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Abstract
Ocean acidification, a progressive decrease in the pH and change in the carbonate chemistry 

of seawater caused by the uptake of carbon dioxide (CO2) from the atmosphere, is a growing 

crisis that threatens marine species. pH data relevant to a species’ natural habitat in the coastal 

waters of the western Indian Ocean (WIO) is still sparse, limiting the capacity to undertake 

manipulative studies to better understand the impacts of ocean acidification on marine spe-

cies. This study investigated tidal and day-night pH variations in mangrove, seagrass, and coral 

reef habitats of the WIO by using Tanzania as a case study. The mean pH of the studied coastal 

habitats was highest in seagrass (8.49 ± 0.29), followed by coral reef (8.33 ± 0.06), and lowest 

in mangrove (8.20 ± 0.17). Seagrass habitats had the highest pH (9.06) during the day at low 

spring tides, mangrove habitats had the highest pH (8.45) during the day at high spring tides, 

and coral reef habitats had the highest pH (8.47) during the day at low tides. Seagrass habitats 

had the widest pH range (1.03), followed by mangrove habitats (0.54), while coral reef habitats 

had the narrowest range (0.23). The water with the highest pH during the day was transported 

to nearby mangrove habitats during incoming tides and to coral reef habitats during outgoing 

tides, resulting in the highest mean pH in mangrove and coral reef habitats during spring high 

and low tides, respectively. pH within the seagrass habitats correlated strongly and positively 

with changes in temperature (r=0.80), dissolved oxygen (r=0.84), and salinity (r=0.72), while pH 

in mangrove habitats correlated moderately and positively with dissolved oxygen (r=0.59). This 

study provides in-situ evidence on the pH fluctuations in the WIO’s coastal habitats over time 

and space, with water from seagrass habitats capable of raising the pH of water in nearby man-

grove and coral reef habitats during the day, thereby potentially helping in the mitigation of the 

effects of ocean acidification on these habitats.
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Introduction
Ocean acidification (OA) is a progressive decrease in 
the pH and change in carbonate chemistry of seawater 
caused by carbon dioxide (CO2) absorption from the 
atmosphere (Doney et al., 2009; Gattuso et al., 2015). As 
a result, the pH of the open oceans has decreased from 
a previously stable value of 8.2 over the past century 
to a current value of 8.1, signifying a 30 % increase in 

acidity on average (Feely et al., 2009; Orr, 2011). Based 
on the Intergovernmental Panel on Climate Change 
(IPCC) worst-case business-as-usual CO2 emissions 
scenario, biogeochemical models predict a further 
decrease in the pH of the open oceans, leading to an 
acidity increase of up to 150% by 2100 (Doney et al., 
2009; Feely et al., 2009). Prediction of pH in coastal 
waters containing mangrove, seagrass, and coral reef 
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habitats is, however, challenging because it is influ-
enced by a complex set of factors such as community 
metabolism (a balance between primary productiv-
ity of vegetation cover and community respiration), 
eutrophication, inputs from the open ocean, under-
ground freshwater discharge and rivers, and climatic 
factors (temperature and dissolved oxygen), some of 
which may be localized in nature (Hofmann et al., 
2011; Pacella et al., 2018; Pauline et al., 2011; Proum et 
al., 2017; Unsworth et al., 2012). As a result, natural pH 
variability may occur at much higher rates than the 
rate at which CO2 decreases ocean pH.

