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Abstract:

The study proposes methodological developments to optimize sampling strategy of resting cysts of
Alexandrium catenella to estimate their abundance with a predefined error. This work also aims to
provide information on spatial distribution of resting cysts in sediments. The distribution mode of A.
catenella resting cysts related to the abundance variability was studied through sediment cores
sampling on four different spatial scales and using Ludox CLX gradient density method. The
guantification method underestimates by a factor of 2 the resting cysts abundance in one gram of
sediment. Application of Taylor's power law allowed us to define a compromise between sampling
effort and abundance estimation error. In the case of A. catenella resting cysts from Thau lagoon, the
optimal sampling strategy consists of sampling 10 stations on a surface of 2 km2 for a given coefficient
of variability (C) of 15%, sampling 3 sediment cores at each station (C = 30%) and counting only one
replicate by core (C = 18%). Results related to the application of Taylor's power law are closely
dependent on resting cyst density and aggregation in a given sediment. In our area, A. catenella
resting cysts are mainly observed in the upper 3 cm of sediment. Horizontally, their heterogeneity is
lower on 10 cm2 surface and tends to stabilize itself beyond a surface of 10 m2. Each author has to
carry out this pre-sampling effort for his own resting cysts-forming species, in his own area, in order to
increase accuracy of resting cyst mapping.
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1. Introduction

Shellfish farming activities in Thau lagoon (South France) have been threatened since
1998 by recurrent toxic blooms @lexandrium catenella (Lilly et al., 2002). The blooms
seasonal pattern is related to resting forms. Like 10% of 2000 dinoflagellate species,
catenella produces benthic resting cysts (Dale, 1983) whose excystment constitutes the
starting point of their planktonic life cycle. "Cyst banks" of sediments play a key role in the
bloom initiation phase (Anderson et al., 1982; Garcés et al., 1999; McGillicuddy et al., 2003).
Understanding the initiation mechanism implies the acquisition of robust data on resting cysts
distribution and density.

Resting cysts are mainly distributed at the sediment surface (Irwin et al., 2003; Garcés
et al., 2004; Mizushima and Matsuoka, 2004). Their concentration increases in muddy
sediment with water and organic matter contents (Erard-Le-Denn et al., 1993; Yamaguchi et
al., 1996). However, the observed variations in resting cysts distribution and density could be
linked to the encystment capability of planktonic species in the water column, sedimentation,
transport and bioturbation processes (Anderson, 1997, Garceés et al., 2004; Joyce et al., 2005).
Mud sediment combined with high sedimentation rate promotes resting cysts burying
(Anderson et al., 1982; Godhe and Mcquoid, 2003). Resuspension can affect their distribution
(Kirn et al., 2005) and bioturbation contributes to their vertical redistribution into the
sediment (Anderson et al., 1982; Giangrande et al., 2002). All these processes result in
heterogeneous distribution of resting cysts (Garcés et al., 2004). Consequently, an
inappropriate sampling scale can hide spatial heterogeneity and lead to wrong conclusions
(Blanchard, 1990).

A significant effort has been realized over the last 20 years to develop quantification

methods (Table 1). However, sampling method, analysed sediment layer, quantification



method and units used have varied highly among authors and prevent between-site
comparisons. Sampling methods vary from using a simple grab to more elaborate coring
systems. Quantification methods also vary and depend on the combination between sonication
and sieving or more elaborated methods, in particular palynology or gradient density methods.
In contrast, the development of sampling strategy has been neglected even though it
compromises the precision of the reported mapping of benthic resting cysts. Choosing an
appropriate spatial sampling schema is a recurring problem in environmental studies
(Mouillot et al., 1999). Better understanding of the spatial distribution of a given population
has allowed a certain number of efficient sampling strategies to be developed which takes into

consideration a predetermined result accuracy (Thistlewood, 1989; Ho, 1993).

