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Abstract. Coral bleaching and mortality events have recently increased in frequency and severity 

in the whole world. Combined effects of natural and anthropogenic impacts were assumed to be 

the cause for coral’s health degradation. Sedimentation, urban waste, sewage discharge and 

agricultural activities are among the nutrient input for Malaysian waters, which can affect the 

coral reefs indirectly. In this study, photosynthetic performance of tropical corals under stresses 

were studied by exposing three common tropical scleractinian corals, Stylophora pistillata, 

Montipora digitata and Seriatopora hystrix to combination of different levels of high and 

ambient temperature and in a laboratory condition. Quantum yield fluorescence before, after 

stress and after recovery stage were recorded using a dark-adapted photochemical efficiency 

(Fv/Fm) methodology with a pulse-amplitude-modulation (PAM) chlorophyll fluorometer 

(WATER-PAM, Walz, Germany). Physical appearance of the corals were after the post-stress 

stages. The results showed that nutrient enrichment not have a synergistic effect, and that high 

temperatures alone significantly impact Fv/Fm values (three-way ANOVA, p>0.05) for all coral 

species. Slow growing corals (S. pistillata) appeared to cope better with the high temperatures 

than the fast-growing corals (M. digitata and S. hystrix). Hence, that a nitrate concentration 

contributed as an intial response of the symbiont’s physiological changes, which can give more 

understanding on studying specific coral species resistance towards coral bleaching issues. 

1.  Introduction 

Coral-zooxanthellae symbioses have the ability to survive in a low-nutrient environment, unlike any 

other organisms [1]. This is because they have an effective way of recycling the dissolved nitrogen in 

the symbiotic association [2] [3] . The low concentration of inorganic nutrients in the reef ecosystem 

means low primary production by symbiotic algae [4]. The productivity of a coastal ecosystem is very 

dependent on nutrient distribution and behaviour and the nutrient concentration is in large part due to 

the entry of domestic and industrial waste, urban drainage and agricultural effluents from the terrestrial 

ecosystem [5]. Elevated nutrient concentrations surrounding coral reef ecosystems can affect the 

function and composition of the zooxanthellae photosynthesis process [6] and it can cause the 

photosynthetic algae to alter its protein composition, increase in chlorophyll a specific absorption 

coefficients and reduce maximum quantum yields of PSII [6]. 

 A study of coastline pollution in West Malaysia, identified oil palm plantations as the cause of nitrate 

and phosphorus enrichment in the sediment and nutrient loads of rivers and coastal waters [7]. Combined 

nitrification, global warming and loss of top members of the food chain occurred over the last 65 million 

mailto:tg.fara@umt.edu.my
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years [8]. Human activities increase the flux of nutrient into coastal waters causing a complex process 

of organic production and accumulation and change in the nutritional status of the community [9] [10]. 

Coastal regions often receive large anthropogenic inputs of nitrogen that cause eutrophication [11] by 

human activities such as agriculture and aquaculture [12]. The study by Marubini and Davies [13] found 

that increasing nitrate concentration in the water (1, 5 and 20 µM) caused an increase in the population 

density of zooxanthellae, chlorophyll a, and protein (c2) per cell. Marubini and Atkinson [14] showed 

that an increase in nitrate did not affect the corals’ growth at all, in term of calcification rates, after being 

exposed to 0.5 – 5.0 µM to corals in five weeks. In a study of nitrate limitation in symbiotic 

dinoflagellates, photochemical efficiency of PSII (Fv/Fm) values were negatively correlated with 

external nitrogen concentrations in the culture of Symbiodium kawagutii and S. pilosum [6]. 

