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ABSTRACT
A feeding trial was conducted to assess the potential of four species of marine
microalgae as diets for green mussel Perna viridis spats. Species of algae tested were:
Isochrysis galbana, Tetraselmis tetrahele, Chaetoceros calcitrans, and Skeletonema
tropicum. Growth, survival and filtration rates were assessed. Highest growth rate was
observed in spats fed with C. calcitrans followed by I. galbana and T. tetrahele, and S.
tropicum, respectively. No significant differences in the survival of spats was observed
in all feeding treatments. Further, filtration rate as factor affecting bivalve filter-feeding
behavior was also measured. Highest filtration rate was observed in groups fed with C.
calcitrans and I. galbana. The present study provides valuable information on the
suitable diets for the nursery culture of green mussel spats. Furthermore, our results
provide a basis for developing a better feeding strategy for the production of mussel
spats in captivity.
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INTRODUCTION
Green mussel (Perna viridis) is considered as one of the traditional aquaculture
commodities in the Philippines. Over the years, it became one of the most cultured
bivalves which contributed to a volume of 18,761.76 metric tons to the total aquaculture
production of the country (Laxmilatha et al., 2011). However, this past decade data
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shows a significant reduction of mussel production (FAO, 2016; PSA, 2016). One of
the pertinent reasons for the decline of its production is linked to the decrease of the
available seeds (spats) supply in the wild. Moreover, the primary cause of the decline
of wild spat population is the deterioration of the coastal environmental brought about
by pollution and climate change (Marshall et al., 2010; Laxmilatha et al., 2011).
Sustainability of mussel seed supply is an important component in the success
of the shellfish industry. Thus, the mussel industry throughout the world is slowly
focusing on producing their seed supply from the hatchery. At present, several
countries in Europe (Spain, France, Wales, the Netherland and Ireland) had shifted to
hatchery-produced spats or ‘seeds’ for commercial purposes. Just recently the first
mussel hatchery was established in the country (Mero et al., 2019). This is to answer
the needs of the grow-out farmers to mitigate their reliance on spats from the wild.
Therefore, there is a need to focus on how to produce mussel seeds for sustainable
green mussel farming. While there is ongoing development in hatchery production,
nursery rearing is also a critical stage before spats are transferred for grow-out culture
(Helm and Bourne, 2004). The purpose of nurseries is to rapidly grow small spats at
low cost to a size suitable for grow-out culture (FAO, 2004). One of the factors that
affect the growth and survival of mussel spats in the nursery is the availability of
appropriate algal diet. Some of the algal species used for bivalve aquaculture belongs
to the genera Chaetoceros, Thalassiosira and Skeletonema (diatoms), Isochrysis,
Pavlova (prymnesiophytes), Tetraselmis and Pyramimonas (prasinophytes) and
Dunaliella (chlorophytes) (Gosling, 2003; Helm and Bourne, 2004; Brown and
Blackburn, 2013; Maquirang et al., 2019). Higher percentage of the bivalve production
cost is expended on the production of algal food (Coutteau, 1996; Helm and Bourne,
2004).
Hence, there is a need to utilize optimum algal species to support growth and
development of the early stages of green mussel so that grow-out farmers will be
provided with the good quality spats to maximize production (Fidalgo et al., 1994).
Previous studies have already assessed appropriate diets for the early larval stages of
green mussel at hatchery phase. The algal species Isochrysis galbana, Chaetoceros
calcitrans, or their combination promotes better growth and survival of the D-stage to
pediveliger larval stages of green mussel (Apines at al., 2020). The same trend was also
observed in the study of Maquirang et al. (2019) during the pediveliger to early spat
(newly settled larvae). It was also observed that Isochrysis galbana, and Chaetoceros
calcitrans are more digestible and stimulates maximum growth. Here, the different
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species of microalgae that are appropriate for the nursery culture of green mussel Perna
viridis spats were assessed.

