Biometrical Letters
Vol. 47 (2010), No. 2, 83-106

The efficiency of the Partial Triadic Analysis mettod:
an ecological application

Susana Mende¥?, M2 José Fernandez GémézMario Jorge Pereira’,
Ulisses Miranda Azeiteird, M2 Purificacion Galindo-Villardén 2

!GIRM - Marine Resources Research Group, School ofidimuand Maritime Technology,
Polytechnic Institute of Leiria — Campus 4, 2520-84%hiche, Portugal,
susana.mendes@estm.ipleiria.pt
2University of Salamanca, Department of Statis83)07 Salamanca, Spain, mjfg@usal.es,
pgalindo@gugu.usal.es
3University of Aveiro, Department of Biology, 38103 8veiro, Portugal, mverde@ua.pt
“Centre for Functional Ecology (CFE), Department dé&[Sciences, University of Coimbeand
Universidade Aberta, Department of Sciences anthifi@ogy, 4200-055 Porto, Portugal,
ulisses@univ-ab.pt

SUMMARY

In this paper we present a Partial Triadic AnalyBi$A) method that can be applied to
the analysis of series of ecological tables. Time @i this method is to analyse a three-
way table, seen as a sequence of two-way tables belbngs to the family of STATIS
methods and comprises three steps: the interstajctine compromise and the
trajectories. The advantage of this method is edlab the fact that it works with
original data instead of operators, which permitshe interpretations to be performed
in a directly way. In this study we present ancifnt application of the PTA method in
the simultaneous analysis of several data tabldsshow how well-adapted it is to the
treatment of spatio-temporal data. Two kinds ofrines were constructed: a species
abundance table and an environmental variables.t&8uth matrices had the sampling
sites in rows. All computations and graphical diggl were performed with the free
software ADE-4. An example with phytoplankton amivieonmental factors data is
analysed, and the results are discussed to showthiswnethod can be used to extract
the stable part of species and environment relstiqs.

Key words: Partial triadic analysis, multi-table analysis, SIT&, species abundance,
environmental factors

1. Introduction

Many generalizations of standard linear multivaianalysis, like principal
component analysis (PCA) or canonical correlatioalygsis (CCA), have been
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proposed for studying three or more sets of vaegmlh this paper, we present
an application of the Partial Triadic Analysis (PTAethod (Jaffrenou 1978), a
multi-table technique, using a simple ecologicatadaet. In particular we
analysed the main temporal structure of the speassemblages and their
spatial changes (and did the same for the enviratahactors).

Introduced in ecological studies by Thioulouse @héssel (1987), the PTA
method aims at investigating three-dimensional datlysis (e.g. a data cube)
seen as a sequence of two-way tables. In PTAallables must have the same
rows and the same columns, but its advantage enpak is related to the fact
that it works with original data instead of operatowhich permits all the
interpretations of the results to be performed idiract manner. This method
belongs to the family of STATIS methods, and in panson, the PTA used in
the present work allowed the optimal projectiontrajectories. For example,
Gaertner (2000) made an approach to studying thanazation patterns of
demersal species in the Gulf of Lions on a seaseoale. However Rossi
(2006) and Ernoult et al. (2006) also used the R@rother problems. In
particular, Ernoult et al. (2006) investigated tinverall landscape variability
through its different dimensions (space vs. tima) demonstrated the relative
importance of each dimension.

Starting from an ecological perspective, the ajpilbm of this method here
aims to analyse the stability of the seasonalitypsg sites of dinoflagellates
assemblage in the near-shore shallow coastal 8Bart from the coast and
before the surf zone) off the north-western Poréisgucoast, in terms of bio-
ecological categories as well as studying the lgtalbicross the sample sites of
the temporal covariation structures between somee@mnental variables. The
data for the Vila Praia de Ancora coast used is Work have been previously
analysed and have already been published by Ressnde (2007), but in
a different context, with a different statisticghpaoach and with one more
phytoplankton community, the diatoms. In that wahe data were especially
designed to identify the environmental variablegegning the composition and
structure of the species assemblages. The data amailgsed from a global
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point of view by performing a CCA (Canonical Copeadence Analysis) (ter
Braak 1986), so the between-site and within-sitéatdity cannot be separated,
which may present a problem when working with pplaokton communities.

