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Lawson, G.N.,m1963.
Vol;a Basin Research Project.
Nature, (London), Vol. 199, No. 4896, pp. 858-859,

Abstract: A brief note on the formation of Lake Volta and its possible effects or

benefits.
1. hydro-electric production. ‘
2. estimated aluminum production is 120,000 long tons/annum.
3. freshwater fishery.
4. inland water transport system.
5. relocation of local population.
6. medical problems.

a. Schistosomiasis.

b. Onchocerciasis.

aquatic weeds. _

possible effects of flooding on plankton and fish products.

0o~

Pre-lake fishery of Volta is estimated at $260,000 per annum. River clam
(Egeria radiata) production high in the dry season when the river is Tow.

Commer£:  This paper is of no scientific value. It is just a survey of the.: .-
creation of Lake Volta and its possible effects.

Beauchamp, R., 1966.

Dams Create Unique Laboratories.

New Scient., Vol. 36, p. 676.

Abstract: A general report on the Symposium on Man-made Lakes organised by Ghana
Academy of Sciences at Accra, Ghana (1966). It is suggested that the man-
made Takes may be very valuable "laboratories” vhere the following aspects
of tropical hydrobiology may be studied.

1. Interspecies (biotic") interactions in a community functioning
under relatively constant (physical) tropical environment.

2. The value of the "biological cycle" in tropical waters.
3. Population dynamics of the important commercial fishes, e.g., Tilapia.

4. The differences (and their implications) that exist between the
water budgets of natural and man-made lakes.

Comment: None.



Biswas, S,, 1966a.
Oxygen and Phytoplankton Changes in the Newly Forming Volta Lake in Ghana.
Nature, (London), Vol. 209, No. 5019, pp. 218-219.

Abstract: A resumd of changes in oxygen and phytoplankton in the water following the
formation of the lake. Prior to the closing of the dam in 1964, the
riverine water was super-saturated with oxygen (110 - 170% saturation).

Prior to the closure of the dam, the blue-green alga Anabaena aphanizomenoides
Forti was declining, but the formation of the lake (foTlowing May 1964) led
to a phenomenal increase of the alga accompanied by a rise of oxygen in the
lake-water to 324% saturation. This rise is attributed to:

a. the super-saturation of oxygen in the river water. -
b. photosynthetic activity of Anabaena.

Later in the year, Anabaena declined and oxygen level dropped to 16%
saturation (June 19). A successinn by another blue-green alga, Microcystis
flos-aquae, reached a peak on July 10; oxygen rose to 36% saturation.

There was a decline of Microcystis and oxygen reached record Tow-level on
July 31 (10-15% saturation). Later the green alga, Ankistrodesmus falcatus

- (Corda) Ralph. began to increase; oxygen rose to 33Y% saturation.

Biswas, S., 1966a, cont'd.

Additional pertinent observations: on July 31, the water was isothermal at
27.4° C.

Comments: A significant short report on the changes in aeration of water and plankton
production accompanying the formation of the lake. A rapid rise in
oxygen-level of the water following damming did not last Tong; an overall
dimunition of oxygen has occurred in Lake Volta. A clear relationship is
established between phytoplankton blooms and oxygen concentration of water.

o



Biswas, S., 1966b.
L (2

Ecological Studies of Phytoplankton in the Newly Forming Volta Lake of Ghana.

Jour. West African Sc. Assoc. (Ibadan, Nigeria), Vol. II, No. 1-2.

Abstract:

Changes in Ammonia (NH3), Nitrogen-Nitrate (N-NO3), Phosphate (P205),

Iron (Fe++; Fe+++), and colour accompanying the formation of Lake Volta
are recorded and related to the production of phytoplankton (Melosira
granulata (Ehr) Ralfs; Synedra acus Kuetz; Anabaena aphanizomenoides Forti;
Microcystis Flos-aquae T%ittri Kirchn.; Ankistrodesmus falcatus (Corda)
Ralfs and Cryptomonas). Changes from September 1963 (riverine) to
Februanyd1965 Zlacustrine) are plotted on grapns. The following trends

are noted: :

NH3........ »..0.01 - 0.06 mg/1it g1963) to 0.28 mg/1it 51965)
N-NO3........ 0.05 - 0.16 mg/1it 1963) to nil 1965)
P205...c..... 0.04 mg/1it (1963) to 0.16 (July 1964)

From September 19uv3 to March 1964, phytoplankton was very low (0-17 cells
of diatoms/mg), but in May 1964, a bloom of Anabaena (over 10,000 cells/mg)
led to a super-oxygenation (over 300% saturation). From February 1964 to
February 1965, a steady succession of phytoplankton species is noted; this
succession is related to changes in the turpidity of the water as well as

Biswas, S., 1966b, cont'd.

Comment:

to the production and use of oxygen. Biswas (p. 18) explains this as
follows:

"The frequent occurrence of phytoplankton peaks followed by their
abrupt decline may be explained as a result of a cycle between
ferrous and ferric forms of iron compounds. The ferric condition
will impart a brownish opalescent turbidity, cutting down light
penetration and thus rapidly reducing the phytoplankton population.
This will in turn reduce the dissolved oxygen and under this
condition ferric iron will be converted into the soluble ferrous
form. The result will be an increased transparency of water
followed by phytonlankton growth."

A fairly detailed account of changes in major ions, light, oxygen and
phytoplankton in the lake. Although detailed tables of recorded values
of the various ions at different times of the year are not given, the
data does permit some tentative conclusions about changes accompanying
damming of Volta River.

Since all the changes recorded are from Ajena (close to the da: ', it is
conjectural if these conditions are representative of the whole  ake.
rurther, the fluctuations recorded are not adequately related to the
annual flooding cycle of the rivers.



Ewer, D. V., 1966.
¢ 1

Biological Investigations on the Volta Lake, May 1964 to May 1965.

in: Man-made Lakes, Edt. R. H. Lowe-McConnell.
Symp. Inst. Biol. No. 15, Academic Press, London, pp. 21-31.

Abstract: In the early months of its formation the following viater weeds were noted
on Lake Volta: Lemna, Pistia, and Ceratophyllum. There was no explosive
development of these weeds.

Soon after closure, the oxygen content rosz suddenly to over 300%
saturation; within 4 weeks it dropped to 16% saturation on the surface
while no oxygen was found below 10 m. Oxygen content is related to
phytoplankton activity (Secchi Disc reading = 1 m). Stratification of
the lake is noted. Temperature as well as chemical factors show this
(Epilimnion 0-10 m; metalimnion 10-25 m and hypolimnion 25 m+).
Measurements of iron suggest extensive mixing in the lake; details,
however, are not known yet. Benthos is limited to the top 4-5 m.

The initial deoxygenation of the lake led to mass-mortalities of
Chrysichthys. Initial catches show Alestes, Hyc ~ocynus, Lates, Labeo
Clarias and Chrysichthys as dominant fishas. Finally the effect of
damming on clam (Egeria) is noted.

Petr T., 1966
Fish Population Changes in the Volta Lake Over the Period May 1965 - July 1966. &
Volta Basin Res. Proj. (Univ. of Ghana) Tech. Report, X 14, 4 pp. Tables.

Abstract: Changes in the fish fauna and fishery in Lake Volta following the completion
of Volta Dam are outlined; data were collected from Akosombo, Ampem Kpandu,
Kete Krachi and Yeji. Because of differences in the location of these sites
in relation to the dam and also of the physical nature of the lake-shore
around cach one of them, fish species do not exhibit a uniform pattern of
success. At Kpandu and Ampem (both shallow water and partially cleared of
vegetation) considerable development of phytoplankton resulted in the drowned-
forest beaches and this favored a substantial increase in the populations of
cichlid fishes (Tilapia spp. Pelmatochromis spp.). ‘In various localities the
cichlids accounted for over 507% of the fish catch in early 1966. .Data on other

fishes are summarized below:

Citharinidae (Citharinus, Distichodus): no substantial change following
the formation of the lake.

Centropomidae (Lates): has increased in the lake.

Prochecidaa Sepedaniia spn. have doclined in the south, but ny change

in the north, T



Petr, T., 1966 - contd.

]

Comment:

Schilbeidae: many species have decreased in the south, but they
retain their strength in the north; only Physailia pellucida has increased
in the southern portion following damming.

Bagridae: no substantial change except that Chrysichthys has increased
in the south - replacing Alestes nurse.

Mormyridae: a phenomenal failure of most species of this family is
recorded in the lake.

The formation of Lake Volta has led to the success of Cichlidae, Anabantidae
and Centropimidae while Mormyridae, Characidae and Schilbeidae have declined.

A preliminary but significant report on the effect of the creation of
Lake Volta on the fishes of Volta River. Family Cichlidae has responded
most favorably to lacustrine conditions while the important Family Mormyridae -
for unknown reasons - has declined. The report has very useful "catch data"
from various localities all over Lake Volta.

Proszynska, M., 1966.

A Quantitative Study of the Cladocera and Copepoda in the Volta Lake.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept., X 10, pp. 3.

Abstract: A preliminary report on the planktonic crustaceans (Cladocera and Copepoda)

at Ajena Station, Afram Confluence and Volta River (below the dam); observa-
tions vere made between May 1964 and December 1965. The genera mentioned
are:

1. Cladocera: Diaphanosoma, Ceriodaphnia, Bosmina, Moina
2. Copepoda: Cyclops
3. Diaptomid: Diaptomus

A very unpredictable picture of distribution and quantity is reported at
all stations. Immediately following the closure of the dam, planktonic
crustaceans were found through the water column (10 m. deep). However,
in 1965 most species were restricted to the upper layer of tne water.
Sudden disappearance of the planktonic crustacea is attributed to "me.. s
mortalities" the causes of which ae not presented. A mass mortality of
zooplankton and fishes was recorded in July 1964; the author suggests
that the fishes perished because of the disappearance of zooplankton.




Praszynska, M., 1966, cont'd.

Comment;:

Only adult Crustaceans were found at Ajena Station; the author suggests
that the origin and growth of most species occurs elsewhere in the lake -
perhaps at Afram confluence and other such sites.

A high]y preliminary and qualitative report (without a complete list of
species of planktonic crustacea). It is dubious that the fish mortality
observed was caused by the crash of zooplankton population. Mass
mortalities which commonly occur in all the major African lakes are
associated with local "overturns" or "seiche® movements which reduce
oxygen in the water. Presumably the aerobic zooplankton also disappear
for the same reason. Conclusions about the so-called "mass mortalities"
of zooplankton can only be made when we know more about the 1imnology of

the lake. Also, the role of annual flooding, as well as temperature, needs
to be taken into account.

Reynolds, J. D., 1966.

The Clupeias of Lake Volta and Their Possible Exploitation.

Volta Basin Res. Project (Univ. of Ghana), Tech. Rept. X 15, pp. 6.

Abstract:

Two closely-related clupeid species, Cyanothrissa mento and Microthrissa miri,
live in Lake Volta; their characteristics are as follows:

1. Cyanothrissa mento: this is the larger of the two species (150 mm;
40 gm); and 1t 7s predominantly piscivorous. In the early part of the lake's
history it was mainly caught near Kete Krachi and Yeji. Breeding season: ?

2. Microthrissa miri: a smaller species (80 mm; 8 gm) is caught all
over the lake; it is insectvorous and probably also feeds on scales of other
fishes. Breeding season: July, August.

These clupeids exhibit a diurnal vertical migration which is probably
associated with the emergence of aquatic insects in the evening. At this
time, the fishes form shoals which later disperse on the surface of the lake.
At dawn, the shoals re-form and disappear into deeper waters.

Very little is known about the breeding biology of the species except tiat
they probably attach their eggs to a substrate in shallow water areas. It is
noted that these clupeids do not migrate into the flooded areas during high

water season; survival of the stock is therefore probably assured by some
mechanism protecting the young from the predators.



Reytolds,’d. D., 1966 - contd.

Comment:

The occurrence of periodic large shoals are associated with limnological
conditions in the lake. 4

Earlier in the paper a very brief account of freshwater clupeids of
Africa is given. o

Local methods of fishing are presented and a case is made against the
introduction of non-indigenous clupeids into Lake Volta. The ecological
status of Lake Volta clupeids is presented. There are also comments on
the commercial aspects of the clupeid fishery. '

A good introduction to the biology of Lake Volta clupeids.

Worthington, E.B., 1966.

Introductory Survey.

in: Man-made Lakes, Ed. R. H. Lowe-McConnell, Symp. Inst. Biol, No. 15, Academic Press,

London, pp. 3-6. :

Abstract: A general survey of man-made lakes (including Lake Volta) in Africa.

Comment:

None.
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Siswas, E.

R. 1., 1967a

Bacterial Ecology of Volta Lake at Ajena.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept. X 18, pp. 12.

Abstract:

Comment:

Observations of weekly bacterial counts throughout the water column of
Volta Lake were made at Ajena from August 1964 to December 1965.

The results show that during the rainy season bacterial populations
increase - the contrary being true in the dry months. The highest counts
vere obtained from the surface close to the bank, but the difference in
population density between the surface and midwater was only small (1.68:1
ratio). This is very different from that reported in some temperate lakes
(Lake Geneva 4000:1 and Lake Windermere 200:1). Lake Volta bacteria are
dominated by vegetative forms (67%) followed by chr:-mogenic (10%) and

| small numbers of coliform.

A valuable report on preliminary studies of bacteria in a tropical lake.
Bacteria play a vital role in the breakdown of organic matter and the
recycling of nutrients. Very little information on the bacteria of natural
lakes in Africa is available.

Biswas, S., 1967b

Some Limnological Innovations.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept., X 19, pp. 7

Abstract:

Comment:

Descriptions of a water sampler, depth correcting gadget, plankton
counting cell, substitute battery for pH meter, and lead acetate
method for sulfide estimation.

None,



Law§on, G, W., 1967.
"Sudd" Formation on the Volta Lake.

Bull. de 1' I. F. A. N., Tame XXIX, Ser. A., No. 1, pp. 4.

— e —— = . e

Abstract: A short report on the formation of "sudd" on Lake Volta. Although species
of Eichhornia crassipes and Salvinia auriculata exist in the Volta basin,
they have not become "weeds.”

When the dam was closed in May 1964, mats of Pistia stratiotes and islands
of "sudd" (Vossia cuspidata and others) appeared in the lake - particularly
at Afram. At Ampem, a mat of Scirpus cubensis and other species appeared
between crowns of drowned trees.

A development of subaquatic plants - Ceratophyllum and Utricularia - is also
noted.

Comment: Aquatic weeds are very important for the fishes in any tropical lake. An
explosive development of weeds leads to loss of nutrients, oxygen, etc.;
however, a Timited develooment leads to the formation of rich periphyton
and "periphytic benthos" on which many fishes feed.

Petr, T., 19672
Fish Population Changes in the Volta Lake in Ghana during its First Sixteen Months

Hydrobiologia, Yol. 30, No. 2, pp. 193-220.

The following changes in fish fauna of the newly-formed Lake Volta were observed
between 1965 and 1966.

1. Family: Characidae

In Rivers Black Volta as well as the Niger, characid fishes are recorded in low
numbers in the dry season and high numbers in the wet.