Mangrove, seagrass, and coral reef habitats of the WIO 
are also subject to semi-diurnal tidal variability, with 
two high tides and two low tides during each day-night 
cycle, resulting in fluctuations in physicochemical var-
iables such as salinity, temperature, and dissolved oxy-
gen (George et al., 2018; Mahongo, 2014; Shaghude et 
al., 2012). These changes affect the pH of the water col-
umn by modulating community metabolism (photo-
synthesis and respiration) within habitats (Semesi et al., 
2009a; Semesi et al., 2009b), allowing for a high degree 
of pH variability (day-night cycling) in the water col-
umn of these habitats. A study by Hofmann et al. (2011), 
which examined temporal changes in different coastal 
habitats, does not adequately represent pH variabil-
ity in coastal habitats of the WIO. This is because the 
effect of tidal cycles on pH variability in mangrove, 
seagrass, and coral reef habitats was not considered. 
pH variations in such habitats could have a significant 
impact on the development of resistance in resident 
marine species, or they could combine with the persis-
tent effects of OA to produce severe occurrences with 
significant consequences on resident marine species. 
In either case, understanding pH variations in man-
grove, seagrass, and coral reef habitats as well as their 
underlying drivers is crucial for a better understanding 
of the effects of future OA on marine species. There-
fore, the aim of this study was to characterise the pH 
variability in Tanzanian coastal habitats over space and 
time as well as their underlying drivers. In this study, 
we tested four hypotheses: (1) mangrove, seagrass, and 
coral reef habitats have different pH levels; (2) pH lev-
els within mangrove, seagrass and coral reef habitats 
vary with tidal cycles; (3) pH levels within mangrove, 
seagrass, and coral reef habitats are higher during the 
day than at night, regardless of tidal cycle; and (4) water 
with a higher pH from seagrass habitats is flushed to 
nearby mangrove and coral reef habitats during the 
day at high tides, raising their pH and helping to miti-
gate the effects of OA in these habitats.

Materials and methods 
Study area
This study was carried out in spatially isolated man-
grove, seagrass, and coral reef habitats located in 
non-estuarine bays: Chwaka Bay in Unguja Island, 
Zanzibar, and in Mnazi Bay in Mtwara, Mainland Tan-
zania (Fig. 1). The climate along the Tanzanian coast 
is influenced by the northeast (NE) monsoon winds 
(which are present from November to April) charac-
terized by heavy rainfalls, weak winds and high stable 
average air temperatures, and the southeast (SE) mon-
soon winds (which are present from June to Septem-
ber) characterized by weak rainfalls, strong winds and 
low stable average air temperatures (Mahongo, 2014). 
The inter-monsoon months (May and October) are 
comparatively calm. The monsoon season also cre-
ates two rainy seasons: heavy or long rains between 
March and May, and short rains, which occur irregu-
larly between September and December (Francis and 
Mahongo, 2012; McClanahan, 1988). The coast is also 
characterised by semi-diurnal tides, consisting of two 
high tides and two low tides of approximately equal 
magnitude each day-night cycle, resulting in fluctua-
tions in the physicochemical conditions of the water 
column that modulate biogeochemical processes and 
community metabolism within habitats, affecting pH 
of the water column (Cederlof et al., 1995; George, 
2019; Shaghude et al., 2012). This study was conducted 
between September (2018) and July (2019), covering 
periods of both the NE and SE monsoons.

Study design 
In each bay, large permanent plots (50 m x 50 m) in 
mangrove, seagrass, and coral reef habitats and their 
adjacent open ocean were marked using a Global Posi-
tioning System (GPS) and monitored during low and 
high spring tides during the NE and SE monsoons. 
Within each habitat at low spring tides, three 30 m 
transects were established using measuring tapes 
parallel to the shoreline to minimize the impact of 
depth gradient, as it has been demonstrated that water 
motion determines how much the local pH is influ-
enced by vegetation metabolism ( James et al., 2020). A 
0.25 m x 0.25 m quadrat was randomly selected along 
each transect at a distance of approximately 10 m 
during low spring tides. In each quadrat, six measure-
ments of pH, temperature, salinity and dissolved oxy-
gen were taken for both the day (between 10:00 am 
and 3:00 pm) and night (between 10:00 pm and 3:00 
am). Because the properties of the water column in 
shallow water habitats are similar, data (pH, temper-
ature, salinity, and dissolved oxygen) were collected 
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at the surface of the water in a specific coastal habitat 
during high spring tides. In-situ measurements of pH, 
dissolved oxygen, salinity, and temperature were per-
formed once during spring tides of each season over 
a 24-hour period covering high and low tides for each 
habitat within bays in order to capture the effect of the 
tidal cycle and time of day on pH levels.

