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Abstract

Background: Acidification or acid rain in freshwater ecosystem is increasing especially in developing countries due
to modernization, urbanization and population increase. An effect of acid deposition on water bodies is the
lowering of the pH, which affects fish species negatively. This study evaluated tolerance levels of different life
stages of Oreochromis niloticus to different acidic pH as it affects their survival, morphology and behaviour. Concentrated
sulphuric acid was used for the acidification. Four hundred fifty O. niloticus of different life stages of fingerlings, juveniles
and adults were stocked in the different acidic pHs in triplicates for 14 days.

Results: Fingerling mortalities were 100%, 96%, 70% and 42% in pH 3, 4, 5 and 6. One hundred percent, 44%, 22% and
12% juvenile mortalities were noted in pH 3, 4, 5, and 6, respectively. One hundred percent, 34%, 18% and 14% adult
mortalities were recorded in pH 3, 4, 5 and 6, respectively. Tolerance of O. niloticus to low pH was Adult >
juvenile > fingerlings. Morphological and behavioural changes observed include erratic swimming, gasping,
slimy mucous secretions, skin erosion, bleeding of fins, impairment in feeding and lethargy. Mortality was
attributed to acid stress, acidosis of the blood, erosion of the epidermal layers, sodium ion influx inhibition
and ionoregulatory system failure.

Conclusion: Mortalities, behavioural responses and morphological abnormalities recorded in O. niloticus were
due to the toxic effect of the acid on the body physiology. Adult O. niloticus can be described as acid-tolerant species
(acidophilic). For the culture of the species, the pH of the water should be regularly checked for acidity, and the fish
should be reared at optimal pH similar or better than the one in which the fish were brought (i.e. from a fish farm) in
order to prevent metabolic stress and for the survival of the species in culture.
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Background
The culture of Nile tilapia Oreochromis niloticus in pond
culture system in Nigeria usually involves the use of fry,
fingerling, juvenile and sometimes adult fish which are
often sourced from wild waters such as streams, lakes,
rivers and reservoirs or bought from fish farms. High
mortalities of many of the different life stages of the fish
sourced from the wild for stocking in fish rearing ponds
have been recorded. Among several factors that could
cause the mortality is inadequate acclimatization of the
fish to new culture medium and non-optimization of the
rearing ponds to the ideal pH conditions. This is often

neglected as a cause of mortality during breeding. In
most fish ponds, the ideal water pH of 6–9 are usually
provided for fish breeding without considering the pH of
the habitat from where the fish were sourced and the
optimal pH for culturing the fish.
Cases of acid deposition and acidification of most

aquatic habitats have been documented (Baker et al.,
1996; Sivaramanan, 2015). This phenomenon also
referred to as acid rain is increasing especially in devel-
oping countries where modernization, urbanization and
population increase have been a major driving force to
the effect. One of the effects of acid deposition on water
bodies is the lowering of the pH levels, which conse-
quently decreases fish population (Baker et al., 1996).
But in spite of acid deposition in these lakes and rivers,
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many fish species are known to live and adapt to the
acidic waters. One of such fish species is Mozambique
tilapia, Oreochromis mossambicus, which has some
mechanisms for adaptation to acidic water (Rebouças,
Lima, Cavalcante, & Sá, 2015). Likewise, the tambaqui,
Colossoma macropomum, shows increase growth in
acidic waters and is negatively affected by waters with
pH above 8 (Aride, Roubach, & Val, 2007). Similarly,
Tribolodon hakonensis, a cyprinid teleost, lives and
grows in the extremely acidic pH between 3.4–3.8
(Hirata et al., 2003).
To avoid mortality of newly stocked fish in ponds,

acclimatization and culture of the species should be
done at optimal pH in order to prevent metabolic
stress. According to El-Sherif and El-Feky (2009), the
optimal range of water pH for rearing Nile tilapia,
Oreochromis niloticus, is between 7 and 8. However, re-
cent data by Nobre, Lima and Magalhães (2014) suggest
that the optimal range of water pH for farming Nile til-
apia juveniles ranges from 5 to 8, with the species
adapting and growing well in moderately acidic waters.
Similarly, Rebouças et al. (2015) and Wangead, Geater
and Tansakul (1988) reported O. niloticus juveniles that
showed better growth performance, high survival and
low mortality rates when reared in acidic waters as low
as pH 4.
The aim of this study was to evaluate the tolerance

levels of different life stages of Nile tilapia O. niloticus
(a very important fish of culture) to different low pH
and acidified waters as it affect their survival, morph-
ology, behaviour and subsequent rearing in aquacul-
tural ponds.