For these reasons, this work aims to describe a sampling strategy adjusted to the
quantitative study of benthic resting cysts. Our main objectives are: (i) to define the best
compromise between measuring precision of resting cyst densities and sampling effort as a
function of spatial scale; (ii) to define the yield of a modified method for resting cyst
quantification, i.e. the ludox CLX density gradient method; (iii) to describe horizontal and

vertical distribution modes of A. catenella resting cysts in Thau lagoon.

2. Methods

2.1. Study area

Thau lagoon is located 30 km South-West of the city of Montpellier (Hérault, France)

(Fig. 1). Its surface reaches 75 %in 1/5 of which shellfish farming structures reside. This

shallow lagoon (mean depth < 4.5 m) is connected to the Mediterranean Sea through



numerous channels. The sampling was carried out in creek of I'Angle (Fig. 1) which is the
only place wheré\. catenella blooms started and showed maximum vegetative cell densities
(unpublished data). This shallow (mean depth < 2.5 m) and semi-enclosed area has a surface
of 2 knf and receives fresh water supplies particularly from the Véne River. For the survey of
A. catenella vegetative cell dynamics in the water column, a sampling grid with a mesh of 100

m was applied and 27 stations located by GPS were established and distributed along 3
transects: transect B (stationstB Bg) located on the West shore of the creek; central transect

A (stations Ago to Aig) extending from the creek bottom to the beginning of the shellfish
farming structures, and transect C (stationsdCC;) located on the East shore. Two stations

were also located at the north extremity of the creela(d Ls).

2.2. Sediment sampling

The first sampling campaign was carried out Shand 18' August 2003 before the
autumnal bloom. Our sampling strategy allowed us to obtain six dataset series: one series for
the stations Ay, As and G and three series for station.Aach dataset series was sampled by
16 sediment cores located in a quadrat (3 m x 3 m) divided by a mesh of 1 m x 1 m and
corresponding to 9 frof surface. In each series, 12 additional sediment cores were sampled
on a central sub-quadrat (1 m x 1 m) divided by a mesh of 0.33 m x 0.33 m and
corresponding to 1 fof surface. Overall, 28 sediment cores were taken at each sampling
station (Fig. 2). The variability between samples was studied on the basis of one count by
sediment core. The variability within a sample, i.e. within a sediment core, was studied on the
basis of triplicate counts for 72 sediment cores out of 112 cores sampled. In order to describe
the vertical profile ofA. catenella resting cysts at eachod\ Az and A stations, one sampled

sediment core was cut every 3 cm for the total height of available sediment core (up to 40



cm). The variability within sediment layers was studied on the basis of triplicate counts by

sediment layers.

After A. catenella autumnal bloom, 24 stations of the creek of 'Angle grid were
sampled on 31 March and T April 2004. The second sampling campaign covered a studied
surface of around 2 KmSampling was carried out on the basis of triplicate sediment cores in
each sampling station. Resting cyst densities were evaluated on the basis of one count per
sediment core.

Sediment sampling was performed by scuba divers using core samplers (75 mm of
diameter and 200 to 400 mm of length). The top 3 cm of sediment core were sliced out
(Schwinghamer et al., 1991; Yamaguchi et al., 1995; Cho and Matsuoka, 2001; Laabir et al.,

2004) and stored less than 4 months at 6° C in dark until analysis.

2.3. Resting cyst distribution

In order to study the spatial distributionAfcatenella resting cysts and its associated
variability, and to determine optimum sample size, the first 3 cm of sediment of 4 increasing
spatial scales were analysed. Each spatial scale was related to a given surface sampled with a
given mesh. The smallest spatial scale corresponded to the surface of a sediment core of 0.04
m?. In this case, there was no true sampling mesh, sediment samples were taken randomly in
the first 3 cm of the core. The second and third spatial scales corresponded respectively to a
surface of 1 iwhich was studied through the sub-quadrat (1 m x 1 m) divided by a mesh of
0.33 m x 0.33 m and to a surface of dwhich was studied through the quadrat (3 m x 3 m)

divided by a mesh of 1 m x 1 m. The fourth spatial scale corresponded to the surface of creek



of ’Angle which reaches approximately 2 kriThis last spatial scale was studied through the

sampling grid with a 100 m mesh.

