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Abstract – The depuration kinetics of the domoic acid from three body parts (i) digestive gland, (ii) adductor mus-
cle+gonad+kidney+foot and (iii) gills+mantle of the scallop Pecten maximus was studied over 154 days. The scallops,
which had accumulated the toxins during a Pseudo-nitzschia australis outbreak, were obtained from a natural bed and
hung from a mussel raft in two locations (front and centre) and at three depths (2, 6 and 10 m). The time course of the
depuration of domoic acid (DA), as well as the environmental variables, were monitored throughout the experiment. The
whole body depurated the toxin very slowly (ca 0.007 day−1) decreasing its concentration from ca. 3200 µg DA g−1. Its
kinetics was driven mostly by the digestive gland, which accounted for ca. 95% of the total toxin burden from the start
of the experiment. Suspending the scallops from a raft increased the depuration rate of the whole body and digestive
gland (ca. 30%) and of the edible tissues (15%). Increases of the depuration rate of domoic acid seem to be related to
the pair of covariating variables temperature-salinity. Food amount does not seem to have a significant effect.

Key words: Domoic acid / ASP toxin / Amnesic shellfish poisoning / Depuration / Environmental conditions /
Pecten maximus

Résumé – Élimination de l’acide domoïque (toxine amnésiante) à partir de différents tissus de la coquille
St-Jacques, Pecten maximus, élevée sous radeaux et en cantonnements naturels. La cinétique d’élimination de
l’acide domoïque à partir : (1) de la glande digestive, (2) de l’ensemble muscle adducteur+gonade+rein+pied et
(3) des branchies et du manteau de la coquille St-Jacques Pecten maximus a été étudiée durant 154 jours. Les co-
quilles St-Jacques ayant absorbé des toxines pendant une efflorescence de Pseudo-nitzschia australis, ont été collectées
sur un banc naturel et suspendues en deux endroits d’un radeau de moules (au bord et au centre) et à trois profon-
deurs différentes (2, 6 et 10 m). Le temps nécessaire à l’élimination de l’acide domoïque (DA), ainsi que les variables
environnementales ont été enregistrés durant l’expérience. Le corps entier élimine très lentement la toxine (environ
0,7 % jour−1) sa concentration était, au début de l’expérience, environ de 3200 µg DA g−1. L’essentiel de la cinétique
de décontamination est due à la glande digestive, qui représente environ 95 % du contenu toxinique dès le début de
l’expérience. Le fait de suspendre les coquilles St-Jacques à un radeau augmente la vitesse de décontamination du
corps entier comme de la glande digestive (de 30 % environ) et des tissus consommables (15 %). L’augmentation de la
vitesse de décontamination de l’acide domoïque semble être liée aux co-variables température et salinité. La quantité
de nourriture ingérée ne semble pas avoir d’effet significatif.

1 Introduction

Since Amnesic Shellfish Poisoning (ASP) was first recog-
nised in Canada (Bates et al. 1989), this type of toxicity has
been recorded in many areas all around the world (Hallegraeff
1993). Exploitable populations of molluscs and crustaceans
have been shown to be affected by this toxicity (Mytilus edulis,
Novaczek et al. 1992; M. edulis and Placopecten magellan-
icus; Volsella modiolus, Gilgan et al. 1990; Siliqua patula,
Drum et al. 1993; Whyte et al. 1995, Mytilus californianus;
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Whyte et al. 1995; Lund et al. 1997, Cerastoderma edule,
Venerupis pullastra, Scrobicularia plana, Ensis spp. Vale and
Sampayo 2001; Ruditapes decussatus Amzil et al. 2001; Vale
and Sampayo 2001), making this toxin increasingly important
from both an economical and ecological point of view. The
undesirable effects caused by these toxic outbreaks are largely
modulated by the depuration rate of the organisms since this
is the main process regulating the time period during which
they remain toxic for consumers and, consequently, the period
during which fish or shellfish cannot be collected for human
consumption (Shumway and Cembella 1993).
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In bivalves, domoic acid depuration time has been shown
to be species-specific and to have a wide-ranging variability.
Most mytilids, Mytilus edulis (Wohlgeschaffen et al. 1992);
M. californianus (Whyte et al. 1995); and M. galloprovin-
cialis (Blanco et al. 2002b), and also other bivalves such
as Mya arenaria (Gilgan et al. 1990) and Callista chione
(Fernández et al. 2000), depurate domoic acid very quickly,
while Siliqua patula (Horner et al. 1993) and Pecten maximus
(Fernández et al. 2000; Vale and Sampayo 2001; Campbell
et al. 2001; Blanco et al. 2002a), may retain the toxin for
months.