Materials and methods
Experimental design
Four experimental pHs (3, 4, 5 and 6) and a control pH
(8.01) in triplicates of each pH were used for the experi-
ment. Concentrated sulphuric acid was used for acidifi-
cation of the culture media. The sulphuric acid was
added to deionized water to make stock pH-adjusted
solution water. This was to ensure that the pH would
not change over the period of the experiment due to
evaporation, precipitation or with the addition of deion-
ized water. Forty litres of pH 3, 4, 5 and 6 for the stock
solution was prepared by serial dilution using the acid
and deionized water. Hanna portable pH/EC/TDS/
Temperature combined water proof tester/meter model
HI 98129 was used to test the pH levels of each stock
solution. The control pH was borehole water having a
pH of 8.01. Daily readings of the pH in the treatment
tanks were performed at 8.00 am and 6.00 pm using the
Hanna portable pH/EC/TDS/Temperature combined
water proof tester/meter model HI 98129.

Experimental fish stocking and treatment
A total of 450 Oreochromis niloticus specimens were
used for the experiment comprising of fingerlings (aver-
age weight of 2.2 g ±0.01), juveniles (average weight of
18.6 g ±0.02) and adults (average weight of 300 g ±0.05).
For each fish stages (fingerlings, juveniles and adults), 10
fish were stocked in a 40-l tank (1 × 1 × 0.2 m) of acid-
ified water of pH 3, 4, 5, and 6 as well as the control
with a base pH of 8.01 which is the pH of the water in
which the fishes were sourced. They were slowly accli-
matized to the experimental treatments of the acidified
waters of pH 3, 4, 5 and 6, respectively, for 7 days before
the start of the experiment. The fishes were fed with
coppens fish feed twice daily (8.00 am and 6.00 pm) at
5% of their biomass. The experiment was conducted for
14 days at the Department of Zoology, University of
Ilorin, Ilorin, Nigeria.

Data collection
Survival of the fish was evaluated daily by counting of
surviving fish in each tank. Tactile and visual observa-
tions were carried out daily to observe morphological
and behavioural changes that occurred due to the effect
of different concentration of the acids on the different
life stages of the fish.

Statistical analysis
Statistical analyses of fish survival were made through
the one-way ANOVA, at P < 0.05. The statistical analyses
were run with SPSS 20.0® statistical package (Armonk,
New York, USA).

Results
Mortalities of different life stages
After 14 days of exposure of the fingerlings to pH 3, 4, 5
and 6, the following mortalities were recorded: 100% in
pH 3, 96% in pH 4, 70% in pH 5 and 42% in pH 6, while
the mortality in the control pH was 16% (Table 1). All
the fingerlings in pH 3 died immediately they were
stocked, the fingerlings in pH 4 died between 1 and
5 days, those in pH 5 died between 3 and 8 days, while

Table 1 Mean survival of O. niloticus fingerlings in low pH and
control pH

pH treatment No. exposed Days of exposure Survival Survival %

3 50 14 0 ± 0a 0 ± 0a

4 50 14 2 ± 0b 4 ± 0b

5 50 14 15 ± 0c 30 ± 0c

6 50 14 29 ± 0d 58 ± 0d

8 50 14 42 ± 0e 84 ± 0e

Mean values in the same column with different superscript are significantly
different (p < 0.05)
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those in pH 6 died between 4 and 12 days. In the control
pH, death of the fingerlings was recorded between 7 and
14 days.
A similar scenario was seen among the juveniles where