In 1965 a great increase of characids was recorded at Akosombo and Kpandu in the
dry season (more than 1/2 the total catch of characids was recorded). But in

the following dry season, the catch of characids at both stations went down while
remaining high at Kete Krachi. Most of the changes recorded were due to Alestes
spp (particularly Alestes nurse), while the predatory Hepsetus and Hydrecynus
remained relatively unchanged. The entomophagous Alestes spp were feeding mostly
on terrestrial insects, but showed some changes in diet; whenever the pelagic
fishes e.5. the clupeids becams abundant, Alestes fed on these. Similarly, when-
ever the terrestrial insects were low, these fishes fed on aquatic insects or
even plankton.




Petr, T., 1967, cont'd.

2.

3.

Family: Cichlidao

In Black Volta River the catch of the cichlids never increased above 0.32% of the
total catch. Although in the initial phase of lacustrinisation they rcnained low.
The following August, 1965, cichlid catches increased drastically at Akosombo,
Kpandu, and Ampen; at several stations they now represent over 65% of the total
catch. The nost abundant cichlids are Tilania galilaea and Tilapia nilotica;

both of these species are algae or detritus feedars. The predatory lienichromis spp
and Pelmatochromis have also shown increase; Pelmatochromis is insectivorous while

Hemichromis spp feed on insects and small fishes.

Family: Mormyridae

The mormyrids are the commonest and most abundant species in Black Volta River in
the dry season. During high water, they carry out breeding migrations. The
formation of the lake led to the disappearance of the mormyrids in most of the lake.
Since the biomass of .insects in the lake has increased manyfold, food does not seem
to be a limiting factor. The mormyrids, however, prefer well-oxygenated waters and
riverine rocky habitats for breeding. In the initial stages of its formation, Lake
Volte became Targely anoxic and the rocky habitats vere drowned. This may account
for the decline of the mormyrids.

Family: Cyprinidae

In the riverine habitat, the abundance of the cyprinids varies a great deal in the

Petr, T., 1967, cont'd.

4.

cont'd. - wet and dry season because they migrate at highwater. In Lake Volta,
they increased at the beginning, but in the subsequent wet season they declined.
It is possible that this "decline" was due to a migratory movement. Labeo spp
are the commonast cyprinids in the Take - particularly in the south. They feed
on detritus, aufwuchs and mud.

Family: Citharinidae

The citharinids are not very common in the river or the lake except Distichodus
rostratus and Citharirius disticheides have increased somewhat at some stations in
the lake. Distichodus feeds on macrophytes - although when phytoplanktcn blooms
it may feed on this; the increase of Distichodus is probably due to the increase
of phytoplankton as well as that of subaquatic macrophytes e.g. Ceratophyllum.
Citharinus spp feed on mud, plant detritus and aufwuchs.

Family: Centropomidae

Lates niloticus has increased much in the lake - presumably due to the creation
of weed bads which it uses for reproduction as well as the increase of prey species
of fish (e.q. cichlids, clupeids, and schilbeids).

(0



Petir, T., 1967, cont'd.

7. Family: Mochocidae

. A number of specialised species of Synodontis live in Lake Volta but their
identification is difficult. As a whole the mochocids have declined in the
south of the lake while maintaining their initial numbars in the north.
Synodontis membranaceous feeds on benthic algae and bottom mud, but other
species Tead on chironomid larvae, etc.

8. Family: Schilbeidae

Three schilbeids, Schilbe mystus, Eutropius niloticus, and Physailia pellucida are
found in the lake. Althnugh Schilba mystus has increased at Kete Krachi and Phvsailia
pellucida has become qui:ce ebundant in the south, the schilbeids have not succeeded
remarkably in the lake. Schibe and Eutropius feed on insects and fish, but the
pelagic Physailia feeds on chironomid Tarvae. It undergoes vertical migration
diurnally - apparently responding to the timing of emergence of the chironomids.

9. Family: Bagridae

The abundance of the bagrids has not changed much in th2 Take except in the south
where Chrysichthys replaced Alestes nurse as the most abundant species at Akosombo
in 1965. Chrysichthys is insectivorous while Bagrus spp feed on insects and fish.

Petr, T., 1967, cont'd.
10. Family: Clariidae

The clariids of Lake Volta include Clarias spp and Heterobranchus spp; Clarias spp
occur all year (particularly Clarias angullaris which is omhivorous).

Other fish families of Volta River show the following tendencies in the lake:
Malapturidae (not reccrded in the lake); Osteoglossidae (Heterotis niloticus has

increased in the lake); Anabantidae (Ctenonoma has increased in the lake); Ophiocephalidae
occasional specimens recorded) while Gynnarchidae, Tetraodonlidae and Polypteridae remain
rare in the lake.

Food and feeding regimes of fishes

1. PLANKTON

The commonest plankton spp include Peridinium, Volvox, Melosira, Fragillaria and
Microcystis

Obligatory planktivores: Tilapia ga[i]aea,‘Ti1apia nilotica
Facultative Planktivores: Tilapia zillii, Tilenia auincensis (?), Distichodus,
Favrnoys Ly LRSS S ('..,.-1’ 4""‘;';

Al T N Ve o4 [ [
Citnm s, ’,'.\‘:.":‘;, LTS Oy VRS LN and Clarics.
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Petr, T., 1967, cont'd.

2. MACROPHYTES AND AUFHUCHS

The commonest plants eaten are Ceratophyllum, other aquatic weeds, and the
periphyton (aufwuchs) growing on them.

Obligatery macrophytophagous species: Tilapia zillii, Tilapia guincensis,
Distichodus rostratus and Distichodus
engycepnalus

racultative macrophytophagous species: Ctenopona, Chrysichthys and

_ Synodontis spp.

3. MUDSUCKERS

Labeo senecalensis, Labeo coubie, Citharinus citharus, Tilapia zillii, Tilapia
guineensis, Distichodus, Clarias and Synodontis spp all use bottom mud as food
periodically.

4. INVERTEBPATES

Terrestrial and aquatic insects, zooplankton.

Ctenopoma, Auchenoglanis, Hemichromis, Chrysichthys, Synodontis, Alestes,
Polypterus, Protopterus, etc. . '

Petr, T., 1967, cont'd.
5. PISCIVOROUS
Obligatory piscivores: bLates, Hydrocynus, Hepsetus

Facultative piscivores: Clarias, Henichromis, Eutropius, Alestes, Schilbe,
Ophiocephalus, Bagrus, Polynterus .

6. OMNIVOROUS

Heterotis, Clarias spp

Conclusion: The majority of abundant species of fishes in River Voita were benthic
invertebrate feeders. In the dry season the mormyrids were the most
common species while in the wet season Alestes and some schilbeids became
dominant. Following the creation of the lake the mormyrids have nearly
disappeared while a number of herbivorous (planktivorous as well as
macrophytophagous) species have become very abundant. This is particularly
reflected in the dramatic rise of the herbivorous cichlids - particularly
in the south. A number of invertebrate feeders have also increased by
utilising the rich invertebrate fauna associated with the periphyton which
developed on the submerged trees. ’

S ', 3 4 - - et o Meey b LN . [EEPNNCE | el je .
Laka Valta 15 comnarad and contrastes wich Late Kariba as fallows:

|2



Petr, T., 1967, cont'd.
(1) In both lakes plankton-feeding spacies have increcased.

(2) MWhereas Lake Kariba is dominated by planktivores, Volta is
dominated by inscctivores.

(3) Mudsuckers increased in Kariba while they have decreased in Volta.
(4) The shallowness and periodic overturn of Volta will favor the
the development of a benthic as well as shore invertebrates.
Fishes feeding on them will remain important.

Finally, reasons for the d1sappearance of the mormyrids 1n Volta are
discussed.

Petr, T., 1967b

International Symposium on Man-made Lakes (21-24 Hovemoer 1966 in Accra, Ghana)

Hydrobiologia, Vol. 30, MNo. 3/4, pp. 600-604.

Abstract: A summary of papers del1vtred at the "Accra Symposium" on man-made lakes;
three papars on Lake Volta fishes are mentioned. It is noted that since
the formation of the ]are, the cichlid and clupeid fishes are increasing
while the previously common mormyrids are declining.

Comment: None.
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Petr, T., 1967cC

Food'Preferences of the Commercial Fishes of the Yolta Lake.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept. X 22, pp. 7

Abstract:

Describes the food of the 22 most important commercial fishes of
Lake Volta in the early phase of its formation (Nov 1964 - 1966).
The food sources are as follows:

Macrophytes.
Phytoplanktor
Epiphytic Aufwuchs.
Zooplankton.

Organic bottom mud.
Aquatic insects.
Terrestrial insects.
Fish (and fish scales).

ONOUTPR_RWN —
e ° & ® e o e »

Prior to the formation of the lake, the majority of riverine fishes
performed "lateral migration" into the surrounding innundated plains.
These plains provided breeding sites for the adults and also food and
protection for the alevins. The flooded Volta basin created a permanent
flood-plain and unlike the situation in the rivers, the fishes do not
have to return to the river following the floods. Because vast areas

Petr, T., 1967 - contd.

Comment:

of the lake-bed were not cleared of vegetation, the lake became highly
anoxic - particularly close to the bottom. This discouraged the

formation of benthos, but the drowned trees provided much surface for the
development of epiphytic diatoms and algae (periphyton). The trees and the
periphyton on them led to the development of a very rich invertebrate fauna.
Fishes readily shifted their feeding from the benthos to the insects on the
drowned trees.

Schilbe mystus and Eutropius niloticus now feed on Povilla adusta
(Ephemeroptera) which has developed on the tree surfaces all over the lake.

The cichlids have greatly benefited by the formation of the lake. The
macrophytophagous and the microphytophagous species of Tilapia have both
increased just as the predominantly insectivorous Pelmatochromis and
Hemichromis. The success of several species of pelagic fishes, e.qg., Pelonulla

——— e

and Physailia will favor the piscivorous Lates and also Hemichromis.

Heterotis niloticus is increasing very rapidly - this is due to the increase
of zooplankton in the lake.

None.
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Reyriolds, J. D., 1967.

Notes on Juveniles of Commercial Fish Attracted to Light on the Volta Lake, 1966-1957.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept. X 21, pp. 15.

Abstract: An analysis of young pelagic fish caught by "1ight fishing" method at
night; the fishes examined only include the commercially important species.
In the riverine northern section of the lake about 22 species (107 of these
are pelagic) are recorded while in the south, all of the 5 coamon species
are pelagic. This work does not concern the small, unexploited pelagic
species Pellonula afzelijusi, Physailia pellucid and Cyanothrissa mento;
for some of the fishes examined "condition factor" (KJ and "fecundity

coefficient" (f) are calculated.

1.

Family: Centropomidae _
Lates niloticus (Linné, 1762): This species has established a breeding

population in the lake; this has been probably facilitated by the
development of areas of subaquatic vegetation on the shores. The catch
has increased from 1% or less in the river to about 10% in the southern
part of the lake. The breeding season in the lake is probably from
December to January, and it is possible that the season has been
extended in the stable lacustrine environment.

Reynolds, J.D., 1967, cont'd.

2.

3.

Family: Cichlidae

In Black Volta River, cichlids represent only 1% of the total catch
of fisn, but in the lake, they have increased up to 75% of the total
catch in some stations. In this survey very few young specimens of
cichlids were caught; they include: Tilapia zillii (Gervais, 1848),
Tilapia galilaea (Artedi, 1757), Hemichromis fasciatus (Peters, 1857),

and tenichromis bimaculatus (Gill, 1862). Of these, Tilapia galilaea
was found to be the most abundant species at some stations. The
stomach contents of Hemichromis bimaculatus include insect larvae and
zooplankton. .

Family: Schilbeidae ,
Schilbe mystus (Linné, 1762). This was caught only at Yeji. Although

it can breed in the lake, it lives only in the shallow water close to
the shores. It spawns in high water during June and July. Its food
includes Povilla adusta and other insect larvae as well as fishes.

Eutropius nilotricus (Ruppell, 1829). It was caught at most stations,

but seems to be most prevalent in the northwest. In the riverine
hebitat, it Tives doos in tho water and doss not nmigrate into the
flosd-plain to bread; it spavns in June and July. In the lake its
breeding season is more drawn out and it also grows faster. Stomach
contents include aufuuchs, insect larvae and beetles.



‘kaynolds, J.D., 1967, cont'd.

4. Family: Bagridae
Chrysichthys auratus (Pellegrin, 1909). 1In the river it migrates and
reprecduces during the rainy season. Although it is uncommon in the
lake, it does reproduce there and most probably. has at -extended
breeding season.

Chrysichthys nigrodigitatus (Lecépide, 1€03). This ig more common
than the previous spacies and has been caugnt at most stations. It
breeds between June and October, i.e., during and after the rainy
season. Its food includes benthic insects, terrestrial insects,
zooplankton and fish.

Bagrus bayad (Forskil, 1775). Only one specimen recorded at Yeji; it
Was probably spawned in June, at the beginning of the flood season.

5. Family: Mochokidae

Synodontis eupterus (Bou]enger, 1901) Only one specimen was recorded
at Yeji; it probably reproduces during the high water season.

Synodontis gambiensis (Glnther, 1864). This is the cormonest species
of this genus in commercial catch - chiefly in northwestern part of
the lake. In the river it spawns just prior to the floods, but in the
lake it spawns during the floods (July to August)

Reynolds, J.D., 1967, cont'd.

6. Family: Characidae
A1l riverine species of Alestes migrate into the flood plain during the
flood to breed and utilize a new and abundant source of food. When
flood vaters receda, they return into the main stream.

Alestes dentex sethente (Curvier ot Valenciennes, 1849), This species
is less common than Alestes baremose in the Volta basin. It probably
spawns following the fiocod.

Mestes baremose (Joannis, 1835). This species was frequently caught
at various stations. In the river it breeds at the end of the flood
season only, but in the lake it has several successive spawnings.
Stomach contents revealed insects, grass seeds, blue-green algae and
zooplankton.

Alestes macrolepidotus (Cuvier and Valencinnes, 1269). Although it
1S common in the lake, its juveniles were not caught. It lives and
feeds in the marginal shallows. In the lake, it probably enjoys an
extended reproductive voriod.

Alestes nurse (Muosall 1232). In the vivers, A merse migrates up
the river at the ond of figed 5xs0n.  In the lake, to successive
spavwnings have been racordad; tae spaunings occurred at the start and

Y

middle of high water. Food constits of terrestrial and aquatic larvae
and cassava scrapings.

(G



Reynolds, U.D., 1967, cont'd.

Alestes leuciscus (Glnther, 1867). In Lake Volta this species is only
common in the riverine northwestern arm and reproduces at high water.
Food consists of aquatic and terrestrial insects, cassava and grass seeds.

Alestes imberi (Peters, 1852). A small number of this species have been
recorded in the lake, but very little is known about its ecology.

7. Family: Citharinidae
Distichodus engycephalus (Glnther, 1864). It is only common in the
riverine section of the lake. Its food consists of seeds, pieces of
wood, detritus and aufwuchs.

