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SUMMARY

This survey of the fisheries of Lake Rukwa, Tenganyika, describes
results obtained during 1963-1964. and includes comparative material
given by pﬂewlous workers, in particular surveys conducted in 1936 by
Ricardo and in 1946 Yy Swynnerion.

Data ie given on the general hydrology of the Lake including chemical
analyses, seasonal and annual fluctuations of volume. Cyclical
variations of lake level occur every 20/30 years and the level now reaching
a new maximum 1s expected to fall again during the next decads,

The record of fish species from the Rukwa basin is enlarged by 2
genera: Polypterus, Prcoiopterts and Chiloglaniss a summary of the
biology and commercizl explcitation of 20 species of fish is given.

An historical account of the fish producticn from the lake and its
subseguent marketing concludes that in 1963/64 some 5,328 tons of dried
fish products are marketed annuallys; between 10-62% of this trade is
directed towards the Rhodesias and the remainder is absorbed within
Tanganyika.

The state of the indigenous fishing enterprise is discussed, and for
the improvement of the industry recommendaticns are given that the -
marketing of fish products should be immediately investigated and
encouraged both abread and within Tanganyika. Further suggestlons
include %he improvement of water—transport on the lake, the development
of improved fishing-craft, fishing-methods, processing methods and further
investigation of the biology of the fish-faumna. :

INTRODUCTION

At the Freshwater PFisheries Research Co—ordinating Committee's :
meeting on 22nd May, 1963, it was requested that surveys bte conducted on
several Temote and little-developed lake fisheries in East 4Africa in order
t0 note the change of the patitern of the fishery since the pre-war period,
and to establish a basis on which further improvement of the indusiry
might be considered. :

Lake Rukwa was the first of these areas to be investigated and the
principal terms of reference of the survey wers to conducti-

Ei) investigations into the relative abundance of the various speeies.
ii) preliminary studies of the present age struciure of the
~commercially important species. :
(iii) assegsment of the productivity of the areas, and relative
productivity if wariable.
(iv) preliminary ecological studies on food, habitat, ete.

BACKGROUND MATERIAL

Published literature contains several references to the fish-fauna
of the Rukwa basing a few notes were made on the indigenous fisheries
and-a rather incomplete collection of the fish species was taken by the
anthropologist, Dr. C. Fuelleborn in 1899, whose collections were later
koused at the zoological museum, Berlin. Mr. F.H. Melland in 1910 also
made collections of ihe fish-~fauna, now preserved at the British Museunm

(Fatural History) where the material was worked on by Boulenger (1911).

A similar analysis of the Berlin collection had already beeinn conducted
by Hilgendorf & Pappenheim (1903).

The first organised survey of the lake fisheries was made by
Miss C.K. Ricardo and her companion, Miss R.J. Owen, between September
and November, 1936, their results being subsequently published (Ricardo
1939a & b).  Following a six-week visit in 1939, Mr. G.H. Swynnerton
of the Tanganylka Came Preservation Department pvesaated a short note on
the changing fish population of Lake Rukwa {Swynnerton 1939) and followed
this with & more comprehensive report on “the best means of preserving
and developing +the Leke Rukwa fisheries so that they can make the
meximum contridution to the Territories food supplies', as a result of
work at the lake between November 1945 and Dzcember 1046 (Swynnertor 194(\
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Later Mr. G.J. Lockley, Fisheries Officer of the Tanganyika
Ministry of Agriculture, worked on the development of the fisheries
vetween 1948 ang 1950, bu+ his reporis have, unfortunately, not been
accessible (Lockley 1964}, In October 1962, p. .. Hammond was
installed as Fisheries Development Officer, S&wthern Highlands kegion,

and his jurisdiction COVers a major psrt of the South Lake (Hammond 1964).

The present SUrvey was wndertaken in two phases: firstLy, between
th August and 8+th Septenber, 1563, during the dry season, and secondly,
between 15tn Jenuary and’ 16th February,_l964, at the time of the rains,

In addition +o the above. sources of informaticn, a number of
authorities within Northern Ehodesia, Tanganyika, FAC and EACSO have
glven information and advice; their help is gratefully acknowledged
and the specific authority quoteq Wwherever Pessible,

Ricardo (l939a) netes that Lake Rukwa is a shallow body of water
lying within the west branch of the Rift Valley between Lakes Tanganyika
and Nyasa, at an altitude of 820 metres (2, 690 feet) above sea level,
but the lake level is now quoted as 2,602 feet above mean seg level,
(War Office 1949). The floor cf the valley slopes down towards the
east and the lake lies directily against the eastern rif't scarp which
rises ag g sheer rock wall to about 60 metres (200 feet).  On the
west side there i& 5 gently sloping alluvial plain frop five to twenty
miles wide .between the laie edge and the westorn escarpnent. Further
details of the geology of the »ift are given by Grantham (1932) and.
Willis (1936). . : :

Lake Rukwa comprises g closed drainage basin of 31,000 square miles
(Lands & Surveys 1956) in which +he main affluent rivers are the Sira

and Songwe in the south, the.Momba in the west; and the RKawu in the norih,

Fumerous: other small rivers arise from the Plateau on either side, but
these flow: only during the Talny season (Vide Fig, 1),

The lake'inll936-Was 90 miles long and was divided into +wo rarts:
the main permanent southern lake, about 30 miles. in length, and the
large, relatively shallow, northern extension, which varies considerably
in area ang which periodieally dries completely, The +two regions were
Separated by a narroy bar .mostly coversd with swamp vegetation, but
there were occasional communication channels,

In common with other East African lakes there ig 4 great variation
in the level of the lake within different geasons sznd different.years.
Muring the rains the level of Rukwa rises'considerabLy and'both-lakes,
barticularly the northern lake, become much iarger in areg flooding the
plains to the north, west ang gouth, Annual variastions in the balance
be tween Precipitation ang evaporaiion have. g liore permanent effect. on

Geographical evidence (Grantham 1932, Teale 1933) indizates
that Previously Rukwa mish have been a mueh more extensive lake, -
reaching 185 metres (600 feet) above the level in 1936, At this stage,
it is probable +that there was an anastomosis With Lake Tanganyiks in
the vegion of Karema, ConverseLy, there ig ng evidence that the lake
has ever completely dried; +he present level is due to » combination -
of progressive dessication and an extensive accumulation of sil4 (150 m.
= 500 feet) on the bedrock, :

HISTORICAL

The: following remarks are basasgd upon details published by Gunn
(1956) Hailey (194%) Ricarde (19392 & b)Y, ang Swynnerton (1947}, and
on unpublished materianl supplied Ly Kammond (1964)..  Furiher detailed
atecounts of the hydrolegy ang marketing in recent yésrs arpe glven in’

 later sections,
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L The first records of the lake level were made in 1873 and noted

- the lake as "medium to low"; Rukwa then appeared to rise to a peak
level in 1882, subsequently falling, but showing a second peak in
1904~1905. In these early years, the fishery was entirely indigenous
end prinripally for subsistence, although there were, no doubt, some
small quantities of dried fish exported. Between 1905 and 1930 the
lake wos low and rose 1o a high level once more in 1935-1940, 1

During 1922 the adjacent Lupa goldfields weve discovered and
: resulted in a large incrsase in the Buropean prospecting population;
P the demand for frech and dried-fish zose accordingly. Messrs., Maher
and Ripley in 1931 were the first Europeans to establish a fishezy
near the goldfields in the Songwe aresa. Two years later the organization
of the goldfields changed; large companies eliminated the numerous
individual European prospectors, more African labour was employed and
fed, thus the demand for fish again showed a marked increase. The
wemployment of marny Buropeans. and the increased demand for fish in the
mines resulted in the first successful Eurcpean fTishery which relied
primarily upon shore seines, although gill-nets and trawls were tried :
' without success. In 1934, a miniruwa mesh limit of 5 in. was imposed
by the Government but by 1938 the Buropean enterprise - Rukwa Ventures
Ltd., under Mr., G. Savory found it could not compete with the local
Wabungu -fishermen and as the demand for fish was falling, its operations
were suspended. A% this stage, Swynnerton (1939) reported on the
suspected falling fish population. ' .

W T
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At the beginning of 1939, the lake began to fall, then owing to
the war local demand increased and Rukwa Ventures Ltd., under Major
Reh. Bousfield, was encouraged to commence operations again. The
minimum mesh size for seinzs was reduced in 1941 to 4 iu., and in the
next year a further Furopean enterprise (managed by Mrs. E. Klapproit)
entered the curing and marketing field, purchasing fresh fish from the
itinerant African fishermen. In 1244 four European enterprises were
given concessions to fish but these concessions were now limited in
area. During 1946 Swynnerton was preparing his detailed report on
o the fishery, the lake level was falling, and there was an apparent

! - reducticn in the fish population. In 1949, the Lake Rukwa Figheries
. Board was inaugurated and now acted as the sole governing body for
i figheries legislation. ' ' :
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. A minirum lake level was reached in 1950, but was folleowed by a

- slight increase in 195152, However, 1994-~55 was a period with very
; little rainfall and the lake level fell accordingly. Over this
guinguennium (1950-1955) the demand for fish at the Lupa goldfield
- declined as the reefs became exhausied, but aliternative merkets were
3%11l available in the Copper-belt of Northern Rhodesia and Katanga

in the Belgian Congo. ' - ‘

4 ' : In 1952 the Fisheries Board noted thet the industry was progressing
- well and that a record number of Tilapia were sxported. However, over
-. the ncxt few years it became apparent that $he stringent regulaiions
. and licensing system for fishermen and marketing agents set down by
) the Bcard were not being cbserved by the Africar population and proper
- enforcement was not possible. By 1956¢ the Board agreed to decontrol
' fish marketing in the area, although trading licences were still
! required by the two District Councils concerned {Chunya and Ufipa).
At the same time, Tishing regulations were relaxed and the minimum
size of Tilapia allowed to bYe offered for sale was reduced from

v S in, to 8 in. total leangth.

@ Durirg 1957, the first méntion was made of a fishermens'

: co-operative society, having the principal ovject of improving the ease
i of marketing of the dried product, but it was noi until 1962 that the

§ registration of this co-operative was possible. The folltewing Yeary

: 1958,  the value of crocedile and hippopotamus as a source of revenue

; wae emphasized, and indecd Bousfield, the sole remaining European
concessionaire on the lake, had since 1948 included crocodile huniing

- in his coperations.

. -lt/s‘-
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By 1960 Buropean influence had disappeared from the fishing
industry at Bukwaj; African fishermen reverted to their traditional
individual fishing methods and the Lake Rukwz Fisheries Board began
to doubt the wvalue of it= controls over the fishoxy. Lockley had
already emphasized in 1951 +that the dangers of overfishing by the
current methods of expleitation were negligible, and that the greatest
danger was that of unavoidable natural dessication — thus, he suggested,
tha+t the fishery should be founded én an cpportunist basis. Towards
the end of 1960 the Fisheries Board was disestabiished.

From the low level of the lake during the drought of 1954~55,
the level rose gradually until 1961, when heavy rains throughout
Bast Africa caused a large and violent rise of lake level which
continued to increase through 1962-63 and appears likely to extend at
least through 1964. With this sudden rise the seining beaches have

i been submerged and new suitable shallow areas are still covered with

large quantities of submerged vegeiation.  Because of this, nylon
gill-nets have taken preference over beach seines and it is on this
method of fishing that the present industry depends. Catches are
generally good, but lack of suitable transport and efficient marketing
remain as the major draw-backs in the industry.

The lake is now large in area, sprcading widely over the plain of
the West and north, and the wgetation comprising the barrier between
northern and southern -lakes has been submerged. :

HYDROLOGY

The rainfall of the Rukwe basin amounts to between 30-40 in. per

‘year (Lands & Surveys 1956) falling mestly beiween November and April

with maxicam precipitaiion in Dscember. The average monthly rainfall
figures for Mbeya Meteorological Station over the years 1932-1962
inclusive, given in Table Al show the typical pattern. The average
{total annual rainfall figures for all gauges within the basin from
1924-1962 inclusive, have been summariscd in Table A2.- The first
recording stations were situated at Missions, Coffee Estates, and
Governnent Offices and tended to avoid the arid areas, hence, the
early records give a rather high average rainfall figure compared

to the later more accurate results from a2 larger number of recording
stations throughout the hasin, '

The considerable variations in the gquantity of the total annual
rainfall over the Rukwa basin can be noticed in Teble A2, Since
‘the basin is totally enclosed the lake-level depegds upon the balance
of ‘annual precipitation and evaporatvion. However, when precipitation
increases, evaporation is frequently reduced because of increased
cloud cover and large scale variationsg of lake level occur; these
fluctuations in volume and area have an importanti effect upon the
productivity of the lake.