100% mortality was observed in pH 3. Forty-four per-
cent, 22% and 12% mortalities of the juveniles were
noted in pH 4, 5, and 6, respectively, while juvenile mor-
tality in the control pH was 8% (Table 2). The time of
death of the juveniles in the different acidic media is also
shown in Table 2.
One hundred percent mortality was also recorded for

the adult stocked in pH 3 with all the fish dying on the
first day. Between 3 and 9 days of stocking in pH 4,
34% of the adult died, while 18% and 14% mortalities
were found in pHs 5 and 6, respectively, with the
deaths observed between 5 and 14 days of exposure.
Only 4% mortality of the adult was observed in the
control pH (Table 3). There were significant differences
(P < 0.05) in the mortality rates among the different life
stages of the species in the different pHs. The trend of
the tolerance of different life stages of O. niloticus to
low pH and acidified water was Adult > juvenile >
fingerlings.

Morphological and behavioural changes
Morphological and behavioural changes observed in
the fingerlings, juveniles and adults especially in pH 4
and 5 include erratic swimming, accelerated opercu-
lum movement leading to gasping, barbells vibration
and frequent coming to the surface. Very dark body
colouration and slimy mucous secretions were ob-
served on the gills and body surface; peeling and skin
erosion were also noted. There was bleeding from the
dorsal fins and bending of the caudal fin, some fins be-
came disintegrated and impairment in feeding was ob-
served. Confinement to the bottom of the tanks, with
movement occurring when agitated and in one direc-
tion, swimming speed was reduced in juvenile and
adults, impairment in feeding and lethargy were the
other behavioural responses seen in the different life
stages of the fish under pH 4 and 5 (Tables 4, 5 and 6).

Discussion
Acidification of natural fish habitat as a result of an-
thropogenic pollution of oxides of sulphur and nitrogen
is increasing especially in developing countries where
there are no laws or regulations to curb the incidence.
Majority of the fish species used for aquaculture are
sourced from the wild and hatcheries of fish farms, and
most of these fish species are cultured based on stand-
ard water quality guidelines without considering the
habitat from which the fish was sourced, the tolerance
pH level of the species, as well as the suitable pH for
the culture of the species. According to McKee and
Wolf (1963), the acceptable range of pH to fish depends
on prior pH acclimatization.
The optimal pH for the rearing and survival of differ-

ent fish species ranges. The USEPA (1986) concluded
that a pH range of 6.5 to 9.0 provides adequate protec-
tion for the life of freshwater fish. Outside this range,
fish suffer adverse physiological effects that increase in
severity as the degree of deviation increases until lethal
levels are reached. Alabaster and Lloyd (1980) identified
the pH range that is not directly lethal to freshwater fish
as 5.0–9.0, while Wood and McDonaild (1982) stated
that effects of chronic exposure of fish to low pH are
minimal at pH 4 and 6. It should however be noted that
optimal pH range for fish also depend on the species,
the life stage of the species and other interacting water
quality conditions.
All the different life stages of the Nile tilapia Oreochro-

mis niloticus did not survive in acidified water of pH 3
in this work. This could be due to toxic action of hydro-
gen ions which affected oxygen uptake leading to acid
stress, precipitation of proteins within the epithelial cells
and/or acidosis of the blood (Boyd, 1990). It could also
be probably attributable to erosion of the epidermal
layer of the integument and gills, sodium ion influx
inhibition (Duarte, Ferreira, Wood, & Val, 2013), brain,
kidney and spleen injury, lysis of erythrocytes as re-
ported by Daye and Garside (1980) and Hill et al.
(1988)) and failure of the ionoregulatory system leading
to circulatory collapse (Peterson & Martin-Robichaud,
1986). Incomplete development of the ion regulation

Table 2 Mean survival of O. niloticus juveniles in low pH and
control pH

pH treatment No. exposed Days of exposure Survival Survival %

3 50 14 0 ± 0a 0 ± 0a

4 50 14 28 ± 0b 56 ± 0b

5 50 14 39 ± 0c 78 ± 0c

6 50 14 44 ± 0d 88 ± 0d

8 50 14 46 ± 0e 92 ± 0e

Mean values in the same column with different superscript are significantly
different (p < 0.05)