2.4 Resting cysts separation

Resting cysts were separated from sediments according to the Ludox centrifugation
method (Erard-Le Denn and Boulay, 1995; Yamaguchi et al., 1995). Resting cysts were
concentrated in a density gradient which was produced by a fluid having a density equivalent
to that of resting cyst, i.e. nearly 1.3 g &rBlanco, 1986). Ludox CLX is a very viscous
industrial chemical containing silica colloids. Because of its solidification in salt water, we
washed and stored sediment samples in distilled water (Schwinghamer et al., 1991; Erard-Le

Denn and Boulay, 1995; Yamaguchi et al., 1995).

2.4.1. Preparation of sediment fine fraction

The top 3 cm of the sediment core were homogenised (Erard-Le-Denn and Boulay,
1995; Godhe et al., 2000). Aliquots (1 g of wet sediment) were removed and suspended in 50
ml of distilled water (Yamaguchi et al., 1995) prior to 3 minutes of sonication (Bandelin
SONOREX RK 100 H), to separate resting cysts from other particles (An et al., 1992; Erard-
Le-Denn and Boulay, 1995; Laabir et al., 2004), and to clean resting cysts from their mucus
which facilitates sieving and observations (Persson et al., 200@). gasenella resting cysts
mean size was 41.8 um by 30.4 um (Laabir et al., 2004), the slurry was first sieved on a 80
pm nylon membrane (Millipore). After washing the membrane with distilled water, the filtrate
was sieved again on a 20 um nylon membrane (Millipore). The sieve was placed in a

polypropylene tube filled with 5 ml of distilled water. The tube was shaken to separate the



sediment from the membrane prior to a second sonication for 3 min. The membrane was
mechanically shaken by flat board tweezers and then removed. The sediment fraction between
20 and 80 um was resuspended in 5 ml of distilled water (Fig. 3).

In order to estimate losses related to 80 um sieving, the sieve was conserved,
suspended in 5 ml of distilled water and was sonicated during 3 minutes. The sieve was then
placed in a polypropylene tube prepared with 5 ml of distilled water. The tube was shaken
prior to sonication. The membrane was removed as mentioned above. This process was

repeated successively three times and in triplicate (Fig. 3).

2.4.2. The Ludox CLX density gradient method

The sediment fraction remaining between 20 and 80 um was transferred to a 50 ml
tube, and then 5 ml of Ludox CLX 50% and 5 ml of Ludox CLX 100% were added
successively. The tube was centrifuged during 30 minutes at 3000 revolutichandiat 4°
C. Centrifugation allowed sedimentation and floatation of particles which were distributed in
the different density layers by affinity. The resting cysts were concentrated in the upper
fraction. This unstable phase must be extracted quickly with a Pasteur pipette and then sieved
on a 20 um nylon membrane (Millipore). After a meticulous wash, the sieve was placed in a
tube filled with 5 ml of distilled water. The tube was shaken and sonicated 3 minutes. Then
the sieve was removed and the remaining slurry constituted the sample for resting cyst
numeration (Fig. 3).

As suggested by Yamaguchi et al. (1995), centrifugation with a density gradient could
underestimate the density of resting cysts in a sediment sample. In order to estimate the
method vyield, the pellet issued from centrifugation was resuspended with 5 ml of distilled

water and treated successively six times according to the same protocol for 11 sediment



samples. To complete this procedure, sonicating efficiency (3 minutes) was tested. Following
the last ultrasound exposure, the removed 20 um sieve was resuspended in 5 ml of distilled
water and treated three times successively according to the same protocol for 6 sediment

samples (Fig. 3).

