
eISSN: 2672-7226
© Penerbit UMT

Journal of Sustainability Science and Management 
Volume 18 Number 1, January 2023: 118-132

INFLUENCE OF DIFFERENT FEEDING REGIMES ON THE SURVIVAL AND 
GROWTH OF ACROPORA DIGITIFERA IN HUSBANDRY

PUTERI NURSHAZMIMI ZAIDI1, FARAH AMIRAH AHMAD MUSTAFFA1 AND TAN CHUN 
HONG1,2* 
1Research and Education on the Environment for Future Sustainability (REEFS) Research Interest Group, Faculty of Science 
and Marine Environment (FSSM), Universiti Malaysia Terengganu, 21030 Kuala Nerus, Terengganu, Malaysia. 2Institute 
of Oceanography and Environment (INOS), Universiti Malaysia Terengganu, 21030 Kuala Nerus, Terengganu, Malaysia.

*Corresponding author: tanchunhong@umt.edu.my
Submitted final draft: 6 July 2022  Accepted: 9 October 2022

Introduction 
Coral reefs are highly productive marine 
ecosystems, hosting a high biodiversity of marine 
flora and fauna that thrive in an oligotrophic 
environment. Uniquely, corals are able to survive 
and thrive in nutrient-poor conditions due to 
their symbiosis with unicellular dinoflagellates, 
commonly known as zooxanthellae (Davies, 
1984). These endosymbiotic zooxanthellae 
(genus Symbiodinium) channel high amounts 
(>99%) of their photosynthetic products to the 
coral (Muscatine & Cernichiari, 1969). Through 
photosynthetic activities, corals receive oxygen 
and carbohydrates for their nutritional needs. In 
return, the corals provide phosphorus, nitrogen, 
and carbon dioxide to the zooxanthellae (Barnes 
& Hughes, 1982; Trench, 1993; Baker, 2003; 
Furla et al., 2011). However, although corals 
may get up to 95% of their carbon requirements 
from the zooxanthellae (Muscatine et al., 1981; 

1990), there is still a lack of important elements, 
such as phosphorus and nitrogen (Battey & 
Patton, 1987), which are vital for the growth 
of corals (Falkowski et al., 1984; Rinkevitch, 
1989; Davies, 1991). Consequently, corals are 
still dependent on heterotrophic feeding for 
additional nutrients and energy not obtainable 
from the symbionts (Houlbrèque et al., 2004; 
Crabbe & Smith, 2006; Hii et al., 2008).

In nature, corals acquire energy from 
various food sources. For example, from bacteria 
(Ferrier-Pages et al., 1998), dissolved (Sorokin, 
1973; Al-Moghrabi et al., 1993) and particulate 
organic matter (Anthony, 1999; Anthony & 
Fabricius, 2000), sediment (Rosenfeld et al., 
1999), as well as absorbing the dissolved 
nutrients (Titlyanov et al., 2000a; 2000b; Ferrier-
Pages et al., 2003). However, corals could not 
ingest all ranges of particles because of the 
physical constraints or their feeding selectivity 

Abstract: Scleractinian corals rely on autotrophy and heterotrophy feeding to maintain 
their daily energy requirements. In the wild, there are plenty of food sources in their 
surroundings. But in closed ex-situ systems, one of the biggest challenges for corals is 
to meet their nutrient requirements. This study aims to determine the survivorship and 
growth of Acropora digitifera in ex-situ systems with different feeding treatments. Three 
colonies were placed in different treatment tanks, and then three branches per colony were 
tagged. Two tanks were fed with Artemia and budu (fermented anchovy sauce), while one 
tank remains unfed throughout the experiment. The mortality and linear growth rate of the 
corals were quantified monthly for three months. The results showed that feeding had a 
significant influence on coral growth. Between the fed corals, budu promoted the highest 
mean growth rate (0.045±0.005 mm/day), while corals in the Artemia-fed tank showed a 
growth rate that is 50% lower. However, corals in the Artemia-fed tank had the highest 
(89%) survival rate. The unfed corals were recorded to have the lowest growth rate (0.004 
± 0.005 mm/day). This showed that A. digitifera better utilised dissolved particulate food 
(i.e., budu) compared with zooplanktons. Correspondingly, further studies on budu as a 
potential alternative coral feed are needed in future.

