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Abstract: This study provides baseline data on diel oxygen fluctuation in a tidal brackish water environment.
Investigation on diel Dissolved Oxygen (DO) fluctuation was carried out in a tidal brackish water habitat at two-
hourly intervals in three ponds (6, 8 and 9). The highest mean dissolved oxygen values of 6.80, 7.00 and 3.90mg/1
for ponds 6, 8 and 9 respectively were recorded during the afternoon in the dry season. On the other hand, the lowest
dissolved oxygen levels of 1.98, 3.00 and 0.20mg/1 for ponds, 6, 8 and 9 respectively were recorded during periods
of heavy influx of suspended clay and silt particles in the peak of the rainy season. Analysis of Variance (ANOVA)
showed that DO values recorded during peak dry season were significantly higher (p<0.05) than those of the rainy

s€ason.
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INTRODUCTION

Nigeria has approximately 853 km coastline
bordering the Gulf of Guinear, with over 1.5 million ha
of unused coastal swamps. Her territorial sea of 30
nautical miles (Nm) and an Exclusive Economic Zone
(EEZ) of 200 nm cover 210, 900 km’ (World
Resources, 1990). Brackish water aquaculture in West
Africa is relatively recent and not well developed, when
compared to the condition in Asia, where ponds, pens
and cages are used for commercial fish production
(Nwadukwe et al., 2006). Due to growing interest in
commercial fish farming in Nigeria and the need to
sustain and further promote its development,
information on diel oxygen fluctuation of tidal fish
farms is important for effective prediction of early
morning Dissolved Oxygen (DO) deficiency in fish
ponds (Boyd et al., 1978). This is because optimum
level of DO is crucial for profitable cultivation of fish,
whether phytoplankton feeders or carnivorous species
(Boyd, 1979; Boyd and Lichtkoppler, 1979).

Diel oxygen fluctuation has been successfully used
in predicting early morning dissolved oxygen
concentration in fish ponds (Boyd et al., 1978). Apart
from a study in fresh water ponds (Ali, 1986),
information on diel oxygen fluctuation in tidal fish farm
in Nigerian is scarce. It has been observed that
dissolved oxygen is the most critical water quality
parameter in pond fish culture (Boyd, 1979; Masser

et al., 1999). The limiting effects of dissolved oxygen
on biological activities of fish such as survival,
swimming, growth and production have been earlier
reported (Boyd, 1979; Fry, 1971; Kutty, 1981). It has
been further observed that the quantity and quality of
fish produced in fish ponds also depend on the
dissolved oxygen level in pond waters (Ali, 1986;
Boyd, 1979).

This study examined diel oxygen fluctuation in a
tidal brackish water fish farm in Lagos to provide
baseline data for similar studies elsewhere.

MATERIALS AND METHODS

The three ponds (0.1 ha each) used for this study
are located on the shorelines of Lagos lagoon in
Nigeria, which has direct connection with the sea
(Fig. 1).

The ponds were not limed, fertilized or stocked
with fish. The sluice gates of ponds were screened to
prevent entry of wild fish. The sluice gates of ponds 6
and 8 were left open for 9 months, subjecting them to
tidal water from the lagoon, while that of pond 9 was
permanently closed for the same period thus precluding
the influx of nutrients for plankton and served as
control.

Water samples were taken twice a month during
peak rainy season (July to September), peak dry season
(January to March) and transition period (October to
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December 2010) for each pond at two-hour intervals.
They were immediately fixed and analyzed for
Dissolved Oxygen (DO) using unmodified Winkler’s
method (Boyd, 1979). Analysis of Variance (ANOVA)
and Duncan multiple range test were carried out to
determine the significance (p<0.05) of the effects of
season on dissolved oxygen levels.

RESULTS

The mean values of dissolved oxygen fluctuations
for ponds 6 and 8 (open) and 9 (closed) during dry
season, rainy season and transition period is shown in
Fig. 1.