MATERIALS AND METHODS
Experimental Treatments
Spats (3-4mm) used in the study were acclimatize in 12L capacity plastic
rectangular tank filled with 8L filtered seawater with partial water change daily, fed
experimental algae. Feeding experiment started after 7 days of acclimation. Thirty spats
were randomly distributed to each experimental tank provided with oyster shells as
substrates. Algae used as feeding treatments were: Isochrysis galbana (size: 5 - 6µm),
Tetraselmis tetrahele (size length 10 -16µm; width 8-11µm), Chaetoceros calcitrans
(size: length 8µm; width 5µm) and Skeletonema tropicum (length 10 µm; width 9µm).
All treatments were replicated three times. Algal diets were given twice daily at 8-9am
in the morning and 4-5pm in the afternoon. Food ration was calculated based on the
biomass of the spats held per tank. The food ration computed based on the formula of
Helm and Bourne (2004):
V = (Sx0.4)/(WxC)
where, V is the volume of the algae (L) required to provide the daily ration, S is the
live weight of the spat (mg) at the start of the week, W is the weight of algal cells
required and C is the algal cell density (cells per μl). The values 0.4 refers to the ration
as dry weight of the algae (mg) per mg live weight of spat. Spats are weighed weekly
to adjust its food ration.
The duration of feeding experiment is 30 days or until the spats reach the ideal
size for grow-out culture. At the end of the experiment growth and survival of spats
were assessed. Guillard’s (1973) formula for calculating the specific growth rate (SGR)
of the mussel spats was used:
SGR (length) = [(ln final weight – ln initial weight) / experimental days] x 100
SGR (length) = [(ln final weight – ln initial weight) / experimental days] x 100
Survival was also computed:
% Survival = (number of live spats / number of initial stocks) x 100

Algal Culture
Algal stock cultures were sourced out from SEAFDEC-AQD, Tigbauan, Iloilo
and sub-cultured in the hatchery. Methods of algal culture were based from that of de
la Peña and Franco (2013). Briefly, algae were batch cultured in 800mL glass bottles
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and 10L plastic carboys using UV filtered seawater. Cultures of both Isochrysis
galbana, Tetraselmis tetrahele were enriched with Conwy (Walne, 1970) medium
while diatoms, Chaetoceros calcitrans and Skeletonema tropicum cultures were added
with F-medium fertilizer (Guillard and Ryther 1962). All cultures were exposed to 24hour constant illumination and provided with continuous aeration.

Filtration Rate
The filtration rate (FR) of spats given with different algal species was also
measured. The same algal species used in the feeding experiment was used in this
analysis. Using the indirect method of calculation used by Pestana et al. (2009), mussel
spat filtration rate (FR), was determined. Briefly, mussel spats (0.9-1.1cm in length)
were acclimated, unfed for 24 hours and two spats were placed in 500mL plastic
container filled with sand-filtered seawater without aeration. FR was computed 1 hour
after the algal feeds were given. A subsample (20mL) was taken from each container
after 1 hour and algae were counted under the compound microscope (Motic, Kowloon,
HK) using a haemacytometer (Neubauer Improved Brightline, Marienfield, Germany).
FR was calculated using the formula of Sprung 1984:
𝑣 𝑙𝑛 𝐶o − 𝑙𝑛 𝐶t
FR = {(
) − 𝑎}
𝑛
𝑡
where v is the volume of water (mL), n the number of larvae stocked , t the duration of
experiment (h), Co the initial cell density (cells mL -1), Ct the final cell density (cells
mL-1) and a the correction factor using the control.
𝑙𝑛 𝐶o − 𝑙𝑛 𝐶′t
𝑎=
𝑡
where C’t is the final cell density in control (cells mL -1).