Gunn (1956) studied’ the annual pattern of fluctuations of lake
level, with especial reference to the shallow Norih Lake which offer
a suitable breeding ground for the red locust: Nonadacris septem—
fasciata Servilie. His table with additional details added aftfer
Ricardo (1939h) and Swynnerton (1947) is given in Table A3,  Ricardo

 (1939b) noted the annual fluctuations in level and referred to

Gillmann(l933) in relating rainfall -and lzke level with sunspot
activity (Vide also Dixey 1953). ~Further, Swynnerton (1947) noted
over the years 1930-1946 a cyclical pattern of water height with peaks

'in 1930, 1937 and 1941, i.e. with a period of 5~7 years. ~However,
his diagramatic: indications of lake levels do roi agiee with other

authors quoted by Guan {1956). A graph of the lczke levels after Gunn
and subsequent authors is given in Fig. 2. This figure indicates a
cynlical variatiorn in lake level with a peried of the order of 25
years with peak levels in 1882, 1904~1905, 1935-1937 and 1962-1963.
Fig. 3 after details by the Internationsl Red-Locust Control Service
(TRLCS 1962 & 1963) shows clearly the immense fluctuations of surTace
arca of the lake, particularly in the north, following the changes in
lake level.
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Similar fluctuations of lake level cccur from season to season,
rising during the rains in November—April and falling tc a minimum
in October at the cnd of the dry seascn. Ricardo (1939b) indicated
a seasonal variation of some 60-100 in. and Swynnerton noted a rise
of only 6 in. during the unusually =mall rains of December-January
1946, with a uubsequunt fall of 51 .in. before the onset of the following
wet season. He notes that the waicr goes not rise. gradually fzom
minimum to maximum over a period of years, but owing to a small size
of the drainage basin and the quick mm-off. in the area, the lake
riges suddenly during 2 .single wet season. Details of his records
are given in Table 1 and he calculates the averzge rate of £all
between January 30th and November 20th, 1946, was 5 in. per. month.

Table 1. Seasonal water levels (after Seynnerton 1947).

4 ecember, 1945 3'9g ,75" . 3.8l feet gauge installed

30 Wovember, 1945 = 3'9,75% = 3 81 feet ' féiﬁé'began

30 January, 1946 4'4" = 4. 33 feet raing ended — very slight
o ' o rainfall
Jenuary-May, 1946 . o : devel slowly falling.
June-Hovember, 1946 ' level falling more rapidly
20 Yovember, 1946 0O'3" = 0.25 feet lowest daily mean reading
20 Novewber, 1946 ) rains began, lake siarting
. to rise

Hammond (1946) gives details of readipgs from his gaugé at Mbangéla
guoted in Table 2.

Table 2.  Seasonal water levels (after Hemmond -1964).

15 February, 1963 16.7 feet
18 February, 1963 _16.7 feet .
20 Pebruary. 1953 17.1 feet
27 March, 1663 .19.2 feet |
5 April, 1953 19.6 feet
1. April, 1963 .19.8 feet
7 May, 1963 20.0 feet
18 June, 1963 20.4 feet
12 July, 1963 .20, feet ..
28 August, 1963 20.2 feet
5 September; 1663 19,8 feet

"During early 1964 the levels recorded at the same gauge.at

‘Mbdngala, rose from 20.75 feet on January 16%h to 22.40 feet on

February l6th: these and Hammond's figures for 1963 are graphed in .
Fig. 4. Records of rainfall and lake-level are detailed in Table A.7.

" Chemical aviglyses of 1ake water have been prov1ded hy Rlcardo
(193,&), Swynnerton (1947) and Hammond (1964), and these details are
given in Tables A4, A5 and A6. Owing to the different constituents
examined and the different methods of analysis used these samples are

not readily comparable; however, a few factors can be compared, and

the details are given in Table 3. Firstly, the hydrogen ion
concentration ranges between 8.4 and 9.3 indicating a slight alkalinity
which is more pronounced when the lake ig low (Septemoer, l946§
Secondly, the conductivity figures are not directly comparablse being
measgured at 2500 and 200" respectively, but a usual conductivity of
the order of 400 micromhos is indicated. . The alkalinity, expressed.
as carbonate in parts per mllllon (ppm. ) is higher when the lake level
iz low, although Swynncrtor's figure does seem particularly high.
Similarly chlorides appear in inverse proportions to the lake level,
and the turbldltj as measured with a cGOChL-dlSC increasss as the

lake level falls.
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Summizriging these aboeve comments: as the lake level falls the
dissolved constituents of the water become more concentrated, @ the
conductivity and turbidity increase and the ph rises {alkalinity
increaces). These conolugiong imply that wiih increase of lake
level little new inorganic material is added to the lske water by the
reinwater run~off over the whole basin - and-indeed, measurements of
conductivity of three affluent watersz in Januaxy, 1964, gave readings
of 330 micromhes (temporary escarpment stream), 250 mhs., (Sengwe
River swamps) and €0 mho., (Iuika River). These re¢.dings indicate
a low level of dissolved salis compared to lake water iteelf (400
micromhos).’

Table 3. Comparative chemical composiiion of lake water (South Lake)

: , Qctover . piember June Avgust  January
Date of sample 1936 1946 1563 1964 1964
. Author Ricardo Swynnerton  Hammond Mamn Mann
1939a 1947 1964 1964 | 1964
Depth b ‘ .
(metres) . 3.5 3.3 . 6.7 6.5 7:0
Datum level ' . . : . 7 _
(feet) ; - - 20.4 20.0 20.9
H, ion concen— . .. about  about
tration (pH) B.5 9.3 8.4 = 80 8.0

Conductivity | : 7 B ‘ '-7 :
(micromhos) . = - .- 353.9 | ~400.0  450.0
Alkalinity as' ' : o :

O, (ppm) 212.8 . 1019.0 184.0 - -

- Chlorides (ppm) . 25:8 ~118.0 i16.0 . = -
Turbidity (ppm) - - 38,6 120.0 - e
Turbldlﬁy : o : . '
(secchi) (cms) 7.5 - - 15.0 10.0

Ricardo (19392) firet noted curfuce water temperature variations
in September~November between 22, 4 ¢ 2t £8.00 hrs. 1o 27.5 % at
18,30 hrs. Syynnerton (1947) +abulates the monthly surface temperatures
- in terms of @ minimum (08.30 hrs.) and maximum (14 30 hrs.) for the
year 1946 in Table 4. :

Teble 4.  Surface water temperature veriations in 1946 (Swynnerton 194_l

emperature Minimum Maximam

- = oF TTog Oygkt' o
January T9.3 26,3 88.5 34.4
February 80.1 26.7 88.8 31.6
March 80.5 26.9 83.9 31.6
April 30.¢ 26.7 85.8 1 29.9
May 77.1 25,1 83.4 28, 6
June T1.2 1.8 7.1 5.1
July 8.8 20.4 15.9 . 2444
Auvgust ne records taken
September 72.3 22.4 81.4 27. 4
October 73.5 3.1 85.6 29.8
Xovember 15,6 24,2 87.72 RYeNy
December 77.6 25.4 © 00,8 30.7

Durirng August 1963, offshore surface temperatures taken were:-

0730 hrs — 22.59C

1415 hrs - 24.6%C

_ po o 1715 hrs -, 24.5°0

end in January 19264:- 1600 brg «~ 27.4°C
1830 hrs .~ 25.5°C
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From other sites the surface temperature varied sllghtxy, in
Januany a small escarpment sitream au the campsite reached 24. 5 C:
water from the Scngwe Swamps at 7. 3° C at 18.30 hrs., the mouth of
the Luika River between 23.5°9C — 25. 0°c, mldstream 23. 5 ¢ - 24.5°C,
and at the base of the waterfall 23.0°C - 24.5°C.  These variations
in temperature were largely dependent on time of day. A series of
temperatures detailed in Table 5, taken on 12th February at a standard
point in *he luika Delta rose as the sun warmed the upper reaches,

Table 5. Tempersture changes in the outflow of the Luika Delta

08.00 hrs, - 23.5°C

09,00 hrs., - 24,0°C

10.00 hrs. - 24.0°9C

11.30 hrs. - 25. 5°c

13.00 hrs., — 26. 5 C

14. 30 hrs. - 27, 0°c

The very shallow (30 em.) sheltered waters of Mbangala seining

beach rose to 30. 0°C, and at 1.0.-:1¢% m dhe surface temperature was
28,5" Cs further offshore in 6«7 m. surface iemperatures were similar
to the open lake at about 26.0°C.

Only three dissclved oxygen samples were taken - these were from
offshore surface waters on 20th August, 1963, and the results are
given in Table 6. '

‘Table 6. . ‘Sﬁ¢face—w§t@r dissolﬁedroxfgen concentrations

. Eléé :i'._Temperature o Oﬁygeﬁ ) Comuent
'07.3thfé. | 22.5°c ~;5.8lmgs/litre. litfle séum‘on.surfaqe
‘14:15Ehrs. 7 24;606.7- il.? mgs/litre mﬁre scum and waﬁer—lettuce
17;15 hrs. : VLE@.SOC‘- | 7.l.mgs/1it;e very much scunm

In still waters the increase of dissolved oxygen at mid-day is
almost- certainly due to the increased photosynthetlu act1v1ty of pnyto—
plank ton quantltles present

In the shallow 01rculat1ng wa tﬂrs of Lako Dukwa lack of dissolived
oxygen is unllkely to become a ilmltiﬂg factor for the fish-fauna sven
a¥ the lowest depths, although very low oxygen levels may be found in

the depths ofrthe_ﬁh¢uk.prass_swawps.

GENERAL ECOLOGY

The WutETo of Lake Rukwa can be classified into several major
ecological zones, each of which can be sub-divided intc several micro-

‘habitats. During the dry season each habitat has its characteristic

fish—-fauna, but in the wet season the pattern changes as bexually

.active fish migrate to different breeding areas. -

The principal ZONGs as noted in 1964 are as follows:~--l

1. Inshore grassy shallows. These exiend from the broken surfline
‘of the shore into about 2--3 metres of water, with the present
high level of the lake the submerged vegetaticn is thick and
consists of drowned trees; bushes and grass, as well as the usual
aguatic sedges and reeds. The steep eastern shore of the lake
comprises little of this habitat alihough there 1s a narrow
marginal band of emergent grass. The microhablitats within this
zone are the warm extreme sheltered shallcws occcupied by Tilapia
fry only; +the more exposed sandy-boitomed shallows with large
populations of IEmgraulicypris, and the shelter of grass fringes
in deeper paris characterised by Aplocheilichthys, but also
1nclud1ng Alestes, young Hydrocyon, etc.
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Y 2. Inshore rocky aress. These zones occur only rarely where the-
eastern escarpment falls abruptly into the lake and for a short
distance offshore where large boulders have not yet become
completely embedded in silt. The microhabitats included in
this zone are the waters around the exposed reck surfaces,
characterised by the epiphytic browsing Labeo species, and
secondly, the sheltered mud bottem occuring between outcrops,
inbabited principally by CGnathonemus and Mormyrus.

3. Offshore waters. This zone comprises the major part of the

lake with a depth of about 7 m. of water over the typical thick

mud bottom, It extends from the margins of the inshore zones

to the open waters cf the centre of the lake. Bere there are

enly two microhabltats: the mud-water interphase of the bottom
typical jof Sydnodontis zambezensis;  and secondly, the mid and
surface waters, between which there is little change in dissolved l
oxygen ocncenirations, light penetration or temperature with
increase in depth. These surface waters are the typical habitat !
of Hydrocyon and Schilbe. -

4. Swamp waters. Large swamp zones of floating grass and sedges
in 4-5 m. of water are found across the smouth and north ends of
the lake where the main river mouths are situated, other smaller
zones occur off -the river mouths of both eastern, and particularly
western shores. The three microhabitats comprise this zones
firstly, the bottom-mud surface, both below open chznnels and
below the fringes of the rafts, where both Synodontis species occur;
secondly, the convoluted fringes of the submerged root masses alcng
the channels and pools, also the sheltered fringes of floating

rafts drifting in the lake itself, a habitat favoured by Cnathonemus

~end Clariass; thirdly, the mid and surface waters of the open
water of channels throughout the swamp where Hydroeyon occur in
large numbers. o .

S Lower reaches of the rivers. This zone includes numerous
microhabitats dependent on the nature of the bottom, extent of -
vegetation coVer and depth of water. In the wet season two
important additional microhabitats are provided by the increased
volume of the fresh waters. The fast flowing central river-bed
is occupied by the migratory species typically Hydrocyon, Alestes,
and Llabeos the shallow flood plains of the river-bed are
temporarily invaded by spawning Clarias, Synodontis and later by
the juveniles of all these species.

The vegetation of the lake shores ranges from the Acacia tree line
with Hyparrhenia rufa through Diplachne fusa, Sporobolus robustus and

~S. spicatus of the lake-shorc grasslands down to the dominant Ecohirocloa

pyramidalis of the flood plains. Where tidal flooding occurs Qdyssea
jeager thrives, and typical of deeper waters are the water grasses

Oryza sp., Leersin sp. and Typha sp. Amongst these grasses the larger
messes of papyrus Cyperus largus, ambatch Aeschynomeme elaphroxylon

and Sesbania sp. occur, together with masses of floating water—letiuce —
Vossia cuspidata.

