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Abstract
This paper compares the effect of feeding the abalone Haliotis asinina with seaweed (SW), formulated
(FD), and mixed (SW + FD) diets. The feeding experiment, in six replicates, was conducted in a tank
facility and lasted for ten months. At the end of the experiment, abalone fed mixed diets had signi�cantly
the highest mean shell length and body weight (45.90 ± 0.19 mm, 22.82 ± 0.31 g), followed by those fed
seaweeds (43.47 ± 0.17 mm, 18.25 ± 0.26 g), and lastly, by those fed formulated diet (41.78 ± 0.18 mm,
15.76 ± 0.22 g). Mean growth rates were signi�cantly higher when abalone were fed with mixed diets at
1.48 ± 0.03 mm and 1.69 ± 0.04 g mo− 1, respectively, than those fed seaweeds (1.26 ± 0.03 mm, 1.27 ± 
0.06 g mo− 1) or formulated diet (1.06 ± 0.09 mm, 1.00 ± 0.11 g mo− 1). Survival was consistent one month
from the start of culture until harvest—highest in abalone fed mixed diets (78.81 ± 2.48%), followed by
those fed seaweeds (70.12 ± 4.07%), and lastly formulated diet (64.53 ± 4.61%). Moreover, feed
conversion ratios (FCR) were signi�cantly lower in abalone fed mixed diets (15.48 ± 0.69) and formulated
diet (18.07 ± 3.50) compared with those fed seaweeds (41.31 ± 2.36). Pearson correlation analysis did not
show any correlation between growth rates and the environmental variables tested, except for survival in
all treatment diets, which showed signi�cantly moderate positive correlations with temperature. Based on
the results of this experiment, giving abalone a mix of formulated and natural diets is the best feeding
regime. The importance of a balanced and more nutritional diet on the well-being of the abalone was
observed in this study.

1. Introduction
The donkey’s ear abalone, Haliotis asinina, is one of the most commercially-important gastropods in the
Philippines. However, overharvesting and poor management of stocks, and the loss of habitat due to
anthropogenic pressures have led to the dwindling of resources, which may not only be observed in the
Philippines (Prieto-Carolino et al. 2018) but also worldwide (Cook 2019; FAO 2021). With a very promising
potential for large-scale commercial production, the culture of this species should be encouraged to
minimize the decline of natural stocks, which remain the major source of abalone �shed for consumption
and trade. However, the culture of H. asinina has been dependent on the red alga, Gracilariopsis
heteroclada, considered the best-suited diet for abalone farming in the Philippines (Capinpin and Corre
1996). Dependence on G. heteroclada as the sole feed for the abalone is not sustainable since it is also
being harvested or farmed for human consumption and agar production (Santander-Avanceña et al.
2015; Endoma et al. 2019). Despite the availability of technology to produce abalone in captivity, this
dependence on natural food as H. asinina feed hindered the acceptance of culture in the aquaculture
industry resulting in sporadic small-scale cultures in the country. For the country to go into large,
commercial-scale culture, it has to start using formulated diets (Buss et al. 2015) that are more nutrition-
balanced, economical, and convenient to use (Kirkendale et al. 2010; Choi et al. 2018).

For abalone culture to become sustainable, it is important to understand the feeding preferences of the
species, before an acceptable diet or feeding regime can be developed and recommended to the industry.
It is on this premise that the Aquaculture Department of the Southeast Asian Fisheries Development