Therefore the results may fail to be significard asasonable.

Our purpose, therefore, is to take an approacheset data, taking into
account their three-dimensional structure, anatydime dinoflagellates data
cube and the environmental one by means of an ppate multi-table analysis
technique, since with this kind of data the exammms of simultaneous data
sets are, in a general way, a recent practicepaiticular with phytoplankton
data, so we could investigate the common tempémattsire derived from each
site: of the dinoflagellates and of the environraérariables.

The mathematical description of PTA is presentemhgusimple matrix
notations.

2. The partial triadic analysis method

To analyse each one of the data cubes, the statistpproach used was the
PTA (Blanc et al. 1998; Thioulouse and Chessel 19B7e aim of this method
is to identify the structure which is common to gexies of tables having the
same rowsr() and the same columng)( More precisely, PTA searches for
structures that are stable among the sequencble$ta

Let K be the number of tables withlines andp columns. The intersection
of line i with the columnj gives the value of the variabjeat the condition.
After the initial transformations (by centralizationormalization, etc) th&
tables X are obtained. Eacl, is a data matrix ofl quantitative variables
measured on the samebservations (or objects), where each eIemerxfjis
According to the PTA methodologyX,D,,D,) defines a statistical triplet,
where D, and D, are positive definite weighting matrices for vaites and
observations and whose positive diagonal elemants t® 1. The PTA is a
three-step procedure, namely the interstructure, ¢bompromise and the
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intrastructure analyses (Lavit al. 1994). Below, these three steps are
explained with a description of PTA in matrix form.

First a matrix of scalar products between tabledimputed (i.e., the matrix
whose elements are: COVX/|(,X,) = tr(XIanle)). The diagonalization of
this matrix provides eigenvectors. The k coeffitsan of the first eigenvectors
are then used to weight tkaables in the calculation of the compromise table.
Then, a PCA is performed in order to establishdidination of the different
matrices. Alternatively, a matrix of vector cort@as (RV) can be used to
rescale the importance of the tables. Each elemehis table is:

COVV(Xy, X))

RV (XX = JVAV (X, VAV (X)) °

)1

where VAV(X,) is the variance of the vector obtained by puttadf the
columns of tableX, one below the other. It is basically the vectoriarece of
table Xy, i.e. VAV(X,) = tr(XIDnXkDp). The vector correlation matrix and
the vector covariance matrix are linked by the saghtionships as the normal
correlation and covariance matrices. Each tablerégected onto the factorial
plan obtained from the analysis and representechrbyarrow, in order to
establish the ordination of the different tablediich summarizes the global
structure and the relationships between tables Thifiguration (based upon
the covariance matrix) allows an overall graph@ahparison of the tables and
shows proximities between the configurations ofsame observations.

The second step of this method is analysis of tmapcomise, a fictitious
table which is computed as the weighted mean othalltables of the series,
using the components of the first eigenvector @f ithterstructure as weights
(i.e. issued from the eigenvalues of the vectomdance matrix) (Thioulouse et
al. 2004). In other words, it consists in calculgta linear combination of the
initial tables with the aim of constructing a metale of maximum inertia
(Gaertner 2000):

X, =Y X, @)
k
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where X, represents the compromise and captures (optimgiey)similarities
among the individual matrices. Once obtained, (which has the same
dimensions and the same structure and meaningeasltes of the series) is
then analyzed by principal component analysis (P@AYl the rows and
columns of the individual matrices are projectedtoothe analysis as
supplementary individuals and supplementary vaemblrespectively. Thus
analysis of the compromise gives a factor map ¢hatbe used to interpret the
structures of this compromise. In other wordsjveg a picture of the structures
which are common to all the tables (Thioulousd.e2@04).

The third step summarizes the variability of thecassion of tables in
comparison to the common structure defined by tdmpromise. The rows and
columns of all the tables of the three dimensiarehy are projected onto the
factor map of the PCA of the compromise as addifietements (Thioulouse et
al. 2004) in order to summarize the reproducibitifythe structure across the
series of tables. Denote hy the matrix of the eigenvectors of the analysis of
the compromise. The coordinates of the rows ofdbie X, are:

Rk = XkDpU y (3)

and the coordinates of its columns are
Ce= XID,X,D,UA2, (@)

A_}/2 being the diagonal matrix of the inverses of tlg@ase root of the
eigenvalues of the analysis of the compromise.