 Malaysia is situated in Southeast Asia, comprising of 30% of the world’s coral reef, but in 1992 

(ASEAN-Australia Living Coastal Resources project) 60% of it was destroyed [15]. One of the causes 

of reef destruction in Southeast Asia is organic and inorganic pollution [16], with concentrations of 

particulate organic nitrogen (PON), ranging from <10 to 131 µM found in Malaysian creek waters, while 

dissolved organic nitrogen (DON) were ranging between 20-50 µM [9]. Nutrient input in Malaysian 

waters caused by coastal development, sewage discharge and sedimentation, need to be managed to let 

the corals reefs survive in Malaysian waters [17]. Somchit et al. [18] believed that the organic chemicals 

pollution that occurs in Malaysia originated from urbanization (sewage waters, industrial), agricultural 

activities (nutrients, pesticides and sediment) and transporting (boating and shipping). Bong and Lee 

[19] reported that dissolved inorganic nutrients (ammonium, nitrite, nitrate, phosphorus and silicate) 

were high in nearshore areas of West Coast, Peninsular Malaysia, due to anthropogenic activities 

affecting the marine water quality threatening the recreational industry, tourism, fisheries and 

biodiversity. In Malaysia, there are no studies relating to the nitrate levels with coral bleaching and 

fluorescent measurement (using PAM fluorometer). There are only studies on PAM fluorometer 

measurements with before-after tsunami and coral bleaching events [20]. This study is specifically 

designed to examine the synergistic effects of ambient/high temperature levels combined with 

ambient/high nitrate levels on three common Indo-Pacific coral species, S. pistillata, M. digitata and S. 

hystrix by data collection on maximum quantum yield (Fv/Fm) using PAM fluorometer. Maximum 

quantum yield of chlorophyll fluorescence (Fv/Fm) of the coral species were measured to calculate the 

differences between different levels of temperature and nitrate stress.   

 

2. Experimental protocol for photochemical efficiency measurement  

Experiments were performed in the laboratory using nubbins (4-5 cm) of three species of scleractinian 

corals, S. pistillata, M. digitata and S. hystrix. They were chosen because of their high and moderate 

susceptibility to bleaching, fast growth and abundance in Malaysian waters [21] [22]. The corals were 

maintained in a 100 L seawater tank in the laboratory at 27°C, under a light intensity of 200 µmol quanta 

m⁻²s⁻¹, on a 10h light /14h dark cycle [23]. The tank was heated by a heater control unit using two metal 

halide lamps. The coral colonies were sourced from a sustainable lab and were acclimatized to the 

maintenance conditions in the laboratory aquaria. Small fragments, 4-5 cm in size, were mounted on 

cement plugs providing stability for the fragile organisms to be moved from and to experimental tanks. 

 Before and after treatments, the mounted coral nubbins were put in a separate black container box, 

covered with black canvas, for 20 minutes dark-adapted photochemical efficiency measurement 

(Fv/Fm) [24] using a pulse-amplitude-modulation (PAM) chlorophyll fluorometer (WATER-PAM, 

Walz, Effeltrich, Germany). The black container box was filled with seawater high enough to allow the 

fluorometer probe to orientate between the corals. All the coral nubbins were mounted on their cement 

plugs in a vertical position. Measurements were conducted on surface point of each branch of the 

nubbins.  
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Figure 1. Measurement of Fv/Fm onto corals by Water-PAM fluorometer under a black canvas for a 

dark adaptation measurement, recording maximum quantum yield before stress, after stress and after 

24-hr post-treatment stage.  

 

 Healthy coral nubbins were transferred from controlled conditions into experimental tanks. They 

were collected and straightaway put into a small cup underwater in the control tanks and moved to the 

experimental tank. Temperatures in the experimental tanks were stabilized for 3 h prior to experiments 

using a heater control unit. For the experiment, 3 aquaria (50 l each) were used for each treatment as 

replicates. All experimental aquaria were aerated by spreader bars to keep the water evenly heated.  