Page 3/19

Center (SEAFDEC/AQD) in Tigbauan, Iloilo, Philippines, has been testing different diets for H. asinina
from formulated (Bautista-Teruel and Millamena 1999; Bautista-Teruel et al. 2003; Bautista-Teruel et al.
2011; Bautista-Teruel et al. 2016; Lebata-Ramos et al. 2021) to natural (Lebata-Ramos and Solis 2021) or
both (Capinpin and Corre 1996; Bautista-Teruel et al. 2001) for more than two decades. Despite all these
efforts, however, natural food remains the preferred diet because formulated diets are more expensive,
less stable in the water, and are not readily eaten by the abalone. Considering the nature of the abalone,
known to forage by actively grazing on attached benthic algae (Shepherd 1973), Lebata‐Ramos et al.
(2021) developed thin �aked diets, found to be more acceptable and palatable to the abalone compared
with the usual noodle type formulated diet used for decades. Aside from being more palatable to the
abalone, when the unre�ned formula of the abalone grow-out culture feed of Bautista-Teruel et al. (2016)
is used, this �aked diet is 80% cheaper, hence more cost-e�cient (Lebata‐Ramos et al. 2021).

Earlier, Lebata-Ramos et al. (2021) compared the growth and survival of H. asinina when fed noodle and
�aked diets using the re�ned and unre�ned formulations of Bautista-Teruel et al. (2016) in a three-month
(nursery phase) feeding trial. This study compared in a ten-month (grow-out phase) feeding trial the use
of a single diet of seaweeds (SW) or formulated diet (FD) and mixed seaweeds and formulated diet (SW 
+ FD). The pre-existing diet formulation for abalone grow-out culture (Bautista-Teruel et al. 2016)
prepared in the form of �akes (Lebata‐Ramos et al. 2021) was used as the formulated diet and G.
heteroclada as the seaweed diet. To check on what has been done on the use of mixed feeding regimes
for the abalone, Google Scholar was searched using the keywords “Haliotis asinina” and “mixed diet”
(Google 2022). This resulted in only 59 articles, mostly on the use of mixed species of algae and/or
seaweeds as feed for H. asinina (Tahil and Juinio-Menez 1999; Angell et al. 2012; Capinpin et al. 2015) or
on other species of Haliotis (Qi et al. 2010; Robertson-Andersson et al. 2011; Viera et al. 2011). None has
been reported on the use of formulated �aked diet and seaweeds in a mixed feeding regime for H. asinina
in grow-out culture. This study aimed to determine which feeding regime is the best for abalone in grow-
out culture—seaweeds only, formulated diet only, or a mix of seaweeds and formulated diet.

2. Materials And Methods

2.1. Experimental Animals
Abalone H. asinina juveniles were obtained from the Abalone Hatchery of SEAFDEC/AQD and transferred
to the tank facility where they were acclimated and the feeding experiment conducted. They were stocked
in perforated PVC tube containers (1 m in length, 0.2 m dia) at the recommended stocking density of 140
ind tube− 1 (Lebata-Ramos 2018). The tubes were then suspended inside concrete tanks provided with
sand-�ltered, �ow-through seawater and aeration. Abalone were fed with alternate rations of seaweed G.
heteroclada and formulated �aked diet daily at 1600 h, one month prior to the start of the experiment.

2.2. Experimental Diets
Formulations for unre�ned diets developed earlier for abalone grow-out culture by Bautista-Teruel et al.
(2016) and used in this experiment are shown in Table 1. This formulated diet satis�ed the optimum
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protein and lipid requirements of the juvenile H. asinina (Bautista-Teruel and Millamena 1999; Bautista-
Teruel et al. 2011; Bautista-Teruel et al. 2016). Following the prescribed standards in FDS (1994), the
SEAFDEC/AQD Feed Mill Plant prepared the irregularly-shaped �aked diet, ranging 2–3 cm2 and 310–315
µm thick (Lebata-Ramos et al. 2021) using the �aking machine. Diets were placed in sealed containers
and kept inside the Feed Mill cold room, where feed ingredients and other diets are being stored. On the
other hand, G. heteroclada was obtained from the regular seaweeds supplier of the Abalone Hatchery and
kept live in concrete tanks provided with sand-�ltered, �ow-through seawater and aeration. Samples of
both �aked diets and seaweeds were submitted to the Laboratory Facilities for Advanced Aquaculture
Technology of SEAFDEC/AQD for proximate composition analysis and analyzed following the O�cial
Methods of Analysis of AOAC International (Latimer 2016). Table 2 shows the results of the proximate
composition analysis.

