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Abstract. Three diets based on three microalgae species (Tetraselmi ssuecica, Isochrysis galbana, and
Chaetoceros calcitrans) and three feeding rations (1%, 2%, and 3%) were used to understand the
ecophysiology of the Mediterranean mussel Mytilus galloprovincialis during Broodstock conditioning.
Generally, mussels increase their consumption regarding food availability for all diets, and it is evident that
the highest consumption was recorded with a feed ratio of 3%. During the study, I galbana and C.
calcitrans strains show the high consumption (1.58 pg. g'l. h™1+0.00) and (1.58ug. g'!. h™'+£0.00) compared
with T. suecica (1.542 pg. g’'. h™' £0.023) recorded at 3% food ration of monospecific diets. Same results

were recorded for ingestion but with great learning for I galbana in triscpecific diet (0.70 pg. g'. h!
+0.052) compared to C. calcitrans(0.36 pg. g'. h™' £0.037) and T. suecica (0.25 pg. g!'. h! £0.126),
respectively. The analysis of ANOVA has shown that both diet and food availability affect significantly the
ingestion (F =30.9, df =2, p <0.001 and F =4.4, df = 6, p <0.001) during mussel conditioning.

1 Introduction

The Mediterranean mussel Mytilus galloprovincialis
distributed along the Moroccan coasts [1, 2] is an
incredible gastronomic and economic interest species.
The development of mussel farming is based on the
availability of wild spat [3, 4]. Therefore, the availability
of wild spat has played a crucial role in the mussel
industry [5], and such availability is becoming a critical
bottleneck because of the impact of scraping on natural
beds [6]. This situation has given rise to different studies
such as new spat collectors and rearing devices (e.g. [7])
and reproduction in captivity 8, 9].

The conditioning process is mainly based on the
feeding management of broodstock and depends highly
on the choice of the appropriate microalgae diets
in terms of quality and food availability (ration) required
for maturation in broodstock conditioning. Many studies
on ecophysiology were performed to optimize feeding
regimes and rations on conditioning and explain the
effect of each physiological aspect [10, 11]. The present
research aimed to evaluate the effect of multispecific
microalgae diets and suitable food ration on
physiological parameters like consumption and ingestion
of the Mediterranean mussel broodstock.
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2 Materials and Methods

21 Mussel
conditioning

sampling and broodstock

The biological material consisted of (28*10) adult specimens
of the local mussel (weight = 23,41 £ 5,10 g; length =66,74 +
5,86 mm) collected from natural populations from M’diq
(23°47°26” N/15°44°26” M’diq, Morocco), then rinsed and
placed in 20 L tanks and held in a closed water system. An
average of 10 individuals per tank was used for each
experiment under natural conditions of temperature (20°C),
salinity (36 PSU), pH (8-8,3), and dissolved oxygen (6.4
+0.5mg/L). Forty adults were randomly chosen in order to
calculate their mean dry weight. Before carrying out feeding
tests, all adults were held to fast for 48h in order to get rid of
their feces.

2.2 Feeding process

Live microalgae used in this study consist of three
species (Isochrysis galbana, Chaetoceros calcitrans, et
Tetraselmis suecica). The choice of these three species is
based on their high nutrient richness. Three diets,
monospecific (M), bispecific (B), and tri-specific (T),
were used during this experiment with different
compositions. Three monospecific (M1:100% T.
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suecica; M2: 100% [ galbana and M3: 100% C.
calcitrans), three bispecific (B1: 25% T. suecica + 75%
L. galbana; B2: 25% T. suecica + 75% C. calcitrans and
B3: 50% I galbana + 50% C. calcitrans) and one
Trispecific regimes (T: 25% T. suecica+ 75% I. galbana
+ 25% C. calcitrans). Furthermore, for each diet, we
established seven feeding rations in triplicate as
described by [12] (1%, 2%, 3% of dry mussel weight) in
addition to controlling diet (0%: only natural seawater).
The pseudofeces occurrence was taken calculated
according to [13].

2.3 Statistical analyses

In order to estimate the effect of each treatment (diet and
ration) on each calculated parameter, a two-way analysis
of variance (ANOVA) was performed at a 95% level of
confidence (o = 0.05). When ANOV As were significant,
the post hoc Tukey multiple comparison tests were used
to determine which treatments differed. All statistical
tests were analyzed using the Remdr interface [14]
implemented in R package version 3.1.2 [15].

3 Results

3.1 Consumption within diets and rations

Table 1 shows the feeding behavior of mussels in terms
of consumption according to diets and rations.
Generally, for all diets M, B and T, we observe that
mussels increase their consumption regarding food
availability, and the highest consumption was recorded
with feed ration 3%. Within monospecific diets, mussels
showed a small tendency towards /. galbanain terms of
consumption (1.58 pg. g'. h™'+0.00) and C. calcitrans
(1.58 pg. g'. h™'+0.00) strains compared to T. suecica
(1.542 pg. g'. h'+0.023) at 3% food ration. For
bispecific diets, and across all three diets tested, strains
more consumed by mussel are C. calcitrans (1.18 pg. g
. h™'+0.00) inDiet B2 and I. galbana (1.17pg. g'. h~
'£0.01)in Diet B1. However, T. suecica showed the
lowest consumption (0.4pg. g”'. h'+0.00) regarding the
number of microalgae assimilated by mussels for all
food rations and mixture diets. Whereas, the most
important result obtained in this study is the high
consumption (0.788ug. g'. h'+0.00) recorded in 1.
galbana in trispecific diet (T) at 3% food ratio (50% of
total consumed biomass) and the other strains are equally
consumed (25% of total consumed biomass).

