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Titre : Impacts des marées vertes sur les performances individuelles des juvéniles de sprats,
Sprattus sprattus (L.)
Résumé
Les marées vertes impactent chaque année de nombreuses zones estuariennes et côtières dans
le monde. Ces zones sont des nourriceries pour certaines espèces aquatiques marines. Cette
étude traite l’impact des marées vertes sur les performances individuelles (de croissance et bien
portance) des juvéniles de sprats, Sprattus sprattus. L’échantillonnage des poissons a été réalisé
entre mai et octobre 2013, en Baie de Saint-Brieuc sur un site contrôle (non impacté par les
marées vertes) et un site impacté. Le taux de croissance a été étudié au travers du taux de
croissance des otolithes et la condition a quant à elle été testée par deux proxys, les indices de
Fulton et le ratio C:N. Une approche Before-After Control-Impact a été appliquée entre les
sites, pendant et après la perturbation. La marée verte n’a pas d’effet sur taux de croissance des
otolithes. Ce résultat a été expliqué par la possible migration des sprats, petits poissons
pélagiques, hors de la zone impactée lors du pic de marée verte (juillet/août). L’impact de la
marée verte sur la condition a été mis en évidence en Septembre, la condition semblant être
meilleure sur le site impacté d’après les indices de Fulton et inversement d’après le ratio C:N.
Ceci a été expliqué par une différence de turnover des deux proxys. L’effet de la saison sur les
performances individuelles semble prédominer sur l’effet des marées vertes en site impacté.

Mots-clés : Prolifération macroalgale – Nourricerie – Condition – Croissance – Otolithe

Abstract
Every year, green tides impact numerous estuarine and coastal areas all around the world. These
sites are known to be nurseries for marine aquatic species. This study deals with the effects of
green tides on the individual performances (growth and well-being) of a juvenile pelagic
species, the sprat, Sprattus sprattus. The sampling was performed between May and October in
2013 in the Bay of Saint-Brieuc on a control site (not impacted by green tides) and an impacted
site. Growth rate was studied using otolith growth rate. Condition was tested with two proxies,
the Fulton index and the C:N ratio. A Before-After Control-Impact approach was applied
between sites, during and after the perturbation. No effect of the green tide on growth was
found. This would probably be explained by the migration of juvenile sprats, a small pelagic
species, out of the proliferation zone during the peak of green tide (July/August). In September,
condition differed between sites, the Fulton index was higher in the impacted site while the C:N
ratio was higher in the control site. A difference of turnover between these two proxies of
condition was involved in this result. The effect of the season on individuals performances
seems to predominate the effect of the green tide on the impacted site.