Keywords: Acropora digitifera, mesocosm, growth rate, coral feeding, budu, Artemia.

http://doi.org/10.46754/jssm.2023.01.008



INFLUENCE OF FEEDING ON A. DIGITIFERA   119

Journal of Sustainability Science and Management Volume 18 Number 1, January 2023: 118-132

(Sorokin, 1991; Sebens et al., 1996; Leal et 
al., 2014b). Moreover, there is no ideal prey to 
nourish corals as feeding preferences vary with 
coral species and prey capture rates (Leal et al., 
2014b). Furthermore, Scleractinian corals are 
polytrophic, which means that they obtain food 
in more than one way (Goreau et al., 1971). 
They can be voracious predators (Sebens et al., 
1996), exhibiting several modes of feeding. For 
example, they combined tentacle movement 
with cnidocyte firing and then use mucociliary 
feeding to ingest immobilised prey (Sorokin, 
1990; Ferrier-Pagès et al., 2003; Palardy et al., 
2006), as well as by mucus entanglement to trap 
food (Lewis & Price, 1975).

One of the biggest challenges in the 
aquaculture industry or closed ex-situ system 
is to satisfy the nutrient requirements for 
corals (Arvedlund et al., 2003; Wabnitz et 
al., 2003; Houlbrèque & Ferrier-Pagès, 2009; 
Leal et al., 2014a; 2014b; Toh et al., 2014). 
The lack of data on coral feeding and their 
nutritional requirements is one of the barriers 
of successful coral maintenance in ex-situ 
cultivation (Arvedlund et al., 2003). Usually, 
to fulfil coral’s growth requirements, they are 
routinely supplied with commercial dry food, 
microalgae, and zooplanktons (Petersen et al., 
2008). The most popular live feed used for coral 
feeding is Artemia salina nauplii. It can provide 
corals with the essential source of nitrogen, 
phosphorous and amino acids (Sorgeloos et al., 
2001; Houlbrèque et al., 2004; Hii et al., 2008). 
Researchers found that corals fed with Artemia 
have higher growth rates compared with other 
species (Petersen et al., 2008; Toh et al., 2014). 
Besides, Artemia is easier to cultivate compared 
with other marine zooplankton species, 
producing high nutrient value in a considerably 
small size of about 500 µm in length (Helland et 
al., 2003; Reynaud et al., 2004). The organisms 
can be fed with nutrients enriched Artemia as 
food to meet specific nutrient requirements 
(Dhert et al., 1990; Olsen et al., 1999; Hanaee et 
al., 2005; Monroig et al., 2006). Thus, Artemia 
is undeniably convenient for corals husbandry in 
ex-situ sites as a source of energy supply.

Scleractinian corals that were fed (ex-situ) 
experienced a significant increase in tissue 
thickness, skeletal growth and survivorship 
compared with those that were not (Anthony 
& Fabricius, 2000; Houlbrèque et al., 2004; 
Grotolli et al., 2006; Sawall et al., 2011). 
Furthermore, feeding would also increase the 
zooxanthellae density, as well as the rates of 
areal photosynthesis (Ferrier-Pages et al., 2000; 
2003; Houlbreque et al., 2003; 2004; Davy et 
al., 2006). However, there were also debates on 
the need for heterotrophic feeding for corals. 
Studies showed that heterotrophy feeding was 
found to give only a minimal effect on the 
skeletal growth of scleractinian corals (Johannes, 
1974; Wellington, 1982). A study also found that 
there were similar amounts of photosynthates 
translocated by the zooxanthellae between 
starved and fed animals (Davy & Cook, 2001). 