The main phytoplankton species that produce domoic acid
in Spain, and in other areas as well, bloom at least once a year
following a strong seasonal pattern, with maxima, in Galicia,
occurring preferentially in autumn and/or spring (Pazos et al.
2003; Moroño et al. 2004). This recurrence, combined with the
high accumulation and slow depuration capability of Pecten
maximus, make the scallop populations to remain toxic for
years, in some occasions. When the scallops approach allow-
able levels of domoic acid concentration after a toxic outbreak,
they are frequently affected by a new toxic bloom, which ren-
ders the scallop populations again useless from a commercial
point of view (Salgado et al. 2003). Because of this low depu-
ration rate and its consequent linking of successive banning
periods, the situation of the exploitation of this resource has
become dramatic in many affected areas (Arévalo et al. 1997;
Campbell et al. 2001), and the growers and/or fishermen ask
for methods to remove the toxins consisting mainly of acceler-
ated depuration or extracting the most toxic organs. In this con-
text, the EC (Anonymous 2002) and the Galician Authorities
(Xunta de Galicia) have recently allowed the exploitation of
this resource under a special regime and only when the popu-
lations fulfilled two criteria (Fernández et al. 2003b; Salgado
et al. 2003). The first limits the domoic acid concentration of
the whole body, and the second limits the concentration in the
edible part. The capability to exploit this resource still depends
on the depuration rate of the different tissues and organs. The
enhancement of the depuration rates, particularly of the or-
gans, with a higher toxin content would therefore be of great
economical and social interest.

Several possible methods can be used to accelerate the
depuration of live scallops, the most important of which are
adequate management plans for the natural or cultured popu-
lations and the design of specific treatments. Implementing any
of these approaches requires a good knowledge of the effect of
the environmental conditions. Taking this into account, and for
the purpose of evaluating the importance of the environmental
conditions in the depuration rate of domoic acid from the scal-
lop, we have designed an experiment in which the differences
in depuration between bottom (natural bed) and surface (sus-
pended from a raft) populations, as well as among the different
depths and locations in the raft, were studied.

2 Material and methods

The scallops were collected, by means of a net trawl, from
a natural bed in the Ría de Arousa (Fig. 1) where they had
acquired ASP toxicity from a bloom of Pseudo-nitzschia aus-
tralis, which had reached its maximum two weeks earlier.

Fig. 1. Location of the natural bed and the raft where the scallops
were placed during the experiment, Ría de Arousa, Spain.

They were randomly distributed into 31 groups (correspond-
ing to 3 locations in the raft × 5 sampling dates + 1 initial
sample) of 12 individuals, making a total of 372 scallops. The
groups were distributed into two locations – the front and the
central area – of a mussel raft which contained ca. 400 ropes,
at three depths in each location (2, 6 and 10 m). The differ-
ent depths were chosen because they had been associated with
different temperatures, salinities and food concentrations. The
centre and front of the raft were also expected to have different
amounts of food and current velocities (Blanco et al. 1996).
On days 25, 61, 110 and 152, one of these groups was col-
lected from each raft location/depth and 12 additional scallops
were obtained from the natural bed.

The sampled scallops were dissected into three groups of
organs: a) digestive gland (DG), b) the gonad and muscle
group (GoMu) including gonad, kidney, adductor muscle, foot
(the edible organs plus others that cannot be easily separated),
and c) the rest of the tissues which included the gills and man-
tle (GiMa). The groups of each type were pooled to give four
samples containing three groups each.