Key-words: Macroalgae proliferation – Nursery – Condition – Growth – Otolith
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1. Introduction
All around the world, numerous estuarine and coastal areas are impacted by excessive
proliferation of macroalgae, called green tides (Lyons et al., 2014). Proliferations occur in
shallow sheltered bays with a slight slope and low residual hydrodynamic conditions (Valiela
et al., 1997) enriched in nutrients due to agricultural fertilizer run-off and sewage effluents
(Merceron, 1999; Ménesguen, 2003). In the North-West of France, Brittany is particularly
affected by these summer blooms; their intensity, duration and frequency having greatly
increased since the early sixties (Piriou et al., 1991). The genus Ulva constitute the most
important part of the macroalgae species involved in these green tides (Ménesguen, 2003).
Many studies have focused on their causes but few have examined their impacts on ecosystems,
and especially on marine ichthyofauna. Green macroalgae proliferations modify ecosystems
including biogeochemical cycle, habitat structure, marine food web and community structure
(Sfriso et al., 1992; Raffaelli et al., 1998; Quillien et al., 2015). Moreover, green tides are
complex phenomena whose impacts on ecosystems depend on the composition, frequency,
duration and intensity of the bloom (Raffaelli et al., 1998; Lyons et al., 2014). In parallel,
estuarine and coastal areas are known to be nurseries habitat for many species (Beck et al.,
2001). From spring, these habitats provide great food availability, low rates of predation and
environmental conditions favourable for the growth of young stage fishes (Timoreau et al.,
2013). As there is temporal synchronism between the arrival of fish juveniles (Amara, 2003)
and macroalgal proliferations (Fletcher, 1996) in coastal areas, perturbations associated to green
tides could impact fish condition and growth rate (Tarpgaard, et al., 2005). This phase is
important in fish cycle as local perturbations would then impact the whole recruitment of a
species (Houde, 1989; Van der Veer et al., 2000). This study was a sub-part of a larger study
examining the impacts of green tide on fish communities in coastal and estuarine areas (Le
Luherne et al., submitted). Within this study, the effects of green tide on three juvenile fish
species belonging to pelagic, demersal and benthic guilds were investigated. Here, the focus
was done on the effects of green tides on the juvenile pelagic species performances (well-being
and growth), taking the Sprattus sprattus as the studied species. Sprats are gregarious pelagic
Clupeidae commonly found in the Baltic Sea, the Manche and the North Sea (Baumann et al.,
2006a). They have a high fisheries and economic value as it was the species the most captured
in 2011 in the Baltic Sea (around 360 000 t caught; Schroeer et al., 2012). Since the early 2000s,
the stock of sprats decreased on account of overfishing (Voss et al., 2010) and deterioration of
coastal areas such as nurseries (Le Pape et al, 2003). The sprats spawning season range from
May to July (Alheit, 1987) on the boundary between the mixed and the layered zone (Munk,
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1991; Ré & Gonçalves, 1993). Then, young sprats school in the nursery until they reach their
maturity length, range between 8 and 12 cm (Hinrichsen et al., 2005; www.fishbase.org), after
what they recruit to the offshore stock (Baumann et al., 2006a).The impact of green tides on
juvenile fish condition was tested, using condition indexes and its impact on the fish growth
rate was examined using otolith microstructure analysis. Samples from two sites (control and
impacted by green tides) and several periods were available (during and after green tide), so a
Before-After Control-Impact procedure was used in order to test at the same time the site and
period effects.

2. Material and Methods
2.1. Study sites
The Bay of Saint-Brieuc (Brittany, France) has been a green tide impacted sandy beach since
many years (Charlier et al., 2007), making this bay an area of interest for this study. The bay
extends for 1115 ha of foreshore, with a slight slope, low residual hydrodynamic circulation
and large amounts of nutrient loadings from the watershed (Perrot et al., 2007). A control and
impacted site were chosen to compare spatiotemporal patterns in fish performances (figure 1).
These sites are close enough (< 15 km) to be comparable in larval supplies and juvenile
settlements. The sites are also comparable because of their similar sediment structure and
hydrodynamic circulation conditions. The only difference between the sites remains in the
nutrient enrichment of the impacted site by the Gouessant.

North
Sea
Atlantic
Ocean

Manche

Control Site
Impacted Site

Figure 1. Study area with positions of sampling sites (Impacted Site and Control Site) in 2013 in the Bay of SaintBrieuc.
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2.2. Sampling
Sampling was realised in the Bay of Saint-Brieuc in 2013, from April to October. This period
allowed the monitoring of the green tide as a whole, from the beginning to the end of the bloom
and after its decline. Sampling was performed twice a month, in each site, from 1.5 to 3 hours
after the high tide, at medium tidal coefficients (between 50 and 90, i.e. between spring and
neap tides) during the daytime. Six successive hauls of 25 m were performed in the shallow
upper part of the intertidal zone (depth between 0.40 and 0.70 m). Fish were sampled using a
trawl net of 8 m length and 4 m width (mesh of 8 mm) towed by two persons (Quiniou, 1986).
The temperature (°C), salinity (Practical Salinity Scale), pH and dissolved oxygen
concentration (mg/L) were also measured using a multiparameter probe (Hanna HI 9828/4-02).
For each trawl sample, the total biomass and percentages of macroalgae was measured in wet
weight and percentages of different macroalgae (expended blade Ulva species and other
macroalgae) were quantified. Fishes were identified to the species level and counted. When
they were present in the captures, sprats were measured in total length (nearest mm) (figure 2)
and weigh (nearest g) before to be frozen at -20 °C until other analyses.