Measurements of dissolved oxygen, salinity, pH 
and temperature
Dissolved oxygen, salinity and pH were manually 
measured by using an O2 electrode (FDO 925, WTW), 
salinity electrode (TetraCon 925, WTW) and a pH 
electrode (SenTix 940, WTW), respectively, connected 
to a multimeter (Multi 3430 WTW, Germany) one at 
a time. Prior to measurement, the pH meter was cal-
ibrated (three-point calibration; pH 4.10, 7.01, and 
10.00) using a buffer that was purchased together with 
the instrument. This procedure allowed for the acqui-
sition of reliable data. Electrodes also measured the 
temperature of water.

Statistical analyses
Mean and standard deviation for pH, temperature, 
salinity and dissolved oxygen values were computed 

and compared between sites, time of the day, and tides. 
Prior to statistical analysis, the data were subjected to 
a Shapiro-Wilk test to determine their normality. The 
differences in mean pH levels between habitats were 
tested using a One-way Analysis of Variance (ANOVA), 
followed by the Tukey’s test post-hoc for pairwise 
habitat comparisons. Furthermore, the differences in 

mean pH within habitats were tested using the T-test. 
The differences in dissolved oxygen, salinity and tem-
perature between day-night time and between high-
low tides within habitats were tested using a Two - way 
Analysis of Variance (ANOVA). Moreover, a spearman 
rank correlation analysis was performed to test the 
relationship between dissolved oxygen, salinity, tem-
perature (predictors) and pH. The significance level 
was established at <0.05. All statistical analyses were 
performed using Python version 3.2.

Results
pH variability in the mangrove, seagrass and coral 
reef habitats
The mean pH levels between mangrove, seagrass, and 
coral reef habitats varied significantly (Fig. 2). How-
ever, while the difference in mean pH levels between 

Figure 1. Map of Tanzania showing locations of study sites (Mnazi and Chwaka Bays).

Figure 1. 
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seagrass and mangrove habitats, and between seagrass 
and coral reef habitats was significant, the difference 
between mangrove and coral reef habitats was not 
(Fig. 2). Seagrass habitats had the highest mean pH 
of 8.49 ± 0.29, followed by coral reef habitats with a 
mean pH of 8.33 ± 0.06 and mangrove habitats with 
the lowest mean pH of 8.20 ± 0.17. The adjacent open 
ocean had a mean pH of 8.16 ± 0.05, which was 0.04 

pH units lower than that of mangrove habitats, 0.33 
pH units lower than that of seagrass habitats, and 0.17 
pH units lower than that of coral reef habitats (Fig. 2).

Tidal and day-night variability in pH levels  
in the mangrove, seagrass and coral reef habitats
Significant tide-dependent variations in mean pH 
levels were observed in mangrove and seagrass hab-
itats, but not in coral reef habitats (Fig. 3; Table 1). 
The mean pH level in mangrove habitats was high-
est during the day at high spring tides (8.38 ± 0.06) 
and lowest during the night at low spring tides (8.01 
± 0.08). The mangrove habitats had a pH range of 
0.54, with the highest pH (8.45) occurring in the day 
at high spring tides and the lowest pH (7.91) occur-
ring during the night at low spring tides. In seagrass 
habitats, the mean pH was highest during the day at 
low spring tides (8.862 ± 0.21) and lowest during the 
night at low spring tides (8.16 ± 0.11). The pH range 
of the seagrass habitats was 1.03, with the highest pH 
(9.06) occurring in the day at low spring tides and 
the lowest pH (8.03) occurring during the night at 
low spring tides. The mean pH values for day high 
spring tides, day low spring tides, night high spring 
tides, and night low spring tides in coral reef habitats 
were 8.34 ± 0.01, 8.35 ± 0.09, 8.30 ± 0.06, and 8.33 
± 0.06, respectively, and did not significantly differ 
from one another. The highest pH for the coral reef 
habitats was 8.47 and the lowest was 8.24, with a range 
of 0.23. Interestingly, the mean pH levels in seagrass, 