Distichodus rostratus (Ginther, 1864). In the river it reproduces at
the start of the flood and the young later migrate into the flood plain.
In the lake it frequents the shallow flooded areas. '

8. Family: Cyprinidae )
Labeo senegalensis (Cuvier and Valenciennes, 1842). In the river this
species frequents rocky habitats; it is very rare in the lake -
presumably because its habitat has changed in the lacustrine environment.
But there is evidence suggesting successive spawnings in the lake.

Reynolds, J.D., tont'd.

Labeo coubie (Ruppell, 1832). This species is more common in the
lake than the last one. In the rivers it reproduces over an
extended period at high water, but in Lake Volta it probably breeds
at the end of the rainy season. Food consists of aufwuchs and
zooplankton.

The northern riverine section of Lake Volta is dominated by a number
of migratory species (Alestes spp, Labeo spp, etc.). Any attempts to
initiate exploitation of pelagic fishes in this region will adversely
affect the entire fishery of the region.

7
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Wuddah, A. A., 1967.
A Bibliography of Tilapia (1930 - 1967). {
Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept. X 20, pp. 9.

53 Comment:  An incomplete but useful bibliography of the genus Tilapia (Pisces,

& Cichlidae).

fj Thys van den Audenaerde's "Annotated Bibliography gf_Ti]gpia“ (Mus. Rov: de
3 1' Afr. Cent. Docum. Zool. No. 14, 1968. Tervuren, Belgium, pp. 406), is
9 at present the most complete annotated work on Tilapia.

.

N

E)

34

i

el ]

Bl Attionu, R. H., 1968.

Some Limnological Investigations in the Ajena Bay (Volta Lake, Ghana),
July 1965 ~ April 1966.

et b

Voita Basin Res. Proj. (Univ. of Ghana) Tech. Rept:, X 26, pp. 8

Abstract: During the rainy season (April - July) there is a rise in the level of the
lake due to increased inflow from the rivers; the rise occurs towards the _
end of the rains (July). Temperature of the water from July to September !
is Tow (26° - 27° C.), but it rises to 30°C. in October and November. It &
drops again between December and February followed by a rise in April. In
July - September 1965 and December - March 1966, the temperature difference
between top and bottom is only 0.4°C but in November it is 3.6°C. The July -
September low temperature is due to the cool moist southerly air that blows
over the lake; the December - March low is due to the northerly dry "harmattan" f
winds which cool the lake surface by evaporation. The "cool" periods are
characterised by maximum mixing of the water up to 5 m. deep. Because the
bay is sheltered, complete mixing does not occur; complete mixing does occur |
in the main channel. There is seasonal variation in the transparency of the {
water - presumably controlled by the amount of iron in the water. The pH |
of the water does not vary much because of the high buffering effect of the |
carbonate - bicarbonate content. The water has adequate silicate and i
phosphate for the production of phytoplankton. High ammonia concentration
Was recorded duiring phytoplankton development. No correlation between i
0Aygen concentration and phytcplankton maxima was found. }‘
Annual flooding is very important in the productivity of the lake.
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Biswas, S., 1¢08a

Hyarobiofégy o7 the Volta River and scme of its tributaries before the formation of
the Volta Lake.

Ghana Jour. Sci., Vol. 8, No. 384, pp. 152-166.

Abstract: Hydrobiological conditions in Volta prior to and following damming are
presented (Sept. 1963 - 1964), :

From Sept. 1963 - Jan. 1964, Volta River was very poor in phytoplankton.
The Tatter began to appear in Mar. 1964 and reached a peak in May.
Melosira and Synedra showed earlier peaks, followed by Anabaena.

Upper Volta.is richer in phytoplankton than the lower basin. Peaks of
Arthrospira appeared at Yeji and a few other northern stations. Reasons
for this peculiar abundance are unknown. Tributaries of ‘the Volta are
poor in phytoplankton and are dominated by diatoms. :

Changes in phytoplankton density have caused the oxygen in the water to
fluctuate.

The paper also discusses quantitative changes in nutrients during the
period of investigation.

Biswas, S., 1968, cont'd.

Phytoplankton species discussed:

Melosira granulata (Ehr) Ralfs

Synedra acus Ktz.

Anabaena aphanizomedoides Forti

Peridinium africanum Lemm

Cosmarium moniliforme (Turp) Ralfs

Staurastrum paradoxum Meyen.

Arthrospira tenuis Bruehl et Biswas

Nitzschia sigmoidea (Nitasch) V. Sm.

Phormidium tenue (Menegh) Gom.

Pinnularia staurostera (5eun) Pabh

Nitzschia acicularis {(Ktz) Y. Su.

Ankistrodesmus falcatus (Corda) Ralfs

9



Biswas, E.R.I., 1968b
Some micrebiclogical observations on the Yolta Lake.

Ghana Jour. Sci., Yol. 9, No. 1, pp. 21-29.

Abstract: Since 1964 heterotrophic bacteria in the lake have been declining. In the
same period there has been a shift in their distribution from the surface
to the bottom. The influence of temperature and rainfall on the bacteria
is not fully known yet. The bacteria consist of mainly chrosogenic forms;
coliforms remain Tow. Observations showed that bacteria increased following
flooding in July 1965.

Freshwater Biolouy Abstracts, 1968
Ghana Jour. Sci., Vol. 8, No. 1 & 2, pp. 14-16.

Abstract: Very short abstracts of the biological vork on Lake Volta. These
abstracts are from reports presented at the 5th Biennial Conference
of the Ghana Science Association (27th - 30th Dacember, 1967).

2 O



-5,-’

Lawson, G._w., et. al., 1968
A Review of Hydrobiological Work by the Volta Basin Research Project, 1963-1968;
Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept., X 25, pp. 4

Abstract: The temperature of water in Lake Volta varies between 26° - 31° €. annually.
_~' The coolest months are July - August and January - February. In the north,
temperature is higher than the south. Oxygen concentration also shouws
seasonal trends - it is minimum during the floods (April - July) and during
the "harmattan" period (September - October) when mixing is maximum.
Highest oxygen is recorded in the epilimnion during maximum stratification
(in May and November). During this period the metalimnion is at about 20m.
Plankton and fishes do not generally occur below the metalimnion because
of the lack of oxygen. Temporary stratification up to 5m deep forms and
breaks down diurnally.

Microbiology

The bacteria count is highest in the epilimnion all year round except in
September. In 1965, highest count of bacteria was associated with the
rainy/flood season. Bacteria are mainly heterotrophic.

Primary productivfty

Phytoplankton: Prior to the formation of the lake peaks of Anabaena
occurred; however, since damming Synedra and other species have shown

Lawson, G. W., cont'd.

great periodic blooms. Phytoplankton is maximum during stratification and
diminishes in the "mixing" seasons. The productive shallow water is
dominated by Myxophycaea while diatoms dominate the deeper water.

Macrophytes: The most significant of these are Pistia and Ceratonhyllum.
These act as substrate for the rich aquatic invertebrate fauna that has
developed in the lake. (Ceratophyllum is also the cause of the great
increase of periphyton in the Take. Pistia and Certophyllum increase
following the flood and these changes are also reflected by the invertebrate
fauna. ‘

Aufwuchs: This includes periphyton as well as the invertebrate fauna
associated with it. The increase of periphyton is mainly due to the
presence of submerged trees in the lake. These have acted as a substrate
for the growth of periphyton as well as the success of wood-boring insect-
larvae, e.g. Povilla adusta. .

Secondary productivity

Zooplankton: Of the planktonic crustacea, the copepods dominate the
cladoccrans. By 1967, €07 of the zooplankton was composed of Potifera;
100 is Tormed by the crustaceans and ciliatos.,

2!



Lavson, G. Y., cont'd.

Benthes: Between 1964-1G66, the benthic fauna was restricted to the
surface oxygenated zones of the lake only. But as the lake gets more
oxygenated, it is expected to penctrate deeper. Huch of the benthos is
composed of chironomid larvae.

Epiphytic "benthos:" The success of Povilla adusta on tree surfaces
in tne lake has been mentioned. At present the biocnass of Povilla far
outstrips that of thz benthic organisms, e.g. chironomid larvae.

ihile some families of riverine fishes have disappeared from the lake,

the characids now dominate the lake in the north (over 51% of the total
catch) while the cichlids dominate the south (over 65% of the total catch).
Some pelagic clupeids and characids have also increased in the south.

. Petr, T., 19682

Distribution, Abundance and Food of Comhercia] Fish in. the Black Volta and the
Volta Man-made Lake in Ghana during its First Period of Filling (1264-1966).,
I Mormyridae. ' .

Hydrobiologia, Vol. 32., No. 3-4, pp. 417-448.

Abstract:

A detailed study of the common mormyrid species of River Volta at
Bui Gorge Area. Information includes feeding and breeding habits.

The mormyrids are deminant fishes in the river, but have disappeared

from the lake. The report concludes that food cannot be the Timiting
factor for the mormyrids in the lake since a rich insect fauna has
developed in the lake. Two possible reasons for their disappearance
could be:

(1) the anoxia of much of Lake Volta in its initial stage.

(2) the disappearance of riverine rocky habitats which the mormyrids
use for breeding.

Valuahle data on *the ecology of the following riverine mormyrids is given:

o)

(1) lyperopicus bube Lacépéde, 1803.

2 A \ C He)
(2) Formyrus rume C&V., 1846.




Peti., T., 1968, cont'd.,

(3) Mormyrus hasselyuisti, C & V, 1846.
(4) Formyrus macroohthalmus, Gunther, 1866.
(5) Mormyrus delicionsus, Leach, 1818.

(6) Gnathonenus tamandau, Gunther, 1862.
(7) Gnathonemus scncgalensis, Steindachner, 1870.
(8) CGnathonemus picius ?
(9) Gnathonemus cvarinoides, Linné, 1784.
(10) Petrocephalus bane, Lecépéde, 1803,

Petr, T., 1968b

Population Changes in Aquatic Invertebrates Living on Two Water Plants in a
Tropical Man-made Lake.

Hydrobiologia, Vol. 32, No. 3-4, pp. 449-485.

Abstract:

Detween February and Hovember 1965 two aquatic macrophytes Pistia stratiotes

L. (floating) and Ceratophyllum demersum L. (submerged) have increased
substantially in the Tittoral of Lake Volta. Many invertabrates use these
plants as substrate and as a source of food (they either feed on the plant
itself or on the periphyton); the increase of Pistia and Ceratophyllum has
has led to a dramatic increase of such invertebrates (several of these are
Tnportant vectors of human parasites).

This investigation was carried out in the Gorge Region (Akosombo).

I. Ceratophyllum demersum

1. Inshore Region. Rising water-level, breakdown of stratification and
greater transparency of water following June 1965 led to & rapid
increase of this plant which in July formed a strip 50-200m wide
which was visind- cq the surfecs, Bolvaza fugust and Octobor nach
wave eclion upruntad the plant and Ly ilovembar it was found at &

aepth of 2 m.
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Petr., T., 1968, cont'd.

ghlronom1? ]agvaet(witg Chironomus fractilobus Kieffer in overwhelming
ominance), odonata an zygoptera nymphs (particular] Pseudagri

§p), crustacea and oligochaetes vere recorzed from thg plant. rng
invertebrate fauna shows a resting phase (February - May), an

expanding phase (June - August) and another resting phase (October - ).

During the flood (June - July) while the plant increased, the fauna

was low but by August all invertebrates were increasing.

2. Offshore Region. Ceratophyllum appeared in offshore water between
February - April, and then disappeared. The invertebrate fauna on
the offshore plants was much lower than recorded on the inshore
p1ants: The of fshore fauna was dominated by ephemeroptera nymphs
and oligochaetes - the chironomids were present in lower numbers.

The lower invertebrate fauna here is due to the instability of the
plant (due to waves) and heavier fish predation.

II. Pistia stratiotes

This floating weed was restricted to a strip 0.5 - 2 m. wide in

February - June. But in July it spread rapidly to form a mat 200 - 300 m.
19ng and 150 m. wide. 1In August wind-action broke up the mat which
disappeared in December. Between February - May, the abundance of

Petr., T., 1968, cont'd.

invertebrates was low and dominated by dipteran larvae and odonata

nymphs. During the flood (July), the fauna decreased but in August
all invertebrates were increasing. By December, the invertebrates

disappeared along with the plant.

Taxonomic_Groups of Invertebrates associated with Certophyllum and Pistia

1. ANNELIDA
(a) 0ligochaeta

Naididae: The most frequent annelid of Lake Volta - found on both
plants (prefers Pistia roots).

on Cerato. ( Allonais paraguayensis ghanensis Hrabe
Dero digitata. Michaelsen
Nais variabilis Piguet

(
(
on Pistia ( Aulophorus ghanensis Hrab&
( Branchiodrillus cleistochaeta Dahl.

The population of Naididae increases #rom February to April, but by
June very few remain. Following the flood (July - August) the

population is highest but by October-November it is curtaijed by
predation.

24



Petr,; T.,-19068, cont'd.

(b) Enchytreidae

Only two specimens.
(c) Hirudinea

Leeches increase on inshore Ceratophyllum following floods.

Batracobdella nilotica Johnels 67.9
Batrocobaella tricarinaca Bl. 14.3%
Helobdella conifera lMoore 17.8%

2. MOLLUSCA

Gastronoda: Found on both p]ahts. Highest numbers prior to flooding.
Silted water probably destroys their eggs. The specimens found on these
plants are mostly young. :

Bulinus forskali Ehrenberg
Anisus coretus Blainville
Ferrisia sp

Petr, T., 1968, cont'd
3. ARTHROPODA
(a) Crustacea

" ()" Cladocera: 0On%y one species was found on both plants:
Ilyocryptus sordidus Lidvin

(ii1) Copepeda: unidentified copepods were found on Pistia.

(iii) Ostracoda: The following species were recorded. They occur on

both plants but predominantly on Pistia. Disappears when oxygen
is Tow. ‘

Cypricercus sp 60.9%
Chrissia sp A 20.3%

Acocypris sp 7.3%
Strandesia sp 3.5%

Stenocypris sp  1.6%
Chrissia sp B 0.6%
Cyprettinid sp 0.1%



Petr, T., 1908, cont'd.

(iv)

Conchostracz:  Only one species was recorded from both weeds

In Juiy 1t 15 abserc from Ceratochylivm.

Cyclestheria hislopi Baird.

(b) Arachnida

Hydracarina:

Ceratophyllum.

(c) 1Insecta

(1)

(ii)

Petr, T., 1968, contfd.

(ii1)

Ephemeroptera: One species - Cloeon smaeleni found on both

weeds. It shows violent oscillations during the year.

Cloeon siaeleni Gillies

Odonata

(A) Anisoptera: These occur predominantly on Pistia.

Orthetrum sp
Acisoma sp

Trithemis sp

Thylomis tillarga Fabricius
- Brachvthemis Teucosticta Burm.

(B) Zygoptera: The females lay eggs in plant tissue.
Pseudagrion sp (90%)

Enallaona sp
Ischnura senegalensis Ramb.

Hemiptera
(A) Corixidae: non-predatory.
Micronccta christiniana Lausb.

Micronecta scutelilaris scutellaris Stal.
Micronecta sp

(B) Belostomatidae: predatory.

