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To determine the effect of photoperiod and light intensity on the growth and survival of H. barbouri juveniles. 

 In the first experiment, three photoperiod 
ratios were tested 8L:16D (Light: Dark), 12L:12D and 
16L:8D. Light-emitting diode (LED) of approximate 
intensity of 2100 lx was used. In the second experiment, 
three light intensities were used: 700, 1400 and 2100 lx. 
Both experiments were conducted for 4 weeks.

 At the end of 4 week culture period, the highest 
survival of H. barbouri juveniles was 80 % under 
photoperiod of 12L:12D, followed by 66.67 % under 
8L:16D, and the lowest 56.67 % under 16L:8D. The results 
showed that photoperiod of 12L:12D produced the best 
height 37.71 mm and weight 0.165 g of H. barbouri 
juveniles. As for the experiment on light intensity, the 
highest survival of H. barbouri juveniles was 86.67 % 
under 1400 lx, followed by 80 % under 2100 lx, and the 
lowest 60 % under 700 lx. At the end of the experiment, the 
light intensity of 1400 and 2100 lx showed the maximum 
growth with respect to height 35.31 and 37.71 mm and 
weight 0.133 and 0.165 g.

 The overall results suggested that H. 
barbouri juveniles could be cultured under photoperiod of 
12L:12D and light intensity of 1400 to 2100 lx for 
conducive growth and survival. 
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Breeding of H. barbouri

Culture of newborn H. barbouri to 12 day-old juveniles

Experiment 1: Photoperiod 
(8L:16D, 12L:12D & 16L:8D)

Experiment 2: Light Intensity
(700, 1400 & 2100 lx)

Data collection every 2 weeks
1. Growth (height & weight)
2. Survival 
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Introduction

Seahorse species are distributed in coastal tropical, sub-
tropical and temperate marine regions all over the world (Olivotto 
et al., 2011). According to Foster and Vincent (2004), seahorses 
usually inhabit regions with seagrass beds. All seahorse species 
are listed in the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) appendix II as 
vulnerable, mainly due to degradation of habitat (Short et al., 
2011), overexploitation (Foster and Vincent, 2004) and by catch 
(Scales, 2010; Vincent et al., 2011). No doubt research on the 
biology of seahorses have increased in the last decade, 
nonetheless detailed information on most species are still lacking 
due to their species-specific needs.

Photoperiod influences the physiological activities of fish. 
It can be manipulated to increase the growth of fish, thereby 
reducing the culture time and enabling early marketing of fish. 
Prolonged photoperiod at early stages of fish has proved to 
enhance the growth rate of several marine fish such as Pagrus 
auratus (Fielder et al., 2002), Sparus aurata (Gines et al., 2004), 
Melanogrammus aeglefinus (Tripple and Neil, 2003) and Pagrus 
major (Biswas et al., 2005). Culture activities of seahorse are 
usually carried out under natural photoperiod. Ratio of 12 hour 
light and 12 darkness (12L:12D) has been applied on species like 
H. whitei (Wong and Benzie, 2003) and H. abdominalis (Woods, 
2005).

Another factor often overlooked is light intensity. It can 
affect predation effort in fish (Batty, 1987) as some fish species 
become more active at higher light intensities, for instance, 
Clupea harengus larvae and H. zosterea (Batty, 1987; Strawn, 
1958; Giwojna and Giwojna, 1999). Studies related to light 
intensity on seahorses were restricted to species like H. 
abdominalis, H. trimaculatus, H. whitei and H. erectus (Woods, 
2000a; Wong and Benzie, 2003; Sheng et al., 2006; Lin et al., 
2009; Lin et al., 2010). 

As a visual predator, conditions like photoperiod and light 
intensity are important to ensure seahorses can prey effectively. 
Hence, the objective of this study was to determine the effect of 
photoperiod and light intensity on the growth and survival of H. 
barbouri juveniles. 