Fig. 2
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Figure 2. Mean pH levels in seagrass, mangrove, and coral reef hab-

itats. The dotted line indicates the mean pH of the adjacent open 

ocean. Error bars indicate standard deviations. The letters above the 

bars indicate significant differences in pH levels between mangrove, 

seagrass, and coral reef habitats (based on one-way ANOVA tests) at 

p≤0.05. N = 16.
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7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

9.0

9.2

Mangrove Seagrass Coral reef
Mangrove Seagrass Coral Reef

Day high tide
Day low tide
Night high tide
Night low tide

a

b
bc

c

a

b

ac

c
aa

a
a

pH

Habitat
Figure 3. Tidal variability in mean pH levels in mangrove, seagrass and coral reef habitats. The dotted 

line shows the mean of pH value of the adjacent open waters. Error bars indicate standard deviations. 

The letters above the bars indicate significant differences in pH levels between mangrove, seagrass, and 

coral reef habitats (based on one-way ANOVA tests) at p≤0.05. N = 4.
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mangrove, and coral reef habitats were higher during 
the day than at night, and were lower than that of 
adjacent open water in the mangrove habitats at 
night by 0.02 pH units (Fig. 4).

Day-night variability in water temperature, 
dissolved oxygen and salinity
The mean temperature in mangrove habitats did not 
vary significantly between day-night cycles (F=2.82, 
p>0.05) or tides (F=0.96, p>0.05), with both the high-
est (35.79 °C) and the lowest (25.29 °C) values recorded 
during the daytime low spring tide (Table 2). Sim-
ilarly, the mean salinity in mangrove habitats did 
not vary significantly between day and night (F=0.37, 
p<0.05) or between tides (F=169, p>0.05), with both 

the highest (39.70‰) and the lowest (17.10‰) values 
recorded during low spring tide during the day. The 
mean dissolved oxygen value in the mangrove habi-
tats, on the other hand, varied significantly between 
tides (F=14.58, p<0.05), but not between day and night 
(F=1.25, p>0.05), with the highest value (14.65 ml/L) 
recorded during high spring tide during the day, and 
lowest value (7.66 ml/L) recorded during low spring 
tide during the day (Table 2). 

The mean temperature in seagrass ecosystems fluc-
tuated significantly between tides (F=4.48, p<0.05) 
and between day and night (F=15.50, p<0.05). The 
highest value (35.08 °C) was recorded during day-
time low spring tide, and the lowest (26.33 °C) during 
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Figure 4. Day-night variability in mean pH in the mangrove, coral reef and seagrass habitats. The 

dotted line shows the mean of pH of the adjacent open waters. Error bars indicate standard deviations. 

The letters above the bars indicate significant differences in pH levels between mangrove, seagrass, 

and coral reef habitats (based on one-way ANOVA tests) at p≤0.05. N = 8.

Table 1. The mean, standard deviation (SD), minimum and maximum pH values recorded in mangrove, seagrass, and coral reef habitats (n=4).