- The exploitation of the fish populations is interfered with by .
several animals other than the carnivorous fish species: Alestes,
Hydrocyon, Schilbe and Clarias. The adult crocodile (Crooodqug
niloticus) preys directly on larger fish and frequently takes dead
and damaged fish from neis. Until 1946 crocodiles were a great hazard
in the beach seine fishery, but in that year an exception was made
to the Game Laws and Bousfield began killing those interfering with
the fishery, and later whis was extended %o a commercial exploitation
of crocediles (Lockley 1949). By 1960, the population had fallen
considerably and operations were suspended. Presently crocodiles
&re rare; occuring only in ihke extensive inaccessible Songwe swamps
and occasionally aleng the western shore. ' :

Monitor lizards (Varanus niloticus)eccur in guite large numbers
and probably include small fish in their diet. Iowevery around fishing
camps they are common and there they generally fsed upon discardsd
viscera, tcdes, ete.
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Freguently in gill-net catches the fins of fish, particularly
the coloured dorsal and caudal fins of brecding Tllagla and sometimes
the abdominal body wall of Mormyrus, were found cut in 2 characteristic
pattern by the water tortoise: Pelugios sn. Although the damage was -
usually slight the fish quickly spoilt anu members of commercially
important species {Tilapia Mormyrus) were lost in this way.
Adult tortoises occured in large numbers just off the Luika River
and Songwe swamps, and in smaller numbers along the ecast shore.
Juveniles were found on shallow inshore areas of the Luika River
during January-February 1964,

Of the fish-eating bleS, white pelicans (Pelecanus onocrotalus).
were the most obvious and a large flcck fed continuously on juvenile
fish in the shallows of the Luika River delta. In the Songwe swamps
these birds would also follow the net hauling canoes and take fish
accidentally liberated from the meshes. Several other species of

grebes, herons and storks (Podicipidae, Areidae and Cicontidae) are
typically fish eating type&.

Among the mammals hﬂppopotamub (Hlppopotamus amphlblus) .also
interfered with the fishery. Being vegetarian they did not take fish,
but were freguently blamed for the wholesale loss of nets, and
sometimes during the breeding season flshlng canoes wers attacked and

overturned.

ECOLCGY OF THE FISH SPECIES

Of the 24 species of Tish whose occurence has been recorded by
Ricardo {1939z & b) 18 werc taken by this survey. The epecies not
taken include the 3 rarc Barbus species - B, pappenheimi, B. salmo,
and B, luikae, as well as Leptoglanis rotundiceps and Amphilius
platychir similarly noted as rare, ocgcuring only in rivers. e

- specimens of Clarias hilgendorfi were taken, but this species has only

been noted from a small afTfluent river in North Lake.

In addition to Ricardo's list 3 new records of cccurence within
the Rukwa basin zre given for Polypierus sp., Protopterus sp.¥ and
Chilogzlanis sp. Thus the fwll list of the records from Rukwa is now

mﬂgﬁéfcllows'n

Polypterus SD.

*Protopterus SP.
¥Marcuserius discorhynchus {Peters)

Gnatnonemnus macrolcpidotus (P-ters)

Mormyrus longircstris Peters

Alestes imberi Peters

*Hydrocyon vittatus Castelnau (E. lineatus Bleeker)

Barilius mooril Boulenger

tngraulicypris congicus rukweensis Ricardo

Barbus

paludinosus Peters

Barbus

lineomaculatus Boulenger

Barbus

innoceng Pfeffer

Barbus

pappénheiml Boulenger

Barbus

salme Pfeffer

Barbus

litikae Ricardo

Labeo fuelleborni Bilgendorf & Pappenheim

Chiloglanis sp.
Leptoglanis rotundiceps (Hilgendorf)

Amphilius platychir (Cunther)

Schilbe mystus (Linnaeus)

Clariag mossambicus Peters

Clarias hilgendorfi Boulenger

Synodontis zambesansis Peters

Synodontis fuclleborni Hilgendorf & Pappenheim

Aplocheilichthys johnstonii {Guniber)

Tilapia rukwaensis Hilgendorf & foppenheim

- Haplechromis bleyeti (Sauvage)

f"/';'

birds inciuding kingfishers (Alcedinidse), fish-eagles (Cuncuma voecifer)

S
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' In the following notes given on each species the lengths of fish
are always expressed as standard length recorded in meiric units
The stages of sexual maturity were identified macroscopically in the
field and are defined in Table 7.

Tn the tables of sexual maturiiy'for each specieé, the figures
given for each category are firsily, the number of fish, and secondly,
the size range expressed in mm, '

-

Table 7. Definition of stages of sexual maturity

immature sex indeterminate

inactive gonads threadlike, sex usually deierminate

inactive—~ gonads thickening, sex determinate; oocytes just visible
active in female '

active gonads thick, white colour in male; 1in female oocytes
. clearly visible, not discrete, '

active- gonads swollen, in male bloed and milt cozes whoen cuts
ripe. - in female cocytes large but not separate
ripe gonads very swollen, milt fully formed in malsj

oocytes large and discrete in female
ripe~- gonadial products easily extruded under pressure
running SRR R ‘ -
spent gonids flabby and bloodshot, few oocytes remaining in female;

translucent rather than whlte in male.

' Polygterus 8.

A single specimen of 340 mm. totul length was presbnted t¢ Hainmond
by Mr. V. Warwick.of New Ntumbi Reefs, Chunya, at the end of November
1962. The locality was first noted as the Chunya River (? Iupa River)
but was later correced to read . "Dungma River", which is a large
affluent in North L_ke. :

The colouration of the freshly dead specimen was recorded as grey-—
brown on the upper body with a yellow belly. Lockley {1964} identified
the specimen from whotographs as Polypterus sp., probably P. ornatipinnis,
and noted that this constituied a new record for the Lake Rukwa basin.
Hammond (3904) haps noted that these fl&h are also found ut Mtemb; \¢
River) near Sumbawanga.‘ ' . ,

¥Protopterus sp.

A single adult specimen of about 670 mm. total length was ‘ccllected
from Lake Rukwa by Hemmond (1964) during 1962, Although no specific
locality is cited for this specimen, it is certain that a small '
population c¢I Protopterus exist in the lake and affluent rivers.

Local fishermen occasionally take this species, commonly known as

"Kamball mamba', on long lines set inshore, but it is rejected as inedible,
although in other arcas where well known it fetches a high price.

The present formalin-preserved specimen has yet to be identified to

- gpecies level, but comprises a new record for this genus from the

Lake Rukwa basin.

¥Marcusenius discorhynchus {Peters).

This smzall uncormmon species has been recorded from the Middle
and Lower Zambezi, the Kafue, tne Rhodesian Congo basin, Katanga,
lzke Nyasa, Bangwelu and Lake Tarnganyika in addition to the Rukwa basin.
Typically, it is found in open rivers and swamps but not in the open
waters of the lakes {Ricardo 1939a, Jackeon 1961lc & &).

From Lake Rukwa no juveniles have yet been captured - the size
range of the 104 specimens taken was from 82-165 mm. These specimens
were rarely found in surface-set neis or in the 2.5 ard 3 in. meshes,
but occurred almost entirely in bottom-set nets of 2 in. mesh. A -
few of the smaller specimens werc taken in tne 1.5 in. mesh beach. seine.-

The principal lccalities for this species weore the inshore arcas
close to grass fringes and fair numbers were taksn offshore and in
the Bongwe River swanps during August, £ few specimens were taken

e
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offshore in surface waters perticularly when the nets had been
fouled by floating grass rafts. This indicates that Marcueenius
will follow the shelter and food offercd by the root masses of submerged
vegetation, During the 1z2iny season the main loeality for this
sﬁecies was the mouth of the Iuika River delta, and in this counection
Jackson (196lc) has already noted that Marcusenius probably moves
upstreanm for spawning.

The analysis of the stages of sexual maturity of fish taken in
both August-September and January-February appears in Table 8.

These records indicate that breeding takes place in the late rainy
eason; both sexes were ripe and yet no ripe-running or spent

individuals were observed. The captures during January-February were
principally across the mouth of the Luika River, inferring that a
spawning migration takes place from the sheltered grassy hab}tat of
the dry season 1o the deltas or lower reaches of the rivers.  This
supports ‘the comment that this species probably migrates upstream
for spawning (Jackson 196le).

fable 8, Sexual maturity of Marcusenius discorhynchus.

L . Lluzust-September January -February

Hale Female liale Female
im . 5582-95
i 1,98 1,85
L4 2362140 2,135-160
a ' 2:150-155 22,130-155 -
ar 1,135 - 11,130-145 _ :
r St 1,140 - 5,145-160 11,145-165
rr :
8p 1,140, ..

Note: +the fizures Tor each =ex-in each category indicate respectively
ihe number of fish, the minimum and maximum standard lengths
expressed in mn,

o juvenile Unrovgenius have been recorded save for a Brecimen

of 28 mm. totxl length scined in flooded creek on the Middle Zambesi
during the height of the fleods (Jackson 196la).

In Table 8, males avpear less frequently than females, but the
ratio may be exapggerated by the fact that males appear slightly smaller
than females: 155 pm, maximum length compared to 165 mm. Sexualily
mavure fish do not apparently occur below 145 mm. but this figure may
well vary belueen populations; Jackson (196la) records the largest
fish taken from the Middle Zambesi as a male of 310 mm. (total length),
whereas Poll (1953) no*ed from Lake Tenganyika that the largest
specinens (140 mm. total length) were ripe or nearly ripe.

Marcuseniug like several other mormyrid species shows slight
sexual dimorphisz; +the male when adult exhibits a distinet notch
along the anal fin base, which is not apparent in young or female

specimens.,

Previous authors have noted that this species ig predominantly
a bottom feesder Laking various-aquatic insect larvae - particulazly
Chironimidae, Hemiptera, =11 caridean crustacea, small gastropod
and lamellibranch rolluscs and even vegetable fibres, During the
survey 15 gut contents were examined of which 3 were empty and the
remainder coniained numerous anthrepod cuticles (probabLy Chironomidae)
and zoo-plankton cuticles (principally Cladocera). During Januvary-
February several szall unidentified fish eggs occurred, but little or
no mud was present and only in one fish examined did small stone
Tragrents occur.

. Marcusenius is not abundant and is not taken by the present
commercial fishery, excepi perhaps in small mesh shore seines or fish-
traps. - However, like other Mormyridae, when taken it is valued for its
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high fat and oil content: a comment already cmphasised by Jackson (196lc).’

Gnathonémue macrolepidotus (Peters) -

' The.species_has'a wide Fast and Central African distribution,
having been recorded from Kafue, the Northern Rhodesian Congo system,

“Katanga, Lakes Nyasa, Bangwelu, lMweru and the Lower Zambegzi as well

as Lakes Rukwa, Ngami and-ihe Rovuma River in Tanganyika. Like
Marcusenius it is noted as being typical of rivers and swampy areas

rather than open lake waters (Ricardo 193%a & b, Jackson 1961lc, Jackson

etal 1963).

Within this wide distribution different populations of Cnathonemus

‘can be identified by variztions in colouration; lateral line scale

counts, depth of the body and proportions of the caudal peduncle.
Jackson (196lc) concludes that these different populations will almost
certainly be recognised as sub-species in due course.

Tn Leke Rukwa this fish was commonly taken in bottom-set nets of
2. 2.5 and 3 in. meshes from both inshore and offsghore waters. In the
Songwe swamps Onathonemus occurred in fair numbers ai the surface
along the fringing grass edges and in the open channels. During
Jenuary and February far fewer specimens Werce taken from bottom-set
nets in open vaters although they were more numerous in nets set off
the mouth of the Luika River. This distribution differs from Ricardoe's
comment (1939b) that this species is resitricted to the edge of the
litioral vegetation, No specimens were faken in beach seine hauls
in clear waters adjacent to littoral vegetatlon during August-September.

Of +he specimens dissected 107 were malc and 115 were females
there were no immature forms and no juveniles were found. PFurther
analysig of the sexual maturation of the adults is given in Table 9.

Table G. Sexual maturity of Gnathonemus macrolepidotus
August—September - Jamuary -February
: Male Temale Male Female
im -
i 1,112
in 16,165-215 R24,175-230
a 23,136-240 29,145-220
" ar 6,175-215 7 1,185
r 61,170,230 61, 160-200
rr .
sp

~ The majority of both sexes were classified as active in August-
September, but in January--February virtually all the fish were ripe.
Kowever; no pipe-running or spent individuals were observed, thus
perhaps like Marcusenius, spavming does not take place mwmtil the later
stages of the rainy season; oOr takes place in upsiream arcas not
investigated.

Sexually maturs males exhibiting the typical anal notch,; were
slightly less numerous than females but tended to be slightly larger;

the breeding sizes being between 170-230 mm. and 160-200 mm. respeciively.

in other populations, these sizes may vary slightly; Jackson (19614)
notee that in Hyasaland waters G. macrolepidotus may grow to total
length of 300 mm. or more, compared 10 176=230 mm.naXinum at Rukwa.
Bell-Cross (1960) has already noted a probable annual spawning migration,
and the shift of catches in open waters in the dry season to the

Luika River mouth during the rains, may be an indication of a similar
seasonal upstream movement in Rukwa.

In +the 15 gut contents examined grey—-green debris was common,
together with numerous segmented arthropod larvae (probably chironomids)
and zoopiankton cuticles. Arthropod cuticles occurred most commonly
in August-September, but zocplankton was plentiful in January and
February. A little mud, send-grains and small stones occurred in a
few fish and one specimen sontainsd two terrestrial insects. Only one
individual examinred had an empty siomach. :
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Other authorities guote thé diet of Onathonemus as including
aquatic insects and small animal 1life {Jackson 196lc), bottom mud,
sand grains, p“cces of weed; vegetable debris and Chlronomldae
(Ricardo 1939hj. :

This species is not regularly taken in commercial surface-set
gill-nets and rarely ocecurs in the beach scines worked over a clear
bottom. The abdomiral fat content of the body is much appreciated
by African consumers and this presently unexploited species could in
a smoked form become ancother wvaluable export product 1o Northern
Rhedesia and Tanganyika. :

Mormyrus lengirosiris Peters

" This mormyrid occurs quite widely throughout Central Africa: in
the Hiddle ard Lower Zambezi, the Rhodesian Congo system, Lakes Nyasa,
Bangwelu, Rukwa, Mraru, Tenganyiks and the Lualaba river. It is absent
from the Upper Zambezi and Kafue where it is replaced by Mormyrusg lacerds.
In rivers it tends to inhabit the deep sheltered waters in the lee of
sandbanks and rocky ocuterops, and in lakes prefers the deep calmer waters
with & muddy bottom down to the limits of suitable dissolved oxygen
concentrations (Ricawdo 193%a, Poll 1953, Jackson 196lc).