Besides that, there is limited knowledge 
of artificial feed as an alternative food source, 
which is potentially less costly and labour-
intensive than live feed. For example, the 
usage of honey and anchovy sauce for corals 
was something that has been explored among 
coral hobbyists in this industry (Sebastian, 
2017). Anchovy sauce, also known as budu, is 
a traditional fermented fish sauce in Malaysia, 
commonly consumed as flavouring additives 
and as a dipping sauce (Huda & Rosma, 2006). 
It was used by hobbyists to help promotes 
coral growth in aquariums, but there has been 
no scientific evidence. The product has a high 
protein content in terms of nutrition for humans 
(Sanceda et al., 1996), which presumably affect 
coral growth rate, hence providing an interesting 
research opportunity. This can be potentially 
less costly and labour-intensive than live 
feed. Further study is needed to find a specific 
feeding requirement for corals, especially for 
the Acropora species in a mesocosm system. 
Hence, this study aims to evaluate the effects 
of live, artificial, and non-feeding treatment on 
the survival and growth rate of branching A. 
digitifera in a hatchery setup.
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Materials and Methods
Sampling Site and Feeding Treatment
Nine healthy colonies (size ~10 cm2) of branching 
A. digitifera were collected from Pulau Bidong, 
Terengganu at a depth of approximately 5 m. 
They were acclimated for two weeks without 
being fed before the experiments. The coral 
colonies were randomly divided into three 
treatments containing three colonies each: 
(1) Corals that were fed with newly hatched 
Artemia; (2) corals that were fed with budu (i.e., 
liquid fermented anchovy sauce) and, (3) unfed 
corals (as control). Corals in the two feeding 
treatments were fed every 72 hours, due to a 
rhythmic trend (Hii et al., 2008). Feeding was 
set between 7 pm and 8 pm for an hour. This 
was to simulate the natural environment, where 
corals actively feed during sunset due to the 
zooplankton density being highest at the time 
(Heidelberg et al., 2004; Yahel et al., 2005; 
Nakajima et al., 2008). Furthermore, feeding 
efficiency also increased when polyps are fully 
expanded at night (Borneman, 2001).

Experimental Tank Set-up
Three recirculating closed systems were set 
up for this experiment, each consisting of                          
100 L water volume with return water into a 
sump. The sump contained three mesh sizes of 
filter sponges at the outlet to filter particulate 
matter from being circulated in the system, 
a protein skimmer, and a biofiltration media 
consisting of live rock, bio balls and ceramics. 
The systems were left to run for one month to 
mature the biological bacteria in the water. Led 
light (AI Hydra 32HD Led Light) of blue, white, 
and red was used with an intensity of 350 µmol 
m-2 s-1 photoperiod 12:12 hours (light:dark). 
Water temperature was maintained at 27oC to 
28oC with the aid of chillers connected to the 
pump before the water is returned to the tank. 
Salinity was maintained at 33-34 ppt, with a 10% 
water change weekly. Water quality parameters 
were maintained as follows: Alkalinity, 8-9 dkH; 
calcium, 430-440 mg/L; magnesium, 1330-1350 
mg/L; nitrate, <5 mg/L; ammonia, 0 mg/L; and 

phosphate < 0.05 mg/L using the Salifert test kit. 
In the natural marine environment, the calcium 
content is around 420 mg/l (Spotte, 1979). Thus, 
it is suggested that the calcium concentration 
be maintained in the aquarium system at above 
360 mg/l as it has enhancing effects on coral 
calcification rates (Tambutté et al., 1996). 
Since water flow is also one of the important 
environmental parameters for sessile corals to 
transport dissolved and particulate nutrients 
(Kaandorp & Kubler, 2001), a medium-strong 
water flow that passes through the coral colonies 
were also provided.

Feeding Regimes 
For the live feeding treatment, newly hatched 
Artemia nauplii were used because it is  
commonly used as live feed in aquaculture 
facilities (Dhont & Sorgeloos, 2002). Artemia 
nauplii is been well accepted by several coral 
species such as Galaxea sp. and Pocillopora 
sp. (Houlbrèque et al., 2003; Hii et al., 2008; 
Osinga et al., 2012) and could enhance coral 
growth and survival (Petersen et al., 2008). 
The Artemia stock for the feeding treatment 
was prepared 24 hours before the feeding time, 
following the methods described by Dhont and 
Stappen (2003). Briefly, about 3 g of Artemia 
salina cysts (Great Salt Lake Brine Shrimp Eggs, 
Premium Quality, GSL-INT) were prepared at a 
salinity of 34 ppt at room temperature (~28oC) 
in a 5 L container with vigorous aeration. The 
average nauplii size was 400-500 µm length 
when freshly hatched (Naceur et al., 2008). 
During feeding, the water pump was shut off 
and the Artemia were pipetted directly over the 
whole coral colonies at the surface of the polyps. 
After one hour, the water pump was turned back 
and the uneaten floating Artemia were removed 
by the filtration system. Meanwhile, the budu 
feeding treatment was given 2 ml of budu that 
was readily prepared in a bottle, then diluted 
with 100 ml of seawater (2% concentration) 
directly on top of coral polyps. Lastly, the non-
feeding treatment corals were left to rely on only 
autotrophy through aquarium lighting. 
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Coral Survival and Growth Rates
The linear extension rate was measured monthly 
for three months to examine the growth rate of 
corals in response to different feeding regimes. 
Linear extension growth rate was expressed in 
mm/day. Three nubbins per colony (a total of 
nine nubbins per treatment) were used for the 
measurement. Direct measurements of nubbins 
length were taken from the cable tie up to the 
axial polyp (Okubo et al., 2005; Johnson et 
al., 2011) using an underwater camera with 
a ruler as the scale bar. Then, the photos were 
analysed using the image analysis software 
ImageJ version 1.52a (https://imagej.nih.gov/
ij/download.html). Meanwhile, the number of 
nubbins still alive at the end compared with 
the number of nubbins at the beginning of the 
experiment was examined to obtain the coral 
survival rate.