Materials and Methods

Experiments using different photoperiods and light 
intensities were conducted concurrently for 4 weeks at the 
Aquarium Tunku Abdul Rahman, Fisheries Research Institute, 
Batu Maung, Penang, Malaysia. Seahorse juveniles used for 
each experiment was obtained from a single brood. The 
dimension of the experimental tanks used was 17 x 24 x 32 cm 
with approximate volume of 10 l seawater. The tanks covered with 
black canvas (except for those exposed to natural light intensity) 

to avoid external light penetration during the experimental period. 
Experimental tanks were equipped with Dophin H100 power 
filters and 18 cm nylon strings tied with weights to act as holdfast 
for the seahorse juveniles. Previous studies have shown that a 
nursing duration of 12 days resulted in improved growth and 
survival of H. barbouri juveniles. Hence, twelve-day-old H. 
barbouri juveniles were used for the experiments. All treatments 
were triplicated with ten seahorses in each tank, as newborns of 
H. barbouri per brood was limited. 

Height and weight of the seahorse juveniles were taken at 
the initiation and then at 2 week interval until the end of the study 
period. Height was measured following the protocol by Lourie et 
al. (1999), which is from the top of the coronet to the tip of the 
straightened tail using a digital vernier caliper (Mitutoyo, Japan). 
Seahorses were weighed using microbalance (Mettler Toledo, PB 
303 l) after being pat-dried with a paper towel. Survival was 
recorded throughout the experimental period. Seahorse juveniles 
were fed daily with newly hatched Artemia nauplii (Bio-Marine, 
USA) to observed satiation at 09:30 and 15:30 hrs. Faeces were 
siphoned before each feeding. 

YSI Professional Plus Multi-parameter was used to 
measure temperature, salinity, pH and dissolved oxygen. 
Whereas ammonia, nitrite and nitrate were estimated with API 
salt-water test kit. Data analysis was conducted using SPSS 
version 21.0. Experimental data (growth and survival) were 
analyzed using One-way of Analysis of Variance (ANOVA) where 
Tukey test was used as a post-hoc test to group the treatments of 
significant differences. Survival data were transformed using 
Arcsine prior to ANOVA. The results were presented as mean ± 
standard deviation. 

Photoperiod : Photoperiods tested were 8L:16D, 12L:12D and 
16L:8D. Light-emitting diode (LED) used was with light intensity of 
approximately 2100 lx. All lights were placed 30 cm above the 
water level. These photoperiods were controlled with timers. 

Light intensity : Three light intensities used were natural light, 
fluorescent light and LED with corresponding light intensities of 
approximately 700, 1400 and 2100 lx, respectively. Fluorescent 
light and LED were placed 30 cm above the water level. Light 
intensities were monitored daily using a light meter (CENTER 
337). Photoperiod for this study was fixed at 12L:12D. 

Results and Discussion

Studies on the impact of photoperiod on seahorses 
meagre. As seahorses are visual predators, they depend highly 
on the availability of light for foraging, therefore, determination of 
suitable photoperiod is useful for the optimization of culture 
practices (Tucker, 1998) since it is known to affect the growth and 
survival of fish larvae (Partridge et al., 2011; Stuart and 
Drawbridge, 2012; Valles and Estevez, 2013). Natural 
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photoperiod has been in selected few seahorse species like H. 
kuda, H. barbouri, H. fucus, H. erectus (Wilson and Vincent, 1998; 
Correa et al., 1989) to mimic the natural environment. 
Photoperiod of 12L:12D is commonly used in the culture practices 
for species like H. whitei, H. subelongatus, and H. abdominalis 
(Wong and Benzie, 2003; Payne and Rippingale, 2000; Woods, 
2003; Wilson et al., 2006). It is believed that such photoperiod is 
suitable for the growth of seahorses. Due to its species-specific 
effect, it is crucial to determine the optimum photoperiod for each 
species.