Total Length

Figure 2. Measure of a juvenile sprat in total length, from the mouth to the caudal fin.

In the following study, impacted and not impacted periods on the impacted site were delineated
from a previous study. Thus, the non-impacted period ranged from early May to the end of May
and the impacted period from early June to early September (figure 3).

Figure 3. Macroalgae density (in wet weight kg.m-²) from May to October in the impacted and control sites in 2013.
= Before green tide;
= During green tide;
= After green tide
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2.3. Selection of individuals
To be able to use the three selected indexes of condition and growth, sprats need to be captured
at the same date in both sites. Analyses were done on available juvenile of sprats sampled in
August (i.e. during the green tide), September and October (i.e. after the green tide). The
sampling dates before August did not allow a comparison between sites because of the lack of
fish sampled. Then, in order to standardise condition and growth analyses and exclude the
length effect, for each date, individuals from the main size-class in both site were selected
(figure 4).

N = 67

N = 150

N = 57

36767

N = 99

N = 166

N = 148

Figure 4. Total length frequency distribution of juveniles sprat sampled on August, September and October 2013
on the Impacted Site (IS) and the Control Site (CS). Red boxes represent the main size-classes chosen.

In August the main size-class was [3.5 - 4.0 cm [ and [3.5 - 4.5 cm [ in September and October.
The selected individuals were chosen for the three kind of analyses (morphometry, C:N ratio
and otolitometry) from August to October (Table 1). In August, the number of individuals
captured was too small compared to other captures, then samples from the two sampling dates
(12/08/2013 and 26/08/2013) were merged for the C:N ratio and the morphometry analyses.
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Within the allocated time for this internship, the otolith microstructure analyses were done only
for two dates (during and after the green tide).
Table 1. Number of juvenile sprat using to each analysis, on the two sites. GT = Green Tide.
Analysis

Morphometry

Sampling date

12/08/2013

Period

During GT

26/08/2013
24/09/2013

After GT

22/10/2013
Condition

C:N ratio

12/08/2013

During GT

26/08/2013
24/09/2013

After GT

22/10/2013
Growth
rate

Otolithometry

Number of samples
Impacted Site

Control Site

3

22

43

51

131

160

47

144

3

5

5

5

5

5

5

5

26/08/2013

During GT

7

5

22/10/2013

After GT

5

5

2.4. Growth rate analysis using otolith microstructures
Otoliths of teleost fish are small calcareous concretions located in inner ear. Three pairs of
otoliths are present since the birth (Panfili et al., 2002): the sagitta, the lapillus and the astericus.
The biggest otoliths, the sagitta, are particularly adapted to the microstructure analysis. These
structures involved in fishes balance (Watabe et al., 1982) are used to estimate the age and
growth rate of fishes. For young sprat, one increment is deposited by day from the day of first
feeding (DFF) which is the day of the first increment (Shields, 1989; Dulčic, 1998; Baumann
et al., 2006a). The oldest increments are close to the nucleus and the younger are near the edge
of the otolith. The daily growth increment depends on the fish condition and the availability of
food (Ré & Gonçalves, 1993). To standardise the experiment, only the left sagitta was used.
The extraction of the otolith was made under a binocular loupe in a petri dish with water (Panfili
et al., 2002). Otolith were then dried on a Kimtech® paper and mounted on a microscopic slide
in a drop of Crystal Bond ® thermoplastic glue. Otolith were sanded, only if necessary, using
a sanding pad (gran 2400) with distilled water (Panfili et al., 2002). When daily increments
were all visible under microscope, photographs have been taken using several magnifications
(10x, 40x and 100x) with a digital camera and ZEN® software. Pictures were then compiled
and daily increments were counted twice on a nucleus – post-rostrum transect (figure 5), by
independent observers and the median obtained was chosen. When it was not possible to use
5

the nucleus – post-rostrum axis, daily increments were counted on a nucleus-ventral transect.
For the first increment, a value of 10 µm was assumed, based on Ré & Gonçalves (1993). Every
five increments, the distance was measured with ImageJ® software to estimate the growth rate
from this formula:

GR = d / 5
with GR the daily growth rate and d, the distance in µm between 5 increments which
represents 5 days of growth.