Proximate Analysis Sample Preparation
A proximate analysis was conducted to 
determine the nutritional value of different food 
types used for these experiments (i.e., budu and 
A. salina nauplii), along with the additional 
commercial coral feed. This is to quantify the 
nutritional value of the protein, lipid, and ash 
following guidelines from the AOAC method 
(2000). 

In this experiment, budu and Artemia 
nauplii were considered as a wet samples, 
which is defined as a sample with a high water 
content of more than 20%. Therefore, the wet 
samples were frozen and dried using the freeze-
drying method and kept in a freezer at -80oC 
for three days. Then, the samples were ground 
into smaller pieces and then homogenised. 
On the other hand, the commercial coral feed 
was directly grinded and filtered by 1 mm 
size filters as it was already in a powder form 
(which is classified as a dry sample, with a low 
water content of only 8-11% or lower). This 
was to ensure the homogeneity of the samples 
and increase the surface area for optimum and 
effective extraction during the analysis. All the 
samples were kept in closed containers to avoid 

direct exposure to surrounding moisture and 
high temperature.

Crude protein content was determined 
according to the Kjeldhal (1883) method, 
calculated from the nitrogen content of the food 
sample. Meanwhile, crude lipid was determined 
with the low boiling of organic solvent through 
the Soxhlet extraction method. For ash content, 
it is determined by the remaining inorganic 
residue after complete oxidation of organic 
content in a food sample by ignition at 600°C in 
a muffle furnace.

Statistical Analyses
The collected data (i.e., growth rates) was 
first tested for normality and homogeneity of 
variance using the Shapiro-Wilk and Lavene’s 
tests. Then, Welch’s test was used to examine 
the significant difference between samples with 
a significant level of α = 0.05. The Welch’s test 
was used to compare two mean groups because 
the data violates the assumption of homogeneity 
of variances. Due to the survivorship factors, 
sample sizes were unequal (unequal variance). 
The statistical analysis was conducted with the 
Statistic Package for Social Science (SPSS) 
software version 20.

Results and Discussion
During the feeding, it can be seen that feeding 
does stimulate A. digitifera to extend their 
tentacles, excrete mucus, and also extrude the 
mesenterial filament (Figure 1). Lewis and 
Price (1975) observed A. millepora as a small 
polyp species that extend their tentacle and 
excrete mucus prior to feeding. This is due to 
the presence of food chemical signs (Lehman & 
Porter, 1973). All these mechanisms were carried 
out to maximise their feeding strategy. Once 
after Artemia and budu were pipetted around the 
corals, the Artemia nauplii were found clumped 
together near the tip of the polyps (Figure 1). 
The Artemia nauplii appeared to be immobilised 
or dead in a mucus net, most likely due to the 
cnidocyte firing, thus causing mortality before 
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being consumed. The same was observed by Hii 
et al. (2008) and van Os et al. (2012). 

One of the major mechanisms to enhance 
coral heterotrophy feeding was mucus 
production to facilitate the ingestion of prey 
from loss to the water column (Ferrier-Pages 
et al., 1998; van Os et al., 2012). The mucus 
produced is a source of energy for corals. It 
contains fatty acids, triglycerides, wax esters, 
and other energy-rich substances with high 
nutritional value (Coffroth, 1984). Besides 
that, there were also reports of the extrusion 
of mesenterial filaments for extracoelenteric 
digestion (Lang & Chornesky, 1990; Goldberg, 
2002), of which the digestion process happened 
outside the body. This extracoelenteric digestion 
may be an energetically favourable feeding 

strategy because the corals do not have to move 
all the prey into the coelenteron by mucociliary 
feeding and muscle action (Wijgerde et al., 
2011).