No juveniles have been taken in ukwa but small forms were taken
in considerable nunbzrs during Coctober off the resd beds of southeast
Rukwa (Ricardo 19392). 'Thae smallest specimen taken during this survey,
an immature fish of 165 mn. oscurred in a beach seine haul over a muddy
bettom on the southeast of the lake during August. Jackson (196ic)

‘also notes thot tlc Joung in the Middle Zambesi grod in the puotectlon

of submerged graszs ard olher vegelation.

Adus t forme were takeh in bottOW*set gill-nets in inshore swamp,
inshore eastern aul cffshore waters; principelly in mesihes between
3 and 5 in. Specimens were also taken at the surface inm the open
channels of +h: Sonrve swemps 2ud pavticularly in nets set fringing
the grass. - “ges of the svamp channels.

dnly llQMSP’cﬁmons were iaken Qaring JanuaTy-February compared
to 76 over ths sem: perioed in August—Septenber. Moreover all these
specircns wené tﬁgen in botton-get 1nbbo:e nets in the Songwe swamps, .
Tuika Rivexr delts erd the rocky bOutOW at Ichbsa, no Mormyrus were
taken offshore or at thz surface. Jaamond (1964) reported fairly
large comnercial catches of aiduls Mormyrub along the floodsd grassy

western uhores near Ttonje on 5¢ﬂ Fhkluary, 1964,

A number of specimens were dissected during August and January,
the sexual developrent of thesez fish was recorded in Table 10.
M. lonp1¢ostrls exhibits vro cormon mormyrid fectures: +the developaent

of +he loft nad vllﬁ in adult males . the presence ¢f the anal notch,

Table 10, Sexual vaturity of orpvrus longivostris

Avgust~Ceplenber January-February
lale Femelo - Male  Female
imm ‘ 1,265 2, 260-280
i 2,335-385 1,325 1,295
ia 3,225-335  9,260-345 4,225-270
a 1,355 35 350~355 1,480
ar 2,355-385  3,355-270
T : 4,380-560 3, 360-400
T
8p

The figures indicate that the spawning period occurs only once
during the year tovords the ond of the rainy season. Other populations
examined appear tc have a rather prolonged breeding season at the
time of the rains and spate waters (Bertran et al 1942, Jackson l96la & ).

The apparens concentration of adults in inshore grassy areas
during January-Tebruary is probably an expressicn of the brecdlng
migration already suspecited Ly Jackson (l961d) . in these sheltered
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waters the adults spauwn and the juveniles develop.

From 4hé” few individuals recorded as "ripe" it appears that full
sexual maturity in-either sex is not reached in fish below 360 mm.
Smaller fish may show a scasonal advance of sexual madurity dbut
maturation is not complete, spawning does not cccur and the gonads may
regress until the following season. On the Middle Zambezl, Jackson
(19612) noted First sexual maturity at 360 mm. {(total length) and
adults were still breeding at the maximum size (708 mm. } recorded.
Beriram et ‘al (1942) note that in Lake Nyasa Mormyrus longrisirls
appears o reakbh sexual maturity at about 300 mm. (total length? }.

The stomalch contents of 8 individuals were examined; of thesc
two were empty and the remainder contained many segmented anthroped
larval cuticlds (probably Chironomidae}, occasional smail gastropod
molluscs, and agquatic insect larvae (Odonata), a little nud and
vegetable debris. . longirosiris almost certailnly feed on the
extensive muddy bottom end roos masses of floating grass islands. | The
elongate lips are used to gelectively pipette the invertebrate prey
from the muddy environment. A similar diet has been noted for other
populations %o comprise mainly Chironomidae, caddis lavae, sligochaetes,
smsll molluscs and caridean crustacea, occasional zooplankton as well
as traces of mud, sand and small pleces of wecd. (Ricardo 1939a & by
Bertram et al 1942, Poll 1953 and Jackson 196lc).

Mormyrus'is occasionally taken in surface—set gill-nets and beach
geincs of the commercial fishery, end like the other mormyrid species
contain large guantities of abdominal fat and fetches a high price in
the fish trade, being considered good cating by the African consumers.
The exploitation of this species could be very profitably increased
by the use of bottom-set gill-nets of about 4 in. mesh. This gear
would alsoc take other specics of commercial intcrest: Tilapia,
Hydrocyon and Clarias, but generally would not retain the troublesome
smaller species particularly Synodontis,

Alestes imberi Peters

This small, but very widegpread characid species occcurs in the
Lower and Middle Zambezi, the Limpopo; Southorn Rhodesia, the Congo
basin, Lake Nyasa, Bangweulu, Rukwa, Tanganyike and the Rovuma River.
In West Africa it occurs in *the Velta basin and in the Ivory Coast.
Alestes imberi tends %o occur i1n large sporadic shoals inshore near
vegetadtion in lakes with only the largest specimens venturing into
open waters. It is common in rivers and particularly 1n the slow
running waters of river deltas {Ricardo 1939a, Poll 1933, Daget 1954,
Jackson 196lc & d). i

No juvenile Alestes imberi were taken in the few mosguito seine
hauls made in August-September but many were taken in the extensive
mosquito hauls during January -Februaxy. The standard lengths of these
juvenile specimens ranged from 9 mm, upwards, but smaller specimens
may have been taken; 1t has not yet always proved possible to sepsrate
juvenile Alestes and Hydrocyorn below about 12 mm.

Most juvenile spescimens werc taken from shallow sheltered shallows
with a grass and wceed cover at Mbangala seining beacl, at Outspan
and near Bousfield's house. Thwe depth of water was between 1.0 and
0.25 m. and the temperature about 26.5°C, 4 few further specimens
were taken in framed mosquito hauls in the bay cff the Tuika River,
both near the surface and near the botiom in waters a% about 26.07C.
A few spesimens were taken from an exposed sandy beach near the
Luika, but no identifiable specimens were taken from the delta, nor
any reaches of the Lulka River below the falls. The number of
specimens taken appeared to increass from the 18th January up 1o the
1zt mosquito hauls taken on the l4th February.

Altnough no juveniles were taken from the ILuika a sexies of fish-
eggs were collected during carly February from the cutflow of the
River. Some of these epgs were matured in ventilated containers in
the delta waters and the fry obtained have typical characid body-form.
A% the same period ripe-running adult Alestes were taken in the lower
reaches of the river bui ripe-running Hydrocyon were zlso found in
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large numbers around the delta although Hydrccyon did not appear ito
penqtrate the downstream reaches of the River to the same extent
Alestes.

During August—-September adults were principally taken in seine
hauls with the 1,125 in. net at Mbangala seining beach, but were also
takén in smaller numbers in inshore and swamp areas ai the surface
especially where the 2 in. net was fouled by I'loating grass masses.
Specimens of a similar size were also taken inshore near thick grass

'friﬁges at Kasisi. In Jenuvary-February all catches were with 2 in.

surfdce set gill-nets: no large seilne being worked. Alestes!occurred
in open waters of the lake, frivging grass in the Songwe Swamps, inshore
along the eastern ceastline gnd in large.numbers around the mouth of -
the Luika River Adult specimens, including ripe-running msles were
taken in mosquito-hduls from shallow grassy margins of the lower reaches
of the Lu“ku. i : : , '

i o _ ‘ .

i The stages of sexual devb opmcnt of 153 opeclmens ‘dissected were
recorded in Tadle 11. e

f - N - LT

These ;equl ts indicate that spawning iakes place in the early

rainy season during Januvary-Tebruarty . The majority of these specimens,
and indced all the adult males, wsre taken from thé mouth ard lower
reaches of <he ILniike River where spawning probably +fakes place. This
breeding migration intos upstream waters has already been described for
A. imberi (Jackso: 196la) and also for the related A. macropthalmus and

“A. lateralis, but not A. srerdisquamis (Jackson 196lc).  Jackson (196la)’

also nqtc that A. ;ﬁferl anpears Go have,a distinet short spawning period.
“Dpeé qppav:r* absense 92 maleg in catches during August-Sepltember-

is probably due o the diFfficuliy of identifying males ih the younger -

stagen, and sczorilv, as- borne out by the January-February rccords, the

nales are conuldrrab’y cmallier than remales. The minimum size at which -

sexual maturit ; iz reached-in the Rukua population appears to bw 110 mm,

or less for mal LS 2nd 125 mm. or loss for females. The maximum length

recorded (185 rn, swproseches the maximum length recorded for Lake

Tanganyiks: 170 ww. . (Poll 19523).

Previous worke»z have described the onmivorcus but predominantly
carnivorcus diet of Alestes, including juvenile fish, aquatic and
terrestrial insects (Odovaua, Hemiptora, etc.), small gastropeds, zoo-—
plankion, seeds and plant fragments of various kinds (Ricardo 193%a & b,
Swyrnertoa 1947, Poll 1653, Jackson 196la, c & d.. During this survey:
21 siomachs were examined, 4 were empty, and the remainder included
various aquatic and terresirial ineects, zooplankton cuticles, pariicularly
Cladocera, vegeitable debris, srcall guantities of phyto-plankten and &ven
small guantitizs of posho. The latter. was digcarded from a poshe-mill
but is deliberatcly =catiored-by the women—follt on the surface of |
shallow river pools to attract Alestes, which are then captured in

scoop baskcts, (Ricardo 193%a).

This species 18 not presently an imporiant constituent of the
commercial caich, and is only occasicnally taken for subsistence by
the women~-folk ag the river-—pcols recede, and in basket traps worked
at the margins of the rivers during the floods. I3 is, however, a
valuable fish: for instarce, ithe high oil content of Alestes nigrilineatus
varies seasonzlly tetween 5-27% (Auffret & Tanguy 1948). A more
concerted effor?t in Lhe rivers during the ilcod and ebb periods could
produce useful catches cf Alestes imberi. Other species (A. dentex
and A. baremose) when- supaﬂled comp= ige a valuable 1nsect-free product
in West Africa (Allen & Chaux 1961, Hann 1962).




~r




-~ 16 -
Table 11, ~ Scxual meturity of Alestes imberi.

August-September - - January-February
Male - Female Male Temale

iw 11l7e-142 1,110

i ; 14,81-160

ia o 7 130-170 1,170

= , o

ar .

. / 2,130-135  89,125-185

T 4,110-130 15,135-175

sp - . . 9,145-175

Bydrocyon vittatus Castelnau*

This species of tiger-fish has a pan-African distribution; being
recorded from the Senegal, Niger, Volta, Wile, Congo, Zambezi and
Iimpopo Rivers, as well as lakes Albert, Rudolf, Tanganyika, Rukwa,
Mweru, and Bangweulu. It is, however, absent from Lakes Chad, Edward,
George, Victoria and Nyasa. This fish occurs Utypically in well oxygenated
waters of swamp channels, large rivers and open lakes, but is not found
in small streams or swamps eéxcept when spawning (Jackson 166lc, Greenwood
1958). In Lakes Albert and Rudolf Hydrocyon vittatus prefers the
inshore waters as opposed to the deeper watcrs populated by H. forskalii,
but in the shallower lakes and in the absence of compeiition with
other Hydrocyon species it is widespread.

For a number o; vears this species has been known as H. linecatus,
but Barnard”(1948) pointed out that Castelnau's species vittatus (10861)
. 1s perfectly valid and should take preference over Bleeker's lincatus (1862)%

In Lake Rukwa Juvenile specimens did not occur in the few mosguito-
hauls attempted in August-Sevtenber, but large numbers were taken during
January -February. . The most specimens ranging vetween 9-75 mm. were
teken in the shallow waters of Ilbangala seining beach where the depth
of water rcached 1 m. and the surface temperature 28.5 C. Amengst this
grass cover Hydrocyon inhabit the surface rather than the bottem half-
metre above the mud-sand subsitratun. No specimens were taken from the
extremcly shallow inshore waters (30 em. deep) where the temperaiure
rose tc 30.0°C.

Further offshore specimens o1 the size range 9-15 mm. were taken
in. framed mosquito-heuls at the surface, and thcese catches continued in
open waters up toc the exposed shallows of the Luika River dclta av a
temperaturce of about 26.0°C. However, not a single specimen was taken
in or above the Luika delta, although as already described in the
section under Alestes, numerous fish-eggs resulting in a fish of characid
proportions-on hatching were laken in the outflow of the river. - A
few small specimens were taker in sheltered water at Outspan and also
near Bousfield's House — both these localities were adjacent to the
outflow of cold escarpment streans. The smallest spccimens of
Hydrocyon identified (9mm. stardard length) are slightly smaller than
the minimum size (13-15 mm. total length) previcusly recorded by
Jackson (196lc). No Juvenile Hydrocyon wcre taken in opcn waters of
the lake in any gear.