Each pooled samples was weighed, homogenised and ex-
tracted with 50% methanol (MeOH) in a proportion of 4 ml
of extraction solvent per gram of tissue. The extracts were
analysed with the technique of Quilliam et al. (1989) using a
Waters Alliance 2690 HPLC System, with an UV spectropho-
tometer Waters 996 PDA-UV detector, a Merck LiChrospher
100-RP18 chromatographic column, and domoic acid (DA)
reference solutions (DACS-1C, i.e. 100 µg DA ml−1) were ob-
tained from National Research Council (Halifax, Canada).

Temperature, salinity, light transmission and fluorescence
were monitored weekly with a Sea-Bird Sealogger 25. The two
latter variables were used as indicators of the amount of food
available for the scallops since “in vivo” fluorescence is pro-
portional to the amount of phytoplankton in the water, and light
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transmission has an inverse dependence on the volume of sus-
pended matter.

Several statistical procedures were used to analyse the data
obtained. To compute the depuration rates in the locations un-
der study, a simple exponential decrease model was assumed.
The differences of depuration rate between the different loca-
tions and depths, and also those of growth rate, were tested by
means of regression, with dummy variables (Kleinbaum et al.
1988) of the logarithmically-transformed domoic acid concen-
tration (and therefore no error bar is given in the corresponding
figures). General linear ANOVA and MANOVA, best-subsets
(including the use of the Mallow’s Cp statistic) and stepwise
regression, as well as Principal Component Analysis were also
used. In all cases, the analyses were carried out using the
MINITAB 14 statistical package, following the documentation
included in the package.

3 Results

Environmental conditions

The environmental conditions, as expected, varied with the
location where scallops were placed. Temperature decreased,
while salinity increased with depth. There were no noticeable
differences in this trend between the centre and the front of
the raft. Food (as measured by means of fluorescence and light
transmission) was least abundant in the natural bed but other-
wise it was not dependent on depth. The front of the raft seems
also to have more available food than the central area (Fig. 2)
but the differences found were only statistically significant
when fluorescence was used as index (p = 0.049 ANOVA)
and not when light transmission (p = 0.104, ANOVA) or the
co-variation between this variable and fluorescence were used
(p = 0.103, MANOVA).

Growth

The scallops grew throughout the experiment. On average,
the body weight of the wild scallops at the end of the experi-
ment was the lowest out of the seven locations studied (Fig. 3),
but differences in growth rate were small (Fig. 4). This rel-
atively small weight of the wild scallops may very likely be
due to the sampling method. In the first sampling, there may
have been a proportion of scallops that were small enough
to pass through the net trawl without being caught, but large
enough to be retained in a second sampling, after some growth
took place. The scallops suspended from the raft, at the sur-
face layer, in both the front and central locations attained the
highest weights and exhibited the fastest growth rates.

Although the raft and wild scallops had similar growth
rates, the biomass increase was not distributed evenly among
the different tissue groups (Fig. 5). The edible part, GoMu,
grew faster in the raft scallops than in the wild ones. On the
other hand, GiMa grew faster in the wild population. No ob-
vious differences were found in the growth of the digestive
gland, with the exception of the two deepest locations in the
front of the raft, where this organ grew at a slower rate than in
the other locations.

Fig. 2. Temperature, salinity, in vivo fluorescence and light trans-
mission recorded at the seven locations used in the experiment. The
box-and-whisker plots show the descriptive statistics corresponding
to each variable. The dot, inside the box, represents the mean. The
horizontal line, in the center of each box, represents the median and
the bottom and top limits of the box represent the 25% and 75% quar-
tiles, respectively. The extremes of the whisker (vertical lines) repre-
sent the 1 and 99% percentiles.

Fig. 3. Weight of the scallop tissues at the end of the experiment in the
seven locations of the study. Bars indicate the mean and the vertical
lines the standard deviation.

Toxin concentration and depuration rate

Toxin levels

The toxin concentration in the whole body of the scallop
was well above the regulatory limit of 20 µg g−1, throughout
the experiment. Most of the toxin was accumulated in the di-
gestive gland. The two other groups of organs had much less
domoic acid concentration being, in the case of the GoMu
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Fig. 4. Growth rate of the scallop soft tissues during the experiment
at the different locations (estimated by means of multiple regression
with dummy variables).