Statistical Analysis
Statistical analysis of the actual specific growth rate, percentage survival and
filtration rate were all analyzed using a One-Way Analysis of Variance (ANOVA)
using SPSS version 16. A Tukey HSD post-hoc test was used to identify differences
among specific treatment groups. In all cases, level of confidence was assigned at
p<0.05 comparison of treatment means.
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RESULTS AND DISCUSSION
This study determines the ideal algal diet for the nursery culture of green mussel
spats. There was no significant difference observed in the survival of spats among
treatments (Table 1). However, significantly higher growth rates were observed in
treatments fed with C. calcitrans and I. galbana compared with treatments fed with T.
tetrahele and S. tropicum. The same observation was seen in the study of Apines-Amar
et al. (2020) and Maquirang et al. (2019) when they conducted feeding trials in the
early larval stages of the green mussel at hatchery phase. In both studies significant
increase in the growth were observed when the larvae were fed with C. calcitrans and
I. galbana. Thus, both species of algae are considered to be ideal diets for the hatchery
culture of green mussel. The result of this study also conforms to the result of the
feeding trial conducted in another mussel species Mytilus galloprovincialis, wherein
spats that were fed Chaetoceros sp. have better growth performance (Esquivel and
Lobina, 1994). Furthermore, the same results was also observed in Argopecten
ventricosus (Lora-Vilchis and Doktor, 2001), Pinctada imbricata (Lodeiros et al.,
2016), and Ostrea edulis (Laing and Millican, 1986.) Although in other species of
mollusk, I. galbana showed better result in inducing growth of M. mercenaria (Wikfors
et al., 1992) and C. virginica (Epifanio, 1979). As described by Ukeles (1970), I.
galbana and C. calcitrans were both considered as ideal algal diet for early stages of
marine invertebrates. On the other hand, Tetraselmis was recommended by Helm and
Bourne (2004) for bivalve spats. However, based on the result of the present study, T.
tetrahele failed to induce optimum growth in green mussel spats. The same observation
was also reported in O. edulis (Laing and Millican, 1986) as well as in C. gigas and T.
philippinarum (Laing and Verdugo, 1991) when they used Tetraselmis sp. as one of
their feeding treatments. In this study, significantly lowest growth was observed in
spats fed with Skeletonema tropicum. In contrast, the temperate species S. costatum
performed well in inducing growth of other mollusks. It ranked second to Chaetoceros
spp. for improving the growth performance of O. edulis juveniles (Laing and Millican,
1986). Furthermore, O’Connor et al. (1992) considered Skeletonema costatum as best
diet for Saccostrea commercialis without significant difference to Chaetoceros spp.
This indicates that different species of mollusk may require different types of algae to
satisfy their nutritional requirements for growth.
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Table 1. Length, weight specific growth rate and survival of green mussel spats fed
experimental diets for 30 days.
Algal Treatments

Weight SGR
% day-1
10.731±0.047ab

Survival (%)

I. galbana

Length SGR
% day-1
2.81±0.042a

C. calcitrans

3.23±0.062a

11.333±0.167a

93±2.0

Skeletonema sp.

2.25±0.365b

7.707±0.648c

89±5.0

Tetraselmis sp.

2.30±0.218b

8.994±0.453bc

94±2.0

98±1.0

Values are shown as mean ± standard error. Values with different superscripts are
significantly different.
Although not measured in the present study, nutritional composition of different
species of algae used in the feeding experiment may influence the growth performance
of green mussel spats. Protein, considered as the most important factor that determines
the nutritive value of the species, functions primarily in supplying nitrogen and
essential amino acids (EAAs) needed for tissue biosynthesis (Brown et al., 1997).
Carbohydrates and lipids on the other hand act as major source of energy source and
energy reserves. FAO (2004) presented a data that includes protein, carbohydrate, and
lipid composition of the different algal species in terms of percent dry weight. Based
on the data, the percent dry weight for protein, carbohydrates, and lipid of C. calcitrans,
I. galbana, Tetraselmis sp. and Skeletonema sp. are as follows: protein 34, 29, 31, 28;
carbohydrate 6.0, 12.9, 12.0, 4.0; lipid 16, 23, 10, and 13. Furthermore, highly
unsaturated essential fatty acids (HUFAs) composition of these algae may also play a
very important factor in the growth and development of mussel spats. Chaetoceros
calcitrans is rich in EPA (icosapentaenoic acid), which ranges from 21- 26% (Napolito
et al., 1990, Rivero-Rodriguez et al., 2007) of total fatty acids (TFA). Whereas, I.
galbana contains 0.9-6.89% (Volkman et al., 1989; Rivero-Rodriguez et al., 2007),
Tetraselmis have 3.9-5.88% (Fernandez-Reiriz et al., 1989; Volkman et al., 1989;
Renaud et al., 1999) and Skeletonema contains 13.0% EPA of TFA (Renaud et al.,
1999). Aside from EPA, DHA (docosahexaenoic acid) plays a key role in bivalve
nutrition. Isochrysis galbana is known to contain high levels of DHA, which is 20.4726.8% (Napolito et al. 1990, Rivero-Rodriguez et al., 2007), while the DHA level of
C. calcitrans ranges from 1.16-2.3%, Skeletonema is 1.8% (Renaud et al., 1991) and
zero or trace for Tetraselmis (Volkman et al., 1989; Fernandez-Reiriz et al., 1989;
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Renaud et al., 1999; Patil et al., 2007; Rivero-Rodriguez et al., 2007). Thus, based on
the data gathered from various literature both C. calcitrans and I. galbana have better
nutritional profile compared to Skeletonema and Tetraselmis.
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Figure 1. Filtration rate (mL.mussel-1 hr-1) of spats fed experimental diets. Values
with different superscripts are significantly different.

