvlronmenlal · 
measure can then he visuali=l by rcpr<"OCflting the 
valU<!B of this variable a .. ymbolo <>I differing size and 
superirnpootng these symbols on the blo~~ ord !nation 
of lhe corresponding sampl~ This, or lhe simpler 
superimposition of codod valuos for the variable, can 
be an cllecllvc means of noting any consislcn.t 
differences In the envirorunenltll variable between 
blo~o dusters or observi~g a smooth rela~on"'IP with 
ordination gradients {Field dol., 1982).4 

The duster ouolysis of zooplankton samples from 57 
sites ln the Drlotol Channel (Bf was seen ln Chapter 3, 
and the dendrogram suggested a division of the 
samples into 4 or 5 main clusleTs (Fig. 3.3). The 
matd>tng MDS (Fig. 11.3}, whilst In good agreement 
with the cluster analysis, reveals a more infonnative 
picture of a •trong gradient <>I change from the Inner 
Channel lu the Cellk Sea sites. This is socn most 
graphically by SUF""impostng a oode "'P"'"""ting the 
salinity levels for each sample (Rg. 11.4). Biologioal 
COII5iderations 9Ugge>l that a simple linear wding io 
not appropriate: one would ""pect species turnover to 
be much greater through a salinity differential of 1 ppt 
in fully saline water than the tumo""' from a stmllar 1 
ppt change at (say} 25 ppt. This motivates applloaUon 
of a""'""" logarilhmic lran.turmotion, log (36-s), or 
mo.., preci""ly: 

s• ="- b log (.'16 -s) (11.2) 

wberco•8.33,b~3aresimple<ionstantschosenlorthis 

dab lu con>tzain tlu, transfoi"JIIfld. v•riable s' to the 
range 1 (low) to9 (hi~h salinity}. Fig. 11.41hen dearly 

4. Supm-"""'""'"""'"''"'" '""'"" ordi""""" ~ "" 
•!"ion pnm>i..! in !he. PRIMER ~"""!:"'"' CONPWT; whi<h 
""P'"Y' MDS cooflgura!fun•. Th< l«<<oJ.ro< iml o~o !» _,.I 
ina..,m,,.,,.,,.,,~~ld".!.(l"'2.!-"''""""'l''"'""'~l 
W.""""""l<sof<t!<lt'fl«lt.<O""'"~MDSoflh<lyp<""" 
U. C""rl<• 7. •n4 tii>'Wiol:orW cJ,.;,.(L'mo. ""''!so fig.l5 .3) 
gro. "" ""'"'I'~ •f '"P"ri"'f'"'iliD• of ~iotic ,,.,;.0/eo dnrom 
from tJ.. "'""' tl<!a ""'lrius US<d to """"" lii<MDS. Tit< r.ll<r 
''"' f"""id• i•~ighl inl.o lh< ro~ of in4ivi.bl '""" i• oi"'J'ing lh< 
t>Wticpi:!ure,~wlten tMnurnberofl""' ;...,.11."' i> 
,,._..,... fo" ,,.. phylum-'laJ.d""""' ... <WIJS&" ofC"i><p<<"~" 15. 



The macrofauna samples from the 12 stations on the 
Gamd> Head trans..:t( GJ lead 1<> the MDS plot ofFig. 
ll.Sa. For a change, thisisbascdnotonabundance but 
biomass values (rool-transform..:\).6 Earlier In the 
chapter, it was """" that the mntaminant gradient 
lndu,..; a marked response in species diversity (Fig. 
11.2), and there is an even = graphic representation 
olsleadymmmwtltychangeinthemultivariareplotas 
the dump centre is approached {stations 1 tlutrugh to 
6), with gradual reversion to the original rommunlty 
structure on movlng away from !he centre (stations6 
thmug:h to 12). The correlation oi the biotic pattern 
with pillticular rontamlMnt variables is clearly 
!\Ju5tmted by !he superimposition technique Jntm­
ducffiabovc; Fig. 11.5bdisplays the va luesof % crubon 
in the oedllnent {Table 11.1) as cizd.,. of varying 
diameter, which ron/inns the IIIilin axis of the blol~< 
M OS as one of incrt~aolng o>gani< enrichment. Several 
of the metal C<>~><entrations from Table 11.1 >lhow a 
similar pattern. one e:u:eption being Mn, which 
displays a strong gradient in the other direction (Fig. 
11.5o). In fact, some of the metal and organic variables 
areoo hlghlycorn:latcd with each other (e.g. compare 
the plot firr Pb in Fig. 11.5d with 11.5bl that there Is little 

6. Clo<pj"' 14 •'8"" '""'· ....,., it is --. biD ..... ""' 
-bo-~-'"""..,_"·lhtn<sh 
;" p=ti<e MDS ptm. ,.... Mh to.U 1>: ~ simolo•, 

<>p«lttlly"""""""'Y• .. ~ .. u..--·­
~~a..pm-9). 
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pointinretainingallofthemintheenvironmentaldalil 
matrix. Clearly. when two abio~c variables are ,., 
stTOngty related (oolli....,,), separate putlltive effects 
on the biotic structure could never be disentangled 
(their effects are said to be """formdd!. 

The Garroch Head data is an e><ample of a srmoth 
gradation in laUIUII otructure reflected in a matching 
gra!laHon in several mnlilminont variables. In 
rontrasl theE"" ""tuary nematode communities lXI,· 
discussed e•t.msivety in O.apter 5, ""J"m're into five 
well-defined dusters of samples (Fig. 11.6a). For each 
of the 19 inteTt!dal sites, si~ environmintal variabl.,. 
were also ~: the median partid• diameter of 
thcscdlmtnt(MPD),itspemmtageOJ"ganicconlcnt(% 
0Jg), the depth of tile water tabk: (1NT) and of the 
bladcencd hydrogen sulphide layer (H§l. the 
interstitial salinity (Sal) ond the hetghtof lhesampleon 
the shore. In relation to the Inter--tidal range (l-It). 
When eadl of these is sopertmpooed in tum on the 
biotic ordination, """" lnstruellve pallems emerge. 
MFD,"''"""""tedappropriatetybycirclesofdiffering 
size (Fig. 11.6b). appears 1o me..,. .. monotonically 
alongthemolnMDSaxiobutoannotbem.ponsiblefor 
the division, for example, between sites 1-4 and 7--9. 
On the other hand, the relation of salinl ty to the MDS 
ronligura~on ill rum--D'<Inotonic (Fig. 11.6cl, with 
Iaili"" val""" firr the Hmlddle" grouP"> but now 
pmvidlngarontrastbetween the 1-4 .....:17--9cluseers. 
Other variables, """h as the height up the sllore,. 
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Fig. 11.7b is effectively just a ..,._ plot, since it 
inV<>lves only two val'iables). 

The point to notire here is the remarkable degree of 
conoon:lanre between biolic and abiotic plot9, partkn· 
Jarly Figs. 11.7a and c; both group !he samples in ""'Y 
similar loshion. Leaving: out MPD (Flg. 11.7b), the 
(7-9) group is Ieos clearly distinguished from (~. 11) 
and one also lOO!!S some matching structure In the 
(12-19) group. Adding variables sudtasdepth o/ the 
waler table and height up the shore (Fig. 11.7d). the 
(1--•!) group becorr>e. more widely spaced than Is in 
keeping with the biotic plot, sample 9 is sepRraled 
from 7 and 8, sampl~ 14 split from 12 and 13 etc., and 
the fit again deteriorates. In lac~ Fig. 11.7crepmsents 
the &e.t fitting environmenlll.l cmnbina~on, In the 
sense defined below, and therefure best "explains" the 
commwrity pattern. 

Me.osuring agreem•nt In pattern 

Quanlifyinglhcmatchbetwe<nanytwoplotsoouldbe 
acmrnplt""ed by a Procrustes analysis (Gower, 1971), 
in which one plotis rolalcd, scaled or reflected to lit the 
oth.,-, in such a way as to minimize a sum ol squanxl 
distanc"' betwren the superimposed conligurallons. 
_Thi> i• not wholly mn:;lstent, howev,.,., wilh the 
approach in earlier chapters; for e"'ctly the same 
reasons as ad vanoed in deriving the A NOSIM statistic 
in Chapter 6, the "best malch" should not be 
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dependent on tl>e dimensionality one happens to 
choose to view the two pallem!i. Tho mon> 
fundamental constructs ""'• as usual, the similarity 
matrl<;ai underlying both biotic and abiotic mdino­
tions? These are chosen diff=t!y !{l match the 
respective form of t!te data (c.g.'Broy---(:urtis for biota, 
Euclidean distance for environmental variabl"") and 
will not be scaled in the .. me way. Their ranko, 
however, can he rompared through a rank correlation 
coefficlen~ a ve<y natural measure to adopt bearing in 
mind that a suce<ss/ul MDS is a functicm only o£ the 
similarity ranks. 

The procclurc is summarised ><hematically in Fig. 
11.8, and Clarke and Ainsworth (1993) desaihe the 
appma<:h In detail. Two possible matchingcoclficicnts 
ore defined hetweon the (unravelled) elements of the 
n!OpecHve rank similarity matrices {q; i u 1, ... , N)and 
Is;; i u 1 , ... , N), when> N = II( n - J )/Z and " Is tl>e munber 
of ,.mples. ll'leoe are the simple Speam~•n C<>ef{ici<mt 
(.,_g. Kendall, 1970): 

7 f" '"""'''"'· in spiOe of lh< ""!! ),,,,,,.. ;, fig. 11.7, a 2---<1 p,.,....,. fit of 11 .7a ,,,a e will be "'""' pooo >inc< !It< (5, 10) 
and (12- 19) 8"""'1" '"' i~gcd """""'" lbe plnl~ J->1, th< 

'""""""U"' of <be hM analy ... L< fwldi!"""""Y "'" ''""" 
(/W. du.sler>, WW! lite (5, 10) SW"P oul '" a limb <id, and lh~ 
1Dt11 be fully "'''..S<tl, wjlhou! atlnlnl'!! dbocnsNnudliy 

"'"""''""'· ia IIJ< und<rlying similori!y maiM~. 



and 6to9 have lowcr value• than for sample;5, tO and 
12 to 19, with sample 11 Intermediate). 

The best 2--variab\e combiualion also involves depth 
o/ the H,S layer but adds the inlorsthial...:linity. The 
""""iation {;l., - 0.76) is markedly better than for on y 
other 2-...ariobl~ out..et, ond thi:; i> the combination 
shown In Ftg. 11.7b. The best3--variab\e combination 
retains these two but adds the JII£dian particle 
diameter, and gives tho overall optimum value for Pw 
ofll!IG(Fig. 11.7<); p.,dropo5lightlyto0.79/or the best 
4-- ond hig:l't..-way combinations. The results in Thb\e 
11.2 do lherofore oeem to acconl wtth the visual 
impressions in Fig. 11.7.10 In IN• co,.,, theilrstoohunn 
of Thble 11.2 has a hie:ranohi<al otruoture: the best 
combination at 01"' lovcl is al way• a subset of the best 
combination on the Hno below. This is not guaranteed 
(allhnll gh It """"'" to happ>n ourprlslngly often) sinre 
•U rombinatioru have been evaluated and simply 
ranked. 

11Wt.11.2 &.es'"'"Y,_roksiXJ. am.w""""""oftll<6 
""'"""'-~ ...... ~ "' " ti .. ., y;.Ming tim b<ot 
'""toh.s of broti< and o!<iolic simi/omly nw/rl"'> for <'<'cit k. as 

""""""'" ey wrlg/•W s""''""'" "'"' ,,m,;,. p,.1 oold 'Yl" 
i,.dDteo """"" "'"im•m. &¥ t11Tiier i<'xl for ""riahlc ollb-·· 
k lle•t variable combination> (p..) 