Food Proximate Analysis
The food proximate analysis showed that 
Artemia and budu varied in composition in terms 
of crude protein, crude lipid, and ash (Figure 
2). Coral feed was added to the analysis as a 
comparison with the commercialised product 
that is made especially for corals. Both Artemia 
(34.06%±1.15) and coral feed (34.18%±1.02) 
had similar crude protein contents, while budu 
had only 21.13%±0.48. The percentage of crude 
lipid was highest in Artemia (39.43%±1.93), 
followed by coral feed (9.48%±0.01), and budu 

Figure 1: Acropora digitifera preying on Artemia salina nauplii by (A) mucus entrapment, inside the red 
circle and (B) extrusion of mesenterial filament, red arrow

Figure 2: The percentage of proximate nutritional chemical compositions of ash, crude protein and crude lipid 
in three different food types (n=3)
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(2.47%±0.13). Lastly, the percentage of ash was 
the highest in budu (59.75%±0.38), followed 
by coral feed (14.33%±0.04), and Artemia 
(7.57%±0.04). 

Variation in Coral Survival Rates
The survival rates of A. digitifera varied 
between feeding treatments. The mortality rate 
recorded for the Artemia-fed treatment was 
the lowest, with 87% surviving at the third 
month of the experiment. The budu and unfed 
treatments saw survival rates of only 22% and 
67%, respectively. An outbreak of cyanobacteria 
or the “red slime algae” outbreak was recorded 
in the budu treatment tank in the second month 
and potentially led to higher mortality. A similar 
high algae outbreak was reported in the use of 
commercial coral feed (i.e., Reef-Roids and 
Reef Chili) (Forsman et al., 2012). All coral 
colonies started to develop tissue lesions (also 
known as tissue necrosis) in the second month 
(Luna et al., 2010). This phenomenon, defines 
as “slow tissue necrosis” (STN) is a condition 
where tissue starts to tear off from the skeleton 
(Petersen, 2005) but no specific rate was 
recorded, especially in aquarium systems (Sweet 
et al., 2011).

There are number of factors contributing 
to the low survivorship of the budu treatment. 
Budu is in a liquid form, which easily dissolves 
as particulate matter in the water compared with 
live zooplanktons. Those uneaten food particles 
will decay and contribute to bacteria and algae 
(Stambler et al., 1991; Larned, 1998). It causes 
nitrogen and -phosphorous buildup in the water 
column, which then deteriorates the quality of 
water, negatively affecting growth and survival 
(Petersen et al., 2008; Ali et al., 2010; Forsman 
et al., 2011). An optimum amount of food will 
give a balance of nutrient loading in the water, 
while adding excessive feed will deteriorate 
coral performance. Deterioration of water 
quality is particularly problematic for closed 
recirculation systems, compared with the flow 
through systems where seawater is constantly 
refreshed (Sheridan et al., 2013). Thus, there 
is likely to be a fine line between feeding and 

overfeeding for dissolved feed. Compared with 
the Artemia treatment, live feed was given, 
which did not leave any excess feed that may 
cause water quality deterioration.

Variation in Types of Coral Feed and Growth 
Rates
As for the growth rate, budu experienced the 
highest mean total growth rate attained for 
three-month period, with 0.045±0.024 mm/
day, followed by corals fed with newly hatched 
Artemia (0.010±0.0019 mm/day), and those 
unfed (0.004±0.015 mm/day), respectively. A 
Shapiro-Wilk test showed all feeding treatments 
were normally distributed; budu W(20) = 0.968, 
p = 0.707, Artemia W(26) = 0.960, p = 0.392, 
and unfed W(23) = 0.979, p = 0.890. However, 
the Lavene homogeneity test showed that the 
variances were not equal t(2) = 4.877, p = 0.011. 
The Welch test showed there was no significant 
difference between all feeding treatments t(2) 
= 1.930, p = 0.159. The coral growth rate in 
budu treatment was higher compared with the 
Artemia and unfed treatments (Figure 3). But, 
statistically, the results were the opposite, which 
may be due to the high variation of standard 
error from small sample sizes and survivorship 
of corals. These results further confirmed that 
A. digitifera corals do possess the distinctive 
heterotrophic ability to thrive. Compared with 
the unfed treatment, corals that only depend on 
photosynthesis to thrive had a very minimum or 
almost no growth at all.