 In this experiment, nitrate was added to the nutrient enriched treatments as NaNO3. Nitrate was used 

in this study because it is the main form of nitrogen available in tropical waters besides ammonium and 

phosphate [13]. Ambient laboratory concentration was maintained between 1.0 - 2.0 µM as per other 

studies (eg. Nordermar et al. [25] recorded 1.4 – 2.1 µM is ambient nitrate concentration in a laboratory 

condition).  The corals were exposed to 3 treatments of normal and elevated temperature and nitrates. 

In total, 4 treatments of normal and elevated temperature and irradiance for 3 hours. In total, 5 coral 

pieces were used in each of three replicates of the 4 treatments (n=5). The treatments were:  

 (a)  ambient control (27ºC, 2 µM NO3⁻) 
 (b)  high nitrate (27ºC, 15 µM NO3⁻) 
 (c)  high temperature (30ºC, 2 µM NO3⁻) 
 (d)  high temperature + high nitrate (30ºC, 15 µM NO3) 

 After the stress-experiments, corals were brought to a shallow black water-filled container under a 

black canvas. Both black container and canvas allowed the corals to dark-adapt and made successive 

measurements of the Fv/Fm parameter of the samples [26]. Corals were placed 2-3 cm below the surface 

of the water in a shallow tank because the Water-PAM only has 10cm of waterproof probe. The probe 

was placed within 5mm of the corals in the water, so as to avoid air-water signal dispersion on a surface 

parallel to the water surface, as recommended by Hennige et al. [27]. After 20 minutes of dark-

adaptation, the ratio of variable to maximal fluorescence (Fv/Fm) was measured on each coral. All 

measurements were taken on the vertical sides of tissues, 3 cm along from the branch tip [28]. This also 

minimized within-branch variability in photosynthetic pigments [29]. The initial fluorescence (Fo) was 

measured by applying a weak pulsed red light (LED 650 nm, 0.6 kHz, 3µs). A saturating pulse of bright 

actinic light (8000 µmol photons m-2 s-1, width 800 ms) was then applied to give the maximal 
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fluorescence value (Fm). Variable fluorescence (Fv) was calculated as Fm – Fo and maximal quantum 

yield as Fv/Fm [30].  

 The Fv/Fm of each nubbin was measured in the control tank just before the stress, at the end of the 

5-h stress, and after 24 h of recovery. For the following (24 h) stress, paling and mortality of the corals 

were also recorded. Coral colours were compared using a Coral Health Card by CoralWatch.  

 

 
  

Figure 2. Coral colour before and after stress were compared with CoralWatch Coral Health Chart by 

CoralWatch.org. 

2.1 Data Analysis 

Three-way analysis of variance (3-way ANOVA) was used for comparisons of Fv/Fm before stress, 

after stress and after recovery for each species and among treatments. If the results of the experiments 

were not significant, the data was used in one-way ANOVA to increase the power to detect treatment 

effects. The post-hoc Tukey is also used for multiple comparison of means at P<0.05.  

 

3.  Results 

3.1 Effects of different temperature and nitrate levels on the corals species 
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Figure 3 shows the data of Fv/Fm for ambient temperature and high nitrate of stress (27ºC, 15 µM 

NO3⁻) for the three corals, S. pistillata, M. digitata and S. hystrix before stress, after 5-h stress and 

after 24-h of recovery period. S. pistillata and S. hystrix did not show any recovery after the 5-h stress. 

Only M. digitata showed a recovery after ambient temperature level and high nitrate level of stress. 

This Figure 3 shows the coral species displayed a lower level of maximum quantum yield after a dark 

adaptation soon after 5 hours in stress experiments. 

 

Figure 3. Maximum quantum yield measurements for three coral species before stress, after 5-h stress 

and after 24-h recovery stage during ambient temperature and high nitrate stress treatments.   

 For the second experiment (Figure 4), high temperature (30ºC) and ambient nitrate level (2 µM 

NO3⁻), all corals species were affected by the stress by showing low level of Fv/Fm measurement soon 

after 5-hr stress. However, after a 24-hr recovery period, all the corals species showed an increased level 

of maximum quantum yield compared to the after-stress data before stress condition. For after stress and 

after recovery, all of the coral species were not significant with each other.  