H,S '!I.Org Sal 
(.6.2) lSI) (.5J) 

l H,S, Sal H,S, MPD H,S, %~ Sa~%~ _ 
(_71;) (PJ (~J l.o:tJ 

3 H,S. S.~ MPD H,S, Sal, %0rg H,S, Sal, WI ... 
(.Sil) 1.75) (.n) 

4 H,S,Sal,MPO,Wrg H,S,Sal,MPD,Hl 
(.79) (.78) 

5 H,S, Sal, MPD, ~ Ht "' 
(.79) 

6 H,S, Sal, MPO, ~ Ht WT 
(,77) 

10. Th;, W1U ""' oJwoy.< II< the _, if the 2---d {m<nol onli""H"" 
""" • .,._negU#J< :;~,..., It ;, the motchinK of the •imilari!y 
..,,_ which ;, d<fjnitiv<, .Utw.gh '' """'"' "'""II) b<ol!"od 
m..to pM tlreobom. oni;,!Wr~ for til< ""'t «mil<i,.tim ot =/1 
mb« ofk, i" onlcr lo 1!!"'8" the qfrd cf a '""'II ch."S" i• Pw '"' 

'"' ·~""'"· ~ "''" "'88"'"' '""' rom~<!""'"'"' 
givingtO,""""oa/mo{Pwlot..,de>;;..,tp~=sdowli/iveru. 

to ol'lli"""'"'' '""""' ""' di>li•gu.m.w, '" ""Y l"""m.lly 
""1""111•1 ""'11• thus il is nl<llmm<ntltd tho! Pw is ljiWI<Ii ooly 
to fi,;,"<'~'=J!,,. ;, WI< ll.2-

An «<1\austi ve sear<h over v variables Involves 

(11.5) 

oomblnattons, !.<!. 63 for the E>«! "'"'"'Y study; though 
thls numOOr q~lcJ.cly be<omes prohibitive when v ls 
larger than 11 or 12. Abcw thot level, one oould 
consider stepwise (and related) procedures whiclt 
~ in a ""'"' hioral'<'hical fashion, adding and 
deleting variables one at a time, These arc not 

guaran- to find the gk>bal minimum o/ p, and run 
the significant risk o/ lorussing att.nlion on a single 
"best" combination when, in rmlity, then: may be wry 
numy combination:> giving an e»entially >imilar 
match to the biota. In p-rac~ce. it may he desirable to 
limit tl>e scolc of the ..,.n;h initially, for a nmnb.,- of 
"'"""""· e.g. always to lndude a variable known from 
pnwtouo experienoe or extern•! information to he 
potentially OIUSIII. Altemativ~\y, ll!f di"""....J ~orlito', 
sea- plots of the environmental variables may 
demonstrate tha t some are highlyinter-conc\alod and 
nothing in the way of improv«l "explanation" o;ould 
beact>t.......:t by entering 11\em all into the analysis. 

Anc><amplcis given by theGarroch Head marrofuuna 
study (Gf. for whi<h !11e 11 abiotic variables of Table 
11.1 arc firs! transformed, to validalc the uso of 
Euclidean dlotaru;es and otandonl produot---rnoment 
""""lations (page Jl-2). and then examined lor 
evid""'-" of collinearity (page 11--.5). A possible 
JUle---<lJ--Ihwnb would he to reduce all subsets of 
(trllnstonned) variables which have mutual cClJ'rela· 
lions averaging more than about 0.95 (say) to a single 
"'f'T'l""'1latlve. Here. t~ls !eaves g ablotk variables In 
the fuU BlO-ENV ,.,.,;h, whi<h l'<'suU• in an optimal 
match o/lhe biotic pol:b!m with C, N and 0:1 (P., = 

11.78). The o~ing onlinotion plots are oeen in 
flg. 11.9. The biotic MDS ol Fig. 119a, though 
structured mainly by a single strong gradient towards 
the dump C<'!ll!'c (e.g. thcorgan!ccnrichmantgradio:nt 
seen In Fig. 11.9b), Is not wholly 1-d/menslonal. 
Additional infonnalion, mt a heavy metal, app;m-s 10 
lmprove tho "e:<p!anolion" . 



Design 

Two final points am be made about the S11Inpling 
d.,.;gn. The general subject of experimental and field 
survey de~ is an immense OIIO, roquirin~ a manual 
ofits own1 • It is also a problematic area for m.uty of 
the (non-parametric) multi variate te<hniques becau"" 
the lad o/ formal model sbuctures makes it difficult to 
d•fine !"'"""' of statl!<~cal pmoedu""'· su<~ as th<' 
randomlsatlontestsdescribedaboveandinChapt.>m6 
ood 15. In the cont<oxt of linking biotic and abiotic 
pa ItEms, it is intuitively cl""r !hat this has tl1e greatest 
prospect of suoo:ss If there a"' a mod""'tely large 
number of sample candltlons, aod the closest possible 
matclling of enviroOIIleillal with biological data. In the 
caseofanumberof"'Jllicatesfmm""chofanumberof 
sites, this could imply that the biotic ""mpl•s, which 
wouldhewell-seporatedinordertu"""""""tgenuine 
variation itt a site, wtluld <l!>dl. have a clo..,ly-rnatched 
environmental replicate. 

Another lesson of the ""rlier Garroch Head e><ample is 
the difficulty of drawing conclusions about causality 
fromonyobscrwtio""l study. In !hat case, a subset of 
abiotic variabJes were "" highly correlated with eaoh 
other that it was desirable to omit all but one of them 
hmn the compulaliorui. 1beremoy """"'tl""'' be good 
external """""'' lor retaining o portl<u!a.r number of 

14. G""" (l979)~""""'""'fu18"-· moi•ly in lh< 

«mm<U of "";.;-;.,. ·~· 

~lC flCt bu t, in SC'lCrat one of them is d10""'' arbitrarily 
asapro.<y lor the•est If that wrlabledocsappcar to be 
linked to the biotic patten\ then any membe< of the 
sub.et could be !rnplirnted, of rourse. More 
importantly, there cannot be a definitive co•oal 
Implication here, olnce ""'"" retained vatlabl• Is alro a 
proxy for ony potentlofly causal variable whiol\ 
rurrelates highly with it, but remairn Wi""""'red. 
Ooa.rly, in an environmental impact study, a design in 
which the main pollution gradient (e.g. chemical) ls 
highly oorreloted with variotions in some natural 
cnviromncntal mcas11T<• (e.g. salinity, scditnellt 
111ru<"ture). cannot bo v•ry lnfonnative, whether the 
latter variables are """'"'"''d or not A desirable 
.U.!Egy, particularly fur the non-para~c multiva­
riate analyses considered here, is to limit the inHuence 
of important natural variables by atlcmpting to select 
sites which have the same envlronmenlal rondltlons 
but a range of contaminant impacts (inl:luding control 
sites15 of course). Even then, ina purely observational 
stu~y one ,.n newr ontl,...ly escape the strictu"' that 
any apparent change ln community, with changing 
pullutionirnpac~ rould be the reoultof an uniflllOSllred 
natural variable with which the mnlaminant lovels 
haPJI"" to correlate. Sucl\ issuco of causality motivalc 
the following chap[<,r on ""P"'itnenlal "J'P'""'-C"-... 

IS. Nole ln.pl"'"lily; U»k"""'" (l!m) ''P" """""'W</y 
uw /mj>t" to--"8"1"". ltm<lhl< " ........... a. 
.,.,;.u;{~y i" cootmJoo.,jifWn 



In Chapter 11 we have seen how both univariate and 
rnuWvarlatc community otlributcs can be oonclo\cd 
wllh natllral and onthropog<>nle environmental vari· 
able>. With coreful >ampling design, the"" methods 
can provide strong evidence as lo which environmen­
tal variables app<m !o aflccl oonununity structure 
most, bul they cannot aelually f'IWC cause and effect. 
In e><pertmental situations we can Investigate the 
-~ of a single faClOr (the 1""1"'"'0 on community 
structure, while other 6u:hm; ore held ronst.mt or 
controlled, thus establishing cause and effect. There 
arc three main categories o/ "")"'rimcnts !hal can be 
used: 

1) 'N11tuNI oxperimenhl. Natllre provides the treat· 
ment: i.e. we rornpareplaoes or times which dille.­
in the intensity Df the environmental factor in 
quesll<ln. 

2.) Fi•/;1. "'1'<"'i"""'l•. The c•pcrimcntcr provides t~c 
lnlotment i.e. environmental factors (biological, 
chemiall or physical) are manipulated in the field. 

3) Laboratory.,mm.,t..futviroumontallaclorsan: 
Tniii'Iipulaled by the experimenter in laboralory 
...->OOsms or ml<rooo&mf'. 

Tl>o degtW ol'naturalne""' (l>ence ""'llsm) dt<m:..., 
hum 1-.3, but the degree uf runtrol wllic~ can be 
exerted over confounding environmental variables 

'""""''" hum 1-3. 

ln this chapter, each class Df experiments is iUuslraled 
by a single example. Unfortunately all these coorem 
the meiobentho:l, .mre this romponent Df the biota is 
very amenable to community level experiments (see 
Chapter 13), whereas experiments with othercompo­
nen~ of the Nota have mainly been concerned wllh 
f"pulalionsr>firulividualspecies,ratherthrutoorrunu­
nities. 

tn all .,.,...care should be Ioken lo avoid P'""l.or~pli­
cati.m, i.e. the lreatment.. should be replirnled, rather 
than a "'rlesof 'replicate' samples talwn from a single 
lrel\trnent (pseudoreplicates, e.g. Hurlbert, 1984). Thls 
i> b..:ause other amfuunding voriableo, often un­
known, rnay aloo differ belwc<!n the trealrnents. It is 
a!oo lmf"<tant to run experiments long enough for 
romtm~rdtychangestooc:ror:Wsfavourscomponents 

of the fauna with short generation limes (see Chapter 
13). 

It i• arguable whether oo called natuMI "'P.,;,..,t< 
are actually experiments at all, and not 9lmply 
well -designed lield surveys, since !hey make rompar­
!sons of placos or times whlch differ in the intensity of 
the P<'rtlcular envlm..,.,tal fat:tor under conoid.,.. 
ation. The ubviou> logit"al flaw with thls approoc~ is 
!hat its validity ""'t' on the """umpti<JII !Mt places or 
times differ only in the intEnsity of the "'lecled 
environmental factor (lrel\tment); there is no f"ssibil­
lty of nmdomly oJ/O<Jlling lrrolmfnls kl <.rp<rim""kll 
unir., the central tool of experimentadon and one that 
ensures that the putential effoct> of unmeasured. 
unrontmtlod variables arc averaged out across the 
e"'"'rimental groups. Dcslgn is often a problem, bul 
sta~slical tedmiqu"' such a:s tw<J-way ANOVA, e.g. 
Sob! and Rohlf (1981), or two-way ANOSIM 
(Chapter 6), may enable us to examine the lrel\tment 
effect altowing for d1ffcTeru:eB between sites, for 
e><ample. 1bis is illustrated in the Arst e><ample below. 

In '""'-.,. """"" nalnral e><pcrimcnts may be the only 
f"SSible appro;>ch for hyp>thcsis testing in communi­
ty e<ology, becauso the attribute of community 
stnicture under consideraHon may result from 
"""lutio""ry mech...U.ms mther than <eol~gical 

mul!d~/omo, and we obviously cannot conduct 
Tniii'Iipula~ve field or laboratory experimomts """" 
evoluUonooy time. One e><ample of a oommunity 
attnbute wbich may be detennin<>:t by evolutionary 
mechanisms relates to size spectra in marine benthic 
communities. Sev=l hyp>tbcses,some complemeo­
lal)' and some contradictory, have \>cct1 invoked to 
explain biomass size spectra and speci"' size 
distrfbuHons in ti~e metazoan benthos, both of which 
~a ve bimodal f'<'ltemsln shallow tempcralc shelf...,.. 
Ecological explanaHons inwlve physi<a! constraints 
of the scdim<ntary envirornnent, animal> needing to 
be small enough to move bet\vren the paTtides (i.e. 
inWrshhal) or big enoug~ to buJTOw, witb an 
inteTmed10te sim range caf'<'blc of neither (Schwing­
home.:. 1981). Evolution<lTy e><planotions inwkc the 
op~misation of two size-related sets Df reproducUve 
and feeding traits: for example small anim111s 
(melobenthos) have dim:! benthic development and 
"'n be diopcrscd as adults, large animals (macroben­
thos) bave planktoni< larval development and 
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For the nematodes. species riclutcss. spe<ie9 diVBSity 
"od evenness ,..,.., >ignifhntly red"""<! in dislurbcd 
os oppooed to undi81Urhed """"'· although total 
abundance was unaffected. !'or the oopepods, 
however, there were no significant differences in any 
of these nnivarialc measures. 

G ... plrical/distriln<li<l~a/ plot.-. k -domi""'""' ,..,.....,, 
(Fig. 12.2) also revealed significant diffurences In the 
l'l'la~ve •pecics abuodOJ'K'e dislnbu~ons for nema­
todes (Ulling both the ANOVA and AN05IM-based 
te919 referred lO briefly at the end uf ChapleT B. and 
detaUed in Clarke, 1990). fur tJ-.;, oopepods, howeveT, 

Bloek 2 

Fig. 12.2. T....,. .. ;..,_ E ... 
gt.r.=" N«* m. J~<p~~­
""" k-domi""""' "'"""' 

"" """"'"""""""""""' '" ""'" """''li•g 01«1<. D • 
4~"'"""· u • • .... 
'"'"""· 

(plots given in Chapter 13, Pig. 13A), k--<lomlnonce 
c'Urve> are intermingled and crossing, and tllere i• no 
significant treatmffit effect. 