Diplonvchus qrassei Poiss.
Do e s Syl Talyye
Wt 1 Tl lud Y LIRS PRPRL DAL SR I A [N

(C) Pleidan: mredatory; more abundant eon Pistia than

Ceracopinyilum.

Their abundance on Pistia is three thimes that on



Petr, T., 1968, cont'd.
Plea pullula Stdl

(D, MNepidae: predatory.

Ranatra parvipes vicina

(iv) Coleoptera

Laccoph1]us 657
Synchortus 259 ) Ceratophyllum
a specices of Hydrophilidae 104 )

Synichortts

HvdrOVatuq

)
Hydrovatus 8. )
)

87

8
Hydrocanthus 3 Pistia

15

1

Canthvdrus ‘:
Hvdrob11nae

J
I
I

Petr, T., 1968, cont'd

(v) Diptera

(A) Culicinae: Peak populations in February - March;
Jupe - July; November,

On Pistia: ficdomyia africana N.L. 49.5%

Ficaibia Crlenoon, Theobald 37.44
Mansonia afric na Thoobald 8.7%
Fansonia uni s Theobald 2.6
Ficallia ”@Jjj;l Eduards C.7%
Culex D9193 ines Theobald 0.7%

Ancrheles <rnzigsus Theobald  0.2%
Anopheles coustani Lav. 0.2%

On Ceratephyllum: Aecdomyia d;|1cqgg
Cu1‘~ peicilines

(B) Chironomidae: Five times more abundant on Ceratophyllum

ftan Pistia.

Chi pis Tractilohus Wieffop OCY
L‘“l- g ._l_._t \ -Lfcl
Chironcrwg foriosinennis lieffer

Cn
Tronomus Calinterus Kieffer

v



vetr, T., 1968, cont'd

Chironcmus tranvaalensis Kieffer
Chironomus pulcher eid.
Cryntocihironomus diccras Kieffer
Dicrotendipes chloronotus Kieffer
Dicrotendines multispinosus
Paradentipzs sp

PolypediJuit sp

Ablabesivvia nilotica Kieffer

(C) Ceratorogonidae

Bezzia pistiae I & M s the commonest ceratopogonid.
Mainly found on Pistia.

The aquatic weeds Ceratoohyllum and Pistia are utilised as food by several
Lake Volta fishes; the weeds are most important because they support a rich
epiphytic fauna which is utilised by many invertebrates. The latter are
also utilised as food by many fishes. A fey invertebrates of Lake Volta
are medically important.

The invertebrate fauna of each weed is distinct and shows a cyclic
behavior just as the weed (particularly ceratophyllum}itself does.

Petr, T., 1968cC
Problems of Assessment of Periphyton Production in’a Tropical Man-made Lake.
Rept. Reg. Meetina of Hydrobiol. in Tropical Africa.

Makerere Univ. Collega, Kampala. Uganda (20-28 May, 1968), UIHESCO Reg. Cent. for
Sci. and Tech. for Africa, pp. 144-145,

Abstract: In Lake Volta the initial deoxygenation of the hypolimnion has prevented the
formation of much benthos. The drowned trees along its shoreline support
a very rich periphyton which in turn allows the development of a rich
invertebrate community associated with it. The most successful invertebrate

- oh the submerged vegetation is Povilla adusta (Ephemeroptera) which is

being increasingly utilised by insectivorous fishes. Of all the invertebrates
Tiving in the lake Povilla has the nighest biomass. Some of the fishes nou
actively utilising this source of food are: Alestes, Eutropius, Pellonula,

Physailia.
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Petr, T., 1958d

The establishment of lacustrine fish population in the Volta lake in Ghana during
1964 - 1966.

Abstract:

- — .-

In the earlier phase of the formation of Lake Volta, a mass mortality of
Chrysicthys occurred - presumably due to the deoxygenation of water follow-
ing the development of an algal bloom. During this phase fish catches

were dominated by Alestes, Chrysichthys, Hydrocynus, Lates, and Labeo.

- A few months following damming the schilbeid Physailia and the clupeid

Microthrissa both appeared as pelagic species; these species were almost
unknown in the river. By the end of the first year (May 1965), Alestes
nurse was the most common species followed by Labeo, Distichodus and Lates.
This was essentially the high season pattern of abundance in the river
prior to damming. By May 1965 a radical change in the fish fauna was
evident in the great increase of cichlids in the southern stations; by
October 1965 the cichlids formed 3/4 of the total catch of Kpandu, Ampem,
and Akosombo: The mormyrids which formed 68% of the total dry season

catch in the river almost disappeared in the lake.

Petr, T., 1968, cont'd.

At the end of its first year, Lake Volta has a typically lacustrine fish
fauna (dominated by the cichlids and clupeids) while north of Yeji the
fauna was still riverine (dominated by the characids). During lacustrini-
sation, the herbivorous and insectivorous fishes have enjoyed great
success. As the bottom water gets more oxygenated bottom feeders will
also benefit. Similarly, the increase of pelagic characids and clupeids
will help the predatory Lates and Hydrocynus. Perhaps the fastest growing
species in the lake is Heterotis niloticus - a zooplankton feeder.
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Proszynska, M., ]968.
Bibliography of Clacocera and Copepoda of Inland Waters.

Ghana Journ. Sci., Vol. 7, No. 1-2, pp. 37-49.

Abstract: A thorough bibliography of Cladocera and Copepoda of African fresh waters.
Includes papers from 1845 - 1964,

Ram, J., 1968.

Eyes on the Volta Lake.

New Scient., Vol. 39, pp. 540-541.

Abstract: A very general note on the events in Lake Volta following damming.

Comment:  The report is of no scientific value.
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Reyrnlds, J. D., 1968.
- A Bibliography ot African Fresh-water Clupeids.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept. X 24, pp. 6

Comment: A thorough and very valuable bibliography of African fresh-water clupeids.

Adiase, M. K., 1969
A Preliminary Report on the Food of Fish in the Voita Lake.

in:  Man-made Lakes, The Accra Symposium, Ed. Letitia E. Obeng, Ghana Univ. Press,

Accra, pp. 235-237.
Abstract: An analysis of food nabits of some Lake Volta fishes.

Comment:  None.
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Hiswaé, S., 196%a
The Volta Lake: some ecological observations on the phytoplaniton.

Jorn. Internat. Verein. Limnol., Vol. 17, pp. 259-272.

Abstract: Temnerature: In June 1966, the epilimnion was a* 31° C. and the
hypolirinion 27°C. - 29°C. At Afram, Kpandu, Kete lrachi, the metalimnion
was at 20m. Ajena did not have a well defined metalimnion; Yeji had the
entire water column homothermal.

June - September 1966 and January - February 1967 were periods of greatest
circulation in the laka. For the rest of the year tne lake is stratified.

In September 1966, the metalimnion broke down; it reformed in April 1967.
Orygen: In June 1966 dissolved oxygen increased 6% - 7% in daytime. At

the time of greatest circulation oxygen reaches the bottom. Buring stratifica-
tion there is no oxygen below 15m; the epilimnion has 80% - 907 saturation.

Phytoplankton: Plankton shows much variation from one station to the next.
In July - August 1966, green algae were dominant in the Tower part of the lake.

Biswas, S., 1959, cont'd.

( Scenedesmus acutus (Meyen) Ched.

( Scenedesmus bijugus (Turo.) Ktz.

( Scendesmus quadricaudus (Turp.) Breb.
(

(

(

green algae

Melosira granulata (Ehr) Ralfs
Nitzschia acicuiaris (Ktz) W. Sm.
Synadra acus Ktz.

diatoms

Various species show different dominance periods in the djfferent
stations. Diatoms, however, are bacoming increasingly important
in the lake. : -
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_ Biswas, S., 1969b
Thermal Changes in the Volta Lake at Ajena.

in: Man-made Lakes, The Accra Symposium, Ed. Letitia E. Obeng, Ghana Univ. Press,
Accra, pp. T03-109.

Abstract: The report covers the early development of Lake Volta (1964-1966). During
floods (June - August), the epilimnion shows a cooling trend which the
hypolimnion warms up. Although mixing occurs, the water was never found
to be homothermal - the epilimnion being genarally warmer than the
hypolimnion. Mixing also occurs in the harmattan seasnn (January - March).
For the rest of the year the lake is stratified - with peak temperature
in October, November or preceding the flood. The metalimnion was found
between 10-35 m. At Ajena there was a general decrease in oxygen follow-
ing closure, but the situation has improved each year (oxygen concentra-
tion August 1964 = 19%; August 1965 = 31%; June 1966 = 100%). Much of
the oxygon is found in the top 5 m. Even during mixing full oxygenation
of the water column does not occur.

The lake neither stratifies fully nor does it mix completely.

Comment: None,

Denyoh, F.M.K., 1969

Changes in Fish Population and Gear Slectivity in the Volta Lake.

in: Man-made Lakes, The Accra Symposium, Ed. Letitia E. Cbeng, Ghana Univ. Press,
kecera, pp. 206-210. : :

Abstract: The nets show some specific size composition in their catches according to
: mesh size. .

(a) 11/2" - 2" nets: Alestes nurse, Alestes dentex, Alestes macrolepidotus,
Hydrocyon sp, Lates niloticus, Ctenopoma kingsieyae, Synodontis nigrita.

(b) 3" nets: Labeo senegalensis, L. coubie, Tilapia galilaea, T. zillii,
I. nilotica. In deeper water Synodontes and Lates are caught.

(c) 4" nets: Clarias spp, Lates, Distichodus spp and Synodontis in deeper
vater.

(d) 5" nets: Clarias spp, Heterotis niloticus, Labeo spp.

Fishes are most availeble in the flood season (May - MNovember); in the dry

zrason (Dacomber - AZci1) thepe are only a faou.
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Entz, B., 1969a

Limnological conditions in Volta Lake, the greatest man-made lake of Africa.

Nature and Resources (Bull. Int. Hydrol. Decade), UNESCO, Vol. V, No. 4, pp. 9-16

Abstract: The.Vo]ta pam a§ Akosombo was. closed May, 1964 and the lake reached its
$a§1Tum height 1n.Sept§mber, 1968. Due to its shallowness 807 of the
fq ﬁ water mass is suitable for habitation by aquatic organisms (includin
fis es). The.]ake has a shoreline 5,300 km; the mean depth of the main =
is 18.9 m. while that of the tributary basins is 6.9 m. o

Temperature and oxygen.

1964-1966 oxygen was found only in the to

s P5m. or 10 m.; the lake w
a whole oxygen deficient. In thi ' i nae i 3% as
quantity occurred. S period very Tittle change in oxygen

1967-1969 oxygen in the water increased and iati
seasonal variations bec
apparent. In the top 20 m. - 30 m. oxygen attained 50% - 100% satuigiion.

The 1 ; . s 4
botto;Fe began to circulate periodically allowing oxygen to reach the

Entz, B., 1969, cont'd.

Observations suggest that the phytoptankton does not contribute significantly
to the oxygen content of water. Wind action remains the key to oxygenation
of water. A steady breeze of 4 m. - 5 m./sec. can oxygenate water quite
rapidly. Rapid changes in the quantity of gas at various depths are
characteristic. It is expected that with time the lake will become even

more aerated than it is at present.

The temperature of the water varies.between 27° C. - 31 ° C.; diurnal
overturns occur in the shallow water zone.

Effect of Rainfall

A. Local Effect:

(1) drop in temperature.
§2) introduction of solids, colloidal and dissolved matter.
3)

increase in turbidity.

B. Regional Effect:

This rasults in the flooding of most rivers feeding into the lake.
Nutrients are introduced into the lake and the main arm bacomes turbid.
Fish migration.

>



Entzy B., 1969, cont'd.

‘ Division of lLake Volta

(1) Lower Basin (south of Kpandu)

Lacustrine section; S.D. reading = 200 - 240 cm.

(2) tiddle Basin (Kete Krachi to Koandu)

November - June (dry season): Lacustrine.
July - Octeber (wet season): Riverine.

(3) Upper Basin (north of Kete Krachi)

Semi-riverine conditions all year.

Chemistry.

Chemically Lake Volta is oligotrophic; sulfate and chloride ions are low in
the water. The metalimnion is also the "chemocline." The epilimnion

(pH = 7.5) is poorer in nutrients than the hypolimnion (pH = 6.7). The
content of iron below the metalimnion is high - 1-30 mg/L; in the epilimnion
it is 0 - 0.2 mg/L. _ :

Entz, B., 196%b

Observations on the Limnochemical Conditions of the Volta Lake.

in: Man-made Lakes, The Accra Symposium, Ed. Letitia E. Obeng, Ghana Univ. Press,
Accra, pp. 110-TT5. A

Abstract: Using "Maucha diagrams" the chemical composition of Rivers Davi and Volta,
and the newly formed Lake Volta is compared. The Volta system waters are
of the Ca-HCO3 group of #Z1imno type while those of River Dayi belong to
Ca-Na-HCO -C1 group of the /Llimnohaline type.

-In October 1966, there was very little difference in chemical composition
of water from a given layer at various localities. -However, HCO3-, €Oy,
Cat+, Fet+, NHi--increase with depth while 0o, pH and temperature decrzase.
S0z- and NO,-KH3 were also recorded. . '

The water of Lake Volta is as a whole reductive.-



Hall, J.5., E. Laing, M. Hossain and G. 4. Lawson, 1959

Observations on Aguatic Weeds in the Yolta Basin.

in:  Man-made Lakes, The Accra Symposium, Ed. Letitia E. Obeng, Ghana Univ. Press,
Accra, pp. 337-336.

Abstract: An account of the aquatic weeds of Lake Volta with a list of species found
N varicus habitats and formations, Experiments on growth of Pistia and
observations on "sudd" formaticn.

Comment: MHone.

Holm, L. G., L. Y. leldon, and R. D. Blackburn, 1969
Aquatic weeds.
science, Vol. 166, pp. 699-709.

Abstract: Includes a note on the increase of the floating water weed -
. Pistia stratiotes - in Lake Volta.
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lLawson, G.Y., T. Petr, S. Biswas, E.R.I. Biswas, and J.D. Reynolds, 1969.
Hydrobiological work of the Volta Basin Research Project, 1963-1968.
Bull. de 1'I.F.A.N., Tome XXXI Sé. A., No. 3, pp. 965-1003.

Abstract: A summary of hydrobiological work of the Volta Basin Research Project
(University of Ghana) from 1963-1968.

Most of Lake Volta lies in the single rainfall Guinea Savanna zone; only
its southern extremity (Afram arm) lies in the Antiaris - Chlorophora
tropical forest.

Rainfall occurs between July - September; the floods occur towards the end
of the season. From December - January, the lake is under the influence

of the dry northerly "harmattan" winds. The rest of the year southwesterly
winds dominate.

Limnology (Physical/Chemical)

(a) Short-term Changes. A1l important limnological changes can be related
to the rainy season (June - September) and the dry "harmattan" season
(December - January). With the approach of the rainy season, the
temperature of the river (32° C.) and the lake (31° C.) rise to a

maximum. Temperature jis hzgh again in November following an %ntenjm

fall. 1In the cool period eptémber - QOctober and January - Marc
water temperature drops to 27.2° C. - 27.8° C.