Habitat Tidal cycle Mean SD Minimum Maximum

Mangroves

Day high tide 8.34 0.06 8.34 8.45

Day low tide 8.16 0.07 8.06 8.20

Night high tide 8.24 0.15 8.11 8.37

Night low tide 8.01 0.08 7.91 8.08

Seagrasses

Day high tide 8.52 0.05 8.45 8.55

Day low tide 8.86 0.21 8.68 9.06

Night high tide 8.42 0.11 8.33 8.55

Night low tide 8.16 0.11 8.03 8.25

Coral reefs

Day high tide 8.34 0.01 8.33 8.35

Day low tide 8.36 0.09 8.25 8.47

Night high tide 8.30 0.06 8.24 8.36

Night low tide 8.33 0.06 8.24 8.37
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night-time low spring tide. Salinity within seagrass 
beds, on the other hand, did not vary significantly 
with tides or between day-night cycles (p>0.05). The 
highest salinity value (40.00‰) was, however, recorded 
during low spring tide during the day while the low-
est value (36.00‰) was recorded during low spring 
tide at night. The mean dissolved oxygen in seagrass 
ecosystems varied significantly between day-night 
samplings (F=10.55, p<0.05), but not with tides (F=1.76, 
p>0.05), with the highest value (15.99 ml/L) recorded 
during daytime low spring tide and the lowest value 
(10.91 ml/L) reported during low spring tide at night 
(Table 2). 

The mean temperature, salinity and dissolved oxy-
gen in the coral reef habitats did not vary signifi-
cantly between tides and day-night cycles (p>0.05). 
The highest temperature (30.02 °C) was recorded 
during daytime high spring tide and the lowest (27.47 
°C) during daytime low spring tide. The highest salin-
ity (39.00‰) was recorded during low spring tide in 
the daytime, while the lowest value (37.00‰) stayed 
constant independent of time of day or tide status. 
The highest dissolved oxygen value (14.72 ml/L) was 
recorded during high and low spring tides during the 
day, and lowest value (13.46 ml/L) recorded during 
low spring tide at night (Table 2).

Table 2. The mean, standard deviation (SD), minimum, and maximum values of water temperature (°C), salinity (‰) and dissolved oxygen recorded 

(ml/L) in mangrove, seagrass and coral reef habitats (n=4).

Habitat Variable Tidal cycle Mean SD Minimum Maximum

Mangrove

Temperature

Day high tide 28.90 1.50 27.01 30.55

Day low tide 32.65 4.95 25.29 35.79

Night high tide 28.84 1.04 27.45 29.66

Night low tide 27.90 0.61 27.33 28.76

Salinity

Day high tide 37.75 0.50 37.00 38.00

Day low tide 32.72 10.6 17.10 39.70

Night high tide 37.75 0.50 37.00 38.00

Night low tide 35.92 1.87 34.30 38.00

Dissolved oxygen

Day high tide 14.23 0.56 13.56 14.65

Day low tide 9.86 1.98   7.66 11.54

Night high tide 14.19 0.48 13.65 14.61

Night low tide 11.76 2.79 9.31 14.64

Seagrass

Temperature

Day high tide 29.11 0.62 28.65 30.02

Day low tide 34.14 1.13 32.73 35.08

Night high tide 28.45 0.74 27.64 29.38

Night low tide 27.45 0.85 26.33 28.33

Salinity

Day high tide 37.75 0.50 37.00 38.00

Day low tide 38.57 1.29 37.37 40.00

Night high tide 37.75 0.96 37.00 39.00

Night low tide 37.00 1.15 36.00 38.00

Dissolved oxygen

Day high tide 14.02 0.50 13.68 14.69

Day low tide 15.29 0.79 14.49 15.99

Night high tide 14.13 0.59 13.54 14.72

Night low tide 11.45 0.58 10.91 12.02

Coral reef

Temperature

Day high tide 29.12 0.62 28.65 30.02

Day low tide 28.62 1.19 27.47 29.69

Night high tide 28.43 0.62 27.72 29.11

Night low tide 28.73 0.49 28.16 29.36

Salinity

Day high tide 37.75 0.50 37.00 38.00

Day low tide 38.25 0.96 37.00 39.00

Night high tide 37.75 0.50 37.00 38.00

Night low tide 37.75 0.50 37.00 38.00

Dissolved oxygen

Day high tide 14.11 0.59 13.50 14.72

Day low tide 14.55 0.28 14.12 14.72

Night high tide 14.06 0.56 13.58 14.59

Night low tide 13.99 0.56 13.46 14.52
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Correlation between pH and other  
environmental variables
pH in mangrove habitats associated only modestly and 
positively with dissolved oxygen (r=0.59), whereas pH 
in seagrass habitats significantly and positively linked 
with variations in temperature (r=0.80), dissolved 
oxygen (r=0.84), and salinity (r=0.72). pH in the coral 
reef habitats was found to be weakly and negatively 
related to salinity (r=-0.08) but moderately and pos-
itively related to temperature (r=0.44) and dissolved 
oxygen (r=0.41).