Each row of each table is represented by a poirthénspace of itg
columns, and can be projected as a supplementdiidoal onto the principal
axes of compromise. The same procedure is ap@iedldrly) for the columns
(Simier et al. 1999). The points can then be linked example by lines, to
underline their trajectories; their study consésuithe third step of the method.

For the dinoflagellates and environmental dataistuéh this work, PTA
offered the possibility of studying these three-giisional data in the way that
Figure 1 shows, and studying the dynamigedtaries of the species and
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Figure 1. General scheme of the PTA: construction of thergttucture matrix
and extraction of the compromise table.
environmental variables per site (each site considee sampling station in one
of the two conditions: high and low tide; data wemnsidered as a series of
tables for each site, i.e. table-site: dates insrows. variables/species in
columns). The main aim in this study is to identihe common temporal
structure derived from each station table. Theutatons and graphs shown in
this work were made using ADE-4 software (Thioukes$ al. 1997). This
software is available free of charge from httpiliphiv-lyonl.fr/ADE-4.
Species abundances were transformdagéx + 1) prior to the calculations, in
order to minimize the dominant effect of exceptiaaches.

3. Application Example

Data

The example data set was extracted from Reserale(8007). The data used in
this work was collected in Vila Praia de Ancorastodrig. 2), which is located
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on the north-western tip of Portugal (41°49.26'N5B50'W). Vila Praia de
Ancora’s coast is characterized by a vast rockyeslnd a small beach, which
forms a sandy inlet. The beach receives the eswiaraters of the river Ancora
(Resendet al. 2007).

Atlantic Ocean

Figure 2. Map of the Northwest Portuguese coast and they steeh with

location of the three sampling sites (Resende. €08i7)

Three sites were sampled near the shore (Fig.12)fa8ing the rocky shore
(41°49.26'N; 8°52.64'W); S2, adjacent to the fighiport (41°48.83'N;
8952.24'W); and S3, opposite the Ancora estuarP4827'N; 8°52.11'W).
Sampling took place monthly, in daylight hours, ay& at full moon, at low
tide (L) and high tide (H), from August 2002 to Oler 2003. A detailed
description of the sampling sites is given by Rdseet al. (2007). In total, 90
samples were collected between August 2002 andb@c2003: 30 at S1, 30 at
S2 and 30 at S3.

During the study period, the following environmdrttata were collected, in
situ, for each site: pH, salinity, water temperatudissolved oxygen and
transparency (Secchi disc). Water samples for otemianalysis and
chlorophyll a and volatile solids quantification were collectatl the water
subsurface. The concentrations of dissolved nufiemere also measured:
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nitrate, nitrite, ammonia, phosphate. A more dethildescription of the
environmental methodologies and temporal variatafnthe environmental
parameters can be found in Resende et al. (200W. N:P ratio and the
zooplankton biomass were also included. Zooplan&tablique tows were
made at 1.5-2 km, and a detailed description ofstmapling methodology is
given by Azeiteiro et al. (2006).

Samples for taxonomic and quantitative dinoflagefizstudy were collected
with a glass bottle (1 litre capacity) and immeelyipreserved with Lugol 1%
(iodine/iodide potassium and distilled water). Otilg armoured dinoflagellates
were recorded and identified to the lowest posdiémen. The taxa selected for
the investigation are listed in Table 1 (Reseetdal 2007).

Organization of matrices

The data were organized in two three-way tables:fonenvironmental factors
(dates x variables x sites) and another one foispeeies abundances (dates x
species x sites). Three sampling sites were comglda two conditions — high
tide and low tide. Consequently, each multi-tabswnade up of six matrices.
Fifteen dates were considered, from August 200D@¢tober 2003, being the
same for each type of data matrix. All the speciesrices had the same
species, and all the environmental matrices hadsdnee variables. Hence the
data could be seen as “data cubes”: a “speciexdbt and an “environmental
data cube”, each one presented as a sequence-ofayvtables.