Adult fish werc taken in large numoers duriﬁg both visits to the
lake. - During August-September specimens were taken principally in the

" surface-set nets between 2.5 in. and 5 in. mesh, although lesscr numbers

did occur in bottom—set ncts in insncre waters. In offshore waiers
catches were mostly in surface nets, but very largc catches weére also
obbtained from bottom and surface hauls within the Songwe swamps During
the second visit smaller catcnes were obtained in inshore bottom and
surface arsas, but fair numbers were faken in open surface-waters.
However, by far the largest hauls of all were made in shallow waters

off the Luika River delta.
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'A“Iéfgé'nﬁmbef of specimens of this important predator were
dissected,-and the gonads of these fish are classified in. Table.1l2.

Table 12.  Sexval maturity of Hydrocyon vittatus.
August-September January-February
Male Female Male Female

im 24,110~260

i 8,130-250 5,180~330 1,250 5,210-255
ia '16,235-350 15,200-395 3,250 . 12,250-320
2 7,235-370 10,240-430 2,245-260

ar = 11,310-370 3, 360-400 2,280-285 . 4,270-430
T ~ 8,260-460 5,350-410" 35,240-370 126, 250-480
TT T,295~365 S 204,230~-390. 8,280-410
sp 1,410 51, 240-400 19, 280-440

. The nil return for immature forms during Januvary-February is merely
a reflection of the number of small specimens caught in mosquito seines
but not dissected.  TFirstly, these results show that although a few
ripe . individuals were recorded during August-September spawning is
concentrated during Janvrry-February. Indeed, although the fishing
effort varied on ¢ Tferent dates and results are not strictly comparable,
it was noted that peak numbers of ripe and running females were recorded
from the mouth of the Luika River on the 28th January and of spent
females on tpe lst February. Spent males were recorded after the 28th
January -and peak numbars occurred on the lst February. These comments
indicate that the spawning period was very brief and during 1964 in
the Luika River arsa, was.concentrated between 28th January and lst February.
Increased frcshwater flow in the river is a likely factor in stimulating’
spawnings rainfall (recorded =t Mbangala) was relatively heavy on 23rd
and 25th January and also on the 28th and 31st January (See Table_A?).
These results entirely support comments by Jackson (196la, b & c) that
breeding only takes place on a very few days each year when the rains
have swollen tshe rivers and that a spawning migration is undertaken up
rivers .and into small streams. Jackson (196la) does, nhowever, note that
the temperature of flood-water is not the main factor correlated with
spawning; on the Middle Zambezi there is a little temperaturs fluctuaticn
during the floods. He also adds that the females spawn a very great
number of eggs in very shallnw water among the stems of grasses and other
submerged and partly submerged vegetation. It is not yet known how
long the eggs take to hatch nor even whether any sort of a nest is made,
Spawning is suspected to take place at night. Males appear to be
generally smaller ithan females and the minimum breeding sizes appear
to be 230 mm. for males, and 250 mm. for females.

Bydrocyon vittatus 1s a voracious predator and has an enormous
influence upon the population of other fish specics below 200 mm. in
length. During the survey of Rukwa a large number of gut contents of
adult fich were examined, and the frequency occurence of the different
prey *vpes is tabulated below (Table 13).

Table 13,. Frgguehqy of occurrence of prey yzpeé of Hydrocyon vittatus.

August-September January -February
empty . - 64 5% empty 63 88%
indet. fish 24 20% indet. fish T 10%
insects : 9 % Tilapia 1 1%
fish (Barbus sp.) o 7% Schilbe 1 1%
water beetles T 6%
Synodontis 3 %
Hydrecyon 2 2%
sand & mud 2 2%
Tilapia 1 1%
Caridea 1 1%
fish eggs - -1 1%

-~
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These results confirm the carnivorous diet of adult H. vitiatus
already ncted by Kicardo (193%a), Swynner+on \¢947), Poll (1953) ~nd
Jackson (19€ic).  The high percentage of empty stomach contenis found
in January-February indicated that these fish do not actively feed over
the breeding season. . This is not .due tc the absence of suitable preys
Juvenile fish of a suitable size range wsre indsed mere plentiful in the
shallows and open waters of the Luika delte during Jfanuvery-February than
during August-September.

No juveniles were dissected but Jackson (196lc) observes that very
young Hydrocyon talre zocplankton, normally changing to a fish died
between 56-59 mm, However, if suitable fish prey is not available
adults continue to take any availlable aquatic insect material.

The size of prey t ken by fish examined durihg the survey ranged
from 4.8-43.7% predasor length. This maximum figure is of tke sane
crder as the 40% maximum length noted by Jackson (196lc).

The same author (196la) discusses growth rate of He vitiatus in
the Middle Zambezi which is particularly rapidy from lﬂub}a -ITeGuUenNCy
data he came to the conclusion that fish had reachcd 140-100 mm. at the
end of the first year and about 250 mm. at the end of the second year.
This means that fish in Rukwa do not reach full sexuzl maturiily until
the end of Their secord year. Such a lorng peried of sexual d@VCLupmeﬂt
of a carnivore .could accournt for the wide range of adult size

population with a typically short spawning seagon.

As with many carnivores this species is a . host tc a mumber of
parasites, amongsi which numerous nematedes and an oucaslﬁﬂbl ce utodp
in the body cavity arc the most obvious. Other Intes:
and vascular parasites no doubl occur, but their e?fect

an
consumer will be negligjble, varticularly if tne flesh is cooked.

Bydrocyon is ‘not often taken by the present ecommercial fishery as
it easily passes ithrough or breaks the thin ply of the loosely set
surface-nets. - The catches of this species coul ﬁ be cas lly increased
by the use of surface-set nats of thick-ply (210/ '6, 210/@; with meshes
of 3-5 in., and Tigidly laced along the headlines by the kalf. The
flesh, readily preserved by sun-drying and light smoking, has an excclle
taste and a bigh percentage of protein. o

Engraulicypris congicus rukwaensis Ricardo

Engraulicypris corngicus rukwaensis is endemic to Lake Rukwa, but
other species of this genus are common in iakes throughout East and
Central Africa. The typical hebitat of the small sheals are the
inshore open and offshore surface waters (Ricaydo 1939b, Beriram et
al 1942, Greenwood 1958, Jackson 1961d, Jackson ¢t al 1963),

Adults of this species ranging up to G0 mm. total length were
taken by Ricardo (1939b) in . small mesh seine rets along the sSoutheast
edge of the lake but the largest specimens tzken by thls survey wezxdc
45-47 mm. standard length. Swymnerton (1947) rnoted that this species
rarely exceeds 100 mm. Adults occurred in turbulent waters below
the Luika falls, at several cites downstream in fast flowing waters,
in the delta, and more rarely in the inshore waters of the open bay
cft the Luika River.

Juveniles ranging from 8 mm. upward were taken in Larre nunmbex

in mosquito seincs in inshore shallows at Hbangala, 1, Housti Ld'
bt s tream.

House, and in the spillway of the adjacent mel1

Eowever, none were taken in extreme inshore ;lalq'~ nor in extremely

open waters of the lake and few specimens occurr NGO t the grass

of the inshore snallows. Framed mosguito-nauls bottom,

and near the surface, produced large numbers in Bay, while
the grasgy

the largest hauls were taken in inshore surfac
marging of the shore-line. '

No specimens of this gpecics were dizsected,; but three specimens
from the Luika delta 39 mm. 1n length appeared to include two wi
females and an indveterminatc wmsle, Nelthor ' '
Swynnerton (1947) have rccorded any data on
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For E. minutus in Lake Tanganyika, Poll (1953), suggests reproduc-—
tion takes place in-coastal bays. and lagoons where the young are only
found;. not occurring in the pelagic plankton. Bxamination of the
~maturing gonads indicated a spawning pceriod concentrated during the rains
of thc ecarly part of the year. Conversely, Jackson et al (1C€63) notcs
that E. sardella of Lake Nyasa 1s the only endemic pelagie fishy this
specics produces large numbers of floating eggs and larvae which have

been occesionally found in the pelagic plankton hauls, but it is smphasised
that not all the evidence supports the account of a pelagic 1life history.

Since no specimens of E. rukwaensis were dissected no records can
be given of the stomach contents and feeding habiits. Similarly neither
Riocardo (193%a & b) nor Swynnerton (1947) give any details of its diet.
Jackson (196lc) says that E. moeruensis like other members of the genus
is a zooplankton feeder. Worthington (1933) has already demonstrated
planktonic crustacea, diatoms and blue-—grecn algae in the gut of
E. sardella while Jackson (1961d) and Jackson et al El963§ record a
similar basic zooplanktonic diet, as does Greenwood (1.955) for E.bredoi
and E. argenteus from lakes Albert, Victoria and Kyoga. However, Poll
(1953) makes a surprising note of Hymenoptera and Hemivtera in the gut
of adult E. minutus from the pelagic waters of Lake Tanganyika.

" On lake Rukwa this species is presently:of no commercial importance
but may sometimes be included in.the subsistence fishery. Bertram et
al (1942) and Swynnerton (1947) recorded tha% is is highly valued as
food and bait by the African populations of Lake Nyasa.and Rukwa .north .
lake respectively. The fact that Eagraulicypris will congregate
around a light source at night was indicated by Jackson (1961c) and
Proude (1963) describes light- fishing experiments for E. argenteus on
Lake Kyoga using a 1lift net. Catches of up to 180 1bs. (wet weight) - ;
have been obtaineds the dried product is popular in certain-areas and
a similar fishery might advantageously be organised on Leke Rukwa.

Barilius moori Boulenger

.The distribution of this species is limited to the basins of lakes

Rukwa, Tenganyika and possibly Xivu. It is uncommon in the lzkes 0

themselves but favours sandy estuaries and particularly shalloew fast
flowing waters in rivers over a stony bottom (Poll 1953). Ricardo =
(19392 & b) took a few. fish between 70-140 mm. in seine hauls alcng

the sandy west shore of Rukwa and further specimens in the Luika river
below the falls. During February 1964 a single specimen of 140 mi. -
was taken in the shallow rapids of the lower reaches of the Luika river.

This speciman was not dissected and no details are giveh of thc
reproduction or diet of this species. However, Ricardo (1939a & t) and
Poll (1953) record a diet of young fish and aguatic insects, while Poll
adds that brecding certainly takes place in affluent rivers where mature
adults and juveniles are found presumably in the rainy season. '

Barbus innocens Pfeffer

~ This small species of fish is recorded from lakes Rukwa and Nyasa,
and the rivers Wami and Mkata of Nyasaland. It occurs in streams,
estuaries and along sandy shores of the lakes (Burtram ot al 7942,
Jackson: 1961d\.~ S : :

Ricardo (1939a & b) recorded this soecios from the affluent Zimba
River, the Luika River, both above and below the falls, and commenly
along a sandy. beach on .the western shore. During August-Sepiember
specimens ranging between 18-39 mm. were taken in clear water over a
mud-send bottom-at Mbangala, at the campsite, and from clsar waters over
a sandy bottom both above and below the falls at Kasisi.

Between January-February individuals of 13-37 mm. standard lcngth
were captured., These specimens occured below +the Luika falls, in
downstream areas. of the Luika and its delta, always where the current
was not excessive and where reed, grass or weed cover was available.
Similarly ihdividuals were tazken in the thick grassy margins of a small
escarpment stream near its mouth at Bousfield's House. Beyond the






- 20 -

Luika delta specimens were taken in framed mosquito-hauls near the
bottom, particularly over the sandy shallows of the delta, but also in
smaller numbers over the scft mud ocitom further cffshore. No specimens
were taken in deep offshore watcrs either at the surface or at the bottom.
Along the shcres of the lake B. innocens occurced in gquite large numbers

- in sheltered shallows with grass and weed cover, over sand or mud bottoms.
~Prom these comments it would appear that in Rukwa the preference Tfor

sandy bottoms is not so emphasized as in Lakes Tanganyika and Nyasa.

No specimens of this species were dissected during the gurvey and
no comments can be made on the feeding. However, Worthington (1933)
and Fryer (1959) note that in Lake Nyasa this fish appears to grub about
on the bottom and its gut contents include insect rcmains, cstracods.
and vegetable debris. ' :

Similarly, no detailed observations were made on breeding, but a
few juvenile Barbus of indetcrminate species were collected during the
second survey. This small Barbus species may, in goneral, be found to
have a peak breeding period during the wet season,

This species presently offers no commercial interesi because of
its small size and lack of numbers, but could poss1bly bc of interest
to oolleotorq of ‘tropical aquarlum flSh.

Barbus lineomaculatus Boulenger_

- As presently defined this spccies is widéspread in southern Africa,
reaching from Kenya, Tanganyika and Katanga down to Natal and Traasvaal.
Like several other widespread species iis characiers are very variable ;
within its range and a number of sub-species and geographical varieti:ss '
will probably be defined in due course. Typically B. lineomaculeatus
occurs in upland streams and marshes but not in extensive open waters:
(Poll 1953, Jackson 1961c).

Specimens from Leke Rukwa do not recadily agree with Boulenger's
description (1909-16) but agree with Poll's (1953) diagnostic characters,
save that the length of the posterior barbel is .egual to, raiaer than
nearly twice the diameter of the eye. Howcver, specimans examinad
during this survey were much smaller (10-45 mm. standard length) than
collections by Boulenger (type: 67 mm. total length), Ricardo (33-60 mm.
standard length) and Poll (45—82 mm. total length).

B. lornae described by Ricardo (1943) from Lake Bangwelu is now
considercd by Jackson (196lc) to be merely a lacustrinc sub-species
of B. lineomaculatus.