M~ltiv<>rial<! o...tmati""s. MDS revealed significont 
dlffererKes in species corn]X»ition lor both n..,...todes 
and ropcpods: t~e effects of crab dlstuJbance were 
similar within each block and similar for nemalodes 
and copopod>. Note the similarities in Fig. 12.3 
between the nemaklde aod copepod oonfigura~on"' 
both dishubed samples within each block are above 
both undisturbed (e><eept fnT o"" bl"'k fur the 
ropepods), and tbc block• are arrang<rl in sequeoc. 

Nemato •• opepo • Meiofauna 

• • • ... • • • 0 •• • • • • • • • • • D • "' • D 
0 D •o 0 D 

0 "' 0 0 • "' 0 0 0 0 D • 0 

Fig. 123. n......an;oo, f.agkllow~ Nri !T/. MDS "'"figu"'lilm' for ~od<. ~om! "m<iafrruna' (""""lode + col'o/"d) 
ob.nd..., (roo!-<~). Dif/<=1 ~ """"""'~ lh<> fo"r ~/;cb of """ph». Op<n S!Jmb<>IS ~ uml;m,rbed, fi/'-4 ~ dis'"'Mi 
I"""' = Q.l2, O.!l9, 0.11 """""i,.jy). • 



Copeood<o 

Moreor less natural romrnunitiesol somccomponent> 
of the biota can he maintained in labo,.tory (~rul oJ.u 
outdoor) experimental containers and subjocted to a 
variety of manipulations. Many types of exp<rimental 
system• have been used fur m•l'irlli studies, "''1ng 
from microcosms (containers ].,.. t~an I m ) to 
mesocosms (1-1000 m'l. Macrocosms O"'&"r than t!Y 
m"l, usn.Uy involving the artifldal enclo.sure of 
natural areas in the field, have oJ.u bee~> uaed, but"" 
far mainly fur """-'lUclt on fi.b. 

Effe<ts of OJ!lani< enrichment <>n moiofaunal 
«<mmunity structure IN/ 

Gee •I of. (\985) rollecled und!stutbed box roros ol 
sul>littoral sedirnen! and tral~Sl'ern.:! !hem to t~e 
experimental mcsocosms eotal>lished at Sctl!>ergs­
trand, Osloljord, Norway. They efltrled organic 
enrichment by the addition of powdered Ascophyll~~m 
'"'""'um in qu3Jltities equivalent to 50 g C m-> (four 
repHcate boxes) and 200 g C m-> (four replicate l>o>"es), 
with four undosed bo><esasmntrols, in o rondomi>ed 
design wi thin one of tl>c large m<l'""""'m ba>iru. After 
56 days, five ..,...n core samples of sediment were 
takenfmmcac~ boxandcombincd to giveonesampl•. 
The structure of thc maotaunal oommunities in these 
samples wasthon compared. 

Univati~t. llldicn. Thhle 12.3 shows lho.t,. for the 
""""'lrnki;, there WCTC no significant differences In 
sped"" richness or Shannon diversity between 
tmatments, but even,..,.. was slgnifiamUy higher in 
enriched boxes than controls. For the~- there 
were significant differences iu species riclu;e, and 
cvcnnes. between lreatmonts, tmt not in di versity. 

G•aplricalfdisttibut;pnal pl<>ts. Fig. 12.5 show< the 
"""'"SC k-domlnonre rurves OVCT all lour boxes in 
each treatment. For the oummtode. lhe;e are clm<l'ly 
coincident suggesting no obvious treatment effect. 

Copopods ox. r1soo 

///<' " . 
k 

/ ' 
' 0 

Fig. 125. N..m .... -'do­
.....,, ""''"ri'"'"t IN/. 
1<-d<>mi""""' """"-' fo• • .,,,.,,a,, tolol "'f"''""'• 
•ltd ~ '""'"'I'! tho 
',.,..]' "f''T;e, of Thl><, for 
'""'""'" "'P'ic•k-s of ""* 
'""""""'· C= ru•trof,L= 
low and 1-1= higlld"'"'. 

Fe>< tl>c oopcpods, however, there are ai'P"renl 
diffcrcn.ccs betwren the rurves. A feature of the 
ropepod assemblages iu the enriched bu""" w"" the 
presence, in highly vonoble numl>eP.., of """"""1 
species of tit<! large o>plbenthic harpacticoid To;!><, 
w~i<~ are 'weed' species oflcu fuund in old "'J.uaria 
and aS:lociored with organic cnr!ch"""'t. If this genus 
Is omitted from the analys;o, a dear ~"""' of 
iucrcasing elevation of thc k-dominance rurves t" 
evident from control to higfi dnso bo•es. 

"""'•12.3. Nl<lrl<><t-<•rl<~<.,.•t""'"ti""'"'IN!· u"""'"'" 
,_,_ fo• 4U ~"" "'- tho md of tho C-'f'<,;mcnt, mifh 1/« 
1'--rotio ondsil{llifictm"' itul< from ,.,._"""! ANOVA 

Species 
, __ 

Spe<i .. 
ricbne"' (0) <live:r>lty (JD cvonn .. oq') 

Noma!odo• 
Gmtml '"' "' """ V4 "' om 

3.36 H7 0.814 

·~ 1.76 0:!47 
Low de,.. ••• ·~ 0.671 

'" w 0.840 
4.67 "' 0.875 

'~ "' 0.860 
1--llghdooo '~ 2.17 0.78< 

'"' '·" "'" ''" l.40 ·= om 2.47 0.853 
Frotia OM 

·~ 5.13 
Sig•ifiam"' (p) " "' .. 
Cupopod• 

~~· 2_0.1 "' 0.927 
1.92 ''" 0.969 
2_~0 w 0.9tJ8 
w "' 0.931 

~·- ;M 1.60 "'" 1.66 w ·= '" 1.16 0.484 
1.79 "' "'" Hij;h dm.• 1.75 '" om 
0.97 <.oo O>W 

'"' "'" OJ6.1 
1JS ;.ro 01172 

F .,t;. 11.n 2,8,; 

·~ Signifi'"'""" (p) <0.1% " <" 



The biologloal effects of pollutants can be studied on 
....,blages nf a wide variety of Oig<mi>ms: 

i'<l<w•• 
- plankton {bo th phytoplankton and ZO"J'lan loton) 
- fish (pelagic and demersal) 

B<nthos (sufNn>#<m<) 
macrobenthos 

- meiobenthos 
- (microbenthos, not much used for community 

stud! .. ) 

Bmtlws (hard--bottom) 
- eptfauna {encrusting lorlt'l9, eg. corals) 
- motile fauna {both mocrufauna and mciofauna in 

e.g. algae, holdfosts and epifaunal 

The"" various COmp<>I><mts of the biota each have 
certain prac"cal and amccplnil advantages and 
dloadvantoges for uoc In biologkal effects studies. 
The9e ore discussed In th" chapter, and an c•ample i• 
given for each of the components {although not oU of 
lh<oc c.ampl"" are directly oonremed with poUulion 
e(J'...,J>I). 

Theodmmtagi!S of plankton are that 

a) Long tows ov.r relativclylargedi>tar.:es resdt in 
community sample• which roAett Integrated 
ecological cond!IIOM over large """'" They are 
therefore useful in monitoring = glohal 

CM""" 
b) Identification of macro-planktonic organisms is 

moderately easy, bccouse of the ready availability 
of appropriate lllm"ature. 

The diOJJdwnlog< of plankton ;, that, becawe the water 
masses in which they aro suspended are amtinually 
mobile, lh<>y ore not useful for monitoring the local 
effects of a particular poUutant sour<e. 

E>eam.ple: CDittinuous PlankloJI Recorder 

Plankton samples have been collected from '•hi!" of 
opporltlntty" plying their usual oofl"l!t'leJ'ciol run""' 
across the NE A t:lantic since the lale 1940s (Colebrook. 

1986}. The plankton ~collect samples through 
a small aperture. and these arc tral'Jl"'d on a 
continuously windingroll of !lllk !10 that "'"'" section of 
!lllk contain• an integrated sample from a relaHvely 
la'll" area. This has enabled long tenn trends in 
plankton abundanoo to be a~: there has"""" a 
gradual decline In both >.ooplankton and phytoplank­
ton sin<:<> t~e ""rly 1950s, with an upturn in the 19SO. 
(Fig.l3.1). 

The •d...,lag"' o/lish are lha t: 

a} Becauscof their mobility they an: again moreuse/ul 
1m studying general rather than local •ffects, but 
""""'demersal fish communities may sOOw sil<! 

/i&llty. >"Ucit os the coral-reef fish in the e><ampl<: 

~-
b) The taxonomy of fish is relaUvcly """Y• atleast in 

Europe and N. America. 

Zooplankton 

0 
0 

0 

1 • • 
_, 

• 0 
Phytoplankton • 

' " 
0 

Fig. 11.1. Co~ti""""' l'lmlk"'" R•wnkr SuTOoy af <lu! N£ 
Atl••tio: (P}. Fi'61. principol """'f""""'' /or ~nl:ton and 
phyl<>plo"!ft»o, '"''" U" Y''"" of tit< '"""Y (from Cold.wi<, 
19ll6 ). G"'J'hs =IM W """ meao olld unil ..,,.;,""'· 
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Flg.J3.3. A,.o,.-Codi•oi!sp;lr, I!"!' of Morl•lxiAJ. MDS 

fiH "'""""""""" "' .<lalfon "p.,.,., M>m". Ill "Pf'T":dmol<ly 
3-mo•<hly """"""g iNitrnll.! (<!,.... = O.rJS) 

a) Bocouoc of their >mall size and high don£1y In 
maline oodintents, qwmtita~VP "'mpling of the 
meiobenth"' is easy from small ship>, open bual> 
~. . 

b) 'The omall volume of the samples means that they 
can easily be transport<>;! to the laboratory> ond 
need not be pr<JOOSOed on board ship. 

c) 'Their gcncratioo ~mes ore u""olly measured in 
months ralh<>r than J<'<'l'S, oo that their potential 
response time to pollution events is much fa.ter 
than that of the macmbomthos. 

d) B""'use of this last response time, and direct 
benthic rather lhiiii planktonic development, the 
meiobenlh"" aro good candidates fur "'usality 
""J"'rimcnts in ""J>">'imenlal microcosms and 
me><><osms. 

The tliudrnnfll$' of melobenthos are that: 

a) Their taxonomy;, considered difficult. Identifica­
tion of almo>l aU the mciobcntltlc taxa to spades 
levelpresenlsdlfficut~""eveninEuropeandNorlh 
Amerirn, and in many parts of the world the fauna 
is abnosl oomplo!cly unknown. However, three 
factors mitigate lOa consid.,.•ble degree against 
this problem: 

1. The robustne<S of m mmunity anal Y"'" to ~ >e US<' 
of taxonomic levels higher than specie> (..,., 
Chapter ID). 

>i. The co"""'pollt'ln nature of most moiobcnthic -· iii. The lnoreaslng availabi~ty o/ easily used key> to 
meiobenthic genera. For c•amplc, the pictorial 

keys to marine nematodes o/ PiaU a>>d Warw>ck 
(1988) have been usod SUCCIO .. funy worldwide. 

b) C'-<>mmunity responses of the meiubentOOs tu 
pollution""' nut well dm:wnented,"" that there is 
not an e•lllnslve body of informa~on in the 
Hterature again•! which par~cular case-histories 
can be ev-dluated. 

Example: SoJdler crab dioturbance <>f 
nematode asoembl.ogeo, "1\osmania 

Thi• natural field e><perlment was des<ribt:d in 
Chapter 12. It w:ill be remembered that the nematode 
dlversily pniiles were affected by the crab distur­
bonre (Hg. 12.2), whereas no significant •ffect was 
nored for oopepods (Fig. 13A). Many nematude 
species arc more sedcnt;>ry in habit than rul"'pod•, 
often adhering to sand-grains by secre~ons /rom their 
caudal glands, and sorre 9pecios t=fcr OOt>dit!Ons of 
low oxygen amcentration or are obligaw anaerobes. 
The so called "thiobiotlc" melofaunal community 
containo many """"'tode species, but appa...,tly no 
rupepud>. Non-bioturl>.ak-d SPdimen'" will have a 
vertical gradient in physical and chemic-al amditions 
ranging lmm waV<>-<ti>-turbt:d :.ediments with an 
oxiphilic rneio/auna rommunity near the surface to a 
stabiP S<'dlment with a thloblotic rommunity dccpcr 
down. Dramatic disturbance by crabs, of the ldnd 
found at this ,; te, w:il1 inevitably d o<tmy this grndient. 
so that the whole sediment column will be well aerated 
and un5table. Thi• NldU<~on in habitatrompl••ity is 
probably the most par9irnonious c><planation for the 
reduction in ne-matode spcdes d ivcrsi ty. 