Discussion
This study found that the tidal cycle and time of day 
(day or night) controls pH levels in mangrove, sea-
grass, and coral reef habitats of Tanzania and the WIO. 
As a result, mangrove, seagrass, and coral reef habi-
tats experience large pH fluctuations, indicating that 

resident marine species are subject to wide pH ranges, 
which should be considered in future experimental 
studies evaluating the effects of OA on marine species. 
Water with the highest pH from seagrass habitats is 
transported to nearby mangroves during incoming 
daytime high tides as well as to nearby coral reefs dur-
ing outgoing daytime low tides, raising their pH levels 
and helping to mitigate OA on these habitats. These 
results will guide management strategies to safeguard 
healthy seagrass meadows that maintain high primary 
productivity and act as refugia against OA.

Seagrass habitats had the greatest mean pH levels, 
which, when compared to nearby mangrove and 
coral reef habitats, show that seagrass productivity 
(the balance between photosynthesis and respiration) 
affects the pH of its surrounding waters (Hendriks et 
al., 2014; Pacella et al., 2018). The observed differences 
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in pH levels and dissolved oxygen (DO) between day 
and night also suggested that the effect of seagrasses 
was related to their productivity (Pacella et al., 2018).  
Daytime photosynthesis and nightime community 
respiration have different effects on pH levels in coastal 
habitats (Semesi et al., 2009b). Seagrasses remove car-
bon from the water column during photosynthesis 
(Borum et al., 2007; Brodersen et al., 2018; Larkum et 
al., 2007), lowering the partial pressure of CO2 and thus 
the amount of dissolved inorganic carbon in the water 
column. As a result, the pH of the water column rises 
(Brodersen et al., 2018; Olsen et al., 2018). During the 
nighttime, however, seagrass photosynthesis is inac-
tive, and community respiration is high, resulting in an 
increased partial pressure of CO2 and, thus, dissolved 
inorganic carbon in the water column (Brodersen et al., 
2018; Olsen et al., 2018; Pedersen et al., 2016). As a result, 
the pH of the water column decreases (Hofmann et al., 
2011). These could explain why the highest and lowest 
pH values in seagrass habitats were observed during low 
spring tides in the day and night, respectively, resulting 
in the observed highest pH range. In light of these find-
ings, it is important to take into account the day-night 
pH variations in coastal habitats when designing new 
experimental studies aimed at better understanding 
the effects of OA on resident marine species. Despite 
the fact that this study focused on pH, future studies 
should include assessments of total alkalinity, partial 
pressure of CO2, and dissolved inorganic carbon as 
indicators of OA to better understand the changing 
seawater carbonate chemistry in the WIO.

Lowest pH levels in mangrove habitats compared to 
seagrass and coral reef habitats have been linked to 
river inflow and underground discharge (Pauline et al., 
2011). Because Chwaka and Mnazi Bays are non-es-
tuarine, the lowest pH levels observed during low 
spring tides were primarily caused by groundwater 
discharge. During incoming daytime high tides, water 
with the highest pH from nearby seagrass habitats is 
transported to mangrove habitats, helping to raise the 
pH of water in these habitats. Similarly, during out-
going day low tides, seagrass habitats raise the pH of 
water coming from mangrove habitats, preventing 
the water with the lower pH from reaching coral reefs. 
Low pH water inhibits coral calcification processes 
and, in extreme conditions, may cause reef dissolu-
tion (Kroeker et al., 2013). The ability of seagrass habi-
tats to mitigate the effects of OA on nearby mangrove 
and coral reef habitats is dependent on their health 
and has been shown to decline with disturbances 
(Carstensen and Duarte, 2019). 

