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Abstract Mass fish mortality occurred in

November 2006 in a water hole in the Great

Ruaha River, Ruaha National Park, and was due

to the lack of shade by riparian vegetation or

fringing wetlands. Nearby water holes with shade

or fringing wetlands suffered no fish mortality.

Despite being vulnerable to intense birds’ preda-

tion, fish stayed in the top few centimeters due to

hypoxia in deeper water.
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Introduction

The Great Ruaha River (GRR) in Tanzania

drains an area of about 68,000 km2 and used to

flow throughout the year (Fig. 1; Mtahiko et al.

2006). Due to water mismanagement and unsus-

tainable use of water upstream of the Ruaha

National Park (RNP), the GRR now stops flow-

ing for several months per year in the dry season.

It degrades then into a series of small, stagnant

water pools that are heavily eutrophicated by

animal dung. This water is important because

except for five small springs in the RNP, and

except for some elephants and zebras that dig for

groundwater in the GRR riverbed, this is the only

drinking water available for wildlife in RNP in the

dry season. Poor water quality prevails through-

out the dry season as long as the water stagnates,

until the river flows again at the start of the wet

season. No study has been undertaken of the

water quality and fish survival in these water

holes in RNP. Studies in similar stagnant water

holes in the Seronera River in the Serengeti

National Park show that these holes have poor

water quality, with hypoxia and anoxia occurring

routinely, and that the poor water quality may

contribute to mortality of wildlife drinking the

water (Mduma et al. 1999; Wolanski and Gereta

1999; Mnaya et al. 2006). Few studies, and none

in East Africa, have been undertaken on how fish

is affected by poor water quality characterized by

high temperature and occasional periods of

hypoxia due to aerobic respiration in the water

column and anaerobic processes in the sediment

(Stefan and Fang 1994; Addy and Green 1997;

Carpenter 1998). These water holes are the only

water available for fish in the RNP in the dry

season, yet they are obviously very stressful to fish

because mass fish mortality has been observed in
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such stagnant water holes in the GRR in RNP.

For instance during the 2003 dry season nearly

3,000 fish of different species including, Sulusulu

(Marcusenius macrolepidotus), Gala Dagaa (Bry-

cinus affinus), Tiger fish (Hydrocynus sp.), Mbal-

ame (Barbus macrolepis), Red eyed mudsucker

(Labeo cylindricus), Rufiji tilapia (Oreochromis

urolepis) and Katoga (Bagrus orientalis) died in

about five water holes in the GRR in RNP;

mortality was presumably due to low dissolved

oxygen in GRR water holes (Mtahiko and

Ngumbi, pers. com.).

This paper presents a study on water quality in

three water holes in the GRR in the dry season.

At this site, mortality of hundreds of fish, mainly

Rufiji tilapia (Oreochromis urolepis), occurred in

about 10 days in one of the water holes, while

there was no fish mortality at the other two water

holes.

Methods

Water quality was sampled in three water holes in

the GRR at Msembe (Fig. 1) at two hours

intervals for 48 h on 13–14th November 2006 at

the peak of the dry season. The pools were about

30–40 m apart and were in similar muddy sand

soils. Each water hole had a maximum depth of

about 0.4 m. As shown in Fig. 2, hole 1 was about

1.5 m wide and 5 m long and was in the shade of a

tree on the river bank; hole 2 was about 1.5 m

wide and 5 m long and had a small fringing

wetland on one side covering half of the hole;

hole 3 was about 1 m wide and 10 m long and was

exposed to direct sunlight without wetland or

shade.

Dissolved oxygen (DO) concentration, tem-

perature, pH, and salinity, were measured at

three depth (0.05, 0.2 and 0.4 m) using a 400 cc

Niskin bottle to draw water. Salinity and temper-

ature were measured using EC/TDS/TEMP

COM-100 salinity-temperature meter, accuracy

was 0.1 lS/cm and 0.1�C respectively. DO was

measured using Hanna model HI 9142 DO meter,

accuracy was 0.1 ppm. The pH was measured

using a Sharp pH meter WP model, accuracy 0.01.

The instruments were calibrated just before the

field study.

Results

Temperature varied widely in the range 22.7–

34.6�C, with the minimum temperature at night

and maximum during the daytime (Table 1). The

diurnal fluctuation of temperature was much

larger (11.8�C) at hole 3 than at holes 2 (7.5�C)

Fig. 1 Map showing
location of Msembe at
Ruaha National Park
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and 1 (8.2�C). Bottom waters were at times

slightly warmer than surface waters.