Thediffcrl'n~al l'llsponse of these two romponent5of 
the meiobenthoo has been elaborak>;! here in order ltl 
demonstrallohow a knowledge of the biology of those 
components «Ill aid tn the ini"'P""ta lion of communi­
ty ""'P'"'""" to pertwbalion. The macrobent~os and 
meiobenthoo may also respond differently ID diUercnl 
kinds ()/ !"'rturba~on (e.g. physical disturbance. 
"pollution"} :.o that a comparative gtudy of both may 
be indicative of the cause. 

Example: Macrobenthos and melobenthos in 
Homilton Harbour, Bermuda 

Fig. 13.5 >how• the avera!¥' k-dmninanro CUTVI'S for 
the macrobenthosand the n<'rnaloderomponent o/ the 
mciobcnthooat S<• >talion>in Hamilton Harbour. fur 
the mt>crUbentlu,., the curves at thrc<> of the sta~ons 
(H3, H4 & H6} a"' much more elevated than the other 
three, sugge.ting some kind of porturba~on at these 
sites. For the nematodes, ho'"""'r, all curves are 
dose! y coincident. There must thcrclorc be some fonn 
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'""'''""'' ;. =!<~). 1=1"'1.3~1983 de.(>/,..,= 0.25). 

Is seen in """'munity oornposltlon between 1981 and 
198.3, with a nwre stead y f"'ll"tn of ch:u 'SC tbereaf!:E r, 
though withoUt full reversion to the ini~al state. 

Hord-butt!Nit motile fauna 

"The motile fauna living on ro<ky subotrntes and 
associated with algae, holdlas!S, hydmids e!C. has 
rarely been used in polluHon impact RtUdies becauocof 
il• many disati""'•·· 
a) Remote sampling is diffkult 

"" eo aunA 
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b) Quanijlllatlve extraction from the substrale, and 
c:omparaavcquontificationofol;mndanoesbetwccn 
different ..,bslral<! types. ""' difficult 

c) Responses to perturbation arc Lug.lyurdnown. 

d) A •uilable habitat (e.g. algae) is rot always 
available. A ;olution to this problem, and also 
prublcm (b), might be to deploy standardised 
artifi<;ial substrates, e.g. plaotic mesh par>-iim~b­
bero, along suspecred poHutinn grad!enls in the 
field, allowing thooe to become colon!"""'. 

Example: Mo::tawan fauna nf intertidal 
seaweed samples from the Isles oi Scllly 

The entire meta:wan fauna {macrofauna + meiofauna) 
W<IS examln"" from five spe<l"" of inlerttdal 
macro--algae (Ciwndru•, Lllu,.rlda, LmnetllariJl. Cfdo­
phorll. Pvlysiplwmo) eaoh ooUecred at eight "ites near 
!ow water from rocky short.. on !he [sles of &illy, U.K. 
(Gee and Warwick.. 1994). The MDS plots for 
meiobenthos and macrobenthos '"""' very olmllar, 
with the algal species showing very similar relation­
ships to each other In """""ot their mciofaunal and 
macrofauna! rnmmm\lty structure (Fig. 137). The 
structure of the weed therefore clearly inllucnood 
oonununity &tructure in both t11ese components of the 
benthic faum. 

'-ll~1i~~·~~sm~~~~~w~01!~ 
0'M:t =:~±L.uc?!fttt%.illl:t'!'!:ftbnz;>L 
~lesahum!oncc data .tre by Jar the moSI cnmmonly 
uoodinenvironmer.talimpaclstudlesatthecomrnunl­
ty leveL However, lhc abundonce of a species is 
perhaps the least ccologi<ally relevant mea&ure of ils 
relative importance In a community, ond we haw 
already seen in ChapM 10 !hat high•r taxoromic 
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Two communities with a complerely dilferent ta»J­
numic mmpositlon may have identical univariate or 
graplu<a!/ distributional structure, ond conversely 
those oompri.:ing the same •pedes may have very 
different univariate OJ' graphical s!ructurc. 'I'lilil 
c~aph'r comp:>'<'S uni variate, graphical and mu !~vari­
ate methods <Ji data analysis by applyJng them to a 
broad ,..nge of studies on vor!ous romponents of tho 
manne biota from a variety of localities, in order to 
add"'"" the question of whelh"" speci<'S dependent 
and spedes independent attributes of romrrwnity 
slruclul» behave the """"' or diffe.....,tly in ""'~""""' to 
environmental chonges, and which are the most 
""""l~ve. Within cochclass ul methods we have seen 
in previouschaptcrs thatthereis • very wide variety of 
dlffennt technique• emplo)""', and to make thi> 
oomparativeexerci,.,morctractoblewehave<hoaento 
e.amiuc only one method for .. ch doss' 

Shannon-Wiener divergity !ndedl' (sec Chapter 8), 

k--<lomi~curvcsincludlng ABC plots(O>apler8), 

oon-metricMDSordinotiononaBray--Curtissimilari-
ty matrl> of approprialcly ttansfurmed species 
abundance or biomass data (Chapl<!r 5). 

As part of U.. GEEF'/IOC O>lo Workshop, maoroben­
thos samples were rollected at a series of six stations in 
f'r!erfjord/Lmgesundfjord IF/, station A being the 
outermost and otation G the innenno•t (station F was 
not sampled lor macrobenthos). For a map of the 
sampling locations see F.g. 1.1. 

Univoriale indices 

Slle A had a higher specie» diversity and oil<' C the 
low.st but tl>e others were not significantly different 
(Fig. 14.1)_ 

Graphical/distributional plots 

ABC plots indicated that•tatinns C. D and E were mo•t 
stressed, B was moderately stressed, and A and G were 
unstre..ro (Fig. 14.2). 
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Fig. tf.l. Frlnfi<ml """"",.,1~~• IF}. 5""""'" JW...~y 

("""" """ .95% "'"fid<nu """""'~) "''""'" >1-oti<m. 

Multivoriate analysis 

An MDS of oil 24 sample• ( 4 rep~caiCS at .. oh .tation), 
supported by the ANOSlM 12st, showed that only 
stolions Band C were not slgnil!can~y different from 
each other (Pig. 14.3). Gray dol. (1988) show !!oat the 
dusters rorrelate with wah'r depth rather than with 
""'""ured levels oi anthropogenio variables such as 
hydrocarbons or melab. 

Conclusions 

The MDS was much betlel" at discriminating between 
stations than the diversity measure, hut perhaps more 
importantly, 9ites with similar univariate or gmph<­
cal/distributional runununity structure did not 
cluster together on the MOS. For e><ample, diversity at 
B was not significantly different /rum D hut !hoy are 
furthest apart on the MDS; cnnv...Wy, E and G had 
different ABC plots but dustcrcd together. However, 
B, C and D oil have low diversity and the ABC plots 
indicate disturhance at these stations. The most likely 
explanation l9 that lhese de<!p-Waler stations ""' 
.CC..:tm by """""nal ono>da, mther thananlhropogen!c 
pollution. 
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Warwick et a!. (1990b) analysed coral community 
responses lo the El Nino of 1982-J at two reefs silos i n 
the rt.;,usand Islands, Indonesia rn, baro;l on 10 
repllm!Je line lranoects fur each of tl>e yeo rs 1981, &3, !l4, 
85, 87 and 88. 

Univariate indices 

At Pari Island !~""' wM an irnmcdiat.l reduction in 
d iv•rslty in 1983. apparent full recovery by 1 \185, with 
o subsequmt but not significant rcducUon {Fig. 14.5). 

Giaphical/disidbutional plots 

The mean k--<lominanoo curves were similar in 1981 
and 1985, with the ClllVCS for 19113, 1!4, 87 and 88 mol'<' 
elevalirl (Fig. 14.6). Test; on the ..::plicate curves (se<> 

the <'lid of ChaptEr 8) confirmed the •ignificanre of 
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roml """"from 10 ,,.,.,_sin""'"'!"'"· 



Contrnl flats 

',--,co--,,.,,, " '" Speoleo ronk 

Hg. 14.0. M•l<lll>< Iolmtd<, -..kuj fish (114}. A"'""'8'" 
k....W•U"""" ctm<> f"roh"wl"""" nw1 ~•I m•nM ond 

"'"'"'/ mtf-{/Jlt""" 

Concluoions 

Then! were deAl" dilferencos in oommunlty composi­
tion due I<> miningac~vity ~cd by multivariate 
methods. """" on the rccf~opes od~t to the 
mined flats, but thooe were not detec!OO at all by 
univariate or gmphical/di.olribuijonal techniques, 
even on tht> flats where the S<"para~on In the MDS is so 
obvious. 

The entire meta:roan fauna (macroiauno + me!oiauna) 
has been analysed from five spocies of intertidal 
macro-alga.e (Owndrus, iaureJodA, U>mentnria. C/odc>­

phora, PolysiplwnU.) each collected at ci~\01" sUes '""" 
low wat<:r from r<X"ky shores on tOO Isles of Sctlly ISJ 
(Fig. 14.11). 
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~ "'"'rol ( """' = 0Jl9 ). 

Hg.lUl. lt;!tt; of SdUy /5}. Map of the S •i~<> from_, of 
wl<ioh S seawM >p<cies """'"II«W. 

Univariat~ indices 

Tl1e meio/auna and macrofauna shoW<ld clEl!U"ly 
different diveTSity p;tllerns wltlt respect to weed type; 
lor the metofouna there was a trer.:l of increasing 
diversity from the ooa<>est (Grondnos)to the finest 
(Pvlysiplw..,j weed, but for the macrofauna there was 
no clear trend and Pvly<ip~u~Ul had the lowest 
diversity1Fig.14.12). 

Graphlal/distributional plots 

Th""" differences in meiofauna and macrofauna 
diversity profiles were also re/le<ted in the k-<lomi­
nanre ourves (Fig. 14.13) which had different 
sequencing fur these two faunal components. fur 
example the 1\llysip/wnkl curve was the lowest for 
rnciofauna and highe>t fur macrofauna. 

Multivariate analysis 

The MDS p!ul> fur meiohenlhoo and rnaocrobenthos 
were very similar, wi th the algal species showing very 
similar rclation.<hips to ""ch othe.- in lf!rms oi their 
tnC>Ofuunal and macro/aunal community •lnlcture 
{see Fig. 13.7, in which the shoding and symbol 
oonvcn~ons fot the different weed species are !he 
sameasthoseinFig. 14.12). Two-way ANOSlM (weed 
spccic.s/oilcs) showed all wtled sped"" to be 
signl Acantly different /rom each other in the oompos~ 
tion of both macroiam>a and meiofuun... 
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TIUs"'"""pleoltheeffectcfdistuJbancebybmmwtng 
and feeding of soldier crabs ITI was dealt with In some 
detail in Chapter 12. For ncmo.todes, univuiore 
graphical and multi varia!<> methods all distinguished 
dishnbo;>d hom undlstuJbed. siJes. For ropopodsonly 
the multivariate method> did. Univariate and 
~raphioal method• indicated different ""P""""" for 
nematode; and oopepods, whcrws the multiVilriale 
metOOds indicated a similar respun"" fur the:;e two 

•• 

1hrec gr-nrral conclusion• effierge from these c•am­
plcs: 

1) n., "m1larHy in mmmunity structure botween 
sites or limes ba:.ed on their umvariat<> or 
grapltlcal/distribulional attributes Is different 
from their clustering in th<! multivariate analysis. 

2) The "f"":lef'-<lopendent multivariate method Is 
much mo..., sensitive than the speci,...ind<'P""dent 
methods In discriminating between Sites or lime;. 

3) lnexampleswh.,...morethononecomponcntofthc 
fauna has been studied, univariate and graphlrnl 
methods may give different ""'ults for different 
components, when-as mul tivarlaterr-.,thod• tend to 
give the same results. 

The sensiti'"' multi variate m<"thods ha v~ hitherto only 
retm used for detecting d1fjmna> in community 
mmposi~on between sites. Although thcoo ddfut­
en<e• can be correlak-d with m""'ured levels of 
>lressor~"" r h as pollutants, the mul tivaria\c molhods 
so for described du not in themsclV<!S Indicate 

Copapods 

r;g. 11.1.1. r ... .,. .. m.vy 
.,.,;obmthos I R/. k-<io01i· 

""""'"'""'for """'/gam· 
401"4 datA from ! "'f''imk 
"'"" fo• "'"""od. •nd 
<U/""f"'l Sf'OC""' afunt. 
d"'"""· for danty •f 
Pfl"<"'~Mi<l•. so""' site. 
hawb<=omiH<rl. 