Continuous light availability of 24l : 0D for culturing H. 
reidi has resulted in better culture as compared to the natural 
photoperiod. This shows that with longer light duration, seahorse 
juveniles are able to forage longer, resulting in better growth. 
Similar findings have been reported on the ornamental and 
commercial species (Barlow et al., 1995; Job et al., 1997; Avella et 
al., 2007). In this study, 24L: 0D photoperiod was omitted due to 
mass mortality during a preliminary study. H. abdominalis 
juveniles showed least growth under continuous light of 24L: 0D 
as compared to 16L: 8D in a study carried out by Martinez-

Cardenas and Purser (2012). Similarly, marine fish larvae such as 
snapper (Fielder et al., 2002) and Gilthead sea bream (Gines et 
al., 2004) showed low mass gain when cultured under continuous 
light of 24 l :0D. Almazan-Rueda et al. (2005) stated that 
continuous light (24 l :0D) in marine fish rearing can introduce 
stress in the form of negative social interaction, resulting in lower 
growth and survival. According to Woods (2000b), excessive tail 
grasping may stress the seahorses.

At the initiation of the experiment, the height and weight of 
H. barbouri juveniles ranged between 23.10 and 23.40 mm and 
within 0.047 to 0.049 g, respectively. Initial height and weight were 
not significantly different (p>0.05) among treatments (Table 1). 
After 2 weeks, the height of H. barbouri juveniles under 
photoperiod ratio of 12L:12D was significantly higher (p<0.05) 
than those under 8L:16D and 16L:8D (Fig. 1). Similarly, at the end 
of the experimental period, the height of H. barbouri juveniles 
under 12L:12D photoperiod was highest (37.71 mm, p<0.05) as  
compared to the other two treatments. As for weight, after 2 
weeks, H. barbouri juveniles under 12L:12D showed significantly 
higher (p<0.05) weights than juveniles under 8L:16D, however 
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Fig. 1 : Height of seahorse juveniles cultured under different photoperiod.
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Fig. 2 : Weight of seahorse juveniles cultured under different photoperiod.
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Fig. 3 : Height of seahorse juveniles cultured under different light intensity.
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with no significant (p>0.05) difference when compared to 
juveniles under 16L:8D (Fig. 2). At the end of the experimental 
period, the weight of H. barbouri juveniles under 12L:12D was 
significantly highest (0.165±0.053 g, p<0.05) as compared to 
those under 8 l :16D and 16L:8D, with respective weights of 0.102 
g and 0.105 g, respectively. 

In the present study, photoperiod of 16 L:8D did not give 
better results. Seahorse juveniles tend to spend more time 
'wrestling' against each other due to long light hours, resulting in 
higher energy expenditure and lower growth performance. In this 
case, extended photoperiod may not be suitable for H. barbouri 
juveniles, therefore, photoperiod likely has a species-specific 
effect on H. barbouri. Another possibility is that at extended 
photoperiod of 16L:8D, the juveniles will spend longer time 
foraging causing lower food intake, thus higher energy 
expenditure. When food intake is low, it will not be able to 
compensate for the energy lost after the long hours of foraging. 

In the present study, H. barbouri juveniles survived best 
under photoperiod of 12L:12D. Without visibility time spent on 
foraging, swimming and 'wrestling' is minimized. This shows that 
energy saved by seahorses during the dark hours may be used 
for growth. This rationale is in agreement with other studies 
(Fielder et al., 2002; Stuart and Drawbridge, 2012; Blanco et al., 
2011, 2013; Cunha et al., 2007). Survival during 12L:12D is 
highest indicating that this is the best photoperiod for better 
survival of H. barbouri juveniles. Similarly, European sea bass 
(Villamizar et al., 2009) and Senegal sole larvae (Blanco-Vives et 
al., 2010) showed better growth under photoperiod of 12L:12D. 