This species was first recorded from the Lake Rukwa basin by
Ricardo (1939a & b) who noted captures of 29 specimens from above the
Luika falls, 2 from below the falls and no specimens from the lake -
Ltself. These individuals ranged between 33-60 mm. standard length.

During August-Scptember 184 svecimens 16—45 mm, in length were taken
from open shallows at Mbangala, from offshore watcrs at the campsite,
and from the lower reaches of the escarpment strecam below the waterfall
at Kasisi. Between January-—-February considerable numbers were taken
in various localitiesy in the strong swirl at the bottom cf the Luika
falls mediwn quantities occurced but in calmer waters in grass margins
further downsirecam fewer species were found. Medium numbers were
caught in the mosquito~hauls over mud-sand with little or plenty cf
grass cover in the delta of the Luika where a cool current was flowing.
A few individuals were taken over similar mud-sand substrates close
inshore at Mbangala at the campsite and the mouth of the stream at
Bousfield's House. ' However, the largest numbers of this species were
fished with the framed mosquito net towed fast just above the mud
bottom in the Luika Bay and in the adjacent offshore waters. Barbus
lineomaculatus was not apparent in similar surfacc hauls.
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No spccimens of this species were disscected and no details arc
given of its brccding hahits, Hewever, larger numbers werctaken in
January-February than in fugust~3September or in Jeptember-Novenmber by
Ricardo (1939a & b). Lengths ranged from 16-45 mm (Januvary-February )
10-42 mn. (August-September) and 30-66 mm. (Septemver-November), which
indicate that breeding may not be restricted to any particular period
of the year.

Stomach contents wers not examined, but Poil (1953) from Lake
Tanganyika specimens notes a diet including insect debris.

Like B. innocens this species is unimpersant owing to its small
size and scarcity of numhers. The interest of aquarists is probadbly
the only commercial possibility. - '

Barbus paludinosus Peters

This species has an almost pan-African distribution, ranging from
the Nile and Xthiopla, through East and Central Africa, Angola, the
Orange River, ncarly reaching Natal. B. paludinosus tolerates a wide
range of hydrological conditions and is found in muddy marshy arcas,
rivers and largc lakes, although it is not recorded from high altitude
fast-flowing streams (Jackson 19€lc, Greenwood 1962).

Like the othcr Barbus species described with a very wide distribution,
tha characters of B. paludinosus arec very variable and a number of sub-
specific populations occur in differcent geograpnical arcas. = Greenwood
_(1962) has noted that the length of the third spincus dorsal ray is
generally characteristic of differcent geographical populations; however,
specimens from Lake Rukwa itself and the affluent Luika River show
distinct differcnces in the length of the dorsal spine, but it is
doeubtful whether these specimens doy, in facty, ccmprise separate populations.

During this survey a few specimens werc takcon between August—
Sepvembery 10 specimens ranging 34-90 mm. occurcd below the waterfall
of the escarpment stream at Kasisi, 9 of these in the shelier of a -
large siono and the other spccimens along the sheltered grassy fringes
of the lower reachcs of the samc siream. Anothcer specimen of 90 mm,
was taken witi tne serrated dorsal spine entangled in a surface-set.
gill-net Ilshﬂd Just offshore at Kasisi.

Between Januany—February, 18 specimens 32-68 mm. were captured;
1 fish occured at the baze of the Luika falls and another individual
in the more shceltered waters of grassy margins at the same locality.
A Turther 3 specimcens were taken from the shallow grassy margins of the
Inika further downstrecam, and & specimens in the shallow sheltered
rivers of the Luika delta. The remalning 3 specimcens were taken in
inshore mosquito selnes at thce campsite, Bousrield's House, and from
a framed mosguite-haul taken offshore,

Ricardo (1939a & b) took B, paludinosus 40-120 mm. in length in
oonsidcrable numbcers from open waters nsar the shore in North Lake -
but noted its relative absence in the open waters of South lLake.

-No specimens were dissccted, but a specimen of 60 mm. taken from
inshore surface water of the cast coast in January appeared to be a
ripe female. Similarly no details of breeding habits are given by ihis
survey, nor by Ricardo (1939~ & b) nor Swyunnerton (1947).

- B. paludlwosu% offers no comm6101al interest other than that of
a tropical aquarium fish also noted for the other Barbus spscies.

Barbus sp.

Among the large n1mb@rs of Barvus species taken in various mosguito
seine hauls during early 1964 there appear a few fish which do not agree
wivh the descr;ptlon of thu 6 Barbus species previously described
(Ricardo 1939a & b) from Lake Hukwa. The specilic identification of
these few small Barbus specimens 1s yet vo be attemprued.

5
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~Labeo fuellcberni Hilgendorf & Pappenhcim

Labco fuelleborni is indigenous %o Lake Rukwa but is closely related
to Labco viclorianus, indeced it was originally described by Hilgendorf
& Pappenheim as a sub-spccics of L. victorianus, but was later raised to
_a specific rank by'Boulcngcr (1905).. This spcecies occurs throughout
the lake but appears more abundant in shallow inshore waters rather
than the open lakc ' (Swynnerton 1947) although Ricewxdo (1939a) noted
Labeo as being common along the western shore, but scarce in other parts.

Adults were taken during this survey in boittom-sct nets of 2-3.5 in.
mesh gill-nets between August~-Septembers a few from open waters and
from inshore castcrn arcas, but best catches were taken off the flooded
grassy arecas, partlcularly in the Songwe swamps. A few specimens
were taken in surface-set nets over the same period; offshore when the
nets were fouled by grass islands, ntherwise mest specimens were taken
close to fringing grass in the channels of the Songwe swamps. The
smallest individuals (130-220 mm.) werc taken in the 1.125 in. scine-net
worked in shallows off Mbanzala scining beach. '

In the early part of 1964 adult specimens were taken in 2-3.5 in.
mesh nets; a few from open waters (bottom and surface), slightly more
from: inshore eastern waters \oottom set) fron the Songwe swamps (both

wrface and bottom), and a large number from a rccky dottom at Ichese,
~ut the largest numbers werc taken at night in bottom-set nets off the
mouth of the Luika Riwver. o

Ricardo (1939a & b) took young fish ranging 60-85 mm. standard length
in large numbers along the sandy western chore, and other fish between
40-90 mm, in the Luika River, both above and below the falls. ¥o juvenile
‘specimens have yet been identified from *he mosquito-hauls madc in either
August—-September, nor during Januvary-February.

-Analysis of the stages.of sexual maturity of thc adults captured
during both parts of the survey arc summarised in Taple 14.

" Table 14. Sexual maturity of Laboo faelieborni.
Aggusf—Septamber j January-F¢bruary
- ' Mglg! . Female - | Malc Female
im 6,130-220 | 1,175 o -
. i 2,220-240 1,235 - 1,220

ia - 21,215-290 34,195-310
a 15,205-285 4,265-290 .
ar 1,280 2,255-275 ' 1,280

T g 1,270 33,210-300  98,220-310
™ - - 32,195-280  6,265~310
Sp _ - 2,230-250  20,230-300

The records show, as alrecady suggested by Swynncrton (1947) that
~reproduction is concentrated during the rainy season (January Februany)
Some fish, however, also appeared "active-ripe and "ripe" in August -
a point noticed by Ricerdc {1939a). A wide dispersal of the aduits
was typical of the August-Scptember period, but the large catchcs of
ripe fish at the mouth of the Luika River in Januery-Februery is
evidence of an:upstream spawning migration, which is *ypicel of other
Labeo specics. The occurence of more spont fish tnan ripe--running
might indicate that spawning takes place in upstream areas not
lavestigated, or that the female ripe-running phase covers only-a very
short period perhaps only when stimulated hy other sexually active fisgh
in a suitable locality. o

Sexually mature males ranging between 195~300 mm. appear slightly
saaller than mature females: 200-310 mm., and the number of females
(168) appears to excced the numbor of meles (107).  Lowever, this

~ratio, and the minimum sizes of sexual maturity for males (195 mm. ) and
females (200 mm. ) may be biased by the fact .that specimens below 200 mm.
~ length were not retalncd by the smallest (2 in.) mesh usad.
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As already noted no juveniles have bcen identified during this
survey, but Ricardo (1939a & b) recorded during Sepiember-November
small forms (60-85 mm. standard length) from the sandy west shore,
and young specimens (40--90 mm.) in the Luika River at the same period.
This last record is of particular interest since she notcs specimens from
both above and below the Luika falls, which hLave been for a number of
ycars, impassable in the upstrecam dircction. If correct for this
locality this record implics a permanent adult populaticn of Labeo
surviving and breeding in thc uppcer reaches of the Luika River, which
during the dry season is neduced to a series of stagnani pools.*

Ricardo (1939a) and Sw nnerton (1947) record for Labeo fuelleborni
a diet composed of mud, finely divided organicz matter and vegetable
debris. Some 3 gut conients examined in January-February contained
mud, mucus and colourless vegctable fragnents. Although no detailed
observations were made, the intestines of this species were usually
full, even cmongst the large numbers of brecding fish examined. Like
other Labeo species L. fucllcborni appears to browse on the epiphytic
algal growths, as well as on scttled phytoplankton and vegetable material
which is more abundant around the shores of the lake than in the open
waters. : :

Labco wpecies in other waters comprise a large part of the commercial
catch, but in Lakec Rukwa Labeo are disperscd during the dry season and.
are not taken in the commercial surface-set nets of 4.5-6in. mesh.

In *he wet season bottom sct nets of 2.5 and 3 irn. mesh are laid in
inshore sitcs and the catch is predominantly Labco (see Table 8) now
concentrated and migrating to the breeding grounds. A large-scale :

- exploitation of this species during the reproductive period would not
be favourable, but increased catches of Labco could be obtained by
contirning the usce of bottom-set nets of a Suitable size throughout

thé dry season. The flesh of Labeo is readily accepted by the African
CONsSumeT. . :

Schilbe mystus (Lirnaeus).

- This small predator, with a maximum length of 300 mm. has a wide
African distribution, ranging from the Nile, the rivers of West Africa,
the Chad basin, Bast Africa, the Congo Basin, and the Upper Zambezi.
Schilbe mystus is, however, absent from Lekes Rudoli and Tanganyika.

' It'occurs wypically in large rivers and lakes, but not in smaller
watrrs and upland streams (Grecnwood 1958, Jackson 196lc).  Ricardo
(1939a) records S. mystus as common ir open and littoral waters, but
rare in the swamps of Rukwa and Bangwueulu, whereas Dagst (1954) suggests
that in' the Upper Niger it is as common in Stagnant waters and swanps
as in running watcrs. In the largor, deeper lakes it appears restricted
to coastal waters. ' :

During the Rukwa survey only 3 juvenile forms were captured; in
a mosguito haul through thick weced at Mbangala seining beach in February
2 specimens of 39 mm. were taken, whilst the smallest specimen of 9 mm.
5. L. - was taken, in a framed mosqui%o haul in surface waters adjacent
to Mbangala seining boach at the end of January.

Adults werc morc plentiful and occured in August-September in
2-3¢5 in. nets both con the bottom and at the surface, but were most
common in surtacc nets perticularly when set off grass fringes; large
catches were taken in -these habitats in the Songwe swamp and at Kasisi.
During Jenuaery-February still larger catches were obtained, principally:-
in surface waters by night, in the Songwe swanps and off the Luika
delta. Catches in bottom--set nets, and in the surface-set nets by day
were much smaller.. ‘During the rainy seascn the fish were slightly
largery and were taken in 2-4 in. mesh nets, but therc 4id not appear
to be any shift of the ropulation to particular breéedirg arcas.

I number of spubwmens wore dissected during both parts of the
survey and these mocords of sexual maturiswy obitained arc detailed in
Table 15. ‘ B K :






Tabie 15. Scexual maturity of Schilbe mystus.

August—-Scptember January -February
Male ' Fenale " Malc Female
im T T
i : 8,140-235
ia 75150--260 581,115-260 6,170~200
a ©2,165-190 15,135-265 1,205
ar 27,180-270
T . oo - 55,145-200  238,160-280
rr 17,176-210
sp 3,190-215 5,170-190  20,175-205

+ Qreenwood (1958) notes that in Lake Victoria Schilbe may breed
during the rains, Daget {1954) records spawning during the fliood
season of the Upper Niger, and Jackson (196lc) adds that in ¥orthern
Rhodesia breeding occurs during the first half of the rains, The above
records of sexual development in Lake Rukwa show clcarly reproduction
taking place during the rainy season, but in contrast to Jackson's’

. obsgervations, little spawning has taken place by the middle ¢f the rainy

season. It must also be noted that 3 spent females were recorded in
* August—September, and a similar rccord of a single ripe male was made -
by Swynnerton (3947) in September, but all Ricardo's spec1mens were
"quict" between Sc“temﬂﬂr—No"ember.

There is apparently no well—defihed spawning area, although the 3
juveniles were taken in mosquitce hauls in flooded grassy margins of the
lake. -Likewise Daget (1954) notes that the large shoals of young fish
tendAto inhabit the shallows along the river bank on the Uppor Niger.

Sexual meturity is apparently attained by males at 145 mm., and by
females at 160 mm., but these rccords and the ratioj of the sexes are
biased by the fact that males are smaller (145-200 mm.) than females
(160«280 mm) and are not all retained in the smallest gill-nets employed.
Thus, tie minimum breeding sizcs of Schllbe mystus may, in fact, be
small s +han here recorded.