Table 1
Composition (dry weight basis) of formulated �aked diet, lifted from Bautista-Teruel et al. (2016).

Ingredients Volume (g/kg feed)

Fish meal 150

Defatted soybean meal 200

Acetes 120

Wheat �our 200

Seaweed 210

Common ingredients* 120

*Vitamin mix (20), mineral mix (10), di-calcium phosphate (9.95), vitamin C (50), BHT (0.05), soybean
oil (15), and �sh oil (15). Vitamin and mineral mixes, commercial brand: retinol (1.2 MIU/kg),
cholecalciferol (0.2 MIU/kg), α-tocopherol (0.02 MIU/kg), thiamin (8 g/kg), ribo�avin (8 g/kg),
pyridoxine (5 g/kg), cobalamin (0.002 g/kg), niacin (40 g/kg), calcium pantothenate (20 g/kg), biotin
(0.04 g/kg), folic acid (1.8 g/kg), iron (40 g/kg), manganese (10 g/kg), zinc (40 g/kg), copper (4 g/kg),
iodine (1.8 g/kg), cobalt (0.02 g/kg), selenium (0.2 g/kg).
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Table 2
Proximate composition (%) of formulated �aked diet and seaweed Gracilariopsis heteroclada used as

feeds in the experiment.
Proximate composition (%) Feed

Formulated �aked diet Gracilariopsis heteroclada

Crude protein 34.36 10.89

Crude fat 2.57 0.16

Crude �ber 3.31 4.56

NFE* 35.04 47.43

Crude ash 24.39 36.97

Estimated energy (kcal/kg)** 3007. 30 2347.22

*Nitrogen-free extract, calculated by difference

**Based on 9 kcal/g fat, 4 kcal/g protein and carbohydrate as typical physiological fuel values (Brett
and Groves 1979).

2.3. Feeding Experiment
Acclimated abalone were all measured [shell length (SL): mean = 31.05 ± 0.08, range = 26.20–36.90 mm;
body weight, (BW): mean = 5.85 ± 0.05, range = 2.80-10.65] and randomly stocked in 18 perforated PVC
tube culture containers at 140 ind tube− 1. Six tubes, two from each treatment (SW = seaweeds only; FD = 
formulated diet only; SW + FD = mixed diets), were randomly distributed in each of the three concrete
tanks provided with sand-�ltered, �ow-through seawater and aeration. Temperature ranged 26.00–
33.00°C (means ± S.E. = 29.76 ± 0.09°C), salinity 29.00–34.00 ppt (means ± S.E. = 31.93 ± 0.06 ppt), and
dissolved oxygen 3.60–6.60 mg L− 1 (means ± S.E. = 5.26 ± 0.02 mg L− 1) (Fig. 1). Abalone were fed daily
at 1600 h with the designated diets: ad libitum of the seaweed G. heteroclada, at 3% body weight (dry
weight) of the formulated diet, and alternately every other day of seaweed and formulated diet for the SW,
FD, and SW + FD treatments, respectively. Mean initial shell lengths and body weights of abalone for each
treatment diet are shown in Table 3. Monitoring of growth parameters and survival was done every 30
days. All abalone were gently removed from each tube using a thin plastic spatula, counted, and 30
individuals were randomly picked and measured for shell length to the nearest tenth of a millimeter (mm
SL) using a caliper and for body weight to the nearest tenth of a gram (g BW) using the Ohaus CS200
digital balance. After ten months, on 9 March 2022, the experiment was terminated. All remaining
abalone were counted to determine �nal survival, and each was measured for SL and BW.
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Table 3
Means ± S.E. of shell length (mm) and body weight (g) of abalone Haliotis asinina during the start (initial)

and termination of the experiment (�nal); means ± S.E. of growth rates in terms of length and weight;
means ± S.E. of �nal survival (%); and means ± S.E. of feed conversation ratios (FCR) from each

treatment diet (SW = seaweed Gracilariopsis heteroclada; FD = formulated diet; SW + FD = mixed seaweed
and formulated diet). Means with different superscripts are signi�cantly different.