Photoperiod of 8L:16D showed slow growth of seahorse 
juveniles in the current study. Similarly, a study by Hora et al. 
(2017) found that growth and survival of H. reidi juveniles were 
lower at photoperiod of 6L:18D. Seahorses may not have 
sufficient time to feed during the short duration of visibility, 
therefore less feeding may result in slower growth. Survival of H. 
barbouri at shortest (8L:16D) and longest (16L:8D) duration of 
visibility results in lower survival as compared to 12L:12D. In the 
case of H. guttulatus juveniles, culture under natural and 
extended photoperiod did not affect the growth and survival 
(Blanco et al., 2014)

Survival of H. barbouri juveniles (Table 2) throughout the 
4-week experimental period under photoperiod of 8L:16D, 
12L:12D and 16L:8D decreased from 100 to 93.33 %, 96.67 % 
and 86.67 %, respectively. At the end of week 4, the highest 
survival of H. barbouri juveniles were 80 % under photoperiod of 
12L: 12D, followed by 66.67 % under 8L:16D, and the lowest 
56.67 % under 16L:8D. The reported low survival of H. 
abdominalis juveniles under 16L:8D (Martinez-Cardenas and 
Purser, 2012) is supported by the findings of the present study 
with lowest survival of H. barbouri juveniles under photoperiod of 
16L:8D. According to Blanco et al. (2014), this occurs due to the 
imbalance between ingested and mobilized energy.

Some fishes use vision to detect and capture their prey (Blaxter, 
1980). Visibility increases with the presence of light. As light 
increases, it may affect prey capture (Batty, 1987), consequently 
affecting growth and survival. Woods (2000a) stated that 
seahorse juveniles are photo positive from newborn onwards. At 

Table 1 : Growth (height and weight) of H. barbouri juveniles cultured for 4 weeks under different photoperiods

Week Height (mm) Weight (g)

               Photoperiod

8L:16D 12L:12D 16L:8D 8L:16D 12L:12D 16L:8D

a a a a a a0 23.33±1.19 23.10±1.19 23.40±1.13 0.048±0.009 0.047±0.006 0.049±0.007
b a b b a ab2 29.39±2.41 32.83±3.93 30.27±3.02 0.090±0.027 0.127±0.052 0.103±0.032
b a b b a b4 32.20±1.77 37.71±3.64 32.47±2.53 0.102±0.028 0.165±0.053 0.105±0.027

Mean ± S.D. with the same superscripts within the same row are not significantly different (p>0.05); L, Light; D, Darkness

Table 2 : Survival of H. barbouri juveniles under different photoperiods throughout the experimental period 

Week Photoperiod

8L:16D 12L:12D 16L:8D

Survival (%)

0 100±0.00 100±0.00 100±0.00
2 93.33±5.77 96.67±5.77 86.67±5.77
4 66.67±15.28 80.00±10.00 56.67±15.28

L, Light; D, Darkness
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the beginning of this experiment, the heights and weights of H. 
barbouri juveniles were between 23.07 to 23.17 mm and 0.044 to 
0.047 g, respectively. The initial height and weight were not 
significantly different (p>0.05) among treatments (Table 3). After 2 
weeks of culture, the height of H. barbouri juveniles under light 
intensity of 1400 and 2100 lx were significantly higher (p<0.05) as 
compared to juveniles under light intensity of 700 lx (Fig. 3). 
Similarly, at the end of the experimental period, the height of H. 
barbouri juveniles under 1400 and 2100 lx intensities were higher 
(p<0.05) (35.31 and 37.71 mm), respectively, as compared to H. 
barbouri juveniles under 700 lx (30.78 mm). Between the natural 
light (700 lx), fluorescent light (1400 lx) and LED (2100 lx), 
seahorse juveniles showed better growth at intensities between 
1400 and 2100 lx as compared to 700 lx. Lin et al. (2009) 
recommended that H. erectus requires high light intensity of 1000 
lx for culture. 

As for weight, after first 2 weeks of culture, H. barbouri 
juveniles under light intensity of 1400 and 2100 lx showed 
significantly greater (p<0.05) weight than those juveniles under 
light intensity of 700 lx (Fig. 4). However, at the end of week 4, H. 
barbouri juveniles under light intensity of 2100 lx showed the 
maximum weight (p<0.05) of 0.165 g as compared to those 
juveniles cultured under light intensity of 700 and 1400 lx (0.106 
and 0.133 g), respectively. The final weights of seahorse juveniles 
cultured under 2100 lx was higher than those of 1400 and 700 lx. 
However, the survival of seahorse juveniles cultured under 1400 
lx was higher when compared to those of 2100 and 700 lx. This 
finding contradicts Lin et al. (2010) who reported that H. erectus 
juveniles showed the best survival at 500 lx. 