Two different types of food: Artemia 
(commercialised aquaculture industrial feed) 
versus the liquid fermented anchovy sauce (i.e., 
budu) as an alternative were tested on their 
effects on coral growth. Even though budu-fed 
corals had the lowest survival rate, the increase 
in growth rate indicated that this alternative feed 
had a positive impact on the corals. The nutrient 
contents in budu that are readily dissolved 
in water presumably contributed to the high 
growth rate of the corals. Budu is a fish sauce 
based on fermented anchovies. Budu is made 
by mixing fish, mainly Stolephorus sp. (ikan 
bilis in Malay), with salt in the ratio of 3:2, 
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and kept in a big earthenware jar underneath 
sunlight to undergo fermentation for six to 12 
months (Klamklao et al., 2006; Rosma et al., 
2009). As such, it has been identified to have a 
high amount of glutamic acid (16.65 to 30.53 
mg/g) compared with some other species of 
fish (Mohanty et al., 2014; Nadiah et al., 2014; 
Ahmad et al., 2019). Interestingly, glutamic acid 
was found to be a chemical feeding activator for 
corals (Lehman & Porter, 1973). The presence of 
this chemical compound in the water stimulates 
extended tentacle feeding behaviour, which then 
will maximise feeding capture efficiency. 

Based on the proximate analysis (Figure 
2), the protein content in budu was quite high 
compared with other reported data reported 
at an average of 9.69% to 15.02% for crude 
protein and 51.41 to 88.80 mg/g for amino 
acids (Ghazali et al., 2011; Nadiah et al., 2014; 
Ahmad et al., 2019). The differences in protein 
content between the samples were due to the 
raw materials used, such as fish and salt ration, 
and fermentation time (Nadiah et al., 2014; 
Ahmad et al., 2019). Both protein and amino 
acid are crucial for numerous physiological 
processes and physical activities, such as growth 
and maintenance, and their insufficiency will 
disrupt the whole process (Wilson et al., 2003). 
The ash content from the budu sample has the 
highest nutritional value compared with protein. 
Ash represents inorganic nutrients (e.g., mineral 
and trace elements), such as phosphorus and 
nitrogen (Pomeranz & Meloan, 1994), which 
are important building blocks for coral biomass 

production (Leal et al., 2017). Thus, it was 
suggested that the combination of all protein, 
mineral and trace element contents in budu can 
aid in coral growth. However, the digestibility 
of budu for corals as potential alternative coral 
feed needs to be further investigated.

Compared to the budu-fed treatment, the 
Artemia-fed corals have the second highest 
growth rate. Based on the results of the proximate 
analysis, Artemia has high crude protein and 
lipid contents. Conlan et al. (2018) indeed 
suggested that Acropora sp. grows rapidly with 
high-energy materials, such as saturated and 
monounsaturated fatty acids, and storage lipids. 
However, due to morphologically having small 
polyps, A. digitifera may have the disadvantage 
of preferring live moving zooplanktons 
compared with food that is readily dissolved 
in water. The same results were found by 
Anthony (1999) and Conlan et al. (2017), where 
Acropora spp. recruits had low consumption of 
zooplanktons compared with the intakes of other 
feeding treatments (i.e., SPM, filtered seawater). 
Kuanui et al. (2016) found that Acropora sp. 
was only able to catch a limited number (i.e., 
0.44 to 2.39 individuals/polyp/day) of Artemia. 
The coral feeding capability depends on the 
feeding mechanism, prey size and density, 
polyp size, number of tentacles, light, flow rate, 
and temperature (Lasker, 1981; Fabricius & 
Klumpp, 1995; Sebens et al., 1998; Anthony, 
1999; Piniak, 2002; Houlbrèque & Ferrier-
Pagès, 2009; Toh et al., 2014). As recommended 
by Conlan et al. (2018), Acropora sp. do prefer 

Figure 3: Growth rates of three different feeding treatments of budu, newly hatched Artemia and unfed 
(n=27)
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smaller and less motile prey. Thus, regardless 
of the diet with higher nutrients, the capture 
efficiency of the corals is one of the limiting 
factors for coral growth. 