Fig. 5. Growth rate of the three groups of organs of the scallops dur-
ing the experiment, at the studied locations (estimated by means of
multiple regression with dummy variables). A: Digestive gland (DG);
B: Gonad+Adductor muscle+Kidney+Foot (GoMu); C: Gill+Mantle
(GiMa).

group above the maximum allowable level for evisceration of
the European Union, at the beginning of the experiment but
below that limit at the end (Fig. 6).

Whole body tissues

The depuration rate of the whole body was very low in all
cases (less than 0.011 day−1) (Fig. 7). Affected by the location

Fig. 6. Domoic acid concentration in the whole body and in the
three groups of organs studied, throughout the experiment (GoMu:
Gonad+Adductor muscle+ Kidney + Foot; GiMa : Gill+Mantle).

Fig. 7. Depuration rate of domoic acid from the scallops at the dif-
ferent locations used in the study (estimated by means of multiple
regression with dummy variables). Numbers at the top of the bars
are the depuration rates expressed as percentages of those in wild
scallops.

Table 1. Statistical significance (p), obtained by regression with
dummy variables, of the differences, in domoic acid depuration,
found between the wild scallop population and the scallops placed in
the raft, for the whole body and for each of the tissue groups studied;
ns: not significant.

Tissue F p
Whole body 4.123 0.00096 (***)
Digestive gland (DG) 4.069 0.0011 (**)
Gonad+muscle+kidney+foot (GoMu) 0.870 0.520 (ns)
Gill + mantle (GiMa) 3.883 0.0016 (**)

(Table 1), this rate was found to be especially low in the wild
population and particularly high in the surface population sus-
pended from the centre of the raft. Both depth and location
in the raft seem to affect the depuration of domoic acid – the
former producing a decrease in the rate and the latter an in-
crease (Fig. 8). Nevertheless, the differences inside the raft
were found to be small.
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In the Center
of the raft

With Depth
(per meter)

Fig. 8. Effect of depth and horizontal location in the raft on the depu-
ration rate of domoic acid from the scallop tissues (estimated by
means of multiple regression with dummy variables). The left group
of columns shows, for each group of tissues, the effect of increasing
1 meter the depth at which the scallops are located. The right group
shows the effect of placing the scallops at the center of the raft instead
of at the front.

Organs and groups of tissues

All organs and groups of tissues depurated domoic acid at
slow rates, with the fastest rate recorded being 0.025 day−1

(GiMa, in the wild population). The digestive gland was the
organ that retained the toxin most efficiently, in both wild and
raft scallops. The fastest depurating tissue, however, was de-
pendent on the location. In the case of raft scallops it was the
GoMu group while in wild scallops it was the GiMa tissues
(Fig. 9).

Generally speaking, the location did affect the depuration
of all the tissue groups studied. The digestive gland and GoMu
lost toxicity faster in the raft than in the natural bed, while the
opposite was true for GiMa, which coincided with the effect of
these locations on the growth rate of these body parts.

In the raft, the effects of both depth and location were sim-
ilar to those found for the whole body (Fig. 8). However, some
differences can be also observed: a) the effect of depth was
smaller in the GoMu group and GiMa, than in the digestive
gland (but not statistically significant, Table 2), b) the effect
on the GiMa group was the opposite of the effect on the other
fractions.

Relationship to growth and environmental variables

No significant effect of weight increase on the depuration
rate was detected when taking into consideration either the
whole body or any of the three fractions studied. Nevertheless,
the fact – which was pointed out in the previous section – that
there was a coincidence between the locations with the fastest
depuration rate and those with the fastest growth rate, suggests
the possibility of a real, albeit minor, effect masked by the ex-
perimental error.

Depuration seems to be affected by environmental con-
ditions. Notwithstanding, due to the co-variation that exists
among these conditions, in this study, it was not possible to
identify which variables had a real effect.

Fig. 9. Depuration rate of domoic acid from the three groups of
organs of the scallops at the different locations used in the study
(estimated by means of multiple regression with dummy variables).
A: Digestive gland (DG); B: Gonad+Adductor muscle+Kidney+Foot
(GoMu); C: Gill+Mantle (GiMa).