2.5. The sediment water content

Nearly 20 g of wet sediment were homogenised and put into a glass dish. The wet
weight (Ww) was measured prior to an exposure at 60° C for 7 days in order to measure the
dry weight (Wd). The water content was calculated by the following formula: water content
(%) = [(Ww - Wd) x 100] / Ww.

As suggested by Cho and Matsuoka (2001), the expression of resting cysts humber by
gram of dry sediment allowed to decrease variability, in particular that which related to
sediment water content. This may facilitate between-site comparisons. The resting cyst
density was expressed in resting cysts by gram of dry sediment through the formula? cysts g

dry sediment =ysts g wet sediment / [1 - (water content / 100)].

2.6. Resting cysts quantification

The sample (5 ml) was transferred to a well of a 12 multiwells-plate and was left to

rest for 1 hour. Counts were performed with a photonic inverted microscope (Zeiss Axiovert

25) at a magnification of 100 x or 200 x.

2.7. Statistical processing
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In the present study, Taylor's power law was used to quantify the spatial dispersion of
A. catenella resting cysts in the sediment, and to develop an optimal sampling strategy in
terms of number of replicates for a given, predetermined variability (Mouillot et al., 1999).
Taylor's power law (Taylor, 1961) describes the spatial pattern of dispersion in a defined
population and suggests that the mean (X) and the variaf)cef (a spatially distributed
population are related by a power relation of the fors a x X. The parameter "a" is the
sampling factor that affects the variance/mean ratio. The parameter "b" is an index of the
spatial distribution characteristics of the population, and has also been described as an index
of aggregation that is independent of density, sample unit size and spatial pattern (Taylor,
1961 and 1984). These parameters are estimated by the intercepa)lagd the regression
coefficient (b) of the log of the sample variance on the jpgf the sample mean. This linear
relationship allows us to estimate the optimum sample size (N) for a given species, substrate
and sampling site, following the relationship (Karandinos, 1976): N = @ k@a x X) /
X?], where C is the coefficient of variability defined by the ratio of the standard error of the
mean (SE) to the arithmetic mean (X), i.e. the precision of the mean. X is the arithmetic mean
of the species density. Parameters a and b are the two parameters of Taylor’'s power law for a

given species and substrate.

Data were also treated with non parametric statistical tests: t test, Friedman, and Mann
Whitney. Multiple comparisons for Friedman test were realised according to Siegel and
Castellan (1988).

3. Results

3.1. Accuracy of the quantification method
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The analysis of the sediment fraction remaining on a 80 um sieve showed that no
resting cyst was retained. So this sieving did not represent an additional loss factor.

From the first exposure to ultrasound (3 minutes), we were able to obtain 87.0 + 2.5%
(mean = SE) of resting cysts on the total resting cysts which had been retained on a 20 um
sieve during the 3 successive exposures. Second and third exposures allowed us to obtain
respectively 10.5 £ 2.2% and 2.5 + 1.2% of resting cysts. However, losses related to only one

exposure were reduced.

Ultimately, the first extraction by Ludox CLX density gradient method gave a result of

48.0 + 5.0% (mean * SE) of resting cysts on the total recovered after 6 extractions. However,
the method yield strongly varied from 22.8% (minimal value) to 74.2% (maximal value). Few
resting cysts were also recovered at the last extraction characterised by a yield (1.7 £ 0.7%)
varying from 0.0 to 6.7%. The number of recovered resting cysts and average variability were
reduced progressively with extractions. The cumulative percentage of recovered resting cysts
at the end of the 6 successive extractions reached nearly 90% Atetktea@tion (Fig. 4). The
method yield (in cumulative percentage) significantly varied during extraction set (Friedman
test, p < 0.05). Multiple comparisons (Siegel and Castellan, 1988) showed that the first and
second extractions were not significantly different and that the method yield had not

significantly increased after 4 extractions (Friedman test, p < 0.05).