4. Results

Interstructure analysis — similarity between different stations

The map of the interstructure analysis correspdads global representation,
presents an ordination of the sampling sites and/stthe vectors for individual
stations on the plan made by the first and secomd,aand consequently the
similarities between stations tables. For enviromi@e factors and

dinoflagellates abundances the decreasing valug® oéigenvalues (Fig. 3a,c)
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Figure 3. Interstructure analysis and eingenvalue diagréa)<Eingenvalue
diagram of the series of environmental factorsasio(b) Interstructure factor
map of the series of environmental factors talfl@sEingenvalue diagram of
the series of dinoflagellates abundance tabledn{djstructure factor map of
the series of dinoflagellates abundance tabless Axs$ the first principal
component; Axis 2 is the second principal componEng scale of the graph is
given by the box in the top right; 1HT — Statioatlhigh tide; 1LT — Station 1
at low tide; 2HT — Station 2 at high tide; 2LT -at&tn 2 at low tide; 3HT —
Station 3 at high tide; 3LT — Station 3 at low tith®te the different scales.
allowed exploration of the first two factorial axésdeed, spatial variations of
environmental factors and dinoflagellates are nygmmbjected on the first axis.
All the sites display the same sign on the prirlcipds 1 (69% and 81% of the
total inertia for environment and dinoflagellatesspectively), whilst axis 2
(10% and 6% of the total inertia for environmentdadinoflagellates,
respectively) presented two distinct groups: anospin between low tide
sampling stations and the high tide stations (Blgd). All stations with the
same sign had a positive correlation between theegponding set of matrices
(the stations’ vectors on the first axis preserdgedniform distribution) and
indicates a relatively strong common sites str@;tuvhich indicates a large
similarity among stations. The structure expregbedugh the first axis of the

interstructure therefore corresponded to an enmisoral (Fig. 3b) and
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dinoflagellates (Fig. 3d) temporal pattern commarthe different sampling
stations. The only isolated site appeared to be @hiE environment appears
with a high positive value on the second axis, Bb). Besides this, in the
interstructure analysis of dinoflagellates threstishs come out more closely
than the others: 1, 2 and 3, at high tide, withatieg values on the second axis.
However, detailed description of spatial variatioh®nvironmental factors and
dinoflagellates were not necessary and were omiittélae further analyses.

Compromise analysis

Figure 4a and Figure 6a shows the factor maps efcttimpromise, for the
environmental variables (Fig. 4a) and for the dengpdllates species (Fig. 6a).
Additionally, Figure 5a and Figure 7a show the dachaps of the compromise,
for the sampling dates related to environmentalabdes (Fig.5a) and to the
dinoflagellates species (Fig. 7a).

Stable part of the environment and sampling dates

Analysis of the compromise for environmental valéabwas carried out to
reveal the common temporal pattern and to betteplagx the
differences/similarities among stations. The grephilustration of the analysis
of the compromise (Fig. 4a) shows the average iposif each environmental
parameter in respect to the first and second a@s,the projection onto the
compromise plan of the fifteen sampling dates (B@) shows the temporal
dynamics of the environmental factors for a meatiast.

The first two axes of the analysis of the comprenascount for 52% of the
cumulative inertia, hence providing a summary @& &nvironment attributes’
spatial dynamics. Interpretation of this figure\pdes a good summary of the
spatial environmental dynamics. The length of tireves on the factor map of
the compromise in the PTA analysis indicates tHa¢ tmost relevant
environmental variables (variables with long arrovemtributed more to the
definition of the axes, compared with the variabWe@gh short arrows) are
temperature, pH and volatile solids followed Iy, decreasing order, nitrates,
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Figure 4. Compromise and trajectories factor maps of the Bidlysis: (a)
Compromise factor map of the PTA analysis: envirental variables. This
map shows the stable part of the environment oglakiips on plan 1-2. The
scale of the graph is given by the box in bottofth Te— water temperature; O2
— dissolved oxygen; S — salinity; NP — N:P ratiéjqN- ammonia; Chl a —
chlorophylla; PO4 — phosphate; NO2 — nitrite; NO3 — nitrate;cbe— water
transparency; BZ — zooplankton biomass; SV — Velatlids; (b) Trajectories
factor maps of the PTA analysis: row-dates projgctf each table-site in plan
1-2 of the compromise. The scale of the graphviergby the box in the bottom
left. Station codes as Fig. 3. Each date is idextiby the three first letters of
the month followed by a number: 2 for the year 2868 3 for the year 2003
(e.g. AUG2 — August 2002). Axis 1 is the first mipal component; Axis 2 is
the second principal component. Note the diffeseates.
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Figure 5. Compromise and trajectories factor maps of the Bidlysis: (a)
Compromise factor map of the PTA analysis: sampliaigs. This map shows
the stable part of the date relationships. Theesafdhe graph is given by the
box in the bottom right. Month codes as Fig. 4;Tlgjectories factor map of
the PTA analysis: variables-environmental factogggetion of each table-site