After testing the effect of each individual variable and
their combinations, temperature appeared to be the most im-
portant variable. Nevertheless, the high Mallows Cp statistic
of each regression in the analysis indicates that the estimates
of the regression coefficients are highly imprecise, making it
impossible to distinguish the true effects of the environmen-
tal variables (Table 3). In an attempt to reduce this mathemat-
ical effect of the co-variation, we have substituted the orig-
inal variables with their co-variation. Each of the two pairs
of variables, that were closely interrelated, were replaced by
their co-variation estimated by means of the scores of the
first principal component extracted by the principal compo-
nent analysis (PCA) of each pair. Depuration rates were then
regressed against the new variables obtained. Even though,
the two new variables were still interrelated, they were inde-
pendent enough to result in a much lower Mallows Cp num-
ber, and consequently their effects can be efficiently estimated
(Table 4). In this analysis, it was found that most of the effect
was due to temperature-salinity, and little or no effect can be
attributed to the pair of variables describing food availability
(fluorescence-light transmission) because their inclusion in the
regression equation produces a decrease in the explained vari-
ance (Table 4).
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Table 2. Statistical significance (p), coefficients (Coef.) and their standard error (SE Coef.), of the effects of depth and horizontal location of
the scallops in the raft on the depuration of domoic acid. The effects were estimated by regression, using as predictor variables the interactions
Depth × Day, and Horizontal location × Day.

Tissue Predictor variables Coef. × 10−6 SE Coef.
p× 10−6

Whole body
Depth × Day 118 53 0.028 (*)
Horiz. Location × Day −762 345 0.030 (*)

Digestive gland
Depth × Day 138 53 0.012 (*)
Horiz. Location × Day −677 349 0.055 (ns)

Gonad+ muscle+ kidney+ foot (GoMu)
Depth × Day 74 157 0.638 (ns)
Horiz. Location × Day −1245 1028 0.229 (ns)

Gill+ mantle (GiMa)
Depth × Day 84 126 0.507 (ns)
Horiz. Location × Day 179 825 0.829 (ns)

Table 3. Best-subsets regression models of the depuration rate of the
whole body tissues using temperature (T), salinity (S), in vivo fluores-
cence (Fluo.) and light transmission (LightTr.) as predictors. R2 (adj):
the explained percentage of variance corrected in function of the num-
ber of variables in the regression. An X in the column of T, S, Fluo.
or LightTr., indicates that the variable was included in the regression.
The high Mallows Cp indicates that the imprecision of the estimated
coefficient is large.

Predictor variables
Number of R2 R2 Mallows T S Fluo. LightTr.
variables (adj) Cp

1 83.8 80.6 108.7 X
1 65.5 58.6 235.4 X
2 87.2 80.8 87.5 X X
2 84.6 76.9 105.5 X X
3 88.0 76.1 83.6 X X X
3 87.9 75.7 84.9 X X X

Table 4. Best-subsets regression of the depuration rate of the whole
body tissues on the co-variation (scores of the principal components
analysis of the variables in the pair) of the temperature-salinity (T−S)
and fluorescence- light transmission (Fluo.-LightTr.) pairs. Other en-
tries as in Table 3. Cp values are much smaller than those in Table 3
and indicate a substantially better precision in the estimation of the
regression coefficients.

Predictor variables
Number of R2 R2 Mallows Fluo. - T−S
variables (adj) Cp LightTr.

1 76.4 71.7 1.5 X
1 44.1 33.0 7.6 X
2 78.9 68.3 3.0 X X

The three groups of organs studied were not affected by
the environmental conditions in the same way. The depuration
of the digestive gland mimics the response of the whole body,
as would be expected, owing to its great contribution to the
pool of toxins (more than 95% on average). The depuration of
domoic acid from the GoMu group, the edible part of the scal-
lop, was the least affected by the environmental conditions. In
fact, none of the two pairs of variables had a significant effect.
The GiMa group was negatively affected by fluorescence-light
transmission (Table 5).

Table 5. Parameters of the regressions of the depuration rates on the
co-variation (scores of the principal components analysis of the vari-
ables in the pair) of the temperature-salinity (T−S), and fluorescence-
light transmission (Fluo.- LightTr.) pairs, for each group of tissues
used in the experiment (GoMu = Gonad + adductor muscle + kid-
ney + foot; GiMa = Gill +Mantle). R2 (adj) is the explained percent-
age of variance corrected in function of the number of variables in the
regression.