During the rainy season, the mean DO fluctuation
over a twenty-four hour period for pond 6 increased

from 2.10 mg/1 at 6.00 am to a maximum value of 4.00
mg/1 at 2.00 pm before declining to a lowest value of
1.98 mg/1 at 6.00 am next morning (Table 1). For pond
8, the mean DO fluctuation over a twenty-four hour
period increased from 2.15 mg/l1 at 6.00 am to a
maximum value of 4.00 mg/l1 at 2.00 pm and then
declined to a lowest value of 3.00 mg/1 at 6.00 am next
morning. For pond 9, the mean DO fluctuation over a
twenty-four hour period increased from 0.45 mg/1 at
6.00 am to a maximum value of 2.50 mg/1 at 12.00
noon before declining to a lowest value of 0.20 mg/1 at
6.00 am next morning (Table 1).

The dry season, had mean DO levels over a
twenty-four hour period increased from 3.20 mg/1 at
6.00 am to a maximum value of 6.80 mg/1 at 8.00 pm

I
= ' M ]
s
i Mojidun T - —
35 - _‘
Ihorodu Beoch
1
0 -
Langbasa
25 - N
I—-"._.*J
ATLANTIC H
&AM 1
6° 00'N —— L L. 20"
1°20' E 30
Fig. 1: Lagos lagoon and its enviorns; xx: Institute’s experimental fish farm at lkoyi; T;a-tﬂow of water
Table 1: Mean Dissolved Oxygen Fluctuation in Ponds 6, 8 and 9
Pond 6 Pond 8 Pond 9
Time RS TP DS RS TP DS RS TP DS
6.00 am 2.1 3.5 32 2.15 3.25 5.1 0.45 1.3 2.2
8.00 am 2.8 3.8 3.1 2.8 3.6 5 0.7 1.6 1.95
10.00am 3.9 3.81 4.05 2.9 3.8 5.45 0.8 1.7 2.6
12.00 noon 3.95 4.7 4.2 3.9 4.8 6 2.5 2.4 3.7
2.00 pm 4 49 6 4 5.2 6.3 2.6 2.9 3.7
4.00 pm 2.5 5.45 6.15 3.95 5.95 6.8 2.15 3.5 3.9
6.00 pm 2.4 5.15 6.4 3.45 5.8 7 1.2 33 3.8
8.00 pm 2.25 5 6.8 3.5 53 5.95 0.7 2.8 2.95
10.00 pm 2.1 4.7 6.9 3.49 5.1 5.01 0.8 2.4 2.7
12.00 pm 2 4.5 4.8 3.15 4.8 4.5 0.85 2.15 2.3
2.00 am 2 4.5 4.1 3.1 4.2 4.4 0.3 1.8 2
4.00 am 2 3.8 4.05 3.05 3.5 4.1 0.25 1.5 1.8
6.00 am 1.98 3.7 4 3 3.3 3.5 0.2 1.35 1.2

Key: RS-Dry Season; TP-Transition Period; DS-Dry Season
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and then declined to 4.00 mg/l at 6.00 am next
morning. In pond 8, the mean DO fluctuation increased
from 5.10 mg/1 at 6.00 am to a maximum value of 7.00
mg/1 at 6.00 pm and then declined to a lowest value of
3.50 mg/l at 6.00 am next morning. In pond 9, the
mean DO fluctuation increased from 2.20 mg/1 at 6.00
am to a maximum value of 3.90 mg/l at 4.00 pm,
before declining to a lowest value of 1.20 mg/1 at 6.00
am next morning.

The mean DO values over the twenty-four hour
period during the transition between rainy and dry
seasons more or less toed the middle course (Fig. 1).

DISCUSSION

The lowest DO fluctuations occurred in each pond
during the peak wet season while the lowest DO values
occurred during the period of cloudy weather, high
relative humidity (85.00-87.00%) and heavy rainfall
which ranged from 118.70-703.00 mm (MMS, 1988).
On the other hand the highest DO values were recorded
during very sunny months with low relative humidity
(74.00-78.00). The relatively low quantum of DO
fluctuation in pond 9 may be attributed to low
phytoplankton population since it s sluice gate was
closed to tidal nutrient influx. On the other hand, the
high amplitude of DO fluctuations in ponds 6 and 8 is
attributable to increased nutrients brought by tidal water
from the lagoon. This view is supported by Ezenwa
et al. (1994) who reported similar observation in the
ponds.