Four successive extractions were necessary to extract resting cysts from one gram of
sediment, but this protocol is tedious and time consuming, and so incompatible with mapping
validation. Only one extraction is needed to recover nearly 50% of resting cysts from 1 gram

of sediment without deviating significantly from the 11 replicate extraction rates which were
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obtained for this first extraction (t test, p < 0.05). Although underestimating resting cysts
density by a factor of 2, we decided to use this procedure as a compromise between counting

effort and measurement precision.

3.2. Sampling strategy

Whatever the analysed spatial scale, Taylor's power law established a significant
linear relationship among the lp@f the variance and the lggof the mean of resting cysts
densities (Fig. 5). Sampling effort had to be extensively increased in order to improve the
accuracy. However, when the curve N = f(C) showed a plateau, the sampling effort that was
needed was much higher than the gain in accuracy. For example within a spatial scale of 0.04
m? with a resting cyst density of 10 cystd gry sediment, the decrease of 35% of the
coefficient of variability was associated with an increase of sediment samples up to 20. In
contrast, when the curve N = f(C) reached a plateau, the decrease of 5% of the coefficient of
variability was related to an increase of sediment samples up to 180.

Higher resting cyst density was associated with a less heterogeneous distribution, and
consequently a better precision in their estimation (Table 2). For example within a spatial
scale of 9 M the coefficient of variability reached nearly 50% when the resting cyst density
was 1 cyst g dry sediment, whereas the coefficient of variability fell under 10% with a

higher resting cyst density (1000 cy3tdyy sediment).

3.3. Distribution mode of resting cysts

For all the studied sampling stationso§AAs, As, and G), the distributionof A.

catenella resting cysts was heterogeneous (Fig. 6) and the density variations were significant
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between 2 cores sampled at few meters or tens of centimeters apart (Table 3). Resting cysts
densities and their associated variability measured oA &nah 1 M spatial scales were not
significantly different (Mann Whitney test, p < 0.05). Analysis of b parameters, which were
obtained for each studied spatial scale (Fig. 5), clarified the previous results. Resting cysts
aggregation in the sediment substrate varied with studied spatial scale. On a surface of
approximately 0.04 f density variations of resting cysts were smaller (b = 1.18).
Aggregation processes of resting cysts were higher on%slinfiace (b = 1.45). However, the
intensity of variations started to stabilize on a 9surface (b = 1.66), and did not increase
even if the spatial scale was increased beyond @m2 knf surface: b = 1.60).

A. catenella resting cysts were less abundant igy £Fig. 7a). Resting cysts density
only reached 0.5 + 0.5 cystd gry sediment in the upper 3 cm of sediment. A second density
peak of 4.2 + 1.4 cysts'gdry sediment was observed between 9 and 12 cm of sediment
depth. In contrast, resting cysts were present from the surface to 18 cm deep in the sediment
of station A (Fig. 7b). In the first 12 centimeters, resting cysts density varied from 14.0 £ 7.0
to 20.0 + 5.6 cysts fdry sediment. The highest resting cyst density was registered at the
sediment surface. From 12 to 18 cm deep, resting cysts density was less than 1.2 + 0.6 cysts g
! dry sediment. In stationgAresting cysts were present from the surface to 18 cm deep (Fig.
7c). Down to 6 cm, resting cysts density varied from 0 to 10.7 + 2.0 cysisygsediment.

The highest resting cyst density was also registered in the upper sediment layer.

4. Discussion

The Ludox CLX density gradient method, with a single extraction, underestimates by

a factor of 2 the density oA. catenella resting cysts present in one gram of sediment.