Treatments Shell length (mm) Body weight (g) Survival
(%)

Feed
Conversion
Ratio (FCR)Initial Final Growth

rate

(mm
mo− 1)

Initial Final Growth
rate

(g mo− 

1)

Seaweed

(SW)

30.95 
± 0.13

43.47 
± 
0.17b

1.26 ± 
0.03b

5.76 
± 
0.09

18.25 
± 
0.26b

1.27 ± 
0.06b

70.12 ± 
4.07ab

41.31 ± 2.36a

Formulated
diet (FD)

31.28 
± 0.13

41.78 
± 0.18c

1.06 ± 
0.09b

5.96 
± 
0.08

15.76 
± 
0.22c

1.00 ± 
0.11b

64.53 ± 
4.61b

18.07 ± 3.50b

SW + FD 30.92 
± 0.14

45.90 
± 
0.19a

1.48 ± 
0.03a

5.83 
± 
0.09

22.82 
± 
0.31a

1.69 ± 
0.04a

78.81 ± 
2.48a

15.48 ± 0.69b

2.4. Statistical analysis
Statistical analysis and graphs were done using the Minitab 17.0 software package (Minitab, State
College, Pennsylvania, U.S.A., http://www.minitab.com). Growth parameters and FCR from different
treatment diets (SW = seaweeds only; FD = formulated diet only; SW + FD = mixed diets) were tested for
normality using the Anderson-Darling Test and compared using the one-way analysis of variance
(ANOVA). Tukey’s Test was used to compare the differences between diets where growth parameters and
FCR signi�cantly differed at p < 0.05 statistical signi�cance. Survival data were arcsine-transformed
before proceeding with the same analyses used for the growth parameters. Monthly growth rates and
survival were correlated with mean monthly readings of temperature, salinity, and D.O. using Pearson
correlation at p < 0.05 statistical signi�cance.

Monthly growth rates, both for length (GRL) and weight (GRW), were obtained using the following
equations:

GRL =
Lf − Li

Tf − Ti
× 30

1

( )
( )
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GRW =
Wf − Wi

Tf − Ti
× 30

2

where, GR = growth rate

L = length (mm)

W = weight (g)

T = sampling date

f = present sampling

i = preceding sampling

30 = constant, days in a month

Survival (%) and feed conversion ratio (FCR) were obtained using equations 3 and 4, respectively:

Survival(%) =
Nf
Ni

× 100

3

where, Nf = number of abalone in each container during monthly samplings and harvest

Ni = number of abalone initially stocked per container (N = 140)

FCR =
Ft
Wt

4

where, Ft = total feed given per container (g)

Wt = total weight gained per container,Wf − Wi

Wf = total �nal weight of abalone per container (g)

Wi = total initial weight of abalone per container (g)

3. Results

( )
( )
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Signi�cant differences in mean shell length and body weight of abalone between treatment diets were
�rst observed on the second and the �rst month of culture (ANOVA: p < 0.001, F = 31.25, df = 2; p < 0.013,
F = 4.34, df = 2), respectively. Abalone fed with mixed diets were consistently the largest (ANOVA: p < 
0.001, F = 130.31, df = 2) and the heaviest (ANOVA: p < 0.001, F = 173.39, df = 2) one month from the start
of culture until harvest. From the �rst to the third month of culture, abalone fed formulated diet were the
second largest and heaviest to those fed mixed diets, but they were outgrown on the fourth month by
those fed seaweeds, and this trend remained until harvest on the tenth month (Fig. 2).