The water was highly stratified in DO in hole 2

and much less so in holes 1 and 3 (Fig. 3). The

DO was extremely low at night and the DO

concentration fluctuated widely between daytime

and night in all three pools (Fig. 3). The DO in

hole 2 was variable between different depths,

such that values for the surface were higher

compared to the bottom, although they exhibited

a similar trend like the other two holes. Hole 3

had extended periods of very low DO concentra-

tion (<1.5 ppm, i.e. hypoxia occurred) with occa-

sional periods of high DO (>20 ppm). The DO

concentration changed markedly at sunrise and

sunset, it was stable during the night and it

increased continuously in daytime, peaking at

1500 h and it then progressively decreased until

sunset. The waters in all holes were nearly anoxic

at night, with a minimum DO concentration of

0.4, 0.8 and 0.2 ppm at 0.1 m depth for holes 1, 2,

and 3 respectively. The maximum daytime DO

values were about 42.5% saturation in hole 2 and

250% saturation in holes 1 and 3.

Salinity exhibited only small fluctuations; the

highest value was 0.22 ppt in hole 1 while the

lowest salinity was 0.11 ppt in hole 2.

The waters at the three holes were alkaline

with pH range 7.4–10.3 (not shown). The pH

pattern exhibited substantial diurnal fluctuations

with pH of 7.6 at sunset and sunrise, and highest

pH of 10.3 during late afternoon at hole 3. The

pH values for hole 1 and 2 ranged 7.8–8.9 and 7.4–

7.9 respectively.

Table 1 Fluctuations of temperature (�C) in the three
water holes

Bottom Surface Difference
top-bottom

Hole 1
Mean 27.8 27.2 –0.6
Max 31.7 31.0 –0.7
Min 23.5 23.0 –0.5

Hole 2
Mean 26.0 25.9 –0.1
Max 30.0 30.2 0.2
Min 22.8 22.7 –0.1

Hole 3
Mean 27.7 27.5 –0.2
Max 34.6 34.6 0
Min 23 22.8 –0.2

Fig. 2 (Top): photographs of the three water holes
(left = hole 1; middle = hole 2; right = hole 3). (Bottom):
photographs of (left) some of the fish mortality in hole 3

and (right) of fish swimming near the surface in hole 2,
within easy reach of predators
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Discussion

The water quality conditions were stressful to

fish in all the three holes. Although the fish were

at risk of predation by numerous fish-eating

birds in the area, they stayed near the water

surface, particularly so at night and early morn-

ing (Fig. 2). This can be explained by hypoxic

conditions lower in the water column (Fig. 3).

The oxygen stress was measurably lessened in

the wetland and tree shade water holes. During

daytime the water at hole 3 was the warmest

(34.6�C) and very stressful to fish (Wilcock et al.

1995). The fish mortality in hole 3 was appar-

ently due to a combination of extremely high

daytime temperature as well as very low DO

concentration. The presence of shading in hole 1

and a wetland in hole 2 prevented these two

stresses to occur simultaneously, and thus

enabled fish to survive.

The presence of slightly warmer water at the

bottom than at the surface may be due to heating

from the decay of animal dung on the bottom

(Wolanski and Gereta 2001).

The pH values for holes 1 and 2 were lower

than those in hole 3 because the rate of carbon

dioxide uptake by the plants and algae for

photosynthesis was decreased by shade from trees

and wetland vegetation. During daytime aquatic

plants and algae utilized carbon dioxide from the

water column faster than could be replenished

from the air above, which raised pH levels. At

Fig. 3 Time-depth plot of
the dissolved oxygen
distribution (DO, in ppm)
on 13–14 November 2006,
in water holes 1, 2 and 3
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night they released carbon dioxide and pH

returned to equilibrium.

DO fluctuated in a diurnal cycle in all three

water holes, and the key processes controlling the

diurnal fluctuations were apparently photosyn-

thesis/respiration of algae near the water surface

and the decomposition of organic matter near the

bottom (Horne and Goldman 1994; Marzolf et al.

1994; Wolanski and Gereta 1999; Mnaya et al.

2006). Our study reveals that these models need

to add the effect of shading by riparian vegetation

to be applicable to fish survival and mortality.

High pH combined with high temperature

during the daytime may result in the conversion

of the ammonia to highly toxic free ionized

(dissolved) form (NH4+) that is harmful to fish

and plants (Azov and Godman 1982; Arter 2004).

Although there are no ammonia data for the

GRR, this hypothesis warrants further studies.

Even though the fauna and flora are effectively

protected in RNP, the misuse of water upstream

is leading to habitat fragmentation in the GRR in

RNP, fish mortality, and the loss of biodiversity in

RNP; remediation measures are needed (Sokile

et al. 2003; Mtahiko et al. 2006).
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