Yamaguchi et al. (1995) reported a similar result with the ludox TM which showed that
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approximately half of resting cysts remained in the centrifugation pellet. In spite of these
losses, and because of the very low concentration of resting cysts in sediments compared to
organic and mineral matters (less than 1%. of total sediment as reported by Persson and
Rosenberg, 2003), this method appears to be rapid and selective for dinoflagellates resting
cysts separation and quantification. The gradient density method gives the same results than
that by direct counts, but with reduced analysis time (Erard-Le Denn and Boulay, 1995).

The extraction procedure of 80-20 um sediment fraction is not an additional loss factor
for A. catenella resting cysts. Yamaguchi et al. (1995) showed that an increase of sonicating
time was related to an increase of recovered resting cyst in the upper fraction before gradient

density centrifugation.

Our methodological work supplements those carried out previously. Pospelova et al.
(2004) used a sampling grid of 500 m mesh on average and sampled 3 sediment cores by
station. Yamaguchi et al. (1996) increased sediment sampling and covered the whole studied
area. The heterogeneous characteristic of resting cysts distribution in the sediment has been
sometimes studied at sampling station spatial scale. Anderson et al. (1982) sampled several
sediment cores for each studied stations (Table 1) and showed that the coefficient of variation
between replicates could reach 45% and varied as a function of sampled station. More
recently, investigators sampled 3 sediment cores for each studied station (Kremp, 2000; Kim
et al., 2002; Irwin et al., 2003; Pospelova et al., 2004). Tsujino et al. (2002) sampled even up
to 6 sediment cores. Other investigators (Marret and Scourse, 2002; McQuoid et al., 2002;
Harland et al., 2004) used sampling methods which allowed to sample simultaneously several
sediment cores (Table 1). However, the statistical relevance of such approaches was seldom

specified.
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Variations of aggregation index (b) as a function of studied spatial scale give
substance to developing a suitable sampling strategy. As the variability within a sediment core
was lower than the variability between two sediment cores, it is better to increase sediment
cores sampling than replicate counts in one sampled sediment core. Our results showed that
strategy for sampling surfaces of § emd 1 M is nearly the same. According to preliminary
numerical simulations, a resting cyst density of the order dtyéts ¢ dry sediment seems
to be sufficient for bloom initiation in our studied area (unpublished data). The optimum
sampling strategy for sediment with?16ysts g dry sediment is obtained from the best
compromise between sampling effort and measuring precision. It consists of (i) sampling
randomly three (C = 28%) or ten stations (C = 15%) according to study objectives (simple
prospecting or more precise mapping); (i) sampling randomly three sediment cores at each

station (C = 30%); (iii) counting only one replicate by sampled sediment core (C = 18%).

For all studied spatial scales, catenella resting cysts distribution was heterogeneous
in sediment. Garcés et al. (2004) mentioned a patchy distribution mode. However,
heterogeneity was lower on small spatial scales of the order of ten square centimeters, and
tends to stabilize itself starting beyond a surface of ten square meters. Similarly to
Alexandrium minutum blooming in Brittany (France) (Erard-Le-Denn et al., 1993), the resting
cysts density ofA. catenella was higher in the upper 3 centimeters of sediment. A finer
analysis showed that resting cystsfofminutum were concentrated in the upper centimeter of
sediment in the Catalan coast (Garcés et al., 2004). Our results showed that resting cysts
density decreased rapidly with sediment depth. Such vertical profile pattern (Erard-Le-Denn
et al., 1993; Garcés et al., 2004; Wang et al., 2004b) may reflect the influence of macro
benthic organisms on resting cysts distribution (Tsujino et al., 2002) linked to biodiffusive

bioturbation mode (Francois et al., 1999). Resting cysts occurrence down to 18 cm has been
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reported by Wang et al. (2004a). By determining vertical profiles, we can define an
appropriate sedimentary layer for quantitative study of resting cysts distribution in a specific
area. Even if the study of the upper 3 cm of sediment seems to be reasonable, it is preferable
to proceed with a finer analysis linked with counts of resting cysts from the upper centimeter

of the sediment.