Table 3 Mean survival of O. niloticus adults in low pH and
control pH

pH treatment No. exposed Days of exposure Survival Survival %

3 50 14 0 ± 0a 0 ± 0a

4 50 14 33 ± 0b 66 ± 0b

5 50 14 41 ± 0c 82 ± 0c

6 50 14 43 ± 0d 86 ± 0d

8 50 14 48 ± 0e 96 ± 0e

Mean values in the same column with different superscript are significantly
different (p < 0.05)
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system among the fingerlings might have underlie their re-
duced acid tolerance (Daye & Garside, 1980). Wangead et
al. (1988) observed that fingerlings, juvenile and adult tila-
pias did not survive when subjected to pH 3 water.
High percentage rate of fingerling mortalities in pH 4

and 5 could be attributed to the above reasons, while
their minimal survival was attributed to their increasing
adaptation to the acidified water. Survival of the juve-
niles and adults in pH 4, 5 and 6 was attributed to effi-
cient ion transportation systems which allowed them to
maintain a more effective salt balance than the finger-
lings, while mortality could be as a result of ionoregula-
tory failure (Peterson & Martin-Robichaud, 1986) in
body salt regulation leading to haemoconcentration and
circulatory collapse (Mount, Hockett, & Gern, 1988), as
well as the inability of the haemoglobin to uptake
oxygen (Wood & McDonaild, 1982). The mortality could
also be due to production of mucus on the gill epithe-
lium, which interferes with the exchange of respiratory
gasses and ions across the gill. Hence, respiratory

distress and osmotic imbalance were culpable as the
primary physiological symptoms that lead to acid stress
in the fish. The survival rates of the juveniles and adults
in pH 4, 5 and 6 were similar to that of Wangead et al.
(1988), but slightly differ from that of Rebouças et al.
(2015). The tolerance level of acidity seen in the differ-
ent life stages of the species agrees with Rask (1984)
who stated that pH tolerance of fish increases with age
of the fish. It therefore showed that O. niloticus could
be cultured in acidified water as reported by Rebouças
et al. (2015) and this should be taken into consider-
ation when breeding the species in aquaculture ponds
most especially if the species is taken from the acid-
ified wild waters.
The behavioural responses and morphological abnor-

malities such as erratic swimming, accelerated opercu-
lum movement leading to gasping, barbells vibration,
very dark body colouration and slimy mucous secretions
on the gills and body surface, peeling and erosion of the
skin, bleeding from the dorsal fins, bending of the caudal

Table 4 Morphological and behavioural observations of fingerling of O. niloticus in low pH and control

Observations pH 3 pH 4 pH 5 pH 6 Control

Morphological None as mortality
was recorded

Very dark body
colouration, slimy mucous
secretions on the gills and
body surface; peeling
and skin erosion, bleeding
from the dorsal fins and
bending of the caudal
fin, some fins became
disintegrated

Very dark body
colouration, slimy mucous
secretions on the gills and
body surface; peeling and
skin erosion, bleeding
from the dorsal fins and
bending of the caudal
fin, some fins
became disintegrated

Normal body colouration
except some few dark
patches, no morphological
abnormalities observed.

Normal body colouration,
no morphological
abnormalities seen

Behavioural None as mortality
was recorded

Lethargy, they were
confined to the bottom
of the tanks and only
moved when agitated
with the movement
being in one direction,
feeding impaired
Swimming velocity
decreased

Lethargy, they were
confined to the bottom
of the tanks and only
moved when agitated
with the movement
being in one direction,
feeding impaired
Swimming velocity
decreased

Movement not impaired,
they were seen on the
surface of tanks, no
abnormal behavioural
activities observed

Normal movement and
behavioural responses
observed

Table 5 Morphological and behavioural observations of juvenile of O. niloticus in low pH and control

Observations pH 3 pH 4 pH 5 pH 6 Control

Morphological None as
mortality was
recorded

Very dark body colouration,
slimy mucous secretions on
the gills and body surface;
peeling and skin erosion,
bleeding from the dorsal
fins and bending of the
caudal fin, some fins
became disintegrated

Very dark body colouration,
slimy mucous secretions on
the gills and body surface;
peeling and skin erosion,
bleeding from the dorsal
fins and bending of the
caudal fin, some fins
became disintegrated

Normal body colouration
except some few dark
patches, no
morphological
abnormalities recorded.