Climate change-related stressors such as freshwater 
flooding, anoxia, and ocean warming are threatening 
seagrass survival (García et al., 2013; George, 2019; Ras-
musson et al., 2020). Positive correlations between pH 
and salinity, dissolved oxygen, and temperature were 
found in this study, and these relationships are dis-
cussed separately. A positive correlation between pH 
and O2 shows the influence of primary productivity 
and community respiration on pH. Healthy seagrass 
habitats have been shown to support high primary 
productivity, producing water with high pH and O2 
levels that will be transported to adjacent coastal hab-
itats (Hendriks et al., 2014; Semesi et al., 2009a; Sem-
esi et al., 2009b; Unsworth et al., 2012). On the other 
hand, degraded habitats with low primary produc-
tivity, have been shown to compromise the ability of 
seagrass habitats to mitigate OA (Van Dam et al., 2021). 
Eutrophication-induced hypoxia has become a major 
threat to seagrass survival because it reduces plant 
primary productivity, reducing the ability of sea-
grass habitats to mitigate the effects of OA in coastal 
areas (Che et al., 2022). Increased water temperatures 
have been linked to increased primary productivity 
of tropical seagrasses, and, as a result, rising pH in 
their water column during the day (George et al., 2018; 
George et al., 2020). On the other hand, temperatures 
over optimal ranges of tropical seagrasses can impair 
primary productivity, and, consequently, lower the 
pH of the water column (Carstensen and Duarte, 
2019). Increased flood occurrences in coastal areas are 
predicted to lower pH in mangrove, nearby seagrass, 
and coral reef habitats, increasing the effects of OA on 
these ecosystems (Orr, 2011). Therefore, these find-
ings suggest that minimizing disturbances in coastal 
habitats will improve the capacity of seagrass habitats 
to absorb CO2 from the water column and, in turn, 
increase their capacity to elevate the pH of surround-
ing mangrove and coral reef habitats.

Similar studies are generally lacking in the WIO region. 
However, a study by Camp et al. (2016) in three loca-
tions in the Atlantic, Indian, and Pacific Oceans found 
similar trends, with seagrass habitats consistently hav-
ing a higher mean pH (8.15 ± 0.01) than the nearby out-
er-reef habitats (8.12 ± 0.03), and mangrove habitats 
having a lower mean pH (8.04 ± 0.01). Camp et al. (2016) 
reported day-night pH variations that were similar to 
the current findings, with high pH during the day time 
associated with CO2 uptake during photosynthesis 
and low pH at night associated with CO2 release dur-
ing respiration in the absence of photosynthesis. This 
study concentrated on non-estuarine bays, therefore 
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it is suggested that future research should concentrate 
on estuarine coastal habitats in order to obtain a com-
plete picture of pH dynamics in WIO coastal habitats. 

Conclusions
The tidal cycle and time of day control pH levels in 
mangrove, seagrass, and coral reef habitats of the 
WIO, resulting in large pH fluctuations in these coastal 
habitats. As a result, resident marine species in man-
grove, seagrass, and coral reef habitats face wide pH 
ranges, which should be considered in future manip-
ulative studies evaluating the effects of OA on marine 
species from coastal habitats. Water with the highest 
pH from seagrass habitats is transported to nearby 
mangroves during incoming daytime high tides and 
to nearby coral reefs during outgoing daytime low 
tides, raising their pH levels and helping to mitigate 
OA on these habitats. To better understand the chang-
ing seawater carbonate chemistry in costal habitats of 
the WIO, future studies should include assessments of 
total alkalinity, pCO2, and dissolved inorganic carbon 
as indicators of OA not covered in this study.
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