in plan 1-2 of the compromise. The scale of thelgtia given by the box in the
bottom right. Station codes as Fig. 3; Environmleciides as Fig. 4. Axis 1 is
the first principal component; Axis 2 is the sec@nithcipal component. Note

the different scales.
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dissolved oxygen, transparency, N:P ratio, chloyipln ammonia and salinity.
In the fourth quadrant, volatile solids appeareaaigd. Although nitrite and
biomass appear in the same direction, the arroas répresent them have a
small length. This means a poor representationhenptan 1-2 and probably
does not reflect the proper position. The firstsaaf this analysis is mainly
characterised by temperature, transparency, cHighopp, ammonia and
salinity. Therefore this axis is marked for thet Iside with higher values of
those variables (normally a summer characteriséie,Fig. 5a). Additionally the
angles among them were small, which denoted tleavahiables were strongly
correlated. Therefore the opposite side of this &ain the right side) is where
the months that are normally characterised by lowadues of temperature,
transparency, chlorophylla, ammonia and salinity (usually a winter
characteristic, see Fig. 5a) were located. AxipReared mainly characterised
by dissolved oxygen and pH and, in decreasing meaby nitrates, N:P ratio
and volatile solids. In fact, these three varialdes variables from the factor
plan, although marking different positions. Besidlgis, the pH and dissolved
oxygen have higher values in the months locatethénsuperior part of axis 2
(spring/summer season, see Fig. 5a). The opposiiatisn occurs at the
inferior extreme. Overall the first axis mainly segtes spring and winter
months from summer and autumn months, while thergkaxis separates
spring and summer months winter and autumn onegs 58).

The stable part of dinoflagellates and sampling dais

For dinoflagellates the compromise was performedhansix tables for each
site. This gave an average picture of the dinoflatges abundances (see Table 1
for species codes) which best explained the vanatof the species pattern at
the fifteen dates for each site (Fig. 6a). Thetfiwo axes represented,
respectively, 80% and 8% of the total variabilik. large abundance of
Prorocentrum micans, Ceratium fusus var fusus, Dinophysis acuminate and
Ceratium furca was observed. These were strongly correlated théhpositive
part of axis 1 (species from axis 1) and treeefcharacterized the temporal
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Table 1.List of the 17 dinoflagellates species, with coded category
[adapted from Resende et @&007)]

Code  Taxa

ACIP Actiniscus pentasterias
CEFS Ceratiumfususvar. fusus
CEFU Ceratiumfurca

CEHO Ceratium horridum

CEKO Ceratium kofoidii

DIAC Dinophysisacuminata
DIAT Dinophysis acuta

DICA Dinophysis caudata
GONS Gonyaulax spinifera
PHRO Phalacroma rotundatum
PRDB Protoperidinium diabolus
PRDE Protoperidinium depressum
PRDI Protoperidinium divergens
PRMI  Prorocentrum micans
PRPE Protoperidinium pellucidum
PRPT Protoperidinium pentagonum
PYHO Pyrophacus horologium

organizational pattern of the described dinoflagelf. Along axis 2Ceratium
kofoidii was opposed t@. furca. Dinophysis acuta was strongly correlated with
the positive part of axis 2 (species from axisT2)e remainder were considered
less abundant (within these, species which are trearorigin are slightly
abundant).