We have seen in Chapter 141hat muiH variate metMdo 
of data analysis are vel}' sensitive for det.cting 
differences in mmmunity structure between samples 
in spare, or cltang<!s over ~me. Until recently, 
however, thoso methods have simply been used to 
detect dif[en•t.cts botwoon rummunitios, and not in 
themsclwsasmeasuresofoonut"'nitysll=<inthe""me 
sonso that species-independent methods (e.g. diwr""­
ly, ABC rurves) have been used. Even using tho 
relati\'elyless"""si~vespecies--independcntmcthods 
there maybe prd>l em' ut inl<rpreta~on in th isoontext. 
Diversity d""" nal behave consistently or predictably 
In response tc envimnmcntal stre>s. Both rurrent 
theory (Connell. 1978; Hu..tun, 1979) and empirical 
oOOeJvation (e.g. Dauvln 1934) suggest tha t incrmsing 
Jev.ls of di~turbanoo may either decrease or incrcooo 
diversity, and it may even remain the samo. A 
ffiO!l{llcl\lc ""'P"""" would beeaslorto Interpret False 
md lca~onsof disturbance using the A6C lll<thrul may 
at"" arise when, as <>=S<Onally happens, the spec!"-' 
respons:tblc for elevated abundance curves ore 
pollu~on sensitive rather than pollutiun tolerant 
'!"'Cies (e.g. small ampllipods, Hydrobkt cld. 
Knowledg<> of the actuol klentilies of the spec;.,; 
involved win therefore aid the inl<rpretation r.f ABC 
mn•es, and the reoulting conclusions will be derived 
from an Informal hybrid of spcc!CS-indep<mdent and 
spedes---<lependenl information (Warwick and Oarke, 
in pre,.). In thiB chap..,. we desclibe three possible 
appm•ches to the measurement of oonununlty stress 
using the tully species-dependent multilJilrWe meth­
ods. 

This method was initially de,-ised •• a means of 
comparing the OOY<rity uf mmmunity stress bctw..,n 
various cooos of both anlhroJ>ol;cnic and natural 
disturbance. On initial mnsldeFdtion, """-'U"" of 
corrnnunity d•grada~on wltich are independent of the 
ta>OJ!\01"1"\lC identity of the s~ il\volved wouhl be 
most appropnatc lor suoh oomparative studios. 
Species romposi~on varies so muclt from place to 
place depending un klcal environmental conditions 
thatanygeneralspc<-ios-<lependent ~ tuslr<so, 
would be masked hy this variability. Howcvcr, 
diwrslty measures iiiP also """silive to changes in 
,.._tural environmtmtal variables and an unp<'rtuTbed 
community in one lr>o;ality could easily have the same 

diversity as a perturbed community in another. Also, 
to obtain oompara~ve data on species diversity 
""JDIYeS a hlghly ;l<i!led and painstaking analysis uf 
species and "" unllSUl>lly lligh degree of stan<l..-dlsa­
tion with respect to the degree of taxonomic rigour 
applied to the sample analysis' e.g. it is not valid to 
compare diversity at one site where one taxon is 
designated as "nemertlnes" with anothe< at which this 
taxon has been divided into species. 

I'he problem of natu"'l variability in species 
mmJ'O"itlon from pW:e to place can be ovcrcomo by 
working at taxonomic levels highrr t~an species. The 
tawnomic composiMn of natural OOit\1t'ltlOI ties t<.-OOs 
tu become incrrosil\gly slmll•r ot the>e higher levels. 
A!lhouglt two communities may have no species in 
rommon, they will almost <f'l"talnl y romprise the same 
phyla. Frrr soft-bottom marine benthos, we have 
ol<C;l>.l y seen in Chapter 10 that disturbanc• O'f/acw are 
detectable with multivariate methods at the highest 
taxonomic levels, """"- in some Instance> where these 
effects are rather subUe and are not cvide'""'d in 
univariate measures even at the species level, e.g. the 
Arnooo-Cadiz /A} and Ekofisk (EJ studies. 

Meta-analysis Is a term widely used in biomedical 
statistics and refers to the combined analysisofa ronS" 
of individual co>e->tudie. which in themsclves .,.., ol 
limited value but in combinaMn provide a mur<' 
global insi~ht into the problem und<o- investigation. 
Warwick and Clarke (19-93a) ~ave combined macre>­
benthic data aggregal.cd to phyla from a range ot 
ca"""""tudies 1J1 relating to varying lyJl"" of distur­
N-nre, and also from sitos wltich ;u-c regarded as 
unaffected by such perturbations. A cMicewasmade 
of the most orologtcally meaningful units in wllich to 
work, bearing In mind the fact that abundance;, o 
rather poor measure of sue~ relevance, biomMs is 
bet!<r and production is per hop; the most relevant of 
all (Ch.pl<r 13). OJ cour.;e, no studios have measured 
production (P) o/ all S]X'Cics within a oom!t\tlnity, but 
many studies pro~ldc both obundance (A) and 
blornass (B) data. Production was therefore appm><i­
mated using the allomell"ic cquo~on: 

1-'=IB/Ai0-"'xA (15.1) 

B/A is of course the mean body-size, and 0.73 is the 
avoragc exponent o/ the regre;sion of annual 
production on body-size for macrobcnthk inverte­
brates. Since the data from each •tudy are 
51andardised {i.e. production of coch phylum i> 
cxprcsood os o proportion of the tutal) the intercept of 
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Stations at tho two cxtremiti"" of the lr11nsect (1 and 
12} are atthc extreme left of the wedg<>. o nd stations 
dose to the dump centre (6) are at the extreme right. 

2} Loch L-imohe a"d Loch .l!i! /L/. In !he early years 
(1963-68) both station. are situated at the unpol­
luted left-hand end of the configuration {Fig. 
l5.2b). Aller this the I. Eil station moves towards 

'"" right,. and "' the end of tho sampling period 
(1973)iti•closelothertgl1Hiandend;onlythcsites 
at the oontre of the Clyde dump-~itc are more 
polluted. The L. Linnhe otatlon Is rather Jess 
affected and the prevlously IIIffitioned TCa~very In 
1973 is cvide..,ed by the return to the l<'ft-MI\d end 
of the wooge. 

3) Frie>fiord (OoWfjord){F/. Thelclttorightsequence 
of staUona in the melo--;>nalysis Is A-G-£.-D-11--1: 

(Fig. 15.2c), exacUymatchtngthe ranking in order of 
Increasing s\r%S. Note that the tlli'<'C stations 
affected by """"'mal anoxia (B, Can.:! D) are well to 
the right of the other lh,.,, but are not as S<V<'<Oly 
dlsl>l tbed as the organically onrichod ,;res n._ I) ond 
2)above. 

4/ A""'C<>---<:~dh •pill, Morllli% {A}. Note tho <hlft 10 
the right Mween 1977 (pre-sf"ll) an~ 19711 
(post-spill), and the subocquon 1 return ru the lett in 
!979---1!1 (Pig. t52c). However, theshif!L• rcla~vely 
small, <Ugg<l.<Hng that this is only a mild eire~. 

5) Skagom-~k. 'I'h<-biologtcallydisturbed300mstation 
is well to thcnghtoftheundisrulbed HXIn>Sia"on, 
al~o;mgh the former is still quit< close to the 
left-h<>nd endol the wedge. 

6---,S) Unpolluted sitos. The Northumberland, Car­
maTt~ en !lay and Kcil & y sla tion• are all situated at 
the loft-hand end of the wedge. 

An initial premlse ol this method was that, at the 
phylum level, t~c taxonomic composition ol commu­
nilie>;, relati vcly != affected bynatural ""vironmen­
!al val"ia t>les than by pollution or &<tuibanre (Chapter 
10). To te.l !hi:; Warwick and Oarke (199&) supcr­
i"'P"""d •yrnbols scalOO in .0 •.e actording to ~lC val ucs 
ol the two most lmport.mt envimnmenlal val"iables 
coustd=d to influence cmnmunity structure, sedi­
ment grntn s!Z<' and water deptl\ 01110 the meta---analy­
.Os TI{DS configuration (Chaprer 11). Both val"lables 
'"""'quite rondornly distributed, which supports tOO 
original assumption. 

With ""'J'C<l to individual phy Ia, anncl!<ls rornprise a 
higb proportion of the total "producti{lll" at tOO 
polluted end of the wedge, with a de<reaseat the least 
polluted sites. Mollus.-B ore aloo present at all si~o>S, 
except the two most polluted, and hove Increasingly 
higher dominance 10wards the non-polluted end of 
the wOOge. Echinoderm• arc even more crmcenlralcd 
at the noll-pOlluted end, with !l(lme tendency fur 
h!gMl' dominance at the bottom of the ronfiguraHon 
(f-ig. 153a). CnEia<:ea arc again amcenlralcd to the 
lei~ but thi" ttme completely confined 10 the l<>p part of 
the ronllguTation (Fig. 15.3bl. Clearly, the dillere"""' 
In relative proportinM ol orvstl<eans and e<hinod­
orms are largely respollS1blc for the -~tal spread of 
sample> at this end nf the wedge, but these di/lorcUC<'S 
connot be c-q>la!ned In terms of the effects of any 
recorded natural environmental vartable5. Nematoda 
are dearly more important at the polluted end of the 
wedge, an obvious consequellCe o/ the fact that spedes 
associated with organic enrlcluru>nt tend to be very 
large in comp>rlson with their nonnal rnelofaunal 
counterpart> (e.g. Dncholalmlds), and are thcroforo 



location of samples on the MDS ur PCA pl<>ls and 
emphasi9e the mot'<menl (to the right) of puta~Vf'ly 
irnpactedsamp!es,..,totlvetoappropria!ocontrolo. For _ 
o new •tudy. the spread of sample poS>tions in the 
,...,ta--analysis aUo""' """ to ><al~ th~ Importance of 
oboorved c!umges, in the ront<>xt of diJJ<=~>ecs 
i>etweenrontrolandimpacted>IIITlpl"" for lhet<alning 

"' 
Tabl< 15.1. Joid IV£ Atlm!tk slulf obuli<O f'm•l4---•ly­

sio") /J}. figem>Xt'"' fv< fi7st th..., pritu:ip<il "'"'P'"""" from 
"'~ PC/o of '">flli<l>"<~=l =d 411< 'Oot-fflm.!· 
fv<med pl<yl•m -~im" (oil ,.mp!,.), 

Plrytum = = •o 

Cnldarla ~- ·- omo 
Ptatyhcbtrintb.., ~m• ••• --IJ.l05 N-- 0.16!1 0.026 ·~· N""'atcda ·~ --Q./27 -('-166 

Priopulida ~m• OQW ,., 
Sipuncul• --fJ 156 '"' 0.105 

Annolid.o 0.266 "" ~~ 

~· ~.~ not~ ~~ 

~-- ·~ 
O.SM ~MO 

Mnllu..,. --fJ.445 ~oo; ·~ Pboronido ~.~ ·= ·= l!dtlno&..-nnoto ~-· 
---IJAill -Q514 

Bomictlordata -''-""1 ~~· ~m -· ---IJ.aJ2 om; ~.~ 

It is perhaps premature, howc\'\!f, to IlUike a pmlilivc 
TllCOflm\e!\dation lhat new dola sets should 00 
eva\uatm in etther of the above ways. 'The training 
data i• unlikely to be fully rcpresenlative of oil types of 
perturbation lhatrould OOenrountered. For example, 
all the gro"'ly polluted sampl .. pre""ntty involve 
organic enriclunentof rome ldnd, which is conducive 
to the ocrummce of the ru-g., nematod .. whi<h play 
oorrc part in the positioning of these samples at the 
e><treme right of the meta-analysi•MDSor PCA. Thls 
tTIEiy not happen with romnwnities subjoct<rl to toxic 
chemical contamination only. Also, the training data 
ore only from the NE European shelf, although data 
from a tmpicallocal1ly (Trinidad, W.:.t Indies) have 
also been shown to conform with the same trend 
(Agard d al., 1993). 

Warwick and Oorlce (1 993b) noted that, in a varicty of 
cnvin:mrnental impact studies. the variability among 
!lamples collected from impac!W areas ""'" much 
greater th!m that fmrn control sites. The •uggcotio~> 
was that this variability in it,.,]/ may be an identifiable 

symptom of pertuTOO.I situations. The four examples 
examined ~ 
V Meiol>cnJhos fr<>m ~ nutrient___,richmeHt •tttfl11 

{N/; a rncsocosm «<periment to ,tudy th~cfkct!< of 
three lcvPls of partirulat~ organic couiclunent 
(control, low dose and lugh du>e) on meiobenthic 
wmmunity structu,.., (nematodes plus oopcpods). 
u>ing four replicate box--<OTe> of sediment for each 
troatmentlevd. 

2) M=-obentho•fro"' t/tt, Eh>fi•k oil fi<ld,NS.../EJ; 
a grab >ampling su•vey a t 39 station> around thcoil 
field centro. To compare the variabiUty among 
samples at different Jev.bo o/ pollution impact the 
stations were divided into four groups (A-D) with 
approximately equal variability with respect to 
pollution loadings. 'rhcoo group> were selected 
from a scatter pint of the co""entrationsai two key 
pollution-related environmental variable>, f"lro­
lcum hydruanbons and halium. S\ru:e the 
do>e/"'-'P""'"' rurw of otganiSJl'6 to pollutant 
conccntratiun• io usually logalithmlo, lhe values of 
these two variables """" log-transformed . 