Lawson, G.W., et al, 19489, cont'd.

During the flood and "harmattan" seasons the lake experiences maximum
turbulence and break-down of stratification. Ammonia and iron (Fet+)
increase; the latter increases turbidity. Oxygen content of the water
goes down but the lake is enriched by nutrients released from the
hypolimnion. These effects are more marked in the flood than in the
"harmattan" season.

Calcium, potassium and sulfide do not exhibit much seasonal variation;
however3tnitrate is highest between September - December.

(b) Long-term Changes. As the lake has matured, its water has become
increasingly clear (Secchi Disc Readings 1965: 50 cm.; 1967: 400 cm.).
Prior to flooding Volta River was supersaturated with oxygen (over 100%
saturation); as soon as the dam was closed (May, 1964) there was a
phenomenal rise of the gas which later dropped to below 100% saturation.
In the earlier phase, the lake was devoid of oxygen below the epilimnion,
but with maturation and increase in circulation, the gas is reaching
ceeper. Hydrogen sulfide has fallen - particularly since 1965. ‘lhen
the dam was closed the temperature of water fell to 27° C. and
continued to fall in the hypolimnion, but by October 1964 it began to
rise. Since 19565, the bottem tempezrature has stabilized around 27° C.
Surface temperature fluctuates much more seasonally. During stratifica-
tion the metalimnion is at 20 m. Alkalinity increased gradually untii
1966, when it became stable but orthophosphate has fallen.
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Lawson, G.W., et al, 1969, cont'd.

Microbiology

The micro-organisms (bacteria) show high densities on the surface and bottom,
being .low mid-water. Most belong to the Aerobacter group; no nitrifying
agents are reported. Since 1967 the microfauna is on the decline. Almost
1/4 of the colonies are chromogenic (90% Gram negative rods). Spore forming
bacteria show great fluctuation during a single year.

PRIMARY PRODUCTIVITY

(a) Phytoplankton.

The primary productivity varies in_different parts of the lake; it is
estimated between 0.8 - 5.2 gm. cm3/24 hrs. (oxygen utilisation).

The productivity of the littoral region is much higher than that of
the deeper areas. The composition of phytoplankton has undergone

Tong term fluctuations; such fluctuation is also evident during each
year.

Lawson, G.W., et al, 1969, cont'd.

1965 Two maxima: April: Actinastrum

Sept.: Cryptomonas

1966 Three maxima:
March: Peridinium
July:  Peridinium
Oct.: Nitzschia

1967 Two maxima: May: Synedra
Nov.:  Synedra

Phytoplankton is Tow during the flood and high between October - November;

~ the rest of the year it remains at moderate or low concentration. Low
temperature, light intensity and high turbidity of water discourage
phytoplankton. In the flood much dilution of phytoplankton is evident.
Superficially it seems that diatoms predominate in deeper water while
Cyanophyceae are more common in shallow water.

(b) Phanerogamic Vegetation.

The non-aquatic trees which have been drowned support a rich periphyton.
A number of aquatic invertebrates use these tree surfaces for burrowing
and as a source of food. Of particular importance is the increase of
Povilla adusta Navas which has become an important food of many fishes.

bX



La:,on G ., et

atl, 1969, cont'd.

The flooding of Volta basin created a perimanent inundated plain rich
with grass cover and dobris. The plain is used for reproduction

as well as a source of vagetative food by macrophytophagous fishas,
e.g. Tilapia zillii, Alestes macrolepidotus, etc.

The lake will have an annual draw-down of 1.5m which will annually
expose 200-400 sq. miles of the bottom. Periodic drying will be
beneficial for the fishes.

Other significant plants include Vossia cuspida, Najas spp, Ceratophyllum

demersum and Pistia stratictes. The latter two are very important

habitats of invertebrates. Several of these use them as a source of

food (e g. pyra11d1ds) Pistia attains a dry weight of 500 g/m The
aquaL1c macrophytes increase fol]oz1ng the flood and then subs1de later
in the year.

Aufwuchs has increased greatly in the epilimnion, but is used by only a

few species of fish. But it supports a large invertebrate fauna which
maintains much of the lake's fish production.

Lawson, G.Y., et al, 1969, cont'd.

SECONDARY PRODUCTIVITY

(a) -

(b)

Zooplankton

lthen the dam was closed crustacean zooplankton was found throughout
the water column. From July 1964 they have exhibited periodic
appearance only. The populations do not seem to develop in situ,
but come from the north.

1965 - 1966. Copepods (Cyclops, Diantomus) were most numerous at
all depths; cladocerans (Diaphanosoma, Ceriodaphnia,
Cosmina, Moina, Bosminopsis) are fewer and restnlcted
to 5- 15 m. depth. .

1967. At Ajena and Afram, the zooplankton consists of 9C%
RotiTera and 10% Crustacea and Protozoa.
Rotifers include: Anurasopsis, Polyartha, Tr1chocera
~and Keratella.

Invertebrates associated with Pistia and Ceratophyllum.

Ceratonhylluyn: eiiliead Ly Zsasntorcns, chlvonomids and Taccophilus
bettles; oligachnetcs,
Diomass of 1nve1urbxab‘a 76.75 yr/ky. (inshore).
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Lawson, G.M., et al, 1969, cont'd.

Pistia: wutilised by anisopteran nyiphs, culicine larvae, coleopterans,
cte.
Biomass of invertcbrates:
(i) on leaves: 57.50 gr/kg.
(i1) on roots: 107.27 gr/kg.

(c) Benthos

In 1964-1966 benthic fauna was Timited to the epilimnion (3 m. - 7 m.).
Since 1967 with better oxygenation of the deeper vater, they have
extended their distribution down to 10 m. In 1966-1968, the benthic
fauna censisted of chironomids 58.969 and Povilla 30.17%. As the

lake has stabilised, the benthos is beginning to show a vertical
migraticn seasonally - it is deeper following mixing -of water and in
shallow water during stratification.

(d) Fishes

The fishes of River Volta were mostly bottom-living, insect-feeding
species. But the formation of the lake has tavored pelagic species
(Pellonula afzeliusi, Physailia pellucida, etc.). Tha mormyrids - which
were very significant in the river in the dry season - have become very
rare in the lake. The fishery picture of Lake Volta is as follows:

Lawson, G.Y., et al, 1969, cont'd.
(i) Northern (riverine) Basin
Characidae 51% of total catch.
(i) Southern.(]acustrine) Basin |
Cichlidae 815 of total catch.

A1l of Lake Volta fishes can be placed in the following trophic groups: -

(1) HMacrophvtoohagous 18.6%
(2) Insectivorous (aquatic) 18.3%
(3) Piscivorous 13.15
(4) Detritophagous 13.1%
(5) Insectivirous (terrestrial)ll. 3%
(6) Planktivorous 9.2%
(7) Aufwuchs 2.7%
(8) Zooplankton 1.47%

Finally the report discusses some changes in River Volta below tha dam.

. .
Loment: oo,

{0



Lelel, A. and A.A. Huddah, 1959

. A Note on the Occurrence and Length Frequency Distribution of Tilapia Spacies Caught
in Gill Nets in Volta Lake.

in: Man-Made Lakes, The Accra Symposium, Ed. Letitia E. Obeng, Ghana Univ. Press,
Accra, pp. 186-189.

Abstract: Using gill nets of various mesh size, the following data on Tilapia spp
catch are recorded:

Tilapia galilaea 55.9%
Tilapia nilotica 23.4%

Tilapia melanopleura 20.7%
Tilapia zillii . m—--

Comments None.

Obeng, L. E., 1969.

The Tnvertebrate Fauna of Aquatic Plants of the Volta Lake in Relation to the Spread
of Helminth Parasites.

in: Man-made Lekes, The Accra Symposium, Ed. Letitia E. Obeng, Ghana Univ. Press,
Accra, pp. 320-325.

Abstract: Gives a list of invertebrates associated with the aquatic weeds Pistia
and Ceratophyllum,

Commient: None.
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fatir, T., 10490
Fish Population Changes in the Volta Lake Over the Period January 1965 - September 1966,

in: Fan-made Lekes, The Accra Symnosium, £d. Letitia [, Obeng, Ghana Univ. Press,
Accira, pp. ¢20-234.

fhstract: Mo #ish-fauna surveys vere carried out in Voita River prior to damming.
This vreport summarises changes in the fish-fauna of Voltu Lake during
Tilling and compares the fauna with that found in Black volta Rivar at
Sui Gorge upstream.

Inundation of the Volta basin led to the nezar disappearance of the mroymyrids -
possibly due to the elimination of rocky spawning sites. Some characid
species e.g. Alestes performed irreversibie migrations and have declined

in the lake. Fowevar, the cichlids have incroased enormously at most
Stations. In' -2ases have also been noted in Lates, Hvdrocvon, Heosetus,
Cyanothrisss .nd Pellonuia. In 1965-1956 as Alestes became rare at

Akosombo, Chrysichthys increased.

Comment:  None.

Petr, T., 1969b

Regional Meeting of Hydrobiologists of Tropical Africa (20-24 May, 1958 in
Kampala, Uganda).

Hydrobiolocia, Vol. 33, No. 3-4, pp. 507-512.

fhstract: A report of the proceedings of the meating.


http:perforr.ed

Petr, T., 1969c¢

On the Preference of some Aquatic Insects for Hard or Soft Wood Trees.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept. X 33, pp. 2.

Abstract:

Since much of Volta basin was not cleared of vegetation prior to damming,
the lake has a very large number of drowned trees. Tree surfaces have
been colonised by a number of invertebrates which feed on the periphyton.
The invertebrate fauna of the tree surfaces is very important because the
formation of benthos has been retarded by the early deoxygenation of the
lake water. Povilla adusta (Ephemeroptera) is the commonest inhabitant
of three surfaces except where wave-action is strong; in latter areas
trichopterans (Amphipsyche and Enomus) predominate.

This investigation is about the ability of various invertebrates to
colonise hardwood (at Avudzega) and softwood (Afram - Pawnpawm confluence)
trees.

(i) Hardwood trees. Trichopterans comprise 99% of the biomass on
these trees. Amphipsyche is dominant, followed by Enomus.

(ii) Softwood trees. Povilla adusta forms 99% of the biomass on
these trees.

Petr, T., 1969, cont'd.

Comment:

Inability of Povilla to colonise hardwood trees is due to its inability
to burrow through hardwood. The Trichoptera do not burrow into wood.

None.
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Petr, T., 1969d

Development of bottom fauna in the man-made Volta Lake in Ghana.

Verh. Internat. Verein. Limnol., Vol 17, pp. 273-282.

Abstract:

During circulation the benthos in Lake Volta reaches deep into the lake,
but abundance is low. In the northern (riverine) basin benthos is fourd
at the bottom mostly and is evenly distributed.

During stratification the benthos also stratifies and is found in great
concentration.

The biomass of the benthos is maximum during stratification and minimum
during mixing.

The chief benthic organisms are chironomids (59% of the total biomass) and
Povilla (30.2%). In the littoral region, wherever Pistia and Ceratophyllum
occur,.there are many Bulinus sp gastropods. In certain localities the
benthos is dominated by Ecnomus and Dipseudopsis. Between 1966-1968, Povilla
has colonised the entire lake. It buries itself in the submerged trees

during daytime and emerges at night to feed on periphyton. The increase of
Povilla has led to a change in the diets of many insect-feeding fishes. These
now feed overwhelmingly on Povilla whereas previously they had broader spectra
of diet. In the north Alestes, Eutropius and Schilbe - all of which utilise

Povilla - have become the dominant species.

Petr, T., 1969, cont'd.

As the lake has matured, the biomass of benthos has decreased. But
considering that insects in the tropics produce many generations in a
single year, the productivity must be high.
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pgtﬁ, T.,.2nd J.0. Reynolds, 1955.
cish Population changes in the Volta Lake in 1968.

Volta Basin Res. Project (Univ. of Ghana) Tech. Rept. X 32, pp. 3.

fbstract: In 1968 lLake Volta rese 2. This survey shows that in the southern basin
(Ampem, Pavmpawm, lownave, Aveme and Aglama) cichlids form £0.985 of the
total catch {Tilania gzlilaea is the dominant cichlid). Cichlids are also
gaining ground in the nortn (at Yeji 40.85% of the catch is due to Tilunia
galilaea alone); however in the river section the cichlids fomm only 12

o7 the total catch.

In 1958 the characids have dropped in numbers from previous years. Alestes
macrolepidotus remains dominant but other species of this genus have declined.
Rlestes barcmoze has been replaced by Eutropius niloticus.: The change in

the characid population may be due fo migrations in the flood.

Other species mentioned are:

Labeo coubie: increased at Yeji and Kete Krachi in the flood. This is
a migratory fish.

~

Citharinus citharus: there was no peak of this species at Kete Krachi
in April - May as was recorded in 1967. But at

Yeii ths
eJ1 thig peak occurred again.

petr, T., and J.D. Reynolds, 1969, cont'd.

Lates niloticts: many young of this species were caught at Yeji
showing that it is succeeding in the lake.

Synodontis spp:  several species were caught; they are domirant in
the north.

Cyanothrissa: showed a dramatic . increase at Yeji (from 39% - 709
of the catch); it is more successful in the north
because it needs a riverine environment to breed.

[Mormyridae: remain restricted as buafore.

Comment:  lNone.




R to. s gy
Sroszynsta, ML, 1959,

A Preliminary Rence

on the Quantitative Study of the Cladocera and Copapoda in the
Yolta Lake, 1964-19 :

5.

in: Han-made Labes, The Accra Symposiua, Ed. Letitia E. Cbeng, Ghana Univ. Press,

heera, pp. 127-1327

IMhstract:  Follouing closure of the dza (1964), zoonTankton was distributed throughout
the water column. In 1965, it was concentrated in the top 5 m. - particularly
between 2-5 m. A repeated crash of the nopulations was observed; the
disappearance is relatea to the annual flood season. Evidence indicates
that much of the zooplankton does not develop in situ but comes freom other
Tocalities, e.g. the Afram confluence.

Comment:  MNone.

Rajagopal, P.K., 1969

Prelininary Observations on the Vertical Distributfon of Plankton in Differant Areas
of the Volta Lake.

in: Man-made Lakes, The Accra Symposiumn, Ed. Letitia E. Obeng, Ghana Uaiv. Press,
Acera, pp. 123-126.

Abstract: The plankion of the southern basin is pocrer in quality and quantity
coipared to the northern basin of Lake Yolta. Heuever, in the shailow
water areas of the south very high densities of plainkton are recordaa.

1. Zcoplankton. Ciliates and rctifers (Filinia) are dominant in composition;
crustacean plankton is sparse.

2. [Phytonlankton. Of the stations studied, Ampem is richest in phytoplenkton.
Fapan also appears to be an area where resident zooplankton multiplies.

Lomment: lone.
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paynolds, J. b., 19692
Field Key to Coauercial Fishes of the Volta Lake.

Volta Basin Pos. Proj. (Univ. of Glana), Tech. Rept., X 28

Abstract: A useful field key for Volta fishes.