Figure 5. Non polished left sagittal otolith of a juvenile sprat aged
108 days after first feeding (DFF). When it was possible,
increments were counted and measured along the same axis
from the nucleus to post-rostrum (along the yellow line).

Based on back-calculation, two groups of day of first feeding (i.e. two cohorts) were constituted
in order to test a difference in growth rate between the sites and periods:
Day of first feeding = Sampling date – Number of increments counted

According to Shields (1989) the otolith/ juvenile sprat growth rate relationship is linear. Thus,
in this study, the otolith growth rate is used as a proxy of the somatic growth rate.

2.5. Condition indexes
2.5.1. Morphometry
The condition of juvenile sprat (i.e. the well-being of the fish) was estimated using the Fulton
index (1991) calculated according to the following formula (Anderson et al., 1996):
K = (W/L3) x 100
with W the weight in g and L the total length in mm.
A high Fulton index indicates a high condition of fish (Gilliers et al., 2002). Studying this index
is a way to evaluate the nutritional and growth condition of the juveniles.
6

2.5.2. C:N ratio analysis
The C:N ratio is a proxy measure of the lipid content of the fish, and indirectly, of the health
and nutritional condition at tissue scale (Fagan et al, 2011). An increase in tissue total lipid
concentration correlates with an increase in the C:N ratio because lipid contains mostly carbon
and little nitrogen (Fagan et al, 2011). The selected individuals were defrosted and a piece of
white muscle at the base of fish dorsal fin was sampled and stored in micro-tubes at -20°C. This
type of muscle is adapted to the stable isotopes analysis because of the low inter-individual
variability of the isotopic composition (Pinnegar & Polunin, 1999). Then the collected tissues
were freeze-dried and crushed using ball mills to obtain a fine powder. For each sample, 0.4
mg ± 0.1 of muscle powder was encapsulated in tin capsules, with respect to the noncontamination procedure of samples. Capsules were put in microplates and sent to the LIENSs
laboratory of La Rochelle for mass spectrometry analysis. Isotope ratios are expressed per
thousand (‰) differences from a standard reference material:
δX = (Rsample / Rstandard -1) * 103
with X is the 15N or 13C, R is the corresponding to the ratio 14N:15N or 13C:12C and δ the ratio
of heavy and light isotope. Then, the C:N ratio is expressed with the next formula:
C:N = δ13C / δ15N

Preliminary delipidation analysis
In order to know the basal signature of muscle without lipid, a delipidation analysis was
performed. For this preliminary analysis, a total length distribution was examined with the
whole sprats analysed for C:N ratio, regardless to the period and site of sampling, and five
individuals chosen among the main total-length classes were tested for delipidation effects
(figure 6). The selected individuals were cold defatting with cyclohexane according to the
LIENs procedure (Chouvelon et al., 2011). The C:N ratio before and after delipidation among
each size-class were compared.
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Figure 6. Total length frequency distribution of
juveniles sprat sampled, regardless the period
and site of sampling (n = 96).

In each size-class, we compared the C:N ratio of 5 individuals before and after delipidation
using average comparison tests (Table 2). The normality and homoscedasticity were tested
before using respectively a Shapiro and a Fisher test.
Table 2. Mann-Whitney and t-test results on the C:N ratio before and after delipidation of 5 samples of each sizeclass. D means delipidated samples and nD means non-delipidated samples. Statistical significance: 0 ‘***’ 0.001
‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Comparisons
Statistical test
Value
p-value
2.5-3.0 cm : D vs nD
3.0-3.5 cm : D vs nD
3.5-4.0 cm : D vs nD
4.0-4.5 cm : D vs nD

t-test
Mann-Whitney
Mann-Whitney
Mann-Whitney

F = 0.0876
W = 26
W = 122
W = 31

0.0715
0.139
0.734
0.754

There was no significant difference of the C:N ratio before and after lipid removal, so no
correction of the lipid content has to be applied before C:N ratio analysis. The dorsal muscle
used for the analysis presents a stable lipid content between individuals, regardless of their
length. Thus, for each size-class, fishes have a low lipid content.