Mean growth rates of abalone, both in terms of length and weight, were signi�cantly highest when fed
with mixed diets at 1.48 ± 0.03 mm mo− 1 and 1.69 ± 0.04 g mo− 1, respectively, while these did not
signi�cantly differ between those fed seaweeds and formulated diet (ANOVA: p = 0.001, F = 13.08, df = 2;
p < 0.001, F = 21.95, df = 2; Table 3). The highest growth rates, both for length (3.04–5.12 mm mo− 1) and
weight (2.90–5.41 g mo− 1), were observed on the fourth month, which marked the start of a signi�cantly
distinct trend in growth, with those abalone fed mixed diets exhibiting the highest shell length and body
weight.

Survival was consistently highest in abalone fed mixed diets, followed by those fed seaweeds, and lastly
by formulated diet, one month from the start of culture until harvest. However, signi�cant differences in
survival were only observed in the last four months of culture (Fig. 3). During harvest, abalone fed mixed
diets had signi�cantly higher survival (78.81 ± 2.48%) than those fed formulated diet (64.53 ± 4.61%), but
both did not signi�cantly differ from those fed seaweeds only (70.12 ± 4.07%) (ANOVA: p = 0.045, F = 
3.85, df = 2; Table 3).

Feed conversion ratios (FCR) were signi�cantly lower in abalone fed mixed diets (range: SW = 9.97–
13.09, FD = 3.46–4.48; SW + FD mean = 15.48 ± 0.69) and formulated diet (range: 9.24–31.45; mean = 
18.07 ± 3.50) compared with those fed seaweeds (range: 32.49–48.88; mean = 41.31 ± 2.36) (ANOVA: p < 
0.001, F = 38.23, df = 2; Table 3).

Moreover, abalone fed formulated diet developed a distinct turquoise shell color, while those fed
seaweeds and mixed diets retained their natural color. The striations on the foot muscle of the abalone
fed with seaweeds and mixed diets were brownish, grayish-green on those fed formulated diet (Fig. 4).

Pearson correlation analysis did not show any correlation between growth rates and the environmental
variables tested. However, survival of abalone fed seaweed, formulated, and mixed diets showed a
signi�cantly moderate positive correlation with temperature (Pearson correlation: p < 0.05, r = 0.70; p < 
0.05, r = 0.62; p < 0.05, r = 0.68, respectively).

4. Discussion
In this ten-month grow-out culture trial, a mixed diet proved to be better than a single diet, whether using
natural or formulated diets. Abalone were signi�cantly larger and heavier when fed mixed diets, as
observed from the early months of culture until harvest. This effect, when feeding abalone with mixed
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diets, had already been reported in other species of Haliotis. Haliotis fulgens, grown under commercial
culture conditions for 329 days, had the highest growth rate in terms of length and weight when fed with
mixed diets, then with seaweeds, and lastly, formulated diet (Durazo-Beltrán et al. 2003). In a study by
Naidoo et al. (2006), Haliotis midae fed with mixed diets also showed the best growth. In a feeding
experiment comparing the performance of two natural diets versus a formulated feed on weaning red
abalone Haliotis rufescens, the highest growth was obtained with Porphyra columbina (3.3 mm month− 

1), followed by the mixed diet of P. columbina and formulated diet, then Macrocystis pyrifera, and lastly,
the formulated diet (Hernández et al. 2009). Consistent with the result of the present study, the �ndings of
these different feeding experiments on different species of Haliotis seemed to promote the use of mixed
diets but not the sole use of formulated diet. According to Mercer et al. (1993), generally, high balanced
levels of protein (> 15%), lipid (3–5%), and carbohydrate (20–30%) are essential for the optimal growth
performance of abalone. Feeding abalone with seaweeds or formulated diet only may not be enough to
meet their nutritional requirements for optimal growth, but a mix of these diets could, hence better growth
may be attained using both diets. And even with the use of all-natural diets, mixing them improved the
growth rate of H. asinina (Capinpin et al. 2015), Haliotis diversicolor (Wang et al. 2010), and H. midae
(Robertson-Andersson et al. 2011) compared with feeding them monospeci�c diet.