Reynolds, J.D., 1969b
The Biology of the Clupeids in the Mew Volta Lake.

in: Man-made Lakes. The Accra Symposium; Ed. Letitia E. Obeng, Ghana Univ. Press,
Accra, pp. 155-203. '

Abstract: /fbout 20 Jpec1es of clupaids hava UdﬂDL“d themselves to estuarine or
frestwwater existence in Africa. They have undmgono compler speciation
and cannot readily ba identified. In lest Africa, tha closely-related
species of Pellonu1a ceanlex are found in rivers from Senegal to Higer,
The Volta clupeids beleng to this complex.

1. Cyanothrissa merito Regan - 170 ma. total length (140 mm. S.L.);
41 gm. in w=1ght, with a long preorbitai snout; massive jaws
protruding in front.

2. Pellonula afzeliusi Johnels - 92 mm. total length (&1 mm. S. L.);
8.2 gm. in weight; Tess well developed snout and lower jaw.

Both are well-distributed in the lake, but Cyenpothrissa is more common in
civoviaa aeean {Yagi, Cona Vo il Ty an
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Higrakions.  Cvanothrissa carries out lengitudinal migration; diurnal

vertical migrations accomaaniad by schooling are recorded for both the
species. At 5:30 p.m. the fishes appear on the surface as shoals and

Tater disperse to fecd., AL full moon thoy feed scattered and close to

the surface. They move aboul in "feeding associacion” following schooling,
At dawin shoals veform prior to disappearance into deeper water at 7:30 a.n.

Fosd end Predators. Pellonula feeds on equatic and terrestrial insects

mainly. It is an annual species whose population dynamnics are controlled
by predation.

Cyanothrissa is a predator and feeds on young Pellonula.

Reproduction; Pellonula breeds in July - September and pérhaps again in
December. It probably produces transparent pelagic eggs. Cvanothrissa

possibly does not spawn in the lake - preferring riverine habitats.

Reynolaé, J.D., J.A. Adetunji and H.0. Ankrah, 1969.

Length-weight Relationships of some Vnlta Lake Fishes.

Volta Basin Res. Proj. (Univ. of Ghana) Tech. Rept. X 29, pp. 12

Ebstract:

Comment:

Initial fish population studies in Lake Volta used fish Tengths for stock
assessment, etc. Bul future studies will ba based on weight. This is

a preliminary paper which tries to find a possible correlation between
length and weight of the important commercial fishes of Volta.

fiche.
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Taylor, B. W., 1969

Volta Laké Research Project, Further Considerations of Possible Follow-ups.
3. Fisheries and Hydrobiology

Cyclostyled, 15 pp.

Abstract: Management aspects of fresh-water fishery on Lake Volta.

Taylor, G. T., and J. McAlister, 1969.

A proposal’ for fisheries development at Kpandu Tokor, Volta Lake.

Volta Lake Res. Proj., Ghana. Cyclostyled, pp. 9

Abstract: A proposal of fishery development on Lake Volta with recommendations on
the establishment of port and marketing facilities.

Comment: None.
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Viner, A.B., 1969
Observation of the Hydrobiology of the Volta Lake, April 1965 - April 1966.

in: Man-made Lakes. The Accra Symposium, Ed. Letitia E. Obeng, Ghana Univ. Press,
Accra, pp. 133-143.

Abstract: Lake Volta has three layers of water during stratification. The top 5 m.
are well-oxygenated; between 5-20 m. there is a fair amount of the gas
while below 20 m. there is no oxygen during stratification. Sudden squalls
only aerate the top layer, but a constant wind can cause much mixing even
in the deeper water. Deeper water of the lake is more stable than the
littoral zone.

Phytoplankton. At Ajena the phytoplankton is distributed all over the

water column. Elsewhere it shows stratification - being restricted largely
to the eplimnion (particularly in the north). In the southern basin, the
dominant phytoplankton is Bacillaris phyceae; northwards, Myxophyceae and
Chlorophyceae increase. The occurrence of these families is related to the
stability - instability conditions in the lake. Under less stable conditions
Bacillanophyceae have an advantage over the other families.

Estimates of primary productivity at various stations is given; it varies
from O.BgC/mz/day at Afram to 5.2 gC/m2/day. Areas with steady wind and

consequently mixed waters have higher productivity than those in calm
conditions. )

Biswas, S., 1970.
Limnological Observations During the Early Formation of Volta Lake in Ghana.
Paper presented at the Man-made:Lakes Symposium, Knoxville, Tennessee, 1970.

Abstract: The Volta Lake started forming with the closure of the dam in 1964 and
practically reached its full extent in 1968. During this period
continuous limnological observations have been possible at an offshore
station two miles upstream. The lake filled actively in the flood
season and evaporation caused a slight drop in level in the dry season.
The flood and northerly harmattan winds regularly overturned the lake.
This was evident from a near homothermal condition of the watermass
together with the spread of a brown colour, iron, phosphates, ammonia,
nitrites and sulphides from the bottom to the upper layers. The brown
colour was mainly due to colloidal iron and it caused a decrease in the
transparency and dissolved oxygen in the upper layers. In the intervening
periods the lake showed a tendency to stratify forming a warm metalimnion
rich in oxygen but poor in colour and mineral substances. In the first
two_years the hypolimnion was relatively Tow in temperature and oxygen
while high in colour and minerals.  In the subsequent years thesa conditions
were appreciably reversed probably due to more frequent overturns caused
by increasing Weather disturbances as well as outflow through the turbines
and spillways.
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Recent Limnological Status of Volta Lake, Ghana.

Paper presented at the Man-made Lakes Symposium, Knoxville, Tennessee, 1970. |
Abstract: Limno-chemical observations, nostly at two-month intervals, along the main
 axis of the lake were canried out for a pericd of two years (1968/70).

Changes in different aspects of physico-chemical conditions due to two
main seasons, dry and rainy, were recorded in each year.

The oxydgen conditions are still improving and are in close relationship
to the temperature. -

The thermocline is descending to greater depths. Starting at 17 m. in
1965, it was at 27 m. in 1968, and 1970 was in the 30- to 35-meter range.

———— Lt iy g o

The difference in temperature between surface and bottom is Tlow (about 3° C.).
The difference in temperature between upper and lower borderline of the
thermocline is 0.4 ° C. only. Partial mixing is therefore possible .at
anytine.

Totai mixture occurs mainly during the rainy season and during "Harmattan"
time. The deepest parts of the southern lake sections are not regularly
influenced bx MXing. Host of the time there is a com
water layer just above the old river bed.

pletely deoxygenated
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Czernin-Chudenitz, C., 1970, cont'd.

Nutrients: Just after filling started, the lake was very rich in nutrients
which resulted in an enovmous peak of phytoplankton. With the progressive :
decay of the flooded vegetation, especially the flooded trees, the open :
water is now relatively poor in phosphates and nitrates. Souirces of the '
nutrients are from the hypolimnion during mixing, the shallow water areas
with their decaying weeds, and the yearly flood.

Total alkalinity is very Tiow.

The flooded trees are still present throughout the lake, although some have
been underwater for seven years. At first, these trees were abundantly
innabitated by may fly larvae, but the larvae vere recently found now to use
Polygonun bads most abundantly for feeding and breeding. .

Beds of aquatic weeds, mainly Pistia, started to grov first in the upper
parts of some tributavies in shallow water. In the two years of observation,
Pistia has now become completely displaced by Vossia and Polygonum.

Ranking first in numbers as well as in vieight among the fishes are the non-

cemmercial specias of the family Cynrinidae (Polonulia and Cvnothrissa),
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i.'C:fl‘)'Oil, Cohiny 1870,
Fishery Development, Volta Lake, Ghana,
Papar prescited at the Man-made Lakes Symposium, Enoxy ille, Tenressee, 1970.

khstract: lhen Volta Lake sterted to foma in 1964, it brought about a major revolution
irn the fishery of the Volta River basin.

Bolere the construcition of the Volta Dam at Alosscmbo end its subscoquernt
forination of tha Take, thure were not more than 2,000 Fishornon cperaling in
tha Volta basin. TLesc fishermen were mostly nomadic al d Tived in teugorar"
wis scattared along the main river end its main tributaries, r ramely the
Clack Volta, White Volta, Oli, and Afr;n. The Sene, the Dwija and the
Obasum rivers vere just small streams which did not support any signficant
fishery.

Fish catch and fishing village surveys conducted in 1953 and 1959 revealed
at least 1,000 fishing villages with 20,000 fishermen scattere along the
Take shore. Canoe counts gave a resuli of betwean 11 ,000 and 14,000 fishing
cenoes and led to estimates of catch in 1935 of Hetween 50,000 hnd 73,000
metric tons, as compared with an annual take of about 10,0“0 metric tons
from the previcus riverine fishery.

Denyoh, F.M.K., 1270, cont'd.

As the ecology of the whole Yolta basin changed, so did the tish popuiation.
The relative abunda ce of species changed drastically with Tllan1a spnc.ﬂs
ncw forming more than 502 of processed fish entering the major Zish markets
along the lake, Other cor n’lC]&]]j important fishes like Lates niloticus and
species of Labeg, DlSt]C“FdJS, Citharinus, and catfishas hiva also
relatively increased in population frca the former riverine conditions.,

Before the formation of the lake, multifilement nylon gill nets had replaced
tha old cotton nets in use a few years back. Yhen the Volta Lake Researc
Project commenced, a series of comparative fishing experiments were carrled
out with multifilament nylen nets and monofilament nylen nets to compz

their efficiency (monofilament nets are not vet in use in Ghena). Both
types of netting materials were constructea to the sama specifications, and
were joined end to end during the f1>h.ng cperations. Snallow inshore
waters as well as de2p of fshore waters were fished. Tha results of this
experimental r1sh1ug vara conclusive in shtving'that monofitamant nets are
far superior to muleifitonant nets in fishing efficiency for the |mporbon*

~

species of commercial {ishas in thq lake.
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Denyoh, F.M.K., 1970, cont'd.

1so found that change in the prevalent methods of hanging nets
éguYgsi;Drove the catch. Tgaditiona11y, local fishermen do not use enough
floats on their surface nets when setting them. They use on the average
very few floats, spacing them 30 to 50 yards apart, resulting in a
considerable sagging of nets in the water. Experiments have prgveq that
by using more floats and therefore avoiding sagging, the catch is increased

by at least 50%.

There are also indications that fish inhabit very degp waters of the lake,
sometimes to 100 ft. or more. By sinking gill.nets in these deep waters,
some of the important commercial species inhabiting these depths can easily

be exploited.

Trap fishing has rapidly become very popular, especially for inshore Tilapia.
Traps are made of cane or wire netting. Gill nets do not seem very o
efficient in the exploitation of Tilapia and hence most of the Tilapia fishing
is done with traps, mostly during the dry season when the lake level starts

to fall and its waters recede from the flooded vegetation.

Denyoh, F.M.K., 1970, cont'd.

The bulk of the fish which get to the market are those already processed
either by smoking or by salting and sundrying. Almost all processed
Tilapia are salted and sundried. The other species are mostly smoked.
Attempts are being made to improve the quality of processed fish in its
present form by reducing the salt content and by making smoked fish drier
but avoiding cooking during smoking.

Completely new fish markets which did not exist before have come into being
since the formation of Volta Lake. Four of these are major markets -
Kpandu and Abotoase on the Eastern shore, Yeji in the north, and Adoroso on
the Afram arm. In between these major markets there are many small ones
scattered along the lake shore.

A large fleet of transport canoes {ocean-beach canoes powered by outboard
motors)has developed at these major market centres. These transport canoes
convey, on the average of twice weekly, fish loaded in baskets and fish
sellers from the various fishing villages to these fish markets. From the
fish market a number of "mammy" trucks carry the fish to the big towns in
the various parts of the country.
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i, 1970, cont'd.

T 9s dntorestine Lo opolo thot tha Velia Lobo by
chanas of cccupation o 1movl poosio Vb, Momen o
were once engaged an poliory Vork or {oviring o 'i:bmoﬁgars, and rany
st vho used fo beovorenrs have turnod fuit-tice fistaroen. 1t has also
recutlled in e wholecale ponuiation movesent i celion of the
country, Lowzr Voltz District, to arcas alonyg
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Evans, ¥illis A. and John Vanderpuye, 1970a.

Fish Populaticn Sampling at Volta Lake, Ghana, 1959-1970.

Paper preosanted at the Man-made Lak

fbstract:

as Symnosium, Knexville, Tennessee, 13970.

o

For datermining the spacie sition and relative abundance of the fish

)
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pnvwlutiow in the rernntll fozxcd Volta Lake, enchasis vas placed upon
shtaining data that would be useful in guiding the devolopmant and
muvcce“_nt of the lake fisheries.

Initial effort consisted of devising a q, ten of sampling ralated to the
Take conditions and available facilities. This censisted of fishing a
bwttcry of 45 ¢gill nots ranginag in snu~-n~r“31 sizas frem 1/2 to 8- lnches

at various designated stations throushout the lake 3 times cach year in
1954 and 1970. Saipling with rotencn2 was added to a supplement during 1370.

Tt is anticipated that conzarable wonitering or the fish population wili be
undertaken on a continuing basis, espocially during these initial years uhile
the population is likely to ba vory unstoble, Cowparison of the data with
caten ftatl°t1cs from ihe L“h")C]ﬂ] Tishery disclose trends of over- or
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fvans, MUAL, and J. Vanderpuye, 1970b
tarly Develepnant of the Fish and Fisharies of Volta Lake, Ghana.
Yolta Lake izs. Proj., Cyclostyled Fept., pp. 16.

The following data on tha present fishing activity on Lake Volta are aiven:
12,520 plank canoes; 25,000 fishermon; 900 fishing villages; 1569 catch =
50,030 matric tons; principal species caught include Tilapia, Labeo and
Lates. The fishery is rostvicted to 1,000 m. wide water wmavgin along the
Titteral and an estimated 4 canoces per sq. mile use this region.

Abstract:

Most of the fishing activity is carried out in the wet season when fish
(particularly Tilapia) are most abundant in the 1ittoral zone; in the dry
season Tilapia move into deepar water and operations come to a near halt.

The fishery is not being fully utilised owing to inefficient gear, effort
and the difficulty of fishing in areas with flooded trees. Fishermen
commonly use static, coarse meshed (size 14 cm.) gill nets which are
mostly set in' 5 m. of water.

The aim of this investigation was to assess fish stock in Lake Volta.
Direct estimation of the stock is impossible undar the present conditions.
The authors recommended that an assessment be obtained by indirect means,

e.g. through the expansion of the Present fishery until changes in catch

Evans, W.A., and J. Vanderpuye, 1970, cont'd.
in relation to effort, size or species composition begin to change.
The investigators carried out samplirg on the Jake at various stations
and attempted to correlate their catches with those reported in the

cciznzrcial fishery.

A. Changas in fish stocks.

The anoxia that accompanied the initial filling of the lake (May 1864)
caused much Chrvsichitiies sp. mortality; with maturation the lake water has
improved in aeration (7S, of the Take voluyz is now aerated, 1970). The
fishery of Volta River was dominated by Labeo, Chirvsichthvs and Alestes.