The stomach contents of this spccies were also examihed and - ther
frequency occurence of the food types is analysed in the foliow1ng

-Table 16,

Table 1€6.  Frequency occurcnce of prey types for Schilbe mystﬁs._

August—-September January ~February

emp ty 21 14
indet. fish 8 14
insect remains _ 4 11
- sand, mud, debris 4 1
water bectles 2 1
weed & phyioplenkton 2 5
zooplankton 1 -
Odorata larvac 1 4
Tilapia 1 1
fish eggs - 9
- 4

Barbus

The records in this table show clearly that this species is
primarily a predator on insects and small fish including youmg Tilapia,
Alestes, Barbus sp. and probably Engraulicypris and Aplocheilichthys -
vwhen available.  The size range of fish prey was 9-35 mm., with an
average length of 22 mm. Sand; mud weed, debris, zooplankton and
phy tcplankton are probably taken incidentally rather than deliberately.
Fish eggs were taken when available during the wet season and at the

- same time drowned terrestrial insects Jere more COommon,

Similar records of its diet have been made by Ricardo {1939a & b
Swynnerton (1947), Daget (1954), Greenwcod (1958) and Jackson (19610),
which includes small fish, agquatic insect larvae, aquatic worms, small
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zastropod molluscs and vegetable debris, Daget (1954) also noies that
this species are intermittant fcedersy the belly is sometimes gruatly
disterded by the large quantity of food taken.

Liké other prodators this species is relatively heavily infected
'with parasites; Ricardo (1939a & b) records large numbers of nematode
worms in the ccelomic cavity, similarly during this survey nematodcs
were common, together with into :stinal and oocWOmlc cysts and occasional
tapeworms {Cestoda) also occuring.

Schilbe mystus is not presently taken by the commercial fishery
but is like other fish with a high lipid content readily appreciated
by the African consumer.  Ricardo (1939a) .aas already suggested that
this spcoloo could be most conveniently exploited by hand-lining.

Clarias mossamb.cus Peters

This catfish species is widely distributed throughout Eact Africa
from the Nile and Ethiopia down to the Zambezi. As vresently defined
C. mossambicus appears to occupy the central segment in the geographical
cline of Clarias species which reach from C. gariepinus in S. Africa to
C. lazera of North Africa (Jackson 196lc).

)

Typically this fish can be found over mud-sand bottoms in small
rivers, dams, swamps, lagoons, estuaries and inshcre watcrs of the
larger lakes, but it seldom ventures into deep open waters of these
lakes (Poll 1953, Greenwood 1958, Jackson et al 1963). -

In shallow Lake Rukwa Ricardo (1939a & D) has recorded Clarias
moEsambicus as abundant throughout North 'and South Lakes in bota inshore
and offshore waters. During this survey adult Clarias were taken both
offshore and inShorc areas principally in bottom—sct nets but also in
surface waters.  Particularly large numbers werc taken-in nets sed
fringing the grass in the Songwc swamps, and when the nets were badly
fouled in this zonc this spoecies composed the entire catch, A number
of small specimens were taken in a beach seine over a soft muddy bottom
in shallow waters at ¥bangala.

4 single juvenile specimen of 12 mm. standard length was recorded
from a mosquito-seinc haul in the outflowing waters of the Luika delta
. during the middle of Feburary. This wash-down mechanism has already
been uscd to explain the dispersion of young Clarias from the shallow
spawning arcas (Greenwood 1955)

The gonads of a nuﬁbor of dlssected spec1mens were examined and
classified in Table 17.

Table 17. ' Sexual maturity of Clarias mdssambicus.
Auguét—Sgptembor. , January-Fe bruany _
Male ' ,.f Female : Male Female .= - . ?
Cdmeo 153500 1,260 S
1 . 4)142."410 L l) 480 ll, 230“640 i 87 ?—40"450 . ’
ia 11,270-730 - 17,170-700 . 35,320-700 . 3¥0-820 . :
a 6, 275-450 7,200-460 9,430-740 AR .
ar 7,430-500 . . - 3,550-580 . '
T . B 12,360-830 18, 390-560
T P . L 1,360 . -
sp . - 2,430-460 ' - 3,500-800

Swynnerton (1947)first suspected that it was unlikely that Clarias
reproduced in the lake itself but probably migrated inte rivers and
spawncd large numbers of ova in reedbeds and inundatedgrassy arcas at
the beginning of the rains. Later Grecnwood (1955) rccorded a spawning
of C. mossambicus from Lake Victoria occurirng overnight in a small '
swampy affluent stream during the rainy season. This kas since been
supported by Jackson {(196lc & d) describing & spawning migration into
shallow weedy'watcrs, and on the Zambezi he notes that juveniles are
found in guantity in dxying muddy pools as the Tlcods recede,
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- ‘Greenwood (1958) nctes: "Clarias ecggs arc small (about 2 mm. in
diameter) and are attacncd by an adhcsive disc to plants and debris in
the bottom of the stream. Fgrly development is rapid and the young

fishes hatch within 36 hours aftcr fertilization ..... The young remain
in the stream about 6 weeks and then apparcently swim to the lake.

During their first year, or cven two, the young recappear in the stream
whenever these are connceted with the lake™.

The results of the present survey also support the view that spawning
takes place during the rainy scason, and the single ripc-running female
was recorded at this time from the fringing grass of the Songwe swamps.
The records also indicate that not all fish spawn at this period; large
numbers of both sexes remained inactive during January-Tebruary.

The minimum size at scxual maturity for both sexes appears to be
360 mm. standard length in this population reaching a maximum size of
1100 mm. Greenwood {(1958) quotes 500 mm. as the minimum bréeding size
of Clarias from Lake Victoria which reach a maximum size of 1200 mm., and
250-400 mm. for the shorter C. mossambiocus populatlon from Lake Kyogz.

The 2 spgn+ females -recorded durlng August-September could be" fish
which spawned during tie previous rainy season but whose ovarian
‘egression was particularly slow.

Stomach contents of dissccted specimens were examined ddring'both
vigits and the frequency ocourrchooof‘food catégorles is listed in Table 18.

Table 18, Frequency occurrence of food typecs for Clarias mossambicus.
empty . ' S22
weed, phdtoolankton and vegetable debrls R T
;aquatlc and tor*estrlal insccts 9 .
indet. fish ' 4 )

“_muq and stones 3 .

.zooplankton 2-
frog 1
Tilapie -1
gastropod mollusc 1

i Although diet is predominantly fish and insects a wide range of other

animal and vegetable matter is taken. The largest prey taken was a . |
11a21a cf 190 pm., in the gut of 2 specimen 710 mm. in length; this was
sbout the maximum size that this Clarias could take and amounted to 27%

of the predator length. Other authors also refor to its carnivorous

and predatcry diet including Tish, insccts, molluscs and plants (Poll
1953, Jackson 196la) but G“eenvood (1958) adds that a few specimens

appear to feed exclusively on plankton, '

Typically this carnivore is fairly heavily vparasitised and usually
contained a number of nematodes in the coelom, together with cysts
embedded in the intestine and mesenteriecs, Ricardo \l939b\ noted thati
many specimens wWere covered-with the copepod parasite Argulus africana
Thiele, but none of these parasites were observed on fish during this
survey, alzthough a single free-living specimen of an argulid was taken
in a mosguito-seine haul at Mbangala seining beach.

Clarias 1s relished Ey the African consumer throughout the continent
for its taste and high 1ipid content. Presentiy 1t is not taken in
large gquantities by the commercial gill-net fishery of Lake Rukwa, and
a high propor*tion of the catch of this species is utilized for home
consumption. The most convcnient method of increasing tvhe e¢xploitation
of this valuable species might be to c¢ncourage hand-lining along the
shore and long-lining in the inshore and offshorcé waters.

.Chiloglaﬁis Sp.

Some 9 spccimens of Chiloglanis between 9-13 mm. standard length
were taken-in mosqulto—n“r hauls in the fast out-flowing current of
the Luika River delta, and onég individual in a framed mosqultoﬂnet
hauled fast and deep in the bay coff the Luika River during Januvary-
© . Febrvary. The final identification of this spccics remains to be
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confirmed but thcese specimens do constitute a new récord for this genus
within the Rukwa basin. '

Synodontis zambesensis Peters.

e

Synodontis zambesensis is widely recorded throughout East Africa
from the Webi-—ShebeliiEthiopia—~Somalia) down to the Zambezi, It occurs
most commonly ir. shallow inshore water over a mud bottom, and does not
extend into the deeper waters of the larger lakes (Ricardo 1939&,
Jackson 1961c). -

Some 11 juvenile specimens ranging 12-19 mm. in standard length
were taken from Lake Rukwa during early 1964 in mosauito-seine hauls
through thick weed and grass cover at Mbangala seining beach, and also
in framed mosguito-hauls near the bottom in the adjacent Luika Bay.

A similar habitat of quiet weedy flocded backwaters of the Mlddle Zamb621
is descrived by Jackson (l96lc) during the wet season.

Adults were taken in large numbers in bottom-set nets of 2-3 in.
meshes throughout the lake but particularly in inshore areas and the
Songwe swamps during both visits. A few individuals were taken in
surface—set nets particularly in the Songwe swanps and when. fouled .by
floating grass islands. There was, howevers; no ncticesable change in
distribution of the pcpulation between the. dry and wet—season investiga-—
tions., Large numbirg occurred over the mud and sandy shallows at
Mbangala seining beach and were taken in the 1.125 in. mesh seine.
Some 189 adult specimens were examined and the stages of sexual development
are recorded telow in Table 19,

Table 19, Sexual maturity of synodontis zambesensis

August—September - January-Februvary

Male Female . Male Female
im 1, 70
i 2, 90-110  15,100-170
is .8, 70-110  15,100-170
a =~ 4,100-155 3,110-155 -
ar  12,110-170 8,132-195 - 1,125 .
T 1,125 T 16,120-165  88,110-190
- . 3,130-145 3,150-170
sp 20,130-190 3,155-160 S

The figurec for the ratio of the sexes and the minimum size at
-sexual maturity are strongly biased by the absence of small specimens
not retained in the smallest nets, particularly during January-~February.
However, it is noted that males are generally smaller (maximum 165 mm, ) -
than females (maximum 190 mm.) and that maturity is rsached at least
by the 110-120 mm. class fish.

The remaining records are rather confused,; but the majority of
fish in August-September were classified as inactive fo aetive-ripe,
whereas by January-February almost all fish were ripey thus indicating
a peak of breeding activity during the rains. However, some fish
appeared to be capable of spawning during the first visit and a similar
note was made by Ricardo (1939a) between Septiember-November when 75%
of her specimens were ripe-running females and the remainder were quict.
Similarly, Swynnerton (1947) noted active signs of breeding between -
February—September and he concluded that reproduction was not llmlted
to any speeific menth within this period, : '

Spawning probably takes place predominantly overnight in shallow
- flooded grassy areas in a cold freshwater environment such as in river
margins and minor ililver deltas. No spawning activiiy was observed
but local fishermen agreed that it was dangerous to wade in the Luika
delta at night during February owing to the qumbers of Sznodontls
underfoot.

The gut contents of several specimens were examined, of these 12
were empty and the remaining 23 contained small pieces of weed and
vegetable debris, Odonata larvae, chironcmid larvas, ierrestrial insecis,
gastropod mollusces, fish-scalesy; zooplankion, pnytoplankton, and some
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sand and mud. The wide diversity of the diet has already been emphasised
by Ricardo (193%9a), Swynnerton (1947) end Jackson.(196lc)... .. . '

This small specilecs is particularly common.in the Lake and can be
readily taken in small mesh boittom—set gill-nets, altiough owing to the
barbed pectoral and dorsal spinec it is particularly difficult to handle.
It is not presently of commercial intcrest, ovy uwyunvrton (1947) commcnts
that it makes excellent eating.

Synodontis fuellcborni Hilgendorf & Pappenhein

This small uncommon species is éndemic to Lake Rukwa, bdbut is closely
related to ©. afro-fischeri of Lake Victoria, indecd Ricardo (1939b)
notes that 1t is almost impossible to distinguish bpeolmens from thegse
localities on th= slight morphologicel différenccs, :

.No juvenile specimens were taken and only 40 adult fish were captured.
These occurred principally in 2 in. bottom-set gill-ncts set in the Songwe
swamps, although isolated specimens did cccur in the offshore eastern,
rocky (Ichesa) and riverine (Luika delta) areas. :

“The stages of sexual development are recorded in Table 20.

Table 20. ~ Sexual mabturity of Synodontis fuelleborni.

Augu {—Septe nber ‘January -February
Male .. _Fewale ... .. Male . Female . * .. .....

im -

i

ia

a 2,120-130

ar 1,115 10,120-140 L -

T ' ¢,120-135 = -~ . = 14,120-140

Y : 1,130

sp - . | 1,140

- These results are not sufficient to draw any direct conclusions, but
it scems likely that S. fuelleborni like 8. zambesenis reproduces mainly

ring the rains, although breeding can continue to Sceptembér. Once again
vi:e males appear smaller than Temales, and sexual maturity is reached at
least by 120 mn, ' ' T - - -

The gut contents of 10 fish were cxanined, and like T zambescnsis
werc found to contwin mud, wced and vegetable debris, but no aguatic inscot
remains. The length of gut was; howe ever, notcd to be longer than that of
S. zambesensis: - ' S o

R , . o . N
S. zambesensis standard length- 170 mm. length-of gut 40 mm.
S. fuclleborni - standerd lergth 140 mm.  lerigth of gut 52 mm.