Coefficients of the
Predictor variables

Tissue Constant T−S Fluo. -LightTr. R2

×10−4 ×10−4 ×10−4 (adj)
Whole body 86 11.5 71.7
Digestive gland 70 13.7 78.7
GoMu - - - -
GiMa 156 −30.0 54.7

4 Discussion

Depuration rate

The depuration rates measured in this study are consis-
tent with previous observations made on this species of scallop
from Galicia (Blanco et al. 2002a), but slower than what was
reported by Fernández et al. (2000) for the same species in
Andalucía (S Spain). Other scallop species, Placopecten mag-
ellanicus, depurate faster (Douglas et al. 1997) and, among
other bivalves, the differences seem to be even greater than
in pectinids. Mussels, for example, depurate very quickly,
(Gilgan et al. 1990; Novaczek et al. 1992; MacKenzie et al.
1993; Whyte et al. 1995; Blanco et al. 2002b) and the razor
clam Siliqua patula (Horner et al. 1993; Drum et al. 1993),
on the other end of the depuration range, does so even more
slowly than Pecten maximus.

Effect of location on the depuration rate

Placing scallops containing domoic acid in rafts is a good
way to accelerate their depuration. The time required to reach
toxin concentrations below the legal limit can be reduced by
more than 30%. Although this reduction of the duration of
the banning period is important in itself, it would likely have
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greater repercussions on the harvesting activities because it in-
creases the probability of attaining a low toxin concentration
(below the regulatory ban limit for harvesting, for direct con-
sumption or for selective evisceration) between two successive
toxic outbreaks. This 30% reduction could help to mitigate
the effects of the usual coupling between successive intoxica-
tion processes due to seasonal toxic phytoplankton outbreaks,
which is one of the processes responsible for the long duration
of banning periods.

The depuration of the edible tissues (GoMu group) was
also accelerated when scallops were suspended from the raft,
but this acceleration was substantially lower than those of the
whole body and digestive gland. In any case, it is possible to
obtain an approximate reduction of 15% in the time needed to
reach toxin concentrations below the legal threshold for har-
vesting without selective evisceration.

Of the non-edible tissues, digestive gland depuration was
affected by location in the same way as the whole body, as was
to be expected, since it is responsible for more than 95% of the
total toxin contents. The GiMa group, on the other hand, was
affected by the relocation of scallops in the raft, by slowing
down the depuration process.

If selective evisceration were carried out, according to EU
Decision 206/2002 (Anonymous 2002), eliminating the most
toxic and the non-edible tissues to render the scallops fit for
human consumption, then the benefit obtained by relocation
in rafts would correspond to the reduction of depuration time
estimated for the edible tissues (ca. 15%). Notwithstanding,
if, for authorisation, the entire process of evisceration neces-
sitates an additional requirement whereby the whole tissues
must not surpass a certain threshold to minimize the risk in-
volved in processing highly toxic organisms, as stipulated by
the European Union (Fernández et al. 2003a; Fernández et al.
2003b), then the reduction in depuration time would be sub-
stantial (over 30%), and the associated economical benefits,
of considerable importance. Just to illustrate the possible ad-
vantages obtained, let us assume that a population of scallops
has accumulated 1000 µg of domoic acid g−1 of tissues dur-
ing the spring toxic outbreak. It would take the wild popula-
tions nearly 8 months to attain 250 µg g−1 of tissues (the es-
tablished threshold to allow harvesting for evisceration in the
EU), while that period would be reduced to 5 months for the
scallops located in the raft. In the first case, the scallops might
very well become re-intoxicated during an autumn outbreak,
if one should occur. However, in the second case, it is highly
likely that a major part of the population would be harvested
and processed before the next toxic outbreak took place.

This way of acceleration of the depuration has, notwith-
standing, the possible drawback that, if a new outbreak occurs,
the toxin ingestion of the suspended scallops can be substan-
tially higher that that of the wild scallops. In fact, this hap-
pened after the period studied. Although the vertical distribu-
tion of toxic phytoplankton during the recorded bloom may
not hold for other blooms, this is clearly a risk of using this
technique to accelerate the depuration.