The analysis of the compromise for sampling dakeg. (7a) showed the
temporal dynamics of the dinoflagellates assemblaga mean station and the
stable part of the dates’ relationships. The twgomgradients were determined
by the interpretation of the first two axes of t@mpromise. Axis 2 mainly
opposed the dates of September 2002 to August @pd003. October 2002
and 2003 are strongly correlated with axis 2, wMirch 2003 has an opposed
position and is an axis 1 date. The remaining datese considered less
significant (within these, months which are neag trigin, like January and
February 2003, are weakly important).
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Figure 6. Compromise and trajectories factor maps of the Biidlysis:
(a) Compromise factor map of the PTA analysis:dineflagellates. The scale
of the graph is given by the box in the top righge Table 1 for species codes.
(b) Trajectories factor maps of the PTA analyssv-dates projection of each
table-site in plan 1-2 of the compromise. The so&lae graph is given by the
box in the top right. Station codes as Fig. 3. Marddes as Fig. 4. Axis 1 is the
first principal component; Axis 2 is the seconchpipal component. Note

the different scales.
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Figure 7. Compromise and trajectories factor maps of the Biidlysis:
(a) Compromise factor maps of the PTA analysis:disng dates. The scale of
the graph is given by the box in the bottom lefarith codes as Fig. 4.

(b) Trajectories factor map of the PTA analysisialales-species projection of
each table-site in plan 1-2 of the compromise. Sdede of the graph is given by
the box in the bottom right. Station codes as Eigee Table 1 for species
codes. Axis 1 is the first principal component; #\&iis the second principal
component. Note the different scales.
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5. Trajectories

Time and space effect

For environmental factors, the projection of eacttedat the six sampling
stations on plan 1-2 of the compromise (Fig. 4lwadd us to visualize the
trajectory of each sampling date. Each site (atdad high tides) is represented
by a point. The graphical illustration shows theipons of the six stations on
the compromise plan connected in the form of ttajies for each date. The
trajectories factor maps revealed the possibledish of the temporal structure
of the sampling sites during the study period, th&b say, the diverse shapes of
trajectories indicate deviations of single datesrfrthe general pattern. On the
whole, although stations followed a chronologiazrsgario, changes of pattern
with time can be seen. The main evidence was obdearv August and June
2003. Five other distributional patterns of datesm de observed reflecting
changes in the system. These patterns fall intindisdate groups: (1) August
and September 2002, determined by the informatisangby the environmental
variables transparency, chlorophgllwater temperature, ammonia and salinity
(Fig. 4a), which means that these sampling sitésinvihose dates had higher
values of these parameters in contrast to the athes; (2) October 2002,
September and October 2003, presented a cleadymatliate pattern between
spring/summer and autumn; (3) November and Decerd®@2, January and
February 2003 were characterised by volatile sqkil$. 4a) and evidenced, for
the sampling sites, the passage to the autumniwseteson; (4) March, April
and May 2003 represents the spring season, witkehigalues of pH, N:P ratio
and nitrates (Fig. 4a), for the majority of the géing sites; (5) June and
August 2003 presented the most different shapésjeictories when compared
to the other ones. Here the trajectories of theosim are dispersed, meaning
that their dynamics varied from station to statidhthese two dates, variations
at stations are determined by the information thias obtained mainly from
higher values of pH and dissolved oxygen (Fig. #mwever, the two dates do



100 S. Mendes, M3J.F. Gémez, M.J. Pereira, U.M. Az@ité¥2P. Galindo-Villardén

not present the same variations. In June 2003laseparated stations 2 and 3 at
high tide from the others, while in August 2003 stthtions were in the upper
part of axis 2, and station 2 at low tide had lowalues of pH and dissolved
oxygen (Fig. 4a) when compared to the other statiduly 2003 appeared as an
isolated date pattern, which is characterised kghdri values of dissolved
oxygen (Fig. 4a) and 2HT was mainly determined Ighér observations of
transparency, chlorophydl temperature, ammonia and salinity (Fig. 4a).

It is also possible to project the six samplingsiat the fifteen dates onto
the factor map of the compromise and relate ihéodinoflagellates community.
Figure 6b allowed us to study this, i.e. the possiof the six sampling sites on
the compromise plan connected in the form of “trimjges” for each study date.
The dynamics between the sites (at low and high) t@ried according to the
sampling dates, and this shows the dynamics betthese.