J! Cwo.l• from S Tik,. Jdmul, lndon.,;~ IIJ; changes 
in the structu"' nf m<>i--<oral communities bctwoon 
1981 aro:l 1983, along- rep\irnte line tran..,IS, 
resulting from the effe<ts of the 1982-83 m Nino. 

4) RreH/-•h in theM~Idiv•l>land</M); the structure 
of fish rommutriltesonreef flatsat:!3 coral sites, 11 
of which had been subjc<tcd to mining. with the 
remaining 12 unmlned 9iteoacting as controls. 

Dala were onalysed by ll<lU-metrlc MD5 using the 
tJray-(:urtis similari ty measure and either square root 
(mesorosrn,. Ekofi•k. llkus) ur fourth root (Maldives) 
translonued •peciesabunda""" data (Fig. 15.4). While 
the control and low dose trea!InEnls In the metofauna! 
mesocoom experiment show tight clustering of 
replicates, the high dose replico~<os ore much """" 
diffusely di•tributed (Fig. 15.4a). For the llkoftsk 
macrobenthos, the Group D (most impact<rl) stali<Jrui 
ore mud\ more widcly spaced lhan th""" in Groups 
A---C {Fig. 15.4b). For thellkuslsland comls, the 1983 
reptic.ateB are widely scatleld arom>d a tight duster of 
1981 replkates (Fig. 15.4c), and lorthe Maldives fi•h 
the control sites are ~ghtly clusrered entirely to the \e(t 

of a moo-e d!ffu,., dlllOter of repliestes of mined sites 
(Fig. 15Ad). Thus. the inc,...,.;! variability in 
rrwltivorialo slnlcture with incrcared dlsturl>aru:e Is 
clearly evident in all examples. 

It i• po•sible to construct an index from the relative 
variablllty between impacted and control samples. 
One obvious romparodve measure oi dispersion 
wm1ld he hased on the difference ho aver-.ge distance 



For the Ekoflsk macrobenthos, strongly positive 
valwos ""' fo:rund in comparioons between lhc grot' p D 
(mostlmp>cted) ota~onsond 1he olherlh..,.group5. It 
•hould be noted however lhatsta~nns in group; C, B 
ondAareincreaslnglymorewidclyspooodgwgrnphi­
cally. Wbilot group> Band C have similar variab!lilJ.; 
!he degree of dispersion in<:reases between the two 
ouh:nnost grouP" B and A, probably due to natural 
spo~al variabilily. However, the most impacted 
staliuns in group D, which fall within a ciide of 500 m 
d!ameter around the oU-Held <Htlre, still Mow a 
greater degree of dispersion than lhc station• in the 
outer group A which ore situated <>UI>id< a circle of 7 
kilometers diameter aruund the oil-field . Co mparison 
of !he impacted versus conlml ronditiunsfur both the 
Jikus Island corals aud the Moldives ~sh gives 
stronglypostlive !MD values. fur the Maldives study, 
the tnlned sites WeTil moredoS<ly spaced geographi­
cally than !be control sites, so this is another example 
for whlch the i~ dispersion Yesulting from !he 
anlbropogenicimpactis "working against" a potenHal 
increa"" in variahiftly due tu wider spacing of sires. 
Nonelhe\.,.., lor OO!h the Ek<>Ask and Maldiws 
studies !he Increased dispc!'slon .,.socia.lcd with tbe 
impatt more than cancels out !hal induced by the 
differing >palial scales. For both !he ~ 
meJobenlhos and the Tlkus Ioland coral studies there 
are no such differeoces In spatlollayout betw<:cn the 
treotm.nts to dilute tbe obse<vOO di spemon cffocto. 

Application of !he rornparalive index of multivariate 
dispersion suffers from the lack of any obvious 
statistical framework within which to test hypotheses 
of onnparablc varia.bllity between groups. As 
proposc:d, it lsalso re.tricled to lhecumparison ol only 
two groups, lhcugh it can be extended to several 
groupl' in straightforward fashion. letT, denole the 
mea.noftheNo - NJI"l-1){2ranks:imilari~esamongtbe 
IIi sample. within the itll group {i - 1, ... , g), having (os 
before) ..,_.an ked the lriongular IlUlt:rix ignoring all 
between-group similarities, and let N denote the 
nwnberofsimilaritieo Involved in this mnkingprucess 
(N- I; Nj). Then the tlispetOion _,_,a 

(15A-) 

defines the relative vartabillty within each ri the g 
groups, the larger values corresponding to greater 
within-group dispersion. The denominator scaling 
factor kis {N + l)fl, !.e. simply !he mean of aU N ranks 

involved, "" !hal a rdatitJe ~" of unity 
correspondoto Haverage dispcrsionu. (It !be number 
of samples is the same to all groups !hen the values ln 

-f'lll" 15-7 

equa~on (15.4) "~11 average unity, though this wiU not 
quite be the case If the ln;J are unbalanced) 

As an e><ample, tbe relative dispersion values given by 
equa~on (15.4) have been compuled1 for !be four 
studies ronsido>red above ITable 153). This can be """" 
.,. romplem""tal)' Information to the JMD ....:lues; 
Thblc 15.2 pruvid"" the pairwise comparisons follow­
lUg on from tbe global ploture in Thblc 153. The 
conclusions from Thble 15.3 are, of cou,.,..,, ronsistenl 
with the eorlier discussion, e.g. the bu;rcasc In 
variabil!ly at the oulcnnosl sit..> in !be Eknfisk Wldy; 
be<ause of <heir greater geographical spnaad, being 
O<lJ"oelhdess smaller than the incrcased di'l""'sion at 
the oontrol, ImpActed station5 

Tobl<l>.l. VariahtiUyshuly{N,E:, ~M). Reltih"" <li<p< .... nof 
thetr'"'l" ("'wm." 15 4Jin ""'h oJf rh< fi'u"hoi"' 

Control ·~ Low do'"' "" J-ligh dOIIC "' 
~~' J.lf 

~ .. ·~ _, 
"" -0 '" 

~,. ·~ "" ·~ 1.42 

Control reefs "'' M;ne.;t reels <M 

a..u...:ut :ronaHon patterns ;n the fonn of o oer!a\ 
cbangelnrommunity otructure with ~lng water 
depth are a otrlklng feature of intertidal and 
shallow-water benthicoommunl~esonbolhhardand 
soft substrata. The causes of these zonation patt.ms 
""' varied. and may differ according to clrcu1mtances, 
but include environmental gradients such ao ~ght or 
wave energy, <OmJN'tition and preda~on. None of 
th""" mechanisms, """""""', will n""""""til y give rise 
to discontinuous bands of different asserrblag<!s of 
species. whlchis implied by the term ztJtulfi"'', and the 
more g~neral term •...u.tio~ is P"rhaps """" 
appropriate lor this pattcrn of oommunity change, 
Z<>J\Oiion (with di!IOOn~nulUesl being a spcdal """"· 
Many of the lactocs which determine !he pattern oi 

1. &oil< U.,!MDmod th< r<lallr1<~x ooW...= """~'"""' 
by th< PRIMER P"'W""' MVDISP. 



Tranoeot A ' ... 

" 

non-<riOJ'Ot<ll-witll the composition being similar 
at<>pp<ISi.lf!endsofthe!Rnse<tbu.tvaydiifen!ntinthe 
middle - lh<!n lhe !MS will he <lose to zav. These 
t1IIOI'-Zerl) Yalues""" be negative as well •• positive 
but no particul.,. signifi""""' attadtes to tllis. 

AstoUOII<alsignifican<etestwoolddearlyheuseful,to 
answer lhe question: whM is the IMS ouffidenUy 
dlffen!nt fmrn urn to n:jc<t the null hypothesis Dl a 
mrnplete absem:e of seriation? Such a - mn be 
dorived by a Mmrh c~rf~ permrtt•ti"" """'"""'"· If 
lhenullhypotlleoisislruethenthelabelllngofsampies 
lllongtltetransect(U ... .,n)isen~relyiU"bilrary,andtbe 
sprmdofiMSvalueowhidtareronsl-wtlhthenull 
hyp<>lhesls <an he determined by TOOlmputing it for 
permuta~ons of the somple lohels in <ml! of the two 
similarity matrlres (holding the other fixed). fur T 
I"Olldomiy selectm perinutalionsof tOO oample labels, 
if only I of the T simulated IMS valueo are greater thAn 
or equal to the observed IMS, the nun hypotheru <an 

be reje<tm at • oignifica.nce lev<!l of JUfl(t+l)/IT +lJ%. 
btstrudu.re, the testiS analogous to that<onsidcredat 
the md of CMpte< 6 (implemented in the PRIMER 
program ANOSIM2). and again referred to briefly in 
ct.apt.,r 11 in tho rontextol' the mO-ENV pnx:edure. 

' 

FIJI. lli.li. L> Pfookst ronolo 
/JQ. MOS <mlimrlioo Ifill< 
<llol•ging wnd """""',;';., 
~~ """" dm) olmrg 

"""" """"""' (A lo C) "' 
'""' ,;,., (19.!3 ., 19$$). 
Thll ..... jnJi- tho~ 
"f""""""'byUokiog=­
,;.. ,.-ai""S" • ......... ct. 
p.m • ..,.,. (l) lol1{fsluw 
"""'¢co (12 or 171; /MS 
,.d.... ""' pf ,., rigl>t. 
Somple 1 from"""""" A in 
19lili<omitldf...,tm)...J 

"' .. onp~eo """' IW>m "" ,,....,. c io 198<! fmoling 
..,..,....,.,..,..~oJo. 

0.11. om, o.ro. 0.111 om, 
o.u, 0.111 om, am, o.w). 

One dlst1noU"" feature of the current beSt is !hot tied 
ntnks will be mudt more prevalent, parti<ulorly in the 
similoriti"" computed fmrn the linear oequcnce.. and It 
is advisoble 10 make proper allowance for tills In 
o:ab:ulating the Spearman roeffldents. Kendall {19"10, 
equation 3.7) gives an aJII>l'Ol'rilllf! adjustment to p.. 
and tiUo furm Is used In the analysis below.2 

bt 1983, befme 1t110 d...:lging operations, MOS 
mnfigurations (Fig. 15.6) lndl<&te !hot the points along 
-" transect ronfonn "'!her clooely to a !!Mar 
sequence, aod there are no obviou• dis<on~nuities in 
lhlo seqnence of wmmunlty change (i.e. no dis<nle 

2. Thl """"'""""" '"' '"" le.ill; """' ~ ... !«log tho 
PRIMU. l'"'gtotm R£LATI>. n. .m.;~m·~ ftormu~ 
'""'· """ u.. ......a.w ,..,.,.t.:wn ""'· ""' al"' ....J~y 
--to ,...., """"""' """""' u .. x • 1;, ""~"""" of 
ohaogc o/..,g • 'f"'lisl ''"""""· I• a hoont~hlguw; woy. 
"''"""'oily '*""IF could he ..-.! to • '""I"""' l....n.l "' 
r;y<hrity, "'" to tire """P'WrpositMts "' • 2-<il......,;,...r ~INI 
loyo•t. Th=o,. ••Uhyp<Ju..s;, "'"''for aU lh<>eposs:lnJJli« 
;" l<flAJ"Ii. in lidd~itm to •ll'""fol ""' frn ""'k of ..w;.,nship 
""""""" ou r... ""''J'JieJ similarity ...,rl,.!dth tl« "'""'label 
Ms(~tlydafuol). 