Lacustrinisation has reduced these specics in the soutn, but in the riverine
nerth they still parsist. The cichlids have become very stccessful in the
soutn. The mormyrids - arather important family of tha riverine fauna -
nove nearly disappeared Tro

T the lako,




Evans, W.A., and J. Vanderpuye, 1970, cont'd.

B. Present Species Composition (1969 - 1970)

At present the clupeids (Cyanothrissa, Pellonula) represent 3/4 of the
fishes in number and 1/4 of the total ichthyomass in the lake. This vast
resource is not commercially utilised. Fishes of Lake Volta can be grouped
into the following "eco-groups:" aufwuchs-detritus herbivores, piscivores,
semi-pelagic cmnivores and benthic omnivores. Of the semi-pelagic fishes
the clupeids account for 99% of the ichthyofauna by number and 1/2 of the
total ichthyomass in that "eco-group."

The herbivores (Tilapia, Labeo, Distichodus, Citharinus) form 3/4 of the
total commercial catch but represent only 1/4 of the total ichthyomass.
Tilapia forms 1/2 of the total commercial catch but only 10% of the
ichthyomass. The piscivores form 1/5 of the total ichthyomass. The
development of fish stocks shows that it increased from 1964 to 1969 but
following this phase the stocks have been reduced - not by overfishing, but
by the general stabilisation of the lake itself. The fishery of Lake Volta
1s concentrated in the wet season when the turbidity and the water is high.
In the dry season Tilapia migrate into deeper water and are unavailable to
fishermen.

The report includes data on relative abundance as well as length frequency
distribution, etc. :

Institute of Aquatic Biology, 1969-70.

Fourth Annual Report.

Council for Scient. and Indust. Research, pp. 109.

Abstract: Includes resumés of biological work of Lake Volta and other freshwater

Comment:

bodies in Ghana (1969-70). Lake Volta work includes:

1. Limnology

2. MWater weeds

3. Algae and Phytoplankton
4. Zooplankton

5. Aquatic invertebrates
6. Fishes

None
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Lavson, G, 1970

Lessens o7 the Volta - A Hew Man-made Lake in Tropical Africa.

Bicl. Conservaticn, Vol. 2, ilo. 2, pp. $0-95.

Abstract: Susuiry of changes in Leke Volta since its formation. The paver reviews all
salient Titerature on Timmoeicgy, water weeds, aloas, fishes, cic.

PO N

Liwnology:

Plankton:

In the rainy scosen cool end oxygenated wator entzps the lale;
stratification is broken down. Tho turbidity of vater increases.
Following floading the water clears up and phytontankton blcoms
form. Stratification is re-established.

Phytonlankton: PElue-green algae predcminate in shallow water

while diatoms ars more numerous in deep water:

Zooplankton: Rotifers are the dominant component.

Macrophytes:The flocded macrophytes are being ut*lised by Tilapia zilii,

Alestes macrolenidotus, Synedontis sap, The flood plain also

provides breeding grounds fcr many V:lta fishes.

Annual drawdown will expose 518 - 1036 km2 of the lake bottom -
renewing productivity annually.

Lawson, G.W., 1970, cont'd.

Comment: None

Explosive development of water weeds e.g. Scirpus cubensis and

Vossia cusnidata has occurred only locally in scme cases (e.q.

Afram). Pistia stratiotes and Ceratonhyllum demersun have also
increased. Thase are eaten by Alsstes macrolenidatus and
Distichodus spp. The real signiticance ot tnese niacrophytes lies
in the rich invertebrate feunas they support.  Invertebrates are
also richly devaloped on the surfaces of the drowned trees.

These invertebrates support many insectivorous fishes in the lake.
The increase of algae in the lake has helped several species of
micropnylopihagous Tilapia. '
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Goeng, Deo Loticin, B, 19700
Pan-made Laies, Theiv Ecolegical luplications amd ilaiiong) Dovelo ek,

Papar prococted o the Fivst Corenvzalth Coafarence o Ravelopo b zrd Human Lealogy,
Palla, 10-28 Gonoboe, 1970,

fbstrack:  Aoonsoral description of probloms of man-made lakes

i i Je

Obeng, D». Letitia E., 1970b
Volta lLake Rasearch, A Case Study of Man-made Lakes.
Paper presented at the Man-made Lakes Symposium, noxville, Temnessee, 1970.

fostract: A general description of problems of man-made lakes.
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Microinveriebrates of Flooded Trees in the Man-made Volta Lake (Ghana) with
Special Reierence to the Bwrrowing Fayfly Povilla adusta ilavas.

Hydrebioiegia, Vol. 36, No. 3-4, pp. 373-393.

Abstract:

Comment:

Great increase of periphyton is noted in Lake Voita. It is an important
food for scixz fishes; wost of it is utilised by larvae or nymphs of
numerous aguatic invartebrates which have incicased vastly in the lake.

Invartabrato species Rumber % . Standing Crop ¥
Povilla adusta 74.95 90.42
Amphipsyche 8.50 6.36
Chironomids 4.78 1.17 -
Ecnonus 5.02 1.06

Highest density of these organisms exists in the south (Ampem), decreasing
to the north (Yeji). The south has 30 times the number of organisms found
in the north; in terms of bicmass the south is 13 times richer than the
north. At all stations except Kpandu (where Anohipsyche is dominant)
Povilla is the most abundant organism. Most organisms decrease with depth.
The effect of oxygen and wave action on the distribution of various species
is discussed and the ecology of Povilla adusta is presented.

None.

Petr, T., 1970b

The Bottom Fauna of the Rapids of the Black Volta River in Ghana.

Hydrobiologia, Vol. 36, No. 3-4, pp. 329-418.

Absitract:

Corment:

Increase in the biomass of invertebrate fauna in Black Volta River is
related to increased water flow. The increases are mainly due to the
increase of the web spinning Cheuratonsyche larvae. “Higher current
of water also increases food supply of tnis species. At the end of
the dry season, highest biomass of benthos is achieved; flood affects
their density adversely.

i0st invertebrates 1living in the river would be dastroyed in lacustrine
conditions except larvae of Ecnomus and Cricotosus which may live in

the lake wherever riverine conditions persist. Exposed surface of
flooded trees and increased wave action will allow Ecnomus and Cricatopus
to persist in a lake, e.g. Lake Volta.

Hone.
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Chironomidae (Dintera) from Light Catches on the Man-mads Volta Lake in Ghana.
lydrobioleoia, Vol. 35, No. 3-4, pp. 449-468,

Abstract: A list of chironomid species is provided for the Volta Lake in Ghana, a
man-made lake in trenical West Africa which started to £i11 in 1964.
[hsects were attracted to Tights on the research vessel “Ti1up|a at
six different stations from 1966 to 1958. From the 25,128 specimen
collected, 45 species were identified. Twenty-one spacies uTG recorded
for the first timz in Ghana. The IJSt abundant species are
Hilodorum frhct1lchus, Chirionemus formosinennis and N11odﬁrur brevibucca.
The Targer numbar of species occurr1ug tn the transitional river-lake
zone, ronparcd with the Take itself, discussed in relation to the
changes in the environment dur1ng each xear as a result of the alternat-
ing dry and rainy seasons.

Pierce, P.C., and A. Opaku, 1970.
Sumriary of Aquatic leed Survey and Control Data for Volta Lake During 1969.

3rd. Ann. heet. Mational leed Comm. for Ghana (C.S.I.R., Ghana), Accra, Ghana,

(Cyclostyled), pp. 10.

Abstract: Between 1964-1967, Lake Volta was infested by the following floating ov

subiierged water uneds P stia, Scirpus, Cyperus, Ceratonhviiun and

U alcular1 In 1968 maryinal rooted aquatic weeds \weie on the increase:
the Tatter uoedJ may in the long run pose more serious problems than the
rormer. The new intestation includes Vossia, Polyaonum, Alternanthera,
and Ludwigia.

In Timited numbers the v:ﬁds are beneficial ta fishes - providing food
and shelter for many spec But the uncontrolled development of Vossia
ctc. on the banks poses 50‘1Cda preblems for the present fishery. The
vecatation also supports sizeable pontilations of acuatic invertebrates
which act as vectors of bilharzia and other diseases of man.

Experimental control of the weeds is described.

e

e e —————t s

" g Ay g e

L


http:1dni9e.Tetyo70.ce
http:Chono.su

pogier, [ A, 190,

tonort of Travel to Lake Volta (fhaua) and Leke Kaingi (Higeria) Fisheries Research
l

Projects, Trom 1o Hovember to 2 Daccahor 1970,

Fi0 Fisherios

roval Rept. and [ide i, Ho. 376, pp. 2.

Abstract: Parretive re

of > trip to Lakes Volta and Kainji to start analysis
sessiiant problems in these lakes.

Comment:  ilone.

Vinar, A.B., 167GC2
Hydrobiology of Lake Volta, Ghana.
I Stratification and Circulation of later.

1

Hvdrobioiegia, VYel. 35, Ho. 2, pp. 2039-229.

Abstract: Positcion: 6° N - 8 Q.

Dimensicns: 400 km. Teng; 30 km. wide; area = 8,000 km.2 (4% of Ghana's area)
Maximum D2pitn = 82 m.; average depth = 30 m.; surface is 97 wi.
above sea level,

Vegetation: The bulk of tihe lake is in savanna zone; only southern part is
in tropical forest zcne.

-1
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: The climate and circulation of the lake are mainly under the
influence of tha Convergence Zone formed by southerly monsoons
and northoriy harmatian winds. The cruc1a] ug ancy of circula-
ticn is air unv~mnwt rather than rainfall. Winds are even more
imrovtant dn i foroe Norion whave much funnelling aivas riss

Loodnoa Do o wenar,

6f


http:Di-ensi.ns

W . 0 oy e .
Vipor, SO0, 1970, cont'a.

RHormaily during daytine the water i stratified os follows:

I. O~ Lshows divurnal significant variation.

(S}

1T, 5-17nme.eaven... shows slight variation.
IIT. 17 . & belov, ..no variation.

Buring the day, suriace wotor warms up; photosynthesis, elc., increase the
oXygen content of surfacc watze. In fhe ovening cool and dense water
begins to sink into cenths carrying oxvgan with it. At night the daytime

S m. discontinuity breaks down and watar down Lo 17 m. is howothermal.

But a discontinuity at 17 - 20 . vanains during the night; this continuity
is seen in oxygen (none balew) and tomperature (lower below). This situa-
tion reflects conditions in the Gorge Region and at Afram, Kpandu and Yete
Krachi. Stability of the lake increases nortivards as well as in the
tributary entrances. Howevaer, at son2 shallow water stations, e.qg., Ffrnpen,
complete mixing occurs pavriodically.

The Gorge Region undergoas irregular, comalete ¢ incomplete, mixing. Tha
instability is mainly caused by the southeriy winds. There is the nossibility
that seiches occur in the gorge. Oxygen profiles suggast that density
profile currents are a very important limnological feature of the lake.

Viner, A.B., 1970, cont'd.

Comnlete decxygenation can occur in the Corge Region following an cverturn;
sustained wind action, however, can restere oxygen to a substantial pertion
of the water. The harmattan season is the pariod of maximum oxygenation
(surface = 1605 saturation; 15 m = 1% saturation).

Total solutes in Volta are low, but increasing (surface = 60-8G wma/Ls
bottem = 100-120 mg/L) s conductivity at surface is GQ/Lmho/cm and at
the bottom is 80-100 :uicho/cm. )

he complex morphemetry is the chief cause of stability in Lake Volta;
without it, tha lake could circulate very often. The Gorge Region
indargoas maxim mixing becouse of strong wind activity. Voita is a

polymictic tropical lahe.

Corment: Nene,

bl



Venor, ALD., 19740
liydrobiolooy of Lake Volta, Ghana.

I1 ~ Sena Observabions on Biclogical Features Associated with the Morpholngy and
Water Stratification.

Hydrobiclegia, Vol. 35, Ho. 2, pp. 230-248.

Abstract: Zoonlankinn. This includes capepods (Dientomus, Cvclons), cladocerans

(Car1odapnnia), and rotifers (Xeratella, Filinia, Brachionus, Asplanchna).

Zocplankton is chiefly found in the epilimnion (except during circulation).
The capepods show diurnal vertical migration.

Phytoplankton. Some evideance exists showingAthat population types of
phytoplankton are related tec merphometry.

Flagellates )

Volvocates ) these do not exhibit much variztion
Desmidaceae ) in various localities.

Dinophyceae )

Chlorococcales )

Bacillariophyceae ) differ in various localities.
Nyxophyceag

Viner, A.B., 1970, cont'd.
North of Afram confluence, Bacillariophyceae increase; in some localities
chlorococcales are dominant over diatoms. Ampem and Afram show a rich
variety of phytoplankton. :

Priiary Productivity:

Eupiotic zone at various localities in Lake Volta is as follows:

Lake George 3.5 m.
Afram (Volta) 4.5 n.
wpandu " 5.0 m.
Kete

Krachi® 5.0 m.
Yeji " 6.0 m.

Primary productivity at various stations is estimated as follows:
Afram 1.2 gm Og/mg/day
Afrain confluence 0.2 gm Og/m?/day‘
Knandu 10 o Ggfebrday
Yail

:

i SRR
» - r - . . -~
Al pen 2.9-3.0 um o,
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Lale Voita falls within the "moderate” productivity category of
Taliing, 1955.

/0. e Volta water Ties above 20 wm. discontinuity and is thercfore
productive.

Carnant: ilono,

Czernin-Chudenitz, C.W., 1971.

-
t

Physico-chemical conditions of Lake Volta, Ghana.

FAY, United Rations Development Programme; Tech. Rept. 1, (FI:SF/GHA 10), p. 77

Ebstract: , _
T. Temoerature. In terms of temperature, the lake is divisible as follows:

(2) the northern part: riverine, homothermal all ysar and holomictic.
40% oxygen in tne water and found at the botiecm. In the flood
these conditions extend down to Oti.

(b) the southern part: lacustrine, stratified quite often with the
metatimmion czow2en 20-25 m. and a more superficial discontinuity
in daytima.  Maximum mixing pericds: in the flood and hamattan
seasens. :

(c) the inundited riverine arms: shallow and limnolegically similar
to the wain lake. The motalimnion is at 8-9 m. and some parts
overturn quite often.

deo Urmpmnarence. Tods ds o inTivoncond by ot Followin vociors:

Y



Crtenin-Chuconiin, CoML, 1971, cont'd.

colioidal organic and inneoanic (particularly iron) particlos and by
phytonplankton.  The intluzuzo of transparency on fish cateh neods
furthar study.

Soo Dmvgent At Afvam and Feovdu oxyaen is found down to 4C m. in the

Tiovus and harmoctan pzrisnd.  Yeji has viygen all year.

: s becauso of
seclusion from wind. The gas is low in tho weed beds, but is often
recoraad below tham.

Low oxyaen values ave vocerded for the shore station
£l

¥ind remains the most impertant factor in aeration of water in Lake Volta.

The phytoplanktoa do2s contribute to aeration of water, but only on tha
surface. As the lazke has matured aeration has improved.