Table 1. Consumption of microalgae (g dry weight algae) per
dry weight of mussel M. galloprovincialis reared under
different diets and food rations

Consumption (ng. g-1. h-1) £SD
Diet | Strain

1% 2% 3%

. 0.527 (= 0.681 1.542
M1 T, suecica | ) (+0.018) (+0.024)
0.525 (+ 1.027 (=

M2 | I. galbana 0.000) 0.022) 1.58 (+0.000)
M3 C. 0.526 (= 1.052(+ 1.58 (+0.000)

calcitrans 0.000) 0.000)
. 0.132
T. suecica (£0.000) 0.26 (+0.00) | 0.4 (+£0.000)
B1 0.78
1. galbana | 0.39 (£0.00) (20.06.10-4) 1.17 (£0.001)
Total | 0.52 (+0.00) |1.04 (+0.009) |1.57 (0.001)
. 0.131
T. suecica (£0.000) 0.26 (£0.00) | 0.4 (=0.00)
B2 C.
calcitrans 0.39 (£0.00) | 0.78 (£0.00) | 1.18 (£0.00)
Total | 0.52 (+0.00) | 1.04 (£0.00) | 1.58 (£0.00)
I. galbana | 0.26 (£0.00) | 0.52 (£0.00) |0.75 (+0.009)
C. 0.78 (0.06.10-
B3 calcitrans 0.26 (£0.00) | 0.52 (£0.00) 4)
Total | 0.52 (+0.00) | 1.04 (£0.00) |1.53 (+0.009)
. 0.263
T. suecica | 0.13 (£0.00) (£0.6.10-3) 0.39 (£0.00)
1. galbana |0.263 (+0.00) [ 0.525 (+0.00) | 0.788 (£0.00)
T C. 0.263
calcitrans 0.13 (0.00) (£0.009) 0.4 (+0.00)
1.052 1.572
Total |0.527 (+0.00) (£0.6.10-3) (£0.000)
Seawater 0.137 (£0.052)
3.2 Ingestion within diets and rations

In terms of ingestion, generally, the occurrence of
pseudofeces is almost rare in all cases, which means that
mussels ingested the number of consumed microalgae.
The statistical analysis of the effect of both diets and
food availability on ingestion has been carried out during
this study (table. 2).

Table 2. Effect of diets and food availability on ingestion
during broodstock conditioning. Df (Degree of freedom),
SumSq (Sum of Square), Sq (Square), F (F value), ***
(significant at P<0.001).

Df | SumSq | Mean sq F Pr(>F)
Ration | 2 [6.2x10-12 3'101’5 10-130 g 2'781’; 10-
Diets 6 | 646X 10- | LOBX10-) 4y 4.8 5 104
12 12
_ 6.26 X 10- |3.13 X 10| .| 1.07 x 10-
Type of diets| 2 12 12 12.7 5
Ration/diets | 20 [6.3x 10 -12 3.24 x 10- 31.5%** 2.2x 10-
12 16
The food availability has most significantly

influenced the ingestion of microalgae during mussels
conditioning than diets (F=30.9 and F=4.4, respectively).
However, we observed that the type of diets (M, B, and
T) have also greatly influenced the ingestion of
microalgae (F=12.7). In contrast, ingestion of microalgae
was highly affected by both diets and ration (F=31.5).

4 Discussion

Food diets composition and rations (1%, 2%, and 3%)
have shown different physiological parameters in the
mussel broodstock. Both consumption and ingestion
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were increased within all diets regarding food rations
that the food availability can explain. The tendency
towards /. galbana and C. calcitrans strains compared to
T. suecica can be explained by factors such as cell size,
digestibility, and biochemical composition. Such factors
determine the nutritive quality of the microalgae and
their utility as food for bivalves [16, 17, 18]. Similar
results were found in other bivalve species such as
Crassostrea virginica [19], Pectenmaximus [20], and
Ventricosus circularis [21].

For example, [22] demonstrated that the combination
diet (I. galbana + C. calcitrans) at 22 °C was the best
diet to give a maximal reproductive performance that fits
our study well. This is explained by the fact that /.
galbana had a higher percentage of lipids, but the
combination with C. calcitrans was better than I
galbana alone due to the high percentage of
carbohydrates accumulated in C. calcitrans cells. The
microalgae Igalbana has reported an excellent food
either in monospecific or multispecific diets [22].
Studies have shown that not all microalgae species are
readily ingested by bivalve [23, 24]; the fact that
particular microalgae species are consumed d[oes not
necessarily mean they are ingested.

5 Conclusion

Despite the general recognition that a mixed microalgal
diet gives better nutritional values for the conditioned
bivalves, it is limited by the need for selection of algal
strain used with suitable particle size, digestibility, and
nutritive composition to get the total expected benefit of
the mixed diets for bivalve hatcheries. Results and
observations of the present study indicated that I
galbana and C. calcitrans had competitive conditioning
performance, and the mixture of both had the highest
conditioning  potentiality as a diet for M.
galloprovincialis broodstock conditioning. Therefore, T.
suecica can be recommended for broodstock
conditioning in the hatchery. I. galbana and C.
calcitrans are recommended in bispecific diets, and 1.
galbana is more recommended in triscpecific diets.
While, regarding food availability, more research is
required to reveal the optimal ratio for mussels
broodstock during the conditioning process.
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