5. Conclusion

Results related to the application of Taylor's power law are closely dependent on
resting cyst density and aggregation in the given sediment. Each author has to carry out this
pre-sampling effort for his own resting cysts-forming species, in his own area, in order to
increase the accuracy of resting cyst mapping. Resting cysts density of the genus
Alexandrium, which often reaches several hundreds to thousands of resting cysts by
measuring unit (Table 1), suggests that sampling strategy will be less constraining. Through
resting cysts mapping of Thau lagoon, we can identify preferential accumulation zones for
resting cysts related to "hot spots” for bloom initiation. For this purpose, the water column

will be regularly surveyed.
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Table 2. Coefficient of variability (%) related to a given resting cysts density (mean) and to

10 sampling of sediment for each studied spatial scales.

Resting cysts-§dry sediment

1 10 100 1000

0.004 m 36 14 5 2
1n? 36 24 16 11
9 n? 49 26 14 7

2 kit 39 24 15 10
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Table 3. Variations in the density 8fexandrium catenella resting cysts in the sediment of

stations Ao, Az, As, and G on 9 nf and 1 M surfaces.

sampling o mean+*SE  minimal value maximal value
station cysts gdry sediment
9 nt 2.4+£0.8 0.0 10.6
Aoo 1n? 1.6+0.7 0.0 10.3
A 9 nt 53.7+7.3 25.6 130.7
° 1n? 51.8 +6.1 21.3 89.0
AL 9 n? 12.2+2.6 0.0 33.9
1 nt 6.8+1.9 0.0 26.0
9 nt 93+27 0.0 43.8
C5

1 n? 9.8+29 0.0 43.8




26

Figure caption

Fig. 1. Maps of Thau lagoon located 30 km South-West of the city of Montpellier (Hérault,
South France). Shellfish farming sectors (dash lines) represent 1/5 of total surface of the
lagoon. The sampling grid of creek of I'Angle is composed by 27 GPS stations with a mesh of

100 m.

Fig. 2. Method developed for sampling sediments of statiegpsAd, As and G located on
the creek of 'Angle sampling grid. Sampling system allowed to sample 28 sediment cores at
each station and was composed by a quadrat (3 m x 3 m) divided by a mesh of 1 m x 1 m and

by a central sub-quadrat (1 m x 1 m) divided by a mesh of 0.33 m x 0.33 m.

Fig. 3. Protocol of resting cysts separation from sediment including the preparation of the
sediment fine fraction and the centrifugation by Ludox CLX density gradient. The accuracy of
the method was tested at three crucial steps: 80 um sieving, density gradient formation and

duration of sonication.

Fig. 4. Evolution of cumulative percentage of recovered resting cysts at the end of the 6

successive extractions with centrifugation by Ludox CLX density gradient (n = 11 replicates).

Fig. 5. Regressions obtained by the application of Taylor's power law showed a linear
relationship among the lggof the sample variance on the jp@f the sample mean for
Alexandrium catenella resting cysts density obtained within different spatial scales. For each
spatial scale, the relationship is significant (p < 0.001). The parameters of Taylor’'s power law

are: (a) a = 1.35 and b = 1.18 within a spatial scale of 094bna = 1.58 and b = 1.45
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within a spatial scale of 1n(c) a = 1.29 and b = 1.66 within a spatial scale of9(d) a =

1.35 and b = 1.60 within a spatial scale of Zkm

Fig. 6. Density and distribution @flexandrium catenella resting cysts respectively on m
surface with 1 m mesh (*) and 2*surface with 0.33 m mesh (**) in sediment of statiogs A
(@), As (b), As (c) and G (d) of the creek of I’Angle sampling grid. Black cones refer to black

circle in figure 2.

Fig. 7. Density (mean £ SE) oAlexandrium catenella resting cysts observed along vertical
profiles in sediments of stationgd(a), As (b) and A (c) of the creek of ’Angle sampling

grid.
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