The result of the Analysis of Variance (ANOVA)
and Duncan multiple range test showed that mean DO
values recorded in the ponds during the peak dry season
were significantly higher (p<0.05) than those of the
peak wet season. Whereas during the transition months
(October to December) the DO levels were not found
significantly (p>0.05) different from that of peak dry
season. Significant DO fluctuation (p<0.05) observed in
the ponds may be due to the availability of sunlight the
day for photosynthetic activities of phytoplankton. At
night photosynthesis stops and oxygen production
ceases. Meanwhile respiration by the biota continued to
use up available oxygen thereby causing DO decline at
night (Lackey, 1938).

The relatively low mean DO values recorded
during the rainy season (pond 6:4.10 mg/l; pond 8:4. 20
mg/l; pond 9: 2.70 mg/l) may be attributed to the effect
of cloudy weather on oxygen generating capacity of
phytoplankton population. On the other hand, the
highest mean DO values recorded during the dry season
(pond 6:6.80 mg/1; pond 8:7.60 mg/l; pond 9:3.90
mg/1) is attributable to increased light penetration for
the photosynthetic activities of phytoplankton. Ezenwa
et al. (1994) reported similar observation for primary
productivity values in the ponds. It has further been
reported that extended periods of cloudy weather may
result in dangerously low dissolved oxygen

concentrations even in ponds with moderately heavy
plankton blooms (Ezenwa et al., 1994).

The optimum range of Dissolved Oxygen (DO) for
profitable fish cultivation is 5 .0 mg/1 to 9.50 mg/1
(Boyd, 1979). Several studies have shown that fish eat
and grow be\st at DO concentrations near air saturation
(Boyd, 1979; Boyd and Lichtkopper 1979; Masser
et al., 1999). It is the feeing of most workers that if DO
does not drop below about 25% saturation during the
night; adequate level of fish production may be
achieved. This, however, is usually difficult to achieve
at night in ponds. In this study, DO concentrations were
predominantly much below saturation, especially in
pond 9 (closed). It has been reported that pond annual
production of 4,000 to 5,000 pounds have been
sustained through maintenance of optimal level of DO
in ponds particularly during early morning hours, using
mechanical method such as paddle wheels and air
compressors (Brune at al., 2004). However, the most
cost effective method would be to maintain regulated
gravity flow through system at night from an aerated
reservoir. The highest mean DO values recorded in this
study (pond 6:6.80 mg/l; pond 8:7.00 mg/l; pond 9:3.90
mg/l) indicated that the photosynthetic capacity of the
phytoplankton was more pronounced during the dry
season. The ponds with open sluice gates (6 and 8),
recorded higher mean DO values than the pond with
closed sluice gate (9).

This may be due to a combination of many factors:
increased nutrients brought by tidal water from the
lagoon, increased photosynthetic capacity of the
phytoplankton population and low relative humidity.
Figure 2 illustrates the prediction of early morning DO
deficiency in fish ponds using linear extrapolation.

The deduction from this study is that tidal brackish
water ponds with access to lagoon and estuarine
systems exhibit dual diel oxygen regimes: high DO
levels and fluctuations during the dry season and
relatively low DO levels and fluctuations during the
rainy season. The dual regimes could be exploited in:

o Effective prediction of early morning DO
deficiency in ponds during dry and rainy seasons
(Fig. 2) and

e Cost-effective utilization and application of
fertilizers, lime and feeds for the culture of both
carnivorous fish like the catfish and phytoplankton
feeders such as mullets, tilapia, shrimps and
prawns.

CONCLUSION

This study has provided additional baseline data on
diel oxygen fluctuations for typical tidal brackish water
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fish farms in the West African sub-region. It also
confirmed the existence of season dependent dual diel
dissolved oxygen regimes that could be exploited in
cost-effective management of brackish water ponds,
particularly prediction and control of early morning DO
deficiency.
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