The weed content vwas much more finely. divided than in the gut ¢f the
WOTE COWmon Specics. These facts may indicate a mere dominant vegetable
component than in the diet of b, fuclleborni. - B :

This species is not prescently of any importance and is so scarce
and small that i1t 1s ncver likely to yield significant catches.
Presumably the Tlesh is apupreciated es is ithe sister species,

Aplocheilicnthys johnstonii Gunther.

This small cyprinodont spoecics is recorded also from Lake Nyvasa, the
Zembezi and Zululand (Ricarco 1939a, Jacikson 196ic & d4), but the systematics
of this genus are confused ana A. Jouunstonil mey well be leter merged with
other wide-spread species. =

In other localities, i+t occurs zmonist submerged vegctation in
sihallow sheltered waters, end indeed, in Lake Rukwa i1t 1s recorded from
' mosquite-seine nauls around the Lloduba grassy margins of the lake and in
the Luika delta. A foew dndividuals were taxin oonm st trred mdidr

- .






- 29 -

shallows of the Luika river immecdiately above the delta, but no captures
were noted further upsirean in more turbulent watcrs.

The range of size of iacse specimens was 12-26 mm. standard length
and although no specimens were dissected; one female of 25 mm. appeared

to be ripe-running. Little is known of its reproducticn, which. for some
species may be pelagic, or as for this species, assgelated with the
dessication of rceidual pocla. Food for other members of this genus is

recorded as including aguatic insect larvac and zooplankton (Greenwood 1953),

From a nutritioral point of view this smzll uncommon fish ig of no
valuey; but it is; however, a convenient and attractive aquarium fish.

Tilapie rukwaensis Hilgendorf & Pappenhcim.

This single Tilapia species is endemic to Lake Rukwa and forms the
bagis of the prescent commercial Tishery. It is rccorded as being abundant
throughout the lake in both inshore and offshore waters, but has not becn
recorded from the rivers, although a pair of dwarfed specimens were noted
from the delta of the Zimbg river (Ricardo 1939a & b, Swynnerton 1947).

Ricardo (1939b) notes this ¢ndemic specics as Tilapia nilotica
rukwaensis Hilgendorf & Pappenheim which she elevates to full specific
rank: T. rukuaensis H., & P, Surprisingly, this spccics was not catalogued
by Boulcnger [1909-16). ' s

. Durirg the present survey the adulis wére abwidant and werce principally
“taken in gill-ncts .of bYetween 3.5 and 5 in. mesa.  Largce catchcs occurred
in offghore, inshorc. castern, and Songwe swamp waters in both bottom and
surface-set ncts. During Jenuvary-February a particularly largs catch

was taken by bottom—sct nets in thc sandy-muddy shallows off the Luika
delta, but no significant changc was noted in tnc distribution of the

whole population betwetn the wet and dry scasons. N

Young fish, ranging betweorn 26-275 mm. were taken in the 1,125
beach-scine used during Augusti-September ot lbangala, but this gear
not -workced during the sccond visilt. '

“
el

-
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Juveniles of 8-85 mm. were observed in small quantities during
August-September in the warm shallow Dools in tac mouth of the dry Luika
river, in the clecar snallows at Hbangala seining bcach, and in similar
shallows off the campsitc. During Januvary-February -mosguito-net seines
werc worked extensively and large numnbers of fxy between 9-~30 mn. were taken
in inshore shallows between thc extreme littoral waters and inshore '
grassy arcas covercd by onc metre of walcr. Mo specimens werc recorded
from tne Luaika river except at the downstrecam margins of the delta, nor
did they occur in thc surface or bottom hauls of the Tramed mosguite-nct

in the Luike Bay nor further offshore. Sinell specimens; thercforc,
appear to inhabit the shaliow fringes of the lake wrere cover fron
gubmerged vegetation is availabvle. T. rukwacnsls were the only species

to occupy the exireome inshore turbid snallows which reuched a tbemperature
of 30.37C during the day compared to 28.8°C in the decper grassy margins.
A similar tolerance to rolatively high temperatures is rcecorded for other
Tilapia specics by Wclcomme (1964).

A largc nuuber of young and adult spocimens were dissccted and the
.records obtained for the stages of sexual matority are given below in
Table 21.
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Tavlz 21,

Auguét—September

January —-Fcbruary

Male Female Male Female

im 30,29 -195 5y145-205

i 9,175-240 5,102-19C 2,190-205 6,144~200
1a 38,130-240 29, 87-225 25,180-230 59,160-260
a 25,165-270 -+ 41,155-285" 205170-260 274170-240
ar 16,190-255 30, 205~260 10,210-240 §5210-250
T 10,225-275 14,200-285 51,210-280 29,200~-260
rT 3,220~245 8,210-=245 1,270 17,210-260
ap 2,210-220 2,240 6,225~250

Ricardo (193%a & b) commented that the main breeding season is
in the rains: December~-February, with ripe fish tending to move inshore.
Swynnerton (1947) noted that a peak percentage of ripe fish is forund
between December—February in inshtore watcrs, and botween September-October
in offshore waters, Both autipors conclude that reprodustion is not
confined to the rainy season, dbut that spawning fish do occur in small
numbers throughout the year.

‘The results of tie prescent survey show that over August-September
- the majority of Tilgpia were in tne inactive-active stages,; with some
11% of the females classified as ripc. During the sccond visit the
majority of fish werc still classificd as inactive-active; btut the
perccntage of ripc females had risen to 19%.

Swynnerton (194?) closely examined a larsgc numder of“?emald“gonads
and ooncludcd that uniike ncn-cichlids, the ova did not =211 mature
simultaneously but that the gonad exzhibitcd 2 multiple stage development,
He cites some females mouth—-brooding their fry with their ova in varicus
- stages of docvelcpment,.and similar observations were made on 3 fish
during 1963~-1964. -

i@ble 22. Distribution of Tilapia in cach catcgory of sexual maturity
cxpresscd as persentages, '
August-Scptenber January-February
Inshore Offshorc Inshore O0ffshore
Male . PFemale Male Femalc . Male  Female lale  Female

i 13 5 4 . 2 1 300 4 5
ia 36 24 38 19 21 33 29 - 47
a . 18 28 32 33 - 16 20 21 - 15
ar 18 20 .. 17 30 . 7 9 14 3
T 13 12 6 8 52 23 29 11
rr 4 9 - - 11 4 11
sp - 2 - - 2 1 Co= 8

Examnination of thc above Tablce 22 shows that the percentage of
brecding adults of both sexes was greester inshore than offshore during
both visits, and that the percentage of ripe foumales is greater during
January~February than August-Sepitenmber. . Thesc results confirm that
peak brecding occurs in inshorce avcas during the rains, but contrasis
with Swynnerton's sceccond observation thet another peak percentage of
ripe fish is found offshore during Scptember-Octobir.

Males of thie same stage of scxual development are gensrally smaller
than females, and thc minimum brecding sizes of the lake ponulation
are 210 mm. for males and 200 mm. for femalcs; Swynnerton gucted the
usual size at scxual maturity as 230-250 mm. total lcngth at an ege
of 9~12 nonths. Ricardo (l939b) nctes 2 specimens of 120-3140 mm.
preparing to breed in the Zimba river; the mele had the Yypical dark male
colouration and *he female gonad was clessificd as ripe. She considers
these speecimens as a dvarf riverine variety of tie 1. ruoraensis population.







- 3] -

Swynnerton (1947) and Lowe (1955) have alrcady notcd that small
Tilapia lay fcewer smeller cggs than older fish and Syynnerton quoted
a range of 66~1236 ripc ova in 13 fish cxzamined with an average of 692.
Howcver, he has also noted tiat a single spawning may not void all the
ovas some arc probably rctaincd end arc spawned aitcr the first brood
has rcached indcpondence oi the matcrnal mouth. A ripe rvnning femalc
of 245 mm. stendzrd lengtih wes dissccicd: the gonzd of 17 gn. coniained
1260 ova which were pear shaped witih a major axis of 3.88~3.90 mm.
and a ninor axis of 2.40-2.46 mm. Juiging from the size of mouth-
brooded fry and independent juveniles, the young fish are brooded up
to a standard length.of 8-9 mn.

Previous. authors nave noted the distinet changs in colouration
of many Tilagi§ spccios ovaer the breedirg period ard T. rukwacnsis
follews this pattern, The female has a 1ight green colouration dorsally,
shading to a whitc ventral surface with in the younger fish; a serics
of 6 vertical lateral dark bars which arc lcss distinct on adult fish,

The fins are all white-translucent, the throat is cntirely white and the
small anal papilla is white; orange or rc¢d in colour, At the active-
ripe stage the body and fins are still tne typically light colour but
the throat occasionally develops a speckled dark pigmentation auteriorly.
The anal papilla i1s small, somctimes setaccous and is colourcd orango-red.
In the ripe—running and spent stages femeles have a slightly darker body
colouration, the tips of the dorsal arc tinged with red,; and the caudal
extremitics are tipped with white or orange. The threat is white,
speckled or dark an teriorly (also swollen when fry present in mou»h)

and the anal papilla is of mcdium lengtk (10-20 mm.) sometimes setaceous
and usually orangc coloured. ' '

.

. The male, however, cxhibiis a more marked change of colourationg
during the inactive phase the typical female light-colourcd body,
white throat an? small whitc or orange anal papilla are apparcent.
In the next stage, the throat shows specks «f dark pigmentation antc“no*ly,
but the papilla is still small (less than 10 mm.) and usually white or
red, Active TFish are charactorised by darkening body and fins, the
anterior throat dark and spcckled posteriorly, and a papilla reaching.
1020 mm, still whitc or red colourcd. By the active-ripce stage. the
body and mediun fins arc dark though the tips are not yoet coloured,
the throat is entircly derk znd the anal papilla is large, yellow,
orange or red in colour. The c¢limex is reacned at the rive and ripe-—~
running stages; the body and median fins arc alimost black, oxr often
with an irridc¢scent green-blue sheen — particniarly notlcnaolc onn the
ogerculum. The caudal is tipped with red, and the dorsel has an orange
margin along its lecngth. The throat is black, the anal vapilla is
‘long (uwp to 30 mr. ) and_sctaccous, colourcd white, ycllow or orangs.
¥

Owing to the hign turbldltv of tre ngL water vexry fow observations
have been made on the breeding beohaviour of Tilapia but Lowe (1958)
has separaicd Tilapla speclces into 3 categories dependent on breeding
behaviour. Tilapia rukwacnsis fitvs the description of Lor "maternal-
brooding" group charactorised as follows: )

1. Only male dcvelops breeding colours and defends spawning territory.

2. Male spawning territorics arc colonios on de¢finite spawning grounds.

3. Only males make nests. _ :

4. Very little courtship precedes Syawnlng whlch is very rapld

Se Femalc carrying cges (1n mouth) moves away from spawning area.

6. Polygamy usual: malc fertilizing ezgs fronm a succession of
females whicl: spawn in rils ncest.

T Only female broods; does not feed winilc doing so: male fceds
little whilec actively suarding tnc nesth.

8. Brooding females seek shnelfer of plant bods and may make long
migretions betwceen spewning and brooding grounds.

9. g s are only momcntarily on the bottom, g0 poorly oxygenated

bottom water may not 1limit spawning area.

1C, liostly elgel-fecders using phytovlankton, eviphyiic and bottom
algae according tc availability..

1l1. Tound in open lakes somc distance from siore gs well as shallow
waters of swanps and rivers. o '

12. Considcrable moveumcnis occur OL+WLLD feeding and breaeding groundsy
young arc ieft in snclter of weeds and later meve to open water.






- 32 -

T, rukwacnsis rmales shov a distinct brecding colouration, zlthough
this must seldom be visible in the extromely turbid watersz. The female
“usually carriecs the developing cggs - thoush Swynnerton (1947) notes

that in timcs of siress males may also brood cggs; Tfeeding activity
ceases or is rcduced in breeding adults (vide infra); Dbrooding femalcs
“occur in weed and grass beds dnd the young are left in the shelter of
thesc beds and ovrpssively wove into the opcn watcrs. - T rukwacnsis
is an algal fouqbf (vide Lnlru) and is distributed throughout the lake
in insLore and offshorc waters. In contrast, rowever, the inshkore
spawning grounds have not yet beoen well defined and no nests have been
observed; spawning and brooding arcas appear adjaccnt and between
these no lengthy migretions are undertaken. The dissolved oxygen
level 1n Rukwa ¢s not low and probably does not limit spawning arcas,
although lack of 'a suitable sandy substratum may do so.

) The stomach contents of a few individuals were cezamined and found

to. contain phytoplankton, grcen—brown dobris, smaell pieces of weed,

a few planktonic Cladocera but surprisingly no Copcpoda,; and a little
grey-mud suspended material. Similar results have been. obtaincd by
Ricardo (1939a & b) and Swynnerton (1347) who also neoted tiat the stomachs
of breeding fish were more often empty or half-empiy than those of non-
breeding fish. : : :

Most adult and young specimens vere porasitised by a few ncematodes
‘n the pericardial cavity, but no other narasites were noted eoither
rom the gills, coelemic cavity or body surfaccs. :

The commercial value of this species is very grecat; dried—smoked
Tilapia forms the mejor product of thce poevious and present fishing -