Normal body colouration,
no morphological
abnormalities seen

Behavioural None as
mortality was
recorded

Erratic swimming,
accelerated operculum,
gasping, barbells vibration
and frequent coming
to the surface, feeding
impaired
Swimming velocity
decreased

Erratic swimming,
accelerated operculum,
gasping, barbells vibration
and frequent coming to
the surface, feeding
impaired, Swimming
velocity decreased

No behavioural
abnormalities observed.

Normal movement and
behavioural responses
observed
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fin, and disintegration of some fins, reduction in swim-
ming speed and velocity, impairment in feeding and
lethargy seen among the different life stages was attrib-
uted to the toxic effect of decreasing acidity on the body
physiology. The morphological effects were more pro-
nounced on the fingerlings due to their internal respir-
ation where there is a direct contact between the
acidified water and the internal organs. Moynan (1989)
reported that bluegill larvae were less active at pH levels
of 5.5 and the swimming was erratic, while Jordahl and
Benson (1987) noted that domestic brook trout exhib-
ited lethargic and/or uncoordinated swimming behav-
iour in response to acid exposure. Jones, Brown and
Hara (1987) observed decreased attraction to food, re-
duced feeding, hyperactivity as some of the behavioural
responses of fish to acid conditions. The survival and
mortality recorded in the species could be linked to the
morphological and behavioural responses of the fish in
the different acidic media. These behavioural strategies
and morphological adaptations could be the adaptive
mechanisms which made the species to survive in the
acidified waters by reducing the stress of the acid on
them as noted by Flik et al. (1987).

Conclusion
This study has shown that mortality increases with de-
crease in pH and tolerance level of different life stages of
O. niloticus increases with age. The research also shows
that O. niloticus can be described as acid-tolerant spe-
cies (acidophilic).
Although acid deposition and acid rain has not been

well documented in many developing countries, there is
no doubt that the phenomenon is present and on-going in
the aquatic ecosystems of these countries. Researches
should be geared towards understanding the phenomenon
and its effects on water bodies and their biota.
A mitigating measure to the problem in the event of

its occurrence is the reduction of emissions of oxides of
sulphur and nitrogen. This could only be achieved

through enactment of laws and implementation of acid
pollution control strategies as done in developed coun-
tries. However, in the case, the lakes, rivers, streams,
ponds and reservoirs have been identified as been acidic,
liming of these water bodies could be done to raise the
pH in order to remediate the fish populations from the
effects of the acidity.
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ANOVA: Analysis of variance; pH/EC/TDS/Temp: pH, electrical conductivity,
temperature
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Table 6 Morphological and behavioural observations of adult of O. niloticus in low pH and control

Observations pH 3 pH 4 pH 5 pH 6 Control

Morphological None as mortality
was recorded

Very dark body colouration,
slimy mucous secretions on
the gills and body surface;
peeling and skin erosion,
bleeding from the dorsal
fins and bending of the
caudal fin, some fins
became disintegrated

Very dark body colouration,
slimy mucous secretions on
the gills and body surface;
peeling and skin erosion,
bleeding from the dorsal
fins and bending of the
caudal fin, some fins
became disintegrated

Normal body colouration,
no morphological
abnormalities recorded.

Normal body colouration,
no morphological
abnormalities seen

Behavioural None as mortality
was recorded

Erratic swimming,
accelerated operculum,
gasping, barbells vibration
and frequent coming
to the surface,
feeding impaired

Erratic swimming,
accelerated operculum,
gasping, barbells vibration
and frequent coming
to the surface,
feeding impaired

No behavioural
abnormalities observed.

Normal movement
and behavioural
responses observed
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