 In the 3rd experiment (Figure 5), high temperature and high nitrate level stress treatments (30ºC, 15 

µM NO3
-), the yield increased back after 24-hour recovery, although still lower that before exposure to 

stress (Figure 5). 
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Figure 4. Graph of maximum quantum yield measurements for three coral species before stress, after 

5-h stress and after 24-h recovery stage during high temperature and ambient nitrate stress treatments.   

 

 

Figure 5. Graph of maximum quantum yield measurements for three coral species before stress, after 

5-h stress and after 24-h recovery stage during high temperature and high nitrate stress treatments. 
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3.2 Maximum quantum yield ration after 5-h treatments 

 

Table 1: Multiple comparison ANOVA for Fv/Fm mean values of S. pistillata, M. digitata and S. 

hystrix during before stress, after 5-hr stress and after 24-hr recovery period for high temperature and 

high nitrate stress treatments. 

Dependent Variable (I) SPC (J) SPC Std. Error Sig. 

beforestress M. digitata S. hystrix .066154 .510 

S. pistillata .067711 1.000 

S. hystrix M. digitata .066154 .510 

S. pistillata .062925 .458 

S. pistillata M. digitata .067711 1.000 

S. hystrix .062925 .458 

afterstress M. digitata S. hystrix .065003 .018 

S. pistillata .066533 .019 

S. hystrix M. digitata .065003 .018 

S. pistillata .061830 .999 

S. pistillata M. digitata .066533 .019 

S. hystrix .061830 .999 

post-treatment M. digitata S. hystrix .065223 .797 

S. pistillata .066758 .276 

S. hystrix M. digitata .065223 .797 

S. pistillata .062040 .584 

S. pistillata M. digitata .066758 .276 

S. hystrix 
.062040 .584 

 Maximum quantum yield for all species after stress and after recovery were analysed for each species 

for all treatments. Ambient temperature and ambient nitrate is the control experiment. Table 1 shows 

that after stress treatment, all three coral species were significantly affected by high temperature and 

high nitrate stress experiments.  

3.3 Visual bleaching and mortality after stress treatments 

In the stress experiment of ambient temperature and high nitrate, coral species responded differently in 

terms of paling and bleaching by comparing coral colours with CoralWatch Coral Health Chart before 

and after stress. For high temperature and high nitrate stress experiments (Figure 6), all coral nubbins of 

M. digitata and S. hystrix showed retracted polyps and pale colours immediately after the 5-h 

experiments where pale colour score 4 for M. digitata and colour score 3 for S. hystrix. But M. digitata 

and S. hystrix are fully recovered to normal conditions (after 24-h recovery stage). For high temperature 

and ambient nitrate stress experiments (Figure 7), 7 of the S. hystrix coral nubbins (out of 15) showed 

paling condition (the most paling colours which is colour score 2), but recovered after the 24-hour 

recovery stage. While three coral nubbins of M. digitata had retracted polyps after the stress experiment, 

they returned to normal condition after the recovery stage. S. pistillata were normal in colour throughout 

all the stress treatment experiments. There was no obvious “outward” physiological effect after recovery 

period. 
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Figure 6. This bar graph shows the average colour score for coral species during normal state and 

after stress experiments (high temperature and high nitrate). 

 

 

Figure 7. This bar graph shows the average colour score for coral species during normal state and  

after stress experiments (high temperature and ambient nitrate). 