September 2002, October 2002 and August 2003 hagasiant occurrence
over the selected sites as their trajectories aneantrated on one part of the
compromise map, while trajectories of the otheeslare dispersed, meaning
that their dynamics varied from site to site. Inrbta2003, axis 1 contrasted
station 2 at high and low tide with the other stasi. This resulted in a general
increase oP. micans, C. fusus var fusus, D. acuminate andC. furca (Fig. 6a).
March, June and July 2003 presented the most ¥asfm@pes, which means, in
this scenario, more fluctuations across the infoionagiven by axis 2. From
October 2002 to May 2003 (with the exception of &aR003), the dynamics
were similar, corresponding to winter/spring dynesniwhile summer dates
(August, September 2002 and June to September 2083 an opposite
pattern. Some of the station points are positicateitie origin of the factor map
(0, 0); probably in none of these stations wasethamy observation for the
sampling date or the number of observations wadawo(France and Mozetic
2006). This is the case with January, February 20@8ch corresponds to a
winter period.
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Environment and space effect

Figure 5b shows the projections of the thirteenrenmnental factors at the six
stations (represented by points) onto the factop & the PCA of the
compromise. This presents the stability of the dyica of the environmental
parameters, where the positions of each parantateugh the study sites are
connected in trajectories as well. Overall, obviobanges of variation patterns
at any date can be seen through the sites, witbexbeption of pH, chlorophyll
a and volatile solids. These are the factors thasgmted constant values over
the selected sites, as their trajectories are maricentrated on one part of the
compromise map. This stable distribution pattermamsethat these parameters
do not have large fluctuations in the dates acribss stations. Salinity,
temperature, ammonia, chlorophgl| transparency and phosphate are mainly
determined by the information given by the sprimgl autumn seasons (Fig.
5a). Dissolved oxygen had higher concentrationhésummer/spring season
(Fig. 5a), for all study sites. For nitrite conaeatibn, the separation between
station 2 (both tides) and the others is cleartid®ta 3 and 1 (at the two tides)
were mainly characterised by the conditions of arfstutumn season (Fig. 5a),
while station 2 (at the two tides) are mainly deti@ed by the spring/summer
season (Fig. 5a). Another clear separation wasreoddebetween the three
stations at low tide and at high tide for the zaojton biomass: the low tide is
determined by spring/summer, while high tide isirkdd by the winter season
(Fig. 5a).

The species and space effect

Figure 7b shows the variables-species projecticzaoh table-site in plan 1-2 of
the compromise. Generally, the more irregular skhapere forC. furca,
Gonyaulax spinifera, Phalacroma rotundatum, P. micans, Protoperidinium
pellucidum and Protoperidinium divergens. C. fusus var fusus, C. kofoidii, D.
acuminata, D. acuta and Dinophysis caudata have a constant occurrence over
the selected sites as their trajectories are corated on one part of the
compromise map, while trajectories of the otheiciseare dispersed, meaning
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that their dynamics varied from site to site. Porotundatum, axis 1 contrasted
station 3 at low tide with the other stations (Hg). This resulted in a general
abundance increase in March, July August 2003 aeptegber 2002 (a
spring/summer period) (Fig. 7a). In a same way famdG. spinifera, axis 1
contrasted stations 1 and 2 (at low tide) with dkiger stations. An increase of
P. micans abundances was observed in the summer period 20008, August
2003 and September 2002), mostly at stations 13gatl high tide) (Fig. 7a, b).
C. fusus var fusus and D. acuminata were quite stable at the six sampling
stations and for all summer periods (July and Aud@03 and September
2002). Some of the station points are positionetth@trigin of the factor map
(0, 0); probably at none of these stations wasabservation from the species
detected in water samples or the number of findimgs too low (France and
Mozetic 2006). This is the case witBeratium horridum, Protoperidinium
depressum, P. pellucidum, Protoperidinium pentagonum and Pyrophacus
horologium.