Survival was consistently highest one month from the start of culture until harvest in abalone fed mixed
diet, followed by those fed seaweeds, and lastly, by formulated diet. These results concur with the
�ndings of Durazo-Beltrán et al. (2003), where H. fulgens showed a signi�cantly highest survival of 53.7%
after 329 days of culture when fed mixed seaweeds and formulated diets. However, contradictory to the
result of the present study, they observed higher survival in abalone fed with formulated diet than those
fed seaweeds. In a study on H. rufescens that also lasted for ten months, survival was signi�cantly
lowest in abalone fed arti�cial feed using a feeder (94.2%), almost similar in other treatment diets;
highest in those fed with mixed M. pyrifera and arti�cial feed (99.1%) and mixed Gracilaria chilensis and
arti�cial feed (98.8%) (Venegas et al. 2016). In another feeding trial for H. rufescens that lasted for 162
days, survival was lowest in those fed formulated diet only (78.3%), followed by those fed macroalgae
(86.6%), and highest in a combination of these two (90%) (Kemp et al. 2015). The effect of mixed diets
on better survival observed in H. asinina in the present study corroborates the results of other studies on
other species of Haliotis.

Parallel to the result of the present study, previous studies have shown that abalone fed natural food or
seaweeds had higher FCR than those fed formulated diet. In a 90-day feeding trial for H. asinina, those
fed seaweeds had an FCR of 6.98, while only 1.5–2.3 for those fed formulated diets (Bautista-Teruel and
Millamena 1999). In a ten-month feeding trial in tanks on H. rufescens, FCR was highest with the mixed
natural food of M. pyrifera (16.0) and G. chilensis (12.7) diet, whereas lowest using arti�cial feed with
(1.4) and without a feeder (1.6) (Venegas et al. 2016). Moreover, extended culture periods also increase
FCR, especially when using natural food as feed. Capinpin et al. (1999), when using Gracilariopsis sp.,
reported an FCR of 12.58–15.54 in H. asinina cultured for 150 days, while 19.63–22.57 at 180 days. In a
90–180 day culture of the same species, using the same feed, FCR ranged 7.56–22.57, with higher FCR
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during longer culture duration (Encena et al. 2013). Surprisingly, however, in just 90 days of feeding H.
asinina with seaweeds, Fermin and Buen (2000) obtained a very high FCR of 31–40. FCR could greatly
vary, especially when natural food is used. However, the supplementation of natural foods can help
improve the FCR. A 62-day feeding experiment on H. asinina revealed that Gracilaria sp. supplemented
with probiotics (Bacillus amyloliquefaciens MA228, Enterobacter ludwigii MA208, and Pediococcus
acidilactici MA160) resulted in signi�cantly lower FCR compared with the unsupplemented seaweed feed
(Amin et al. 2020). Abalone, as natural grazers, feed on a mixed species of algae and other plants
growing in their natural environment. Given a monospeci�c diet, their feed intake may vary depending on
the culture conditions or the su�ciency of nutrients in the diet needed to promote growth or support
reproduction.

Abalone fed formulated diet developed a distinct turquoise shell color, while those fed seaweeds and
mixed diets retained their natural color. The light blue-green shell color in H. asinina fed formulated diet
had been reported earlier by Capinpin and Corre (1996) and Bautista-Teruel and Millamena (1999).
Feeding abalone with formulated diet to change the shell color was eventually adopted as a tagging
mechanism for sea ranching and stock enhancement (Gallardo et al. 2003; Okuzawa et al. 2008; Lebata-
Ramos et al. 2013; Salayo et al. 2020). However, not all formulated diets will change the color of the
abalone shell. In Lebata-Ramos et al. (2021), only the unre�ned diet formulation of Bautista-Teruel et al.
(2016) resulted in a turquoise abalone shell, while the re�ned formulation, which has Spirulina spp. and
sodium alginate, did not cause any distinct changes on the natural shell color of the abalone. Aside from
the presence of some feed ingredients, a certain amount or a daily ration of such may be required for the
shell color to change. In the present experiment, using mixed diets of formulated feed and natural food,
given at alternating rations every other day, maintained the natural shell color of H. asinina.