There were minor differences in depuration rate between
the scallops placed in different locations in the raft. The sur-
face populations located in the central area of the raft depu-
rated faster than the others. However, from a practical point

of view, the surface locations should probably be avoided if
long depuration periods are expected, because the mortality of
the scallops may be higher than in deeper locations where the
salinity is higher; the temperature lower and the variations in
these two factors are dumpened. In fact, some months after the
experiment had ended, all the scallops remaining at the surface
of the raft died after a period of heavy rainfall.

Environmental control of depuration

The scallops in the different locations were also subjected
to different environmental conditions (Fig. 1). The depuration
rate was related to the measured environmental variables, but,
although this study was designed to minimise the co-variation
between variables, this objective was not fully achieved. As
a consequence, it is not possible to determine the individual
effect of each of the environmental variables measured.

During our study, the depuration rate of the whole body,
and of each of the body tissues studied, increased with the in-
crease of temperature and the decrease of salinity. These two
factors were very interrelated (negatively), showing a high co-
variation, thus making it impossible to statistically discrimi-
nate their individual effects. Notwithstanding, some facts sug-
gest that temperature is the main responsible for the regulation
of the depuration rate.

Temperature has been assumed to accelerate the depura-
tion of several toxins in different bivalves as it accelerates their
metabolism (Bayne and Newell 1983) and increases the rate
of several activities of pectinids (Bricelj and Shumway 1991;
Laing 2004; Heilmayer et al. 2005), although the capability
to acclimatise of bivalves for this factor is, in general, impor-
tant, and it has interactions with other factors (Navarro et al.
2000). Additionally, in at least some bivalve species such as
Dreissena polymorpha, nitrogen excretion increases with tem-
perature to a greater degree than respiration, indicating an in-
creased protein catabolism as well (Aldridge et al. 1995), thus
suggesting the possibility of acceleration of the elimination
of the domoic acid together with other amino acids. To our
knowledge, the only studies on domoic acid that involved tem-
perature, dealt with mussels and did not demonstrate the ef-
fect of this factor. Silvert and Subba Rao (1992) included tem-
perature in a model of domoic acid accumulation in Mytilus
edulis, assuming that it has some effect. Blanco et al. (2002b)
did not find a clear effect of temperature on the elimination
of these toxins from another mussel species (Mytilus gallo-
provincialis). Mytilids depurate domoic acid at a much higher
rate than Pecten maximus making it probably difficult to esti-
mate precisely the effect of temperature on depuration in the
scallop.

On the other hand, although low salinity could be expected
to increase the depuration rate, since the excretion of amino
acids is involved in the regulation of the osmotic pressure
(Burton 1983), it has been shown to have a negative effect on
the depuration of domoic acid from Mytilus galloprovincialis
(Blanco et al. 2002b).

Consequently, it seems unlikely that salinity could play
an important role in domoic acid depuration, and temperature
seems to be the most important factor of the pair.
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The two variables related to food and/or suspended matter,
have been suggested to have some importance in the depura-
tion of PSP toxins, another group of hydrosoluble phycotoxins
(Blanco et al. 1997). Nevertheless, in this study, they seem to
have little effect on the depuration of domoic acid from the
whole body and the digestive gland, little or no effect on the
GoMu group, and some effect on the GiMa group. In the case
of digestive gland, food seems to contribute to depuration (pos-
itive regression coefficient) but the opposite occurs in the other
tissues studied, where it appears to slow down the process of
elimination of domoic acid. This could be caused by the trans-
fer of toxins with food resources from the digestive gland –
the organ in charge of acquiring them – to other organs or
tissues. This speculation is supported by an apparent transfer
from the digestive gland to the gonad. Several other environ-
mental conditions were not measured in this study, but presum-
ably they would differ among the experimental locations, and
consequently their effect cannot be precluded. This is true for
turbulence, for example, more intense in the front of the raft
than in the centre, or light, which decreases with depth. Light
has been shown to have an effect on some molluscs (Andreu
1960; Nielsen and Strömgren 1985) and the increased turbu-
lence at the front of the raft could also have had some effect on
reducing the activity of the scallops. This, however, seems un-
likely, as it has not had any noticeable effect on the growth rate
(Fig. 2). The results obtained should, therefore, be interpreted
with caution from a causal point of view.
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