'!'1-, following is a li.t ot all (n:a]) data seiS used as 
examples !n the text, where !hey are ref<>renred by their 
lnde>dng Jetter (A-Z). In addition tu the pages on 
which these examples can be found, the entries give 
the sour<e roferenoe (see also Appendix 3) for the 
Ol1gtnal publication of these data. Note thatlhe.oe arc 
oot alWil.ys the approprtale Teier"enceo for !he analyses 
preoented in the le>t; the latter <an genoraUy be found 
in Appendix 2-

A- Amoco-Cadiz oil 'J'Ill. l!ay of Morlaix, Fronc<!. 
Mocrofauna. (Dauvin,1984) 
p 10-4, 10--5. 13-1, 13-3, 15-2, 15-3 

B- llristol a .. nncl. England. Zooplonklon. (Col liM 
and WiUia.ms, 1982) 
p 3-5, 3-6. 7-2. 7-3, 7-4, ll-3. 11-4 

C- Celtic Sea. Zo<Jrl•nkttm. (Collins, I""" romm.). ,,_, 
D - Dosing ""perlment. Solbergslrnnd tnCSOCO>-m, 

Norway (GEEI' Work5hop}. N.,.,lodel;. (Warwick 
•fa/.,!988). 
p 4-IJ. 5-<J' 9-4 

E- Ekofisk oil platform, N. Sea. Macrofilo<""- (Gray et 
oL, 1990). 
p 8--4, 8--5, 10-5, 11)-f;, 14-2, H-3,15-5, 15---<>, 15-7 

F- Fri..-fJO<d,Nmway (GEEP Workshop). Mocro{liu>~«. 
(Gray rial., 1988}. 
p 1-3, 1-4, 1-9,1-10,3-1,3-1,6-1,6-2, 6-3,6-4,8-9. 
9-1, 10-1, J0--2. 13---{;, 14-1, 14-2, 15-2, 15-3 

G - GaJTOCh Head, Scotland. Mocrofa"""- (Pearson and 
Blad..tock, 1984). 
p 1---Ji, 1-7, 1--8, 1-11. 1-12, 8--4, 11---5, 8-6, 8-8. 8-11. 
ll-1, 11-2, 11-3.11-5, 11-9, 11-10, 15-2, !S-J 

H- Hamilton H.-rrbour, Bermuda (GEEI' Workshop). 
Mocrofau,.., ""'"'rod"'. (Warwick ri rd., 1990cl. 
p 8-2.11---3, 11---11, 13-3, 13-4 

1-lndone.:ian reefarrals, S.l'arl and S. 1ikus islands. 
Com! % ror><r- (Warwick rial .. 1990b). 
p 6--5, 6---Ji, &-2, 10-4. 10--5. Ja-7, 13-4,1.1-5. 14-J, 
14----4. 15--5,15---fi, 15-7 

J- Joint NE AUanUc shelf studies ("rncta_.,nal)'Sis"). 
MtlaUjau"" "prod,.ctiml". !Warwick and Garke, ·-· p 15-2. 15--3.15--4.15--5 

K-Ko i'huketroral reefs, Thailand. Comlspecie!;'-""""­
(O.rke etol. 1993). 
pl5-8,15-9,15-10 

L -Loch Linnhe and Loch Eil, Scotland. M..,.,p.,,.. 
(Peai'!IOn,l975}. 
pl-6,1-7,1-10,4-4,4-5,8-6,8-7,~10,10-3,10-f, 

J0-5,10-7,15-2,15-3 

M - MaldiVIl Islands. Coral =f [!<h. (0.woon--5h.,. 
hen:! rial .. 1992). 
p 13-2, 14---4. 14----5, 15-6,15---6, 15--7 

N - Nulrienl-cnriohment experiment, Solbm-gsl>'and 
mosocosm. Norwoy. N.,...lod2S, copqnds. (Gee el 
al., 191!5). 
1' 1-12. 1-13. 10--3, 1 0-4, 12--5, 12-6, 15--5, 15---<>, 15-7 

P - Plankton su rvey (Continuon• Plankton Rerol'der}, 
N.E. Atlantic. Zooplanklon, phyroplankllm. (Cole­
brook, 1'136). 
p !3-1 

R -Tamar estuory mud--da~ S. W. England. N.,lodel;, 
~.(Austen and Warwick, 1989). 
p 14---ii, 14-7, 14-IJ 

S - &illy Isles, u.K. 5eawted meta""". (Gee and 
warwick, 1\19-1). 
p J:J-5, 14-5, 14---ti 

T-Tasrruuria, Eaglchowk Ned. N"""'tod.,., ~ 
lWarwick rial., 1990.). 
p 6-7. 6--JJ, 12-2, 12-3,12--4,13-3, 13---4,14-7 

W - Weslei'8Chelde estuary cores, Netherlonds; 
mcsoco>m •~perimenl on food oupply. Nemmodes. 
(Aust.n and Warwick. in press) 
p 6-8. 6-9, 6--11 

X- Exeestuary;Englond. N..,.ll>k;, (Warwick, 1971). 
p 5-3. 5-4, S-7, 6-11, 5--12, 7-1, 7-2, 11--5, 11..,;, 11-7. 
11-9 

Y- Clyde, SroUand. N"""fod"'. (l.ambshead, 1986) 
p6---Ji, 6-7 

Z - Azoic sedimelll rcoolollizatlon experiment. 
Copepodo. (Qlafsson and Moore, \992). 
p IZ-4 



Thl8 manual chiefly reflocls an approoch 10 multi vari­
ate and other gnrphiall community analyses that has 
heenadopred and developed at the Plymouth .Marine 
LaOOratmy (PML) over the laot decade, and boo been 
the oubjcct ol.....,ssment and training at """"""1 IOC 
and MO/UNEPworkshops(e.g. papcn;in BaynccloL 
1988, Addison and Clarke 1990). Methodological 
pape.,; involving wrn"k at PML tndude: Field d •1. 
098:1.), Warwick (1986), O..rke and Green (1988). 
Clarke (1990). Warwick and Clarke 0993a & b), Clarke 
and Ainsworth (1993), and Clark<: and warwlrk 
0 '1'14). Clarke (1993) an:! Warwick (1993) review t!tese 
methods, and a nlllllbcr of PML popenexempltfy their 
""" through the PRI MER package: see far example the 
P"P""' lis:tcd under Warwido: in Appendix 3. 

OJ oourse, th<> expositionheredrowson a wider body 
()/ statiotical and descriptive tcchnlqne8, ·and there 
follows a brief li•ting <>I the main pa)W1'8 and books 
lhatcanbeconsultcdforfurtherdetailsofthemethods 
and analyscs <>I earh Chapt.r. 

O.apter 1: Framework. Th~ cat..gorlsation here is an 
extension o/ that given by Warwick (198Sa). The 
Frierljord macrofauna d;\ta and analyseo(fables 1.2 & 

1.6 and Figs. 1.1. 1.2 & 1.7) arc extracted and re~rown 
from Bayne d a!. (1988), Gray e1 al. (1988) •nd Clarke 
ond Gruen (1968),1he Loch Llnn~e macro/auna data 
(Thble 1A and Fig. 1.3) from Pearson (1975). and the 
ABC rurves from Warwick (191!6). Th~ "J"'<'ie; 
abundance distnbution for Garro& Head macrofaWla 
(Fig. 1.6) is fll'St found in Pean.on d al. (1983), and the 
multivor!ate \lnklng to envimruru:ntal variableG (Fig. 
1.9) in Clarke and Ainsworth (1993). The Sulrergs­
trnnd mesooosm data and analysis (Table 1.7 and Fig. 
1.1(1) ""' extraoted and redrawn fromCcc 't ol. (19S5). 

Chapters 2 and 3' Simllorhy and Clu•tering. These 
methods miglnalcd in the 1950' sand 6D' s (e.g. Florek d 

al., 1951;Sneath, 1957; Lance and Witliams, 1%7). The 
d es<riptionhere is a widening of the dtscuslon in F1eld 
et al. (1982), with snrne points taken /rom the 
m:ommcndoo.l genet;'d rexts of E~lt (19BU) and 
Cor"""'k (1971). The dendrogram nf Frlo>rljord 
maoro/auna\ sampl<$ (Fig. 3.1 ) is YOdra wn from Gray el 

a!. (1988), and the zooplanklon Cl<llmpk> (figs. 3.2 & 
3.3) lmm Collil\8 and Wlllioms (1982). 

Chapb:r 4! Ordination by PCA. This i• one oflhe 
founding tcchnl~ of multivariate otatistlrs; stan­
dard modern texts indude Challield and Collins 
(1980) and Everitt (1978). The oonduding example 
(Fig. 4.2) is from 'Narwid< Oil al. (1988). 

Chapter S, Ordinalion by MOS. Non-metric MDS 
wos inll'<Jduced byShepard (1962) and Kruskal 0964); 
standard lf:xts are Kruskal and· W15h (1978) and 
Schiffman e/ aJ. (l98ll. Here, the e:q><>Sition parallels 
that in Field e/ IIi. (1982) and Clarke (1991); the Exe 
nematode graphs (Figs. 5.1-5.4) are redrawn from ~ 
former. The dosing experiment (Fig. 5.5) !sdisrussed 
in Warwick el <d. (19tlll). 

Chapter 6: Tooting. The basic permutation test an:! 
simulation of signiflcancc levels can be traced lo 
Mantel (1967) and Hope (1968), respectively. In this 
rontext (e.g. Flgs. 6.2 & 6.3 and equation 6.1) it IS 
described by Clarke and Green (1988). A fuller 
discussion of the e><teru.ion to 2-way nested and 
crossed ANOSlM tesls (including Figs. 6.4 & 6.6) is in 
Oarke (199J) (with some asymptotic re:llllis in Oarke, 
19881; tl>c roral analysis (Fig. 6.5) is discusood in 
Warwick rl al. (1990b), and the TosmanionmeiofiluMI 
MDS (Fig. 6.7);, in Warwick d a{. (199(Ja), The 2-way 
crn>Sed deoign without "'J'I!Catlon (Figs. 6.~12) i• 
tackled in Oarkc and W.rwick {19'14); see al!IO Austen 
aud Warwick (in press). 

Chapter 7: Sped•• analy•es. Ous!erlng and 
ordlna~on of species similarities is as <llustnted in 
Field d al. (1982), for lite he nematode dota (Figs 7.1 & 
7.2, redrawn); see also Oll!ord and Stepl>cnson (1975). 
Tiw SlMPJ:.R ("similarity percentages") procedure I• 
described in Clarke 0993). 

Choptet 8: Univariotelgraphi<ol analyoes. Pielou 
(1975), Heip dol. (1988) and Mogurron (1991) are 
usclultcxts. summ•rising • va•tli lerature on a variety 
ol diversity lndlres and ranked' species abundorn:e 
plots. Th~diwrsityexarnplesherc (Figs. 8.1 & 8.2) are 
diocu.osed by WarwioL 'laL (W90c 1 990b respectively) 
and the: C'.aswell V oomputa~on• (Thblc a.ll arc from 
Warwick ct al. (1990c). The Garrnch Ho.ad spectes 
obl!ndance distnbulions (Fig. 8.4) are fn'>t found in 

Pearson e/ a!. {1983); Fig. 8.31s redrawn from Pearson 
and Blackstock (1\184). Warwick (1986) inlroduced 
Abundance-Biomass Comparison curves, and the 
Looh Llnnhe and Garroch Head illustrations (Figs. f!.7 



Adctlso:n, itf, Cl>rk<>, K.R. (.0~) (1990). Biolog.ool <ffixts of 

pol!u<anl• i>< ""'"'"'~"""' "'"'"'"'""'' _ J. "''· "''"· Bioi. Eoot 

"" 
Agard, ).B.R., COOn.. T. Wa""iol<. R.M 0993). AnAlySis of 

morine moorobcrrtltk comm.,.;>y oln!cture In rela!!illl lo 
poll\lllon, natural oilseopa!J€ and ... ,.,nol dis\urb"""" In 
• troplc.:l env!rorunont (Trinidad, W..t Jndie•J. """'· Ec.JJ. 
Prog. s.,._ 92; 2:!3--W 

Au•fen.. M.C, Warwick, R.M. (1989) Comporison of 
univ..-iote ond muluv-.., ••JX"d• uf .. tuorine mei<>­
bonthk community slrllCI=. Est. <>II_ ""'if- Sci. 29; 23--42 

Auoton. M.C. Warwick. R.M. Hn P''""J- Effecb of 
""f"'ri""''"•l manipulation of fuod "'f'PlY on es1uar!n< 
tnciubentho~ Hy<lrobi<Wgio 

lloyn<\. B.L., ClaOO::. K R.. GroJd.S. (e<lo.) (11168). BiDiogi<al 
<(f<m •f ~"~'"- ,.....,,, of. pra<lial """"'"""· Mar. &ol. 
P"'K. Ser. 46 

Beul<emo_. )J. (1988). An ""'"'""""of the ABC-mctbod 
(abum!ance{blomos• rompori""") .. "''!'lied to macro­
zoobenthlc cnmmunitleo living on tidal flal• in !he Dutch 
Wadden Sea Mar. B.,L '19;42.5---433 

11o>:, G.E.P. Cox. o.R. (1%4). Ananalysi> oft...,.•fmma<ion~ 
J.R. s ... ..,_ Soc.'"''· 1126: 211-243 

!Ita)'; I R., C.n;,. J.T. (1957). An O<dinotiun of the upland 
""""' communilles of Southorn \\lisoonoin. E<OI. Monogr. 
27o325419 

C.•well. H. (1!1761. Community >fructure: a neulnll Jl\Odol. 
onalysio. E<oi.Mo!»gr. 46:327---354. 