2.6. Statistical analysis
All analyses were performed using the R software (R Core Team, R version 3.1.2, 2014), using
a 0.05 level of significance. The Fulton index, the C:N ratio and the daily otolith growth rate
were analysed with two factors (site and period) ANOVA after the normality and the
homoscedasticity were checked using respectively a Shapiro and a Bartlett test. To complete
the analysis, post-hoc Tukey tests were applied on the residues when necessary.
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3. Results
3.1. Otolithometry
To compare the growth histories of juvenile sprats between sites and periods, we applied a
Before-After Control-Impact procedure on the otolith growth rate (Table 3). Sprats were
divided in two cohorts based on their day of first feeding back-calculated from the estimated
age using the counting of daily otolith increments.

Table 3. Two-factor variance analysis (ANOVA) results on the otolith growth rate between the sites and the period
(from May to October). DFF = Day of First Feeding. Statistical significance: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Sampling
Date

Range of DFF

Comparisons

df

F

p - value

26/08/2013

From 8/05/2013 to
28/06/2013

Site
Period
Site * period

1
3
3

0.215
27.2
0.184

0.643
1.04e-14 ***
0.907

22/10/2013

From 20/07/2013 to
21/08/2013

Site
Period
Site * period

1
3
3

0.042
22.1
1.65

0.838
5.22e-12 ***
0.179

Regarding BACI analyses only the period seemed to affect otolith growth rates of sprats. In the
impacted site, expended blade Ulva species proliferated in high density from June to early
September: their biomass beginning its decrease from the end of July (Figure 7.A).
Development of Ulva species was synchronous with the temperature phenology (Figure 7.B).
The older cohort (sampled in August) presents an increase trend of daily otolith growth rate
during the impacted period, from early June to August (figure 7.C). This trend seems to follow
the increase of the temperature during the summer (figure 7.B). The younger cohort (sampled
in October) indicated an increase trend of the otolith growth rate until September and a stable
growth after the green tide (figure 7.D).

9

Figure 7. Macroalgae density (in wet weight kgww.m-²) (A), mean temperature (°C) (B), back-calculated otolith
growth rate (µm/day) of the cohorts sampled the 26/08/2013 (C) and the 22/10/2013 (D) from May to October in the
impacted site and the control site.
= Before green tide;
= During green tide;
= After green tide. The *
and the represent the significance of Tukey tests applied on the ANOVA residues between pairs of comparisons.
Statistical significance: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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3.2. Fulton Index
Fulton index between sites and periods were compared with a two factors ANOVA, which
revealed significant differences between sites and periods during the green tide (Table 4).
Table 4. Two-factor variance analysis (ANOVA) results on the Fulton index of the main size-class of each period
(August, September and October) between sites. Statistical significance: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Comparisons

df

F

p - value

Site
Period
Site * Period

1
2
2

9.74
85.6
30.9

0.00191 **
< 2e-06 ***
2.3e-13 ***

On the two sites, after the impacted period (September and October), Fulton index was higher
than during the impacted period (August). The Fulton index was significantly higher in the
impacted site than in the control site in September (figure 8.C).

Figure 8. Macroalgae density (in wet weight kgww.m-²) (A), Mean temperature (°C) (B) and Fulton index (g/mm3)
from August to October in the impacted site and the control site (C). The * represents the significance of Tukey
tests applied on the ANOVA residues between pairs of comparisons.
= During green tide;
= After green
tide. Statistical significance: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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3.3. C:N ratio analysis
A comparison of the C:N ratio between sites (impacted and control) and periods (August,
September and October) was applied using a Two factors ANOVA (Table 5) and revealed no
significant difference of the C:N ratio between sites and periods.
Table 5. Two-factor variance analysis (ANOVA) results for the C:N ratio between the two sites and periods (August,
September and October). Statistical significance: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Comparisons
df
F
p - value
Site
Period
Site * Period

1
2
2

0.300
1.56
2.58

0.588
0.226
0.0923.