Survival of H. barbouri juveniles (Table 4) under light 
intensity of 700 lx, 1400 lx and 2100 lx dropped from 100 % to 
96.67 %, 86.67 % and 80 %, respectively. At the end of 4-week 
culture period, the highest survival of juveniles was 86.67 % 
under 1400 lx, followed by 80 % under 2100 lx, and the lowest 60 
% under 700 lx. Studies show that the growth of H. whitei was not 
affected by different natural light ranges (Wong and Benzie, 
2003). However, the growth of H. erectus under 500 lx was 
relatively low for the first few weeks but increased thereafter (Lin 
et al., 2009). In contrast with the present study, H. barbouri 
juveniles grew better with the increase in light intensity. This may 
be because the light intensities tested are within the threshold 
required by seahorse juveniles. 

In the present study, the feeding effort of H. barbouri 
juveniles reared under 1400 and 2100 lx was higher compared to 
700 lx. This is consistent with the findings of Woods (2000a) and 
Lin et al. (2010). Feeding effort of H. trimaculatus juveniles 
peaked at light intensity of 1500 lx and required lower light 
intensities during feeding as they grew (Sheng et al., 2006). 
These differences may be result of changes in eye sensitivity with 
development. The optimal light intensity may be different for 
seahorses at different life stages (Lin et al., 2009).

Low water quality affects the health of seahorse and to 
certain extent may even result in mortality (Len et al., 2020). Table 
5 shows the water parameters monitored during the 4-weeks 
experiment on photoperiod. Temperature and salinity fluctuated 
slightly for all treatments, with readings ranging from 27.0 to 29.0 
°C and 30.0 ppt to 32.6 ppt, respectively. Water pH for all 

Table 3 : Growth of Hippocampus barbouri juveniles cultured for 4 weeks under different light intensities 

Week Height (mm) Weight (g)

         Light intensity (lx)

700 1400 2100 700 1400 2100

a a a a a a0 23.17±1.15 23.10±1.19 23.07±1.17 0.047±0.008 0.044±0.007 0.046±0.006
b a a b a a2 27.83±3.31 33.07±2.70 32.76±4.07 0.080±0.035 0.131±0.034 0.127±0.052
b a a b b a4 30.78±7.75 35.31±2.40 37.71±3.64 0.106±0.034 0.133±0.030 0.165±0.053

Mean ± S.D. with the same superscripts within the same row are not significantly different (p>0.05)

Table 4 : Survival of H. barbouri juveniles under different light intensity throughout the experimental period

Week Light intensity (lx)

700 1400 2100

Survival (%)

0 100±0.00 100±0.00 100±0.00
2 96.67±5.77 100±0.00 96.67±5.77
4 60.00±17.32 86.67±15.28 80.00±10.00
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Table 5 : Water quality parameters measured throughout the study period for the experiment on photoperiod

Water parameter Photoperiod (L:D)           Week

1 2 3 4

Temperature (°C) 8:16 27.0 27.5 28.5 29.0
12:12 27.0 27.5 28.5 29.0
16:8 27.0 27.5 28.5 29.0

Salinity (ppt) 8:16 30.0 30.3 32.6 31.6
12:12 30.0 30.0 32.0 31.6
16:8 30.0 30.0 31.0 31.3

pH 8:16 7.6 7.6 7.6 7.6
12:12 7.6 7.6 7.6 7.6
16:8 7.6 7.6 7.6 7.6

DO (mg/L) 8:16 6.8 6.6 6.4 6.4
12:12 6.8 6.8 6.4 6.2
16:8 6.8 6.6 6.6 6.4

Ammonia (ppm) 8:16 0.0 0.0 0.0 0.0
12:12 0.0 0.0 0.0 0.0
16:8 0.0 0.0 0.0 0.0

Nitrite (ppm) 8:16 0.0 0.0 0.0 0.0
12:12 0.0 0.0 0.0 0.0
16:8 0.0 0.0 0.0 0.0

Nitrate (ppm) 8:16 0.0 0.0 0.0 0.0
12:12 0.0 0.0 0.0 0.0
16:8 0.0 0.0 0.0 0.0

L, Light; D, Darkness

Table 6 : Water quality parameters measured throughout the study period for experiment on light intensity