Small polyp corals depend less on tentacles 
than on mucus strands or filaments for the 
capture of zooplanktons (Lewis & Price, 1975). 
Mucus strands with the extrusion of mesenterial 
filaments to immobilise Artemia can be observed 
in this study (Figure 1). Thus, it can be undeniably 
agreed that extracoelenteric digestion might also 
happen for A. digitifera, which contributes to 
coral growth. Reports of cnidarian mesenterial 
filaments of a digestive structure (Logan, 1984; 
Lang & Chornesky, 1990; Goldberg, 2002), that 
may comprise both digestive zymogen cells and 
absorptive cells (Yonge, 1930; Abe, 1938; Van 
Praët, 1980) supported the assumption in this 
study.

This study provides further evidence that 
heterotrophy plays an important role in coral 
growth, especially in the importance of different 
types of feed used. As previously found, fed 
corals exhibited twofold faster organic matrix 
synthesis with significantly higher levels of 
protein (Houlbreque & Ferrier-Pages, 2009; 
Hoogenboom et al., 2015) and lipid content 
(Ferrier-Pages et al., 2003; Treignier et al., 
2008; Lim et al., 2017). Then, heterotrophy 
also increased zooxanthellae (Titlyanov et al., 
2000a; 2000b; 2001; Houlbreque et al., 2003; 
2004) and chlorophyll a and c2 per unit surface 
area (Ferrier-Page`s et al., 2003; Houlbre`que 
et al., 2003), while indirectly enhancing tissue 
growth by two to eight times (Ferrier-Pages 
et al., 2003; Houlbreque et al., 2003; 2004), 
tissue thickening (Barnes & Lough, 1993), and 
calcification rates that are 30% higher (Jacques 
& Pilson, 1980; Sebens, 1991; Witting, 1999) 
when fed and unfed corals are compared. 
Toh et al. (2014) discovered that even after 
transplantation to the reef, fed corals from the 
ex-situ feeding regime will continue to develop 
greater than unfed corals.

In this study, the unfed treatment proved 
that photoautotroph itself is not enough to satisfy 
the daily energy and nutrient requirements for 

branching A. digitifera. They had very minimum 
or almost no growth at all. Although unfed corals 
may experience a rapid increase in skeleton 
extension, their tissues grow at a slower rate due 
to the non-carbon nutrient from zooplanktons, 
which are still a limiting factor for tissue growth 
(Ferrier-Pages et al., 2003). This suggested that 
coral growth encompassed of both the building 
of the calcium carbonate skeleton (e.g., linear 
extension) and the increase of tissue thickness 
and composition, and food availability is the 
limiting factor of growth performance, which 
needs to be further investigated.

Accordingly, corals that relies on autotrophy 
is undoubtedly capable of growing and 
surviving. However, this is inadequate for corals 
to thrive. Thus, it is highly recommended to feed 
corals in ex-situ systems for their health. This 
is to ensure greater longevity of the corals and 
did not interfere with the results of the ongoing 
experiment. Depending on the types of coral, 
it is suggested that small polyp corals, such as 
Acropora and Montipora, be fed with non-live 
moving zooplanktons. Dissolved feed might 
optimise their feeding routine to support their 
daily metabolic activity. However, overfeeding 
must be avoided as it triggers algae growth that 
will later cause unfavourable water conditions.

Conclusion
Feeding is indeed important for Scleractinian 
corals to thrive in enclosed systems as they need 
food from their surroundings to have a complete 
nutrient supply for their daily metabolic activity. 
But corals need to be fed the right choice of food 
according to the species. Each species of coral 
have its strategy that follows its morphology to 
adapt to their surroundings. Corals with small 
polyps, like Acropora would prefer food that is 
readily available for them to consume by either 
using mucus, mesenterial filament, or tentacles. 
Live feed, such as Artemia spp. Nauplii, which 
is widely used in the aquaculture industry, is not 
advisable due to it being inefficient as prey. Thus, 
in this study, budu (anchovy sauce) was tested as 
an alternative coral feed, which had promising 
results in terms of coral growth. Furthermore, 
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based on the nutrient contents of budu, future 
studies are needed to discover alternative coral 
feed that is cost-effective and ensures the growth 
and survival of corals in aquariums.
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