However, a t-test applied on the C:N ratio between sites in September (t = 3.03, df = 4.9, pvalue = 0.0297) pointed out a significantly higher condition in the control site (figure 9.C).

Figure 9. Macroalgae density (in wet weight kgww.m-²) (A), Mean temperature (°C) (B) and C:N ratio (C) from
August to October in the impacted site and the control site. The red star represents the significant difference of the
C:N ratio between the sites in September.
= During green tide;
= After green tide. Statistical significance:
0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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4. Discussion
4.1. Otolith growth rate of Sprattus sprattus
4.1.1. Effect of the green tide on otolith growth rate
Green tides are complex phenomena which increase the habitat complexity and modify
biogeochemical and trophic cycles (Valiela et al., 1997; Jones & Pinn, 2006; Deudero et al,
2014). Their duration and density are important factors influencing their global impact on
ecosystem. At a low intensity and duration, green tide could provide a shelter for juveniles and
food availability (Fletcher, 1996) which could lead to increase the growth rate of the juvenile
fishes (Raffaelli et al, 1998). However, dense macroalgal mats have been reported to alter the
zoobenthic community (Bonsdorff, 1992; Norkko & Bonsdorff, 1996b) and reduce the diversity
(Jones & Pinn, 2006; Scanlan et al., 2007; Quillien et al., 2015). Besides these direct effect on
organisms, additional detrimental effects are caused by anoxic/hypoxic conditions induced by
the high respiration of macroalgae during the night (Batiuk et al., 2009; Miller Neilan & Rose,
2014), and by the toxic exudates of Ulva spp. (Nelson et al., 2003). The cumulative effect of
the anoxic/hypoxic conditions and the toxic exudates produced by the macroalgae may stress
organisms caught in this non-suitable habitat and can also lead to their mortality (Wang et al.,
2011). As in 2013 the impacted site was faced to a significant proliferation of Ulva spp., a
combination of the whole ecosystem modifications mentioned above may affect the juvenile
sprat growth rate. Indeed, poor feeding conditions or even starvation and/or stressful conditions
are known to induce a decline in growth rate for juvenile sprats (Baumann et al., 2007) which
is readable on their otolith increments (Maillet & Checkley, 1990). In spite of it, our findings
did not reveal a significant difference of otolith growth rate between the sites (i.e. from the end
of June to the end of July). One hypothesis is that the juvenile sprats could have migrated out
of the proliferating vegetation to find better environmental and feeding conditions (Ólafsson,
1988; Sagasti et al., 2001). Indeed, during the peak of Ulva spp proliferation, no fishes were
sampled in the impacted site which could reveal a migration of fish out of the impacted zone
(Le Luherne et al., submitted). Thus, from our results, green tides did not affect growth rate of
the juvenile sprats sampled in August and October 2013.

4.1.2. Effect of the season on otolith growth rate
Somatic growth is controlled both by endogenous factors, as endocrinological and
neuroendocrinological systems (Boeuf & Payan, 2001) and by several factors of the
environment. Impact of the season on growth of young stages fish in nursery is largely admitted;
water temperature and food availability being known to be the two major external factors
13

inducing growth differences in 0+ Sprattus sprattus (Heath, 1992; Baumann et al., 2006b;
Baumann et al., 2007). Based on these findings, otolith growth rate was expected to evolve
during the whole season, at least in the control site, with a higher otolith growth rate during the
warmer period (i.e. in July and August) and a decrease until the end of the season. Yet, our
results suggest that, at the end of the summer (i.e. September and October), the otolith growth
rate declines synchronously with the seasonal evolution of temperature on both sites. Indeed,
higher growth rates were encountered, during the most productive and warm period, than during
the following months (i.e. when temperature declines under 20 °C in each site). These results
are supported by Baumann et al (2006b), who shown that young sprats experiencing higher
temperature present a higher otolith growth rate. Thus, on both sites, the season is the
predominant factor impacting otolith growth rate.