4. Discussion 

4.1 Coral species response towards high temperature 

The results indicate that high temperature is the dominant stressor to the coral species and the corals are 

more susceptible to high temperatures (30°C) than the high nitrate levels. Humanes et al. [31] stated 

temperature stress alone can cause impact to the coral Acropora tenuis, not in combination with high 

nitrate levels. Similarly, an elevated temperature of 32°C reduced gamete fertilization, larval 

survivorship and larval settlement of the coral [31]. Elevated temperature decreased rates of 

photosynthetic efficiency of PSII in S. pistillata. 
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4.2 Coral species respond towards nitrate stress 

According to Faxneld et al. [32], high temperature (31°C) combined with nitrate enrichment and 

decreased salinity could lead synergistic effect. Turbinaria mesenterina was exposed to ambient 

temperature (25°C) with nitrate enrichment (+5 µM NO3
-) plus low salinity (20ppm), the corals did not 

show any effects on metabolism and survival [32]. Nordermar et al. [25] suggested that corals on 

nutrient-exposed reefs may be more stressed when the combined effects of nitrate enrichment and 

elevated seawater temperature reduced the gross primary production rate of zooxanthellae. Higuchi et 

al. [33] also suggested that coral bleaching accelerated when M. digitata were exposed to high 

temperatures (32°C) and high nitrate concentrations (10 µM), rather than only a single stress condition. 

They reported that the nitrate stressor alone was not sufficient to induce stress, based on the Fv/Fm 

values during the combination of nitrate enrichment and ambient temperature or low light intensity 

condition. This finding is similar to this present study where the corals species had a none significant 

value of Fv/Fm during nitrate enrichment with ambient temperature stress treatment. 

 High nutrient levels have indirect effects on corals [33]. And also ammonium the major source for 

primary production of marine organisms [34] and normally, corals can tolerate low level inorganic 

nutrient waters, with nitrogen concentrations of 0.3 to 1 µM L-1 [35]. Nitrate is the major form of 

nitrogen that is present in tropical coastal waters [20Organisms which contain endosymbiotic 

zooxanthellae are effected by elevated levels of nutrients e.g. coral colony growth (i.e. coral calcification 

rate and linear extension) and coral larval settlement [36]. Porites porites and Montastrea annularis 

exhibited decreased calcification because of the nitrate enrichment of 5 µM and 20 µM [13]. According 

to Fabricius [37], increased dissolved inorganic nitrogen (as nitrate and ammonium) can affect 

zooxanthellae density, increasing the content of nitrogen and chlorophyll a per zooxanthella and 

photosynthetic rates. Nitrate-enriched condition (17 µM of NH4
+) proved to have a greater algal standing 

stock and more than doubled algae densities, which means that the zooxanthellae are nutrient limited 

[38].  

 

4.3 Paling colours on coral species after stress treatments 

In this study, nitrate enrichment used was 15 µM, similar to Nordermar et al. [25] used 15 µM as high 

nitrate. Fabricius [37] had found that high nitrate alone can negatively affect the corals. This study 

showed that, high nitrate and high temperature; ambient nitrate and high temperature; and high nitrate 

and ambient temperature significantly affect the Fv/Fm measurement towards all coral species. 

Ammonium enrichment did not contribute significantly to PSI and PSII yield measurement in high 

temperature waters of Turbinaria reniformis corals [39]. Wiedenmann et al. [40] suggested that the 

photosynthetic efficiency of zooxanthellae can be decreased under a combination of increased 

temperature and light stress with imbalanced nutrient levels. They proved that increased levels of DIN 

(dissolved inorganic nitrogen) combined with temperature and light stress can increased a coral’s 

susceptibility to bleaching. That can be seen in this study, after 5-h stress of combined stressors, M. 

digitata and S. hystrix experienced paling colours, an early sign of stressed corals. However, they 

recovered after 24-h in a controlled condition. For bleaching conditions, stressors can cause the 

breakdown of coral-algal symbiosis and zooxanthellae loss [40]. Paling coral shows a decline in density 

of the zooxanthellae and less pigments within the zooxanthellae [41] [42]. The pale appearance is 

because the cnidarian’s calcareous skeleton is showing through the translucent tissues [43].  