Water parameter Light intensity (lx)                Week

1 2 3 4

Temperature (°C) 700 26.5 27.0 27.5 28.0
1400 27.0 27.5 28.5 30.0
2100 27.0 27.5 28.5 29.0

Salinity (ppt) 700 30.0 30.0 31.3 31.3
1400 30.0 30.0 30.6 31.0
2100 30.0 30.0 32.0 31.6

pH 700 7.6 7.6 7.6 7.6
1400 7.6 7.6 7.6 7.6
2100 7.6 7.6 7.6 7.6

DO (mg/L) 700 6.4 6.6 6.4 6.2
1400 6.4 6.4 6.4 6.2
2100 6.4 6.2 6.2 6.4

Ammonia (ppm) 700 0.0 0.0 0.0 0.0
1400 0.0 0.0 0.0 0.0
2100 0.0 0.0 0.0 0.0

Nitrite (ppm) 700 0.0 0.0 0.0 0.0
1400 0.0 0.0 0.0 0.0
2100 0.0 0.0 0.0 0.0

Nitrate (ppm) 700 0.0 0.0 0.0 0.0
1400 0.0 0.0 0.0 0.0
2100 0.0 0.0 0.0 0.0
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treatments were stable at 7.6 throughout the study period. As for 
-1DO, all treatments had their DO levels above 6 mg l , while 

ammonia, nitrite and nitrate in all treatments were at 0 ppm 
throughout the experimental period. Water parameters measured 
during the 4-week experiment on light intensity is shown in Table 
6. Water temperature fluctuations for tanks with light intensities of 
700, 1400 and 2100 lx were 26.5 to 28.0 °C, 27.0 to 30.0 °C and 
27.0 to 29.0 °C, respectively. The salinity levels fluctuated slightly 
for all treatments, with readings ranging from 30.0 to 32.0 ppt. 
Water pH for all treatments were stable at 7.6 throughout the 
study period, while DO readings for all treatments were above 6 

-1mg l . Ammonia, nitrite and nitrate in all treatments were 0 ppm 
throughout the experimental period.

In the present study, temperature fluctuated from 27.0 to 
29.0 °C during the study period. This notably high fluctuation is 
due to the rainy season causing drastic changes in ambient 
temperature therefore affecting the water temperature as well. As 
for salinity, slight fluctuation between 30.0 and 32.0 ppt for all the 
treatments is considered safe for the growth and survival of H. 
barbouri as the salinity of their natural habitat in Borneo is 34.0 
ppt. Thus, mortalities due to salinity fluctuation or incompatibility 
is unlikely. However, further studies should be conducted to 
confirm this. In the present study, water pH of 7.6 was within the 
permissible limit for the culture of aquatic organisms as described 

-1by Boyd (1979), while DO above 6 mg l  is above the sufficient 
-1level (5 mg l ) for most aquatic species, including H. barbouri. 

According to Boyd (1979) low DO may affect growth and to certain 
extend leads to mortality. In the present study, the installed 
filtration system effectively eliminates ammonia, nitrite and nitrate 
from the culture water. Hence, this rules out the possibility of the 
above water parameters as causal factor for the mortality in 
seahorse. 

Based on the findings of this study, it shows that the 
foraging ability of H. barbouri juveniles is very much dependent on 
the presence of light. Photoperiod set at 12L:12D with light 
intensity of 1400 to 2100 lx is recommended for favourable growth 
and survival of these juveniles. Higher light intensities can be 
tested in future studies to determine the optimum light intensity for 
seahorse juveniles. 
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