Temperature is among the most potent abiotic factors in�uencing marine mollusks (Kong et al. 2017). In
the present study, survival of abalone, regardless of treatment diets, showed a signi�cantly-moderate
positive correlation with temperature. Although an increasing temperature can be detrimental to any
organism, the water where H. asinina were cultured and showed a positive correlation with their survival
had a narrow temperature range of 26.00–33.00°C. Even temperate species, like the Haliotis diversicolor
supertexta, have the ability to tolerate temperatures as high as 36.8°C when maintained at 30°C or as low
as 3.5°C when maintained at 20°C (Chen and Chen 1999). Hence, for the tropical species H. asinina,
temperatures at low to mid 30s°C may be optimum for survival. Also, the lower temperatures during the
culture period were recorded during days of heavy rains, which had caused the water to become silted
and resulted in more abalone deaths.

5. Conclusion
Abalone fed mixed diets were signi�cantly the largest and heaviest than those fed seaweeds, then
formulated �aked diet. In terms of mean growth rates, both in length and weight, theirs were also
signi�cantly higher compared with those fed solely with either seaweeds or formulated diet; those of the
latter two did not differ signi�cantly. Aside from better growth, survival was also signi�cantly highest in
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abalone fed mixed diets, while FCR was the lowest; signi�cantly lower than those fed seaweeds, but did
not signi�cantly differ from those fed formulated diet only. The �ndings of this study con�rm the
importance of a balanced and more nutritional diet on the general well-being of the abalone.

While most commercially-important seafood species in the country are being produced in captivity in
aquaculture facilities, despite the established hatchery technology for the abalone, they remain being
sourced from the wild. Aquaculture may greatly help boost abalone production and minimize dependence
on the dwindling natural stocks. Although H. asinina has a strong potential for large-scale culture,
dependence on the seaweeds as feed has put it on the sideline of the aquaculture industry. These
promising results on the use of mixed diets in the grow-out phase (this study) and solely of formulated
diet in the nursery phase (Lebata-Ramos et al. 2021) may encourage stakeholders to venture into the
large-scale commercial culture of abalone. Moreover, this new development will help minimize, if not
completely eliminate, the dependence of the abalone industry on G. heteroclada as feed, which by itself is
also a commercially important aquaculture species in the Philippines.
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Figure 1

Daily temperature (°C, black-�lled circles), salinity (ppt, white-�lled squares), and dissolved oxygen (ppm,
white-�lled circles) taken during the duration of the abalone Haliotis asinina feeding experiment
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Figure 2

Monthly means±S.E. of (a) shell length (mm) and (b) body weight (g) of abalone Haliotis asinina fed
seaweeds Gracilariopsis heteroclada (white-�lled triangles), formulated �aked diet (white-�lled squares),
and a mix of the two diets (black-�lled diamonds). Error bars represent 95% con�dence interval from the
mean. Means with different superscripts are signi�cantly different
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Figure 3

Monthly means±S.E. of survival (%) of abalone Haliotis asinina fed seaweeds Gracilariopsis heteroclada
(black-�lled bars), formulated �aked diet (white-�lled bars), and a mix of the two diets (cross-hatched
bars). Error bars represent 95% con�dence interval from the mean. Means with different superscripts are
signi�cantly different
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Figure 4

Differences in the shell and foot muscle color of abalone Haliotis asinina fed seaweeds Gracilariopsis
heteroclada (SW, �rst column), formulated �aked diet (FD, second column), and a mix of the two diets
(SW+FD, third column)