 The changes in a coral colour after 5-hr stress can be related to the sensitivity of the corals used in 

the studies. S. pistillata, M. digitata and S. hystrix had significantly decreased Fv/Fm for combined high 

nitrate and high temperature. So, if the corals were exposed in a longer period (compared to only 5-hr 

stress) to either only high nitrate, or only high temperature, or by combination, they might experience 

bleaching. Turbinaria mesenterina was found to be bleached after being exposed to 24-hour stress of 

increased temperature (31°C), nitrate enrichment (5 µM), low salinity (20) and the combinations of the 

stressors [32]. Schlöder and D’Croz [44] recorded mortality of P. damicornis corals with treated with 

high nitrate and high temperatures and also pale colours for high temperatures stress treatment. The 

effect of nutrient enrichment on coral varies depending on the coral species [44] [45]. Lower maximum 
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quantum yield was found in nutrient-enriched samples of S. pistillata but not in Acropora spp. corals 

[45]. While in Schlöder and D’Croz [44], 90% of P. lobata had survived but only 30% of P. damicornis 

remained healthy after a nitrate enrichment stress treatment. According to Yuen et al. [45], slow growth 

corals (S. pistillata) can survive longer than the faster growing species (Acropora spp.). It is similar to 

the finding of Schlöder and D’Croz [44], where slow-growing species (P. lobata) can cope better with 

nitrate enrichment conditions than fast-growing species of P. damicornis. In this study, S. pistillata had 

shown normal colours throughout the stress experiments but not M. digitata and S. hystrix. It can be 

concluded that the survival level of corals species in this experiment is S. pistillata > M. digitata > S. 

hystrix, based on paling colour changes of corals after the treatments. It can be related to the previous 

studies, where slow growth corals (S. pistillata) are coping better with the environmental changes than 

the fast growth corals (M. digitata and S. hystrix).  

 This study suggests that coral health might not be affected by nutrient enrichment, but only high 

temperatures alone can give a significant decreased Fv/Fm values for all coral species. Maximum 

quantum yield of S. pistillata, M. digitata and S. hystrix were negatively affected its values by the nitrate 

enrichment, whether in ambient or high temperatures. There is a suggestion that both elevated 

temperature and nitrogen enrichment can cause a destabilized coral symbiosis [25], but this present study 

showed high temperature alone can significantly affect the photosynthetic yield. This study shows that 

the nitrate enrichment itself does not affect the Fv/Fm values, but if the nitrate concentrations increased 

to more than 10M, in a high temperature conditions, it might increase the coral’s susceptibility to 

bleaching [33]. Each coral species showed different responses to nutrient enrichment, in terms of their 

paling colours and survival. S. pistillata no response in terms of colouration before stress, after stress 

and after 24-hr recovery period all stress treatments. This study suggests that the effects of high 

temperature and ambient/high nitrate on corals varies according to coral species.  

 This study only examined the maximum quantum yield (Fv/Fm), and in a short period of time. 

Increased nutrient influxes in coral reefs surrounding have long-term consequences for the corals. 

Increased of nutrient levels can reduce the heat stress tolerance on corals which expose the corals to 

bleaching risk [46]. Nitrate effect onto coral can give significant changes of decreasing photosynthesis 

and calcification in symbiont in a short period of time of days to weeks [39] [36]. Nitrate concentration 

experiments might contribute as an initial response of the symbiont’s physiologic, which lead to the 

understanding of corals behaviour to environmental change. The changes in the environmental 

conditions can affect nitrogen cycling in corals, which are the capacity of shifting within coral 

microbiome [47]. Besides as an initial response, a short-term nitrate stress onto corals can be resulted in 

changes of coral colour and physical appearances.  

 For future investigation, the synergistic impacts of elevated nitrate concentration with other 

environmental stressor (light, salinity, water motions etc.) should be further study on a larger dynamic 

of coral-symbiotic association (e.g. zooxanthellae density, chlorophyll a content) and in a longer stress-

time. 
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