Chatfield, c. G:illim., A.J. (I '!&I). lnt"'""cl•m to mull­
•ootlysi<- Chapman and Hall, london 

C ....... KR. (1966). Debocting <lw\gein benlhic community 
otructure. i'ro<eeo:llngs X!Vth lnMnoti"'"'l illometric 
Con......,..,. Namur: Invit<-d Papen. Soci""' Adolphe 
Quetel ... Gornl>loux, Belgium 

Clark.,. K.R. (1990). Compori"""' uf dominan« c~. J. 
exp. "'"'· Btol. E<DI. 138; 143--157 

Clarke, KR. (1'193). Non---r<""moln< mulllvariale analy"" 
of changeo In '""""'unity >tructure. .illS!. J. f£o/. 18: 
117-143 

Clatl<e, KR. AillSWOl"lh, M. (1993). A metOOd Qf lml<iog 
multi,..rlote oommunlty strurtun. 00 en"'=tmeJllal 
variable>. Mor. Eool. Prng. S<r. 9~ 20.5---2.19 

Clark KR. Gtcen,. RK (1988)_ Slo.li>li<a1 <le5ign and 
onalysioloro 'bl<>i<>glcaloffecti!"stndy. Mar.E<~>I.Prog.S<r. 
t6:21>-22ti 

Clarke, K.R, Warwick, R.M. (199(). SimUorlty--1>...0. '"'ling 
lor "'"ntnunily pattern; the 2-way !ayuut with no 
"'!'lication. Mor. BOlt 11Bo 167-176 

a.m.e. KR.. Warwick, R.M. Brown, RE. (1'193). An ind"" 
showins Or..kdown of ..-riotion, rclatc'Ol to distu,-b;moe. 
in o cnral-reef assemblage. """'- Brol. frog. S<r. \02: 

~"" 
Oiffmd, DRT .• SlepheliSOil. W. (1975). A• i•lmol•<"lioo to 

,.,..,.;,.,r c'-if""liDn. Academic l're8s, NowYotk. 

C.:.l!ilMOI:, j.M. (1!180)_ Environmontaf lnll"""'"" on 
l<mg--<erm variabili!y in marine plankton. ~ 
1~2;~325 

Collins, N .R. Wdllam~ R. (19!12). Zt>upl;mk!m rommunilie> 
in lhe llnswl Cbannol and 5o:M>m Estuony. ,w.,_ Et»>. l'rog. 
5<,.9:1-11 

Connell, J-R (1974). Field CXP'"'""-""" in m;nine """"sJ". 
In: Mariscal, It (edJ E"f"'lmmhil ,..,;,., hiDI.>gy. 
A<>ldemic Preos,New York 

ConnelL) .H. (1W8). O!wrsity in tropicol .-.in lore'" and 
oo....J ,.,.{,. St:iett« N.Y. 1'19: 1301-1310 

Connock, R.M. (1971.). A review o1 da.,Ui<ation. J. R. s .. t;.,t. 
Soc_ s..-. A 13~:321---367 

DauW., J--C_ (1934). Dynamique d"et:OS)"'I<''"'" "'"""ben­
thiq""' d.., Iondo sedi~ de Ia Bolo de Morlai< .. 
leur perturbotion pot leo hyd"""ri>u""' de 1' Amoro-Ca­
diz. Doctorol '""""' Univ.l'i"""el Marie CUrie, Poria 

Dawoon---shepherd, A., Warwick, R.M .• a.,..._ K.R. Browo,. 
B.E. (1992). An onaly~suf fi•h <mnmunily respon11C8 to 
wral mining In the Maldi .... _ EnoU.n. Bioi. Fi>h. 33: .,_ 

Everill. R. 09rn. G"'J'I><>tl ...,.,.. for mulli"""'* thlto. 
Heinemann, Lond<l.ll 

Everitt, B. (1980). em- ~;,. Zod <do. Heinemann, 

~-
Field, j.G, a..ke,. KR. Warwick. R.M. (1982). A pra<ti<ol 

stratesr lor analysing multiopecieo d-"butlo>n l""""n~ 
Mor. £""'. P"'K· s .. _s:37---Sl 

Fk>:rek, K., Llli<Mz<!wlcz. l-. l'<'JbL J. Steinhaus, H, 
Zubrzydd, 5. (1951)_ Sur Ia lio""" etla dlvfsloJldcs poin!< 
d'un =ble finL C.ll,...;..., Molh. 2: 282-285 

Ceo, J.M., Warwkl:, R_M_ (!994). Metazoan rommunity 

""''-""'"' m n.lation to the froctal dimenolor!> o1 marino 
micrualgo• Mo,. £<01.1'"'11. S<r. 1113: 141-150 

Go., J.M .. Warwick. R.M.. St:haannlng. M., llorgo>, J.A, 
Am!n.,.. Jr.. W.G. (l\1651. Effe<:to of orsanJ< 01\ridtrnent on 
moioiounal abundanre ond wnun.unity •lrncturo. in 
'"bfi...,.,looftsediment~I-"'''·'""'"·Blal.&-.1_91:247-262 

Goldmon, N. LornO.head.P.).D. (1989). OptimimtionoHhe 
E....,.o;,~c,.,,.,lf neulrol mOOcl progtam 1m a>mmunHy 
di""""ty '""lysi~ MilT. E<O!. Prog. S<r. 50:255--261 

Gower. J.C. (!9.;6). Somo di"""""' l""f""'iO> Q//atenl root 
and vector mctbod8 usod in mu!O,..,.Uue onalysi>. 
Bio...,ril>l 53, 325--3;!ll 



I'l>tt, fi.M., WMwic]<. R.M. (1988). F~ """""' 
_..., P.,!Jf_ British clm>mmlorid,, I!.J. Brill, l.oidon 

Raffaelli, D._ Mason, C.F. (1981). Pcl\uli<m IOOniloring wilh 
meioiauna ulllng lito .-..ID of nemaiOdcs lo '"f'Ef<><l>. 
Mar. Poll_ Ru/1_ 12: 15&.163 

San<lo<~ 1-H.. (1%8). Marine hernhlc diV<rsity: • 
comporath-. •tudJ< Am. Mit. 1~ 243-2S2 

Scltcfu', H. tl'lS'J). Theonllly#s<>f~ Wiley, Ne-w York 

Scl!lffman, s.s .. Reynolds,. M.L.,. ~ ~W. (1981)_ 
Inmd.ctinn to muUHli"'"''"'''"'/ "'"tin~. ThetJry, mdirodo 
<M~H""'· Academic rr..., l<mdon 

S<hwffiH~amer. P. (19Bl), Cha,.<ferislic size d;stn'butiun. of 
lnblgr01 benthi<- colnnumirn... Om. f. full. aqua>. Sd. 38o 
1255--121>3 

&'b..-, G.A.F. (1984). Mu/tko>•"'le oh.sm.wio"'. Wiley, Ne..­
M 

Sltopa.-d, R.N. (1%1) The an•l)"is o1 pro>dtrdtie~ 
multidimen•ional =ling with on unknown dlst"""" 
flli\Ctiun_ hJ«IIom<lnk< 27: 125---140 

Snoatb, P.H.A. (1'1:\7). Tho appli<ation of romput,,., 1<> 
l:oo:Jnomy. J.geo. Mi"""'"'- 17 201-2~ 

S""'tb, PJI.A., So1<ai, R.l\. (1973). Numm<Jii "'""'"'"Y· 
F""'""'"· Son frands<o 

Sokol. Ill<.. Rohlf,. Rj. (1981)_ l!imt<'ll)l. F""""on. San 
Francl6Co 

Somorfteld. P.J, c._.,, JM. Warwlci:, R.M. (1994). Soft 
...dimentmciofauna1mmmunity~in ..Jation to a 
lung-term heavy metal gradiont in the Pal est-wry 'Y"""'· 
M,,_ Ernl. Prog. S.~. Hl5o 79--88 

'"" llraak, C.F.J. (19116)_ Cmonical OOf""J'ond"""" anal)"lis: 
o new elg<nwctor te<hnique !0< multivariole direct 
wadient analy<ls. &:ology67; 1167-1179 

Underwood, A. J. (19a1). Thcltlllqu .. ohnaly"" of variance 
m e'perlmental mann. biology ond \><))logy. ~­
"""- Hio/. A. &v. 19: 513---605 

Und..wood, A.j. rrt. .. o,... C.H. (19&1). Towanlo an 
ccul"!9<a1 fromework fur inV<51igating pollution_ Mo>•. 
E«>L Pro~. Sn. 46: 227--234 

Urule.-wood, A.J_ (19'l2}. Beyond BAn the d<<e<tion of 
environmental impact on popui•Hons in the reaL t.ut 
variable, WOrld, J. •<p- moo Bioi. Erul161o 145---178 

Warwl<k, R.M (1Wl). Nom•tud. '"'>Qations in tho lll<e 
a.tuo<y. J • ....-. !wl. A«. U.K.51o 4.19--454 

Warwick, R.M. (1\lll-t)_ Spedcs size' di>tnbutiono m marine 
benthic rommDniHe, Orooi>gio (&rh'n) 61' 32--41. 

W.rwick, R.M_ (19&). A new metbod fmd.tecting polluHon 
efle<l• on marlne m•crobenthic c-ornmuniti""- lrlo>•. Bioi. 
92: 557---562 

Warwick, R.M. (1 981ja)_ Effed> Oll community strudu.-. of ~ 
pollutant gradlcnl- summ•'Y· M>r. Erol. Prog. &. 46: 
Z07-2ll 

Warwicl<. R.M. (19118b), n.. level of '""""""'k di«<rimirut. 
lion roq1llml to d"""'' poUul!on elfod• on m..-ine benllllc 
cmrunUJlitio<. M,, l'l!/lut Bull. 19:259---208 

Warwick, R.M. (l'I'J3). Envirorunenla1 impad "udies on 
marin< commttnitio<o f""!!""'lical rons!dco>tim.,, ll,..t, }. 
frol, 18; 63-80 

W..wick_ R.M. Carr,. MR., O...J<.. K.R. G ... }.M., c,.,.n, 
RH. (19<18). A "'""""'""' e•periment on lh<1 olfods of 
hydr.,.,.rlmn and roppcr poll~ on o •ublill<>.-.1 
soft--=!Urt.nt meiobenthic communltj< Mar. E<rJi. Pnw­
s,-_ (6, 181-191 

Warwick,. R.M. Clarke. K.R. (1991). A oomparison of 
mcthOO• fer orutlyslng ~ in benlhic ronununity 
51ructtm>. J- ""''- h»l.Aso. U.K. 7to 225---244 

Warwkk, R M., Clarke, K.R. (l'J93a)_ Comparing tit.. 
soverity of di51urt>ancc: o m ... --onoi)'>ili of marino 
ma=-tbk community data. Mar. Erol. f'n<:!l. S<t-. '12. 
221---231 

Warwicl<, R.M., Oarl<E, K.R_ (1mb). ln<n>t"->d """"lrtlity as 
• symptom of""""" in marine communi ..... r. ""!'- ""''· 
Bioi. Ecol. 172: 215-XM 

Warwid, R.M., Oar!<., K.R. (1!194). Re1oarrting the A!IC: 
taxonollll< ci!Mtges an<l alnutc!ance/blom.,, mO~on­
>hipe Ill d!shlrl><!d -lhl< ronununit""- Mar. l#ol. 118: 
7.19-744 

Warwick, R.M.. Cl:trke, KR, Gee. ].M. (1990o). The offect of 
di•h,.bance by oo1dic'< crobo, Mictyris p/llty<:h<l;> H. Miln• 
Edwards. on rrK!iobomthic community otructu.._ ]. '-'I'· 
"""- Bio/.l:ro1.1l5: 19--J3 

lli'i>rwick, R.M .. C1a<ko, _K.R. Suharsono. (199!lb)_ A 
""""""'I ""IY"i> of coral community ""'l"'n""' to the 
1962---3 El Nino in tho Th<ru'"nd lolaOO.. lndotu!Sia_ C""/ 
RN_ft 8o171-!79 

Warwio);, R.M.,. f'oa.-.on, UL R""wahyuni (1987), 
!Mection of pollution cif.,,., on marino macrobon"""' 
further evoluofun of the spoci«s :tl>undonce/biomoss 
method. M.r. Bm.l II!H93-200 

Warw!c1<. R.M., Plott H.M.. Oar!<.. K.R, AS"nl, J. Goblrt, ). 
(!me). Anoly<i• of macrobonthic and moiobenlhlc 
<"Ommunity otrudu,. in re1otlon to pollufun and 
di51url>"""' in H.,.,Uion Harbour,. &!rmuda_ /- •rp. """· 
l#ol. Ecol. 1311: 119-142 



Issued by 

Oceans and Coastal Areas Progranu0e Activity Centre 
United Nations Environment ProgranuDC 

Additional copies of this publication 
can be obtained from: 

Oceans and Coastal Areas ProgranuDC Activity Centre 
United Nations Environment ProgranuDC 

P.O. Box 30SS2 
Nairobi 

KENYA 

or from: 

Marine Environmental Studies Laboratory 
International Atomic Energy Agency 

Marine Environment Laboratory 
B.P. No. 800 • MC 98012 

MONACO CEDEX 