Other factors such as cell size, cell wall composition and digestibility of algal
species may also influence their assimilation by the mussel spats. Furthermore, these
factors may affect the feeding behavior which could influence filtration mechanism of
the organism and then eventually contributes to their growth difference. This study also
examines the filtration rate of spats given with different algal species. Highest filtration
rate was observed in spats fed C. calcitrans, followed by the groups fed with I. galbana
(Figure 1). Both treatments were not statistically different since their cell sizes are
nearly similar, C. calcitrans measures 5-8µm while I. galbana is 5-6µm (de la Peña
and Franco, 2013). Lower filtration rate was observed in both S. tropicum and T.
tetrahele, both species have bigger cell sizes which ranges from 9-16µm (de la Peña
and Franco, 2013). This observation conforms to the work of Bougrier et al. (1997) and
Laing (2004) wherein filtration rate of Tetraselmis sp. is significantly lower than C.
calcitrans for C. gigas and P. maximus juveniles. Morphological structure of the algae
may also affect the efficiency of the organism to filter them. Poor filtering efficiency
by mussel spats for T. tetrahele could be due to its thick theca or cell wall (Epifanio,
1979). Tetraselmis was poorly assimilated by C. virginica and M. mercenaria which
results to their inferior growth. While the cells of Skeletonema are made up of silica
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rods and occur in chains (de la Peña and Franco, 2013) which could hinder and affect
proper filtration and ingestion of the algae by the mussel spats. In contrast, the cell wall
composition of I. galbana and C. calcitrans were easily digestible (Lora-Vilchis and
Maeda-Martinez, 1997; Martinez-Fernandez et al., 2004) which supports the higher
growth rate in treatments fed with C. calcitrans, followed by groups fed with I.
galbana. This was further supported by the study of Maquirang et al. (2019) that C.
calcitrans and I. galbana can be ingested and digested more efficiently by the green
mussel pediveliger larvae based on the epifluorescence microscopy analysis. It was
furthered explained in the study that morphological structure can be a factor in the
digestibility of the algae. I. galbana have no distinct cell wall, thus it is considered as
naked flagellate (Martínez-Fernández et al., 2004). This characteristic makes the algae
more efficient to digest and assimilated. Whereas, the distinguishing characteristic of
C. calcitrans is the presence of long setae or spines. However, the presence of spines
did not hamper the filtering and digestion efficiency of the larvae when fed with the
algae. The setae or frustule fragments of C.calcitrans cells may have facilitated the
breakdown of other algal cells which results in better digestion efficiency of the larvae
(Ragg et al., 2010) which eventually results in better growth.

CONCLUSION
The determination of the optimum algal diet for the nursery culture of green
mussel provides a very important information in developing strategies to enhance their
production. The result of present study showed that the ideal algal diet for mussel
nursery were C. calcitrans and I. galbana. However the use of mixture or combination
of different algal species can be explored. Combination of different algal species can
enhance nutritive profile of the diets that can improve growth and survival of spats in
the nursery.
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