4.2. Condition of Sprattus sprattus
4.2.1. Effect of the green tide on condition
As explained above, green tides modify environmental parameters and the whole community
composition. Stressful conditions in fish habitat involved modifications in the mobilisation of
energy reserves and reallocation of energy away from growth (Wendelaar Bonga, 1997).
Following this reasoning, condition of juvenile sprats was expected to be negatively impacted
on the impacted site. Our results underline a significant difference of condition between the
sites in September (i.e. after the green tide). Responses of the two proxies of condition showed
opposite results in September, Fulton index underlined a better condition of juvenile sprats in
the impacted site while the condition appears better on the control site according to the C:N
ratio analysis. It is important to notice that these proxies of condition present different turnovers.
Indeed, the increase in fish weight is almost instantaneous or in the order of few days (Baumann
et al., 2005) while the stable isotope turnover is of the order of weeks for juvenile fish (around
50 to 150 days;Vander Zanden et al., 1998). Thus, C:N ratio reveals a worst condition of fish
in the impacted site few weeks before September (i.e. during green tide) which could be
attributed to ecological and food availability stress conditions occurred during the impacted
period. For its part, Fulton index might reflect a high food intake of fish in the impacted site
after the perturbation in order to offset their lack of food intake during the proliferation period
of green tide. Thus, the condition of juvenile sprats is impacted by the green tide only in
September with two different responses between proxies.
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4.2.2. Effect of the season on condition
Russell et al. (1996) found that in juvenile seabass (Dicentrarchus labrax), decrease in
temperature resulted in an increase in condition indices at a given ration. Our study corroborates
these results, Fulton index from August to October reflecting a better condition of juvenile
sprats after a season spent in nursery areas. When temperature decreases from August to
October, the Fulton index increases in each sites. Thus, Fulton index analysis suggests that
juveniles accumulate fat reserves during the summer in order to survive the winter (Arrhenius,
1998, Peck et al., 2012). However, we noticed that the C:N ratio is relatively stable during the
same period on both sites. Although the use of C:N ratio relies on the assumption that an
increase in C:N ratio correlates with an increase in lipid content, Fagan et al. (2011) found that
the lipid content prediction under-estimates significantly the lipid concentration. We could
suppose that this type of proxy is not adapted to detect a small variation in the lipid content.
Thus, on both sites, the season is the predominant factor impacting condition.

5. Conclusion and prospects
In 2013 the juvenile Sprattus sprattus growth was not impacted by the green tide on the
impacted site. We proposed that this species could migrate out of the impacted area during the
proliferation period, avoiding the stress imposed by the green tide. In September (i.e. after the
impacted period), condition of juvenile sprats was impacted by the green tide on the impacted
site according to the C:N ratio and the Fulton index analyses. The turnover of these two proxies
were supposed to be different and were proposed to explain the opposite responses of condition
to the proliferation period. Finally the individual performances of juvenile sprats on the
impacted site were mainly impacted by the season. Within the allocated time for this internship,
only the samples of 2013 were used. To complete analyses, the samples of 2014 will be analysed
soon. During these years, the green tide was very different in term of macroalgae density and
environmental parameters. This internship is included in a larger study which deals with the
impacts of green tides on fish communities in coastal and estuarine mudflats areas. In this larger
study, three vertical distribution guilds were chosen. A benthic species, the plaice (Pleuronectes
platessa) and a demersal species, the seabass (Dicentrarchus labrax) will be analysed soon to
complete the analysis of the pelagic species, Sprattus sprattus. According to Osterling & Pihl
(2001), the effect of macroalgae proliferation could be more important on benthic than pelagic
communities. It would be relevant to compare the results of the three guilds in order to point
out different kind of response to the green tide. To improve the representativeness of the impact
of green tide on ichthyofauna, it would be relevant to compare several study sites.
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