4. Chemistry: Very brief notes are given on the distribution of various
ions in the lake. ’

5. Primary productivity: This can be assessed by 1/ oxygen deiand;
2/ alkalinity; 3/ phytonlankton and aquatic weeds. The annual drawdown
w111 contribute to the productivity of the lake.

Czernin-Chudenitz, C.t., 1971, cont'd.

6. Sacondary productivity: This is estimated to be higher in the littoral
compared to the pzlegic region of the lake.

7. fouatic weeds: a brief note on these.

Comment: hoiie
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Hall, J., P. Pierce and G. Lawson, 1971.

Common Plants of the Volta Lake.

Dept. of Botany, Univ. of Ghana Publication (USAID Supported), pp. 123.

Abstract:

A 1ist of common plants of Lake Volta.

Pierce, P.C., 1971a

A Comparative Evaluation of Fish Catch and Economics for Multifilament and
Monofilament Gill Nets at Volta Lake.

USAID Volta Lake Technical Assistance Project (641-11-190-028) Report, pp. 31.

Abstract:

Two nets each of 102-, 127- and 178 mm. stretched measure nylon multi-
filament and monofilament webbing, and two nets of 229 mm. stretched
measure monofilament webbing were tested at Volta Lake during an

eight month period in 1969 and their catch data compared. During this
study the 14 test nets took 19 species totaling 1,332 fish weighing
1,829.3 kg. Tilapia spp. dominated the catch for the 102- and 127 mm.
gill nets, and Lates niloticus comprised most of 178- and 229 mm. nets’
ca ch by weight. Eleven percent of the total catch consisted of species
of poor or no economic value. Monofilament nets took 3, 5 and 7 times as
much fish by weight as did their multifilament counterparts for mesh sizes
102-, 127- and 178 mm. respectively. Of these three mesh sizes, mono-
filament webbing was the most economic and proved potentially more
profitable as mesh and twine sizes increased. No multifilament gill net
testad paid for itself during the study period, howaver, the 127 ym. mesh

" should have within the life of the net.

b
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Tho cateh superiority of the monofilament gill nets was found +o be aue
primerily to this webbing material's lower visibility in Lake Volta's
relatively clear water. The 229 mm. mesh monodilament flag net (mono=)

vds Lhe most economical gill net tested, followed by the 178 mm. mnono=,

127 m». mono=, and the 229 m. (sunken mone+) mesh sizes.  The 178 mn.

mash floating monofilament gill net (mono+) was the only net tested !

that proved highly selective in catching Heterotis niloticus, a species ;

of low commercial value at Volta Lake. ] t
Study period: January - October, 1969. |

Comment: None.,

o hn e i e e s e e e SO

Pierce, P.C., '1971b

Aquatic Meed Development, Impact and Control at Volta Lake, 1957-1971. !

USAID Volta Lake Technical Assistance Proj. (641-11-190-028) Rept., pp. &9 [
I

Abstract: Data collected during a four-year study (1967-1971) at Volta Lake shoiwed :
that aquatic weed abtindance and distribution changed during the early f

lTake fill period (1954-1958), ,

|

Prior to 1968, the lake's plant cermunity was dominated by floating Pistia ;
stratiotes, Lemna sp., Salvinia nymphellula, and Scirpus cubenis. Floating :

‘grass" islands were often created when Scitpus cubenis colonizaed thick mats !

OF Pistia. After 1958, hovever, these floating weed species became less i

abundant, in general, and were restrictod to sheltered, shallow coves and
bays, or near confliuences Wihere major streams enter the Take. Tha later
\ias found to be particularly favorable for Pistia-Scivpus island development :
it large numbers of cnergent dead trees vere present to provide suitabie {
ancinorage to hold the weed beds in place.

After the lake fill in 1969, the vater level fluctuated gradually, and many
species of semi-aguatic plants bacame established on the 2xposed lake shore

RIS vog ey vebas by e sy ) Crmp A S RIS oy oS oy o

SPANCD st s TERU LRSS SR RO B O G E SPECIas’;
27y ey g f e ’ ; e TR T L qar R L o i) e ¥y ay | Cmr b 4 T
A S AL e e RO L e e —enna el IR EL T WENRE fiolnd itol De

LSRR 0 F1004 g tola deyLh oF three vertical motors -=the usual annual

- ey gy e A . . B e . 0} P i Sty 28 o ppeanrm ot . ST ooy el e (L e | AT O Sl s i e M g o SR

67



http:species.of

T e

i ) ey,

B R R L TR

TR ‘.'"'-".‘."-_’"'."_1"..“’-.__-_"&“!"" T W S LT BN i

Cynver »
it l."-'--‘:

TR Q7 B c on i

ron*ﬁ 0f water Tluctuation. The fonnen species spread vapidly, end by 19871,
~ t - Aol ralb i i i it e s . 5
. had infested much of tha lake's shallow shoreling -- espucially along

Ci v’ western side of the resecvoir. Polvaonunvas found to be more abundant

tie none 11:n~*‘:tod aeves and bays. Also in those areas. Altcrnanthera

‘_:ujl_ was commun, but it did not appear to be well suited 1n]3§355T5{7
dacen vloodings and therefore, it was J\I”DJ seen duning the latter part o
each flood seasch. These marginal weed beds, in addition to sulperged
weeds consisting of mainly L’““‘”'3“1'rg Gacinensum, wewre found tol sunport
larage p ‘ﬁpulat1n| of shails, vector carriers of human Schistosomiasis
(Bilharziasis). In an effort to find an r?tfcf1ve means ¢f combating this
Waterborn discase, studies vzre conducted at Volta Lake to determine if

by reducing aOUnL1 weeds and shoreline debris -- a known preferrad
hzbitat for these snails -- the snail population could also bz reduced to
below normal transmission levels. In liay 1669, a thrae-hectare shoreline
area at Ampem was cleared of all standing vegetation and sprayad with fenac
and diuron at rates of 17 and 4 kilograms equivalent par hectare,
respectively.. No weed grouwth becane established in the water throughout
the test plot during the first year.

\'J )

Pre-treatment snail surveys showad that the snail population was fairly
evenly distributed along the entire shoreline within one kilometar of
Ampen. However, after the treatment vas made, and the test site was
flooded during the following Take fill period, snail surveys produced only

Pierce, P.C., 1971, cont'd.

'

one snail along tha test plot's 260 meters of weacd-free shoreline --
compared to 98 Bulinus trtnu*i us and 112 Bulinus forskali snails collecied
along a compurable length of weed-infested shoreline located outside of
ths clearrd area. Four snail surveys conducted cL||ng the second year
(1970-71) produced a total of 21 snails within the cleaved arca. tost of

1
aptially 5unken
ol

)‘J -t (1)

these, however, \iere collected in a fishing ranon and
tirefore should not have been included in the count. At the same time,
201 snails were coliected in the uncleared area. Therefore, it was
concluded that lozalized aquatic weed and debris contrel could bs an
effective method for reducing shail population at VYolta lake.

Other aguatic weed contiol tests using 12 different herbicides and their
conh1nat1ona shoved n1“aﬁu-‘ to be efrective for the controi of floating
islands of P|sf1'~\c1r"u' A spray mixture containing cone part paraquat
and 200 parts of water (eguivalent to 2.5 1iters of paraquat per hectare)
was sprayed over the weed bed until the vagetaticn was thoroughly watted.
i)

Poor results wepa noted, however, wien pavaguat (.33 ppm), 2, 4-D granules
(200 kg. per hactave) and diuren granules (102 kg. per | 1ﬁcture) yere
applied for the control of suh&“rqhd Cﬁratui‘u1lum Also, poor results
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oGS contlids

: totally effactive fop conerolling youny plants of ali species
pt 2, 4-D used on grass SPECIes) growing on the expesed lake shore

to b
(exce
during diawdown, Data cellected using other lierbicidas shovied that thoy tog
vere generally effective for the contiol oi young plant species, but net for

-
mature growth,

- o
]
.

Clearing fishing strips, for setting g1l nets in flooded wead beds, was
stcecesstully demonstratad Using a cembinaticn of pre-ficed cutting, burning,
and post-flood wading and wzeding. lhere Polygonuin and Alternanthera wore
the problem, only pre-flood cutting and burning was necessary. Hovever,
where Vossia was encountered, post-flood Weeding was required also.

Lcological studies conducted at Volta Lake indicated that Polygonum supported
large quantities of fish food organisms -- parcticularly the mayfly Povilla
adusta wnose larvae readily burrow into Polygonun's hollow stems. Forty-

two [inear maters of randomly sampled hol]ow Polygonum stems produced 448
Povilla larvae, for an average of 11.6 larvae per linear mater. Few signs

——

of these larvae occupying the hollow stems of Vossia were noted.

Further studies showed that Povilla larvae are readily eaten by a yide
variety of fish species a% Voita Lake. During an estimated 10 man-hours

Pierce, P.C., 1971, cont'd.

R e e

of fishing using these larvae for bait on small fish hooks, 16 species

of fish were taken. Those findings clearly indicated that Polygonum beds
are beneficial to the lake's fishery. Hoviever, observations made during
1971 showed that the floodad Polyaonum beds ware reduced considerably
Comipared to previous yoavs, and that this reduction was attributnd to

the damage the burrowing larvae produced in the plants.

Other forms of natural biological control that \lere either seen or
suspected to have occurrad at Volta Lake during the study are discussed.

67
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biotogy offthe Small Pelagic Eishes of tha Hew VMolta Leke in Ghana.
% It Scliooling and liigrations.
3 Hydrobiolegia, Vol. 38, Ho. 1, pp. 79-91.
: aAbstract: Tie small pelagic fi ~ Lake Volta include:
5
; (" Pellonula afzeliusi Johnels
v Clupeidas ( Cyanothrissa mento Regan
B ( Siluranodon auritus G. St. Hillaire i
i Shilbeidae  ( Piivsailia pellucida Boulenger :
; Cyprinidae  ( Barilius niloticus Joannis :
3 el ; : MR |
4 I Vertical migration and schooling. |
- Echo sounding suagests that the pelagic fishes appear on the surface i
i between 1800 - 1930 hours, If the weather is calm they appear as a |
4 cheol and then disperse for Fnad1ng ut 2 - 3m. In choppy weathar, !
é they remain at 3 - 6 m. During full moon they feed close to the i
E surface. !
E i
f |
¥
i P S ST
% :
X {
: .:ynoids, J.D., 1971, cont'd. :
§ g
: Surface observations showed that Pellonula and Physailia feed on ;
¥ emerging chironomids and Povilla between 1740 - 1845 hours (Yeji, '
- Fete Krachi, Rmp:m‘. Larger groups were in deeper water. At :
! Alkoscmbo, these Tisnes remain on the surface because of inclement i
i ccnd1t1uns close to the dam. Here spall U‘Od]S wene observ‘ at |
0730 houis, which latee on swelled to aggregations of 500 - 5,0C0 {
individuals. ' :
u
3 Groups of Pelagic spacies vere also seen close to the shore in !
g aufwtichs; hcwever, wall defined and large schools are characteristic :
i of open waters. g
: II Horizontal miaration ;
i Cyanothrissa, Barilius and Siluvancden and most prebably migrate into f
4 rivers in order to breed: Peilonila mostly breeds in the lake. i
g These fishes also migrate against the wind - which explains thei }
i mortality close to tiia dam. k
} 1 } ":"' I' II L “i b in:.: "-.i:\-' Sl 1': I;- |I;
G ! ptedstnatiseadodnng s NS betten uuitisation or foud andiescape i
from pradation it
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vadderp an, Codl, 1977

Abutract

=

2nto and Pellonvla afzeliusi another clupeid,

in addibion to Cveaotne e
2ke Voita.

Stervipinrissa sn, is

t "Hight attraction” inethod of catching the
because the fishas did not show nuch attraction

Field criverianonts shou
clupzias 1s not very g
to light.

Length Tiacuency distribution aralyses exhibit 3 differant modes in clupeid
catciies (32.2 mm; 47.5 mm and 87.5 mn). The second highast mede is
attributed to Pelicnula (56-60 rm) and the third ona to Cyanothrissa

(85-90 nin. ).

Experimzntal catch data shows that the most effective mesh size for clupeid
exploretion is 13 mm. (catches 97% in numbar and 86% in weight). This kind
of net catches include 804 Pellcnulla while the 25 mm. mesh net catches
include 60 Cyanothrissa. Catch per round of fithes in Volta Lake includes
23% clupeids in weight.

Vanderpuys, C.J., 1971, cont'd.

Ccmment:

AMtrough the clupeids are balieved to b mostly open-iater species
maximum catch was obtained closer to the shove (74% by number; 70% by
weight in inshore areas). :

Like most other Tishes, the clupeids decline following the rainy season.
Scme data on spawning is given.

MNone,
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tcology o Paytoplankton of thn Volta Lake. 1
: {
3 H‘!mO’)n.-I )] '"l Vol. 39, No. 2, pp. 277-288. '
; ot R e £
Abstract: Buring the year, January - Maych (harimattan seasen) and July - Septenbep f
: (flood season) are periods of maximum mixing in Lake Volta. AL these times !
: ivon frem the hypolimnion cones to surface and forms colloidal suspension |
: of Fet++ maiting the water turpic. ' Ults in a low Secchi Dise :
Reawing and a150 a lower puolo"nt o censeaquant drop in
B oxygen production. Opuosite events mes o stratitication. :
: Prior to damming the viver was doninated b; the green alga Lutlﬂ‘ trum {
; gracilimum which disappeared in 1967. Following damming (1965-1566), 5 {
Tlagellates Cr/ntr”era and Peridinium became very comon. In the same {
: period dvtzscn ia acicularis and Synzdra acus also consolidated themselves i
' in the Teke. A not too well-undarstocd connection exists batween physico- i
i chemical conditions and tna composition of pnytoplankton in Lake Volta. ?
Comment:  Hone. ?
: a
! 1 |
!
& | .
: |
!
i
|
| F
] \ A o . L
{ Institute of Aquatic Biology, 1372. '
{ : i :
; Some Freshvister Fishes of Ghana. '
| 1 '
| 4 1 ]
i Council for Scient. and Indust. Research, IAB 41, pp. 13 i ]
: By }
Abstract: A list of some frashwater fishes of Ghana. r
Comment:  None. i
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I o ' , yssmant anad LEaring pnotiha eyl 1L andiCansholt of
! 3 s Voltalbarke
'
-‘ L] u_l _i h0 L‘\:':“' _l. o, 2%
4
; i pated tHEs timatiion s O] toeck in Lake Welta is pot poSsinie making it
., 1 "l gl ¥ i _.'r ARV i_‘w
: avplided sation apent.
lGanco that
{ This supvey includad expapimen atnent  and
l corralation with coinercia ock. ?
() - 83 mm. mash nats. Less than 145 of the fisheny utilises :
small mesn nots. Thase nets remove the clupeids which are -
resent not commiercially utilised. Using this net one obtains !
a Cdtch consisting of 735 clupeids :
i (2) - 203 mm. . 'Althocugh in the Gial fishery thoe ’
! cbtained by thase hets consists of 5 - in +ha t
' imental catich :
! LQ a difference i i
b 15 prepared from :his
Yandernuyz, G.d ont'd.
-{..‘.i lit""L::'"'
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