6. Discussion

This example shows that the PTA method can be ased useful tool to
analyse three-way table species and/or environelata, interpreting the
results in a direct way. This benefit results frdme fact that it works with
original data instead of operators. Besides thisnga with the results
interpretation it is possible to summarize the glolstructure and the
relationships between the tables (by means of therstructure analysis),
provide a picture of the structures common toladl tables (by the compromise
analysis), and summarize the variability of theieserof tables around the
common structure defined by the compromise (withttiajectories). The only
constraints from PTA are that all the cross-tabfesst have the same rows and
the same columns (i.e. that the species and emuéntal variables must be the
same in all the pairs of tables).
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In this work, analysis of the results from two P&Aalyses allowed us to
group the sites together in terms of their envirentrattributes or species and
their trajectories—histories. Our results showeat:tfil) sites may have similar
temporal features and exhibit different trajectsyri€2) sites may have similar
trajectories but different temporal features; aBdgjtes may be congruent for
both temporal features and trajectories. Nevertisel@a general pattern of
species abundance and environmental factors thedisfge through space
(derived from different sampling stations) was grueed by applying PTA
analysis and was demonstrated by the results din@n interstructure and
compromise analysis, which are not far from whadllyehappens for all
stations.

The interstructure analysis (similarity betweertistes) of the environment
factors and dinoflagellates community reveals atrnetly strong common sites
structure (which indicates a large similarity amatgtions) and two distinct
groups: low tide and high tide. Indeed, the contiin of the six sampling sites
was well-balanced, indicating that no site wasegifavoured or ignored in the
constitution of the average matrix. Only the secstation at low tide was
positioned separately from the main group of siiedicating a different spatial
dynamic, which means that their structure was rsowell reflected by the
compromise as the other five sampling stations.

The projection of the thirteen environmental vaestonto the compromise
axes when compared to the projection on the same aixthe fifteen sampling
dates provided a good summary of the temporal paté the environment
variables shared by the six sampling sites. In, féo¢ compromise matrix
provided a good approximation of the time orgamiretl pattern of the
environment over the six sampling sites. In addijtithe projection of the
fifteen sampling dates onto the compromise axes w@wmpared to the
projection on the same axes of the thirteen enmiental variables, in order to
summarize the environmental pattern in the samptingths shared by the six
sampling sites. Furthermore, the compromise armlgtidinoflagellates (the
stable part of species) revealed an independerterpabetween the most
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abundant dinoflagellates. Those, when well reprtese(specie®. micans, C.
fusus var fusus, D. acuminate, C. furca, C. kofoidii, D. acuta, G. spinifera, P.
depressum, P. rotundatum and D. caudata), are mainly associated with warm
months (summer and early autumn) and the distohuig forced by volatile
solids, nitrates and N:P ratio (which appears véitiplan position and were
negatively related with temperature, transpareaaynonia, salinity, dissolved
oxygen and pH). The projection of the species émtocompromise axes and its
association with the projection on the same axetheffifteen sampling dates
summarized the temporal pattern of the dinoflagedlaabundances shared by
the six sampling sites. In reality, this work hasown that the spatial
organization patterns of dinoflagellates assembiagbe Ancora coastal zone
were persistent during the course of the consideesbons. The variations
among sites of each species around the referengg#se were generally low.
Only a very limited number of species exhibitedtiorgy variation of their
abundance in space at this scale. The reportecotaihmgistributions are similar
to what is known from published papers (Reseatal 2007). There, the
relationship between dinoflagellates assemblage &mel environmental
parameters governing their composition and strectuas performed with the
Canonical Correspondence Analysis (CCA) (ter Bradk&rdonschot 1995).
With this technigue CCA extracts synthetic gradieffom the biotic and
environmental matrices, which are quantitativelpresented by arrows in
graphical biplots. The results obtained from theAPmethod have been a
successful approach in evaluating the prevailirtgrispace and intra-space
structure of the species, which with the CCA tegbaicannot be observed (the
same applies to the environment). This becomegrafisant problem when we
are working with phytoplankton ecological studiesthis case, results may be
insignificant and do not represent the reality lif tassemblage. On the other
hand, spatial stability has been weakly explaimedate. The inclusion of PTA
in ecology may be important for revealing that behan overall stability of
environmental gradients over the study period sgpeial changes are important
and thus may have an impact on local communitiesides this, it allows
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researchers to take into account more biologicrimmation, to use methods
more adapted to the data, and to produce moreatecstatistical results.

Our study analysed both dinoflagellates compositind structure (species
abundances and environmental factors), which waaylito capture changes
that may not be detected by several traditionahoug alone. At this stage we
will refer to the importance of dinoflagellates ogas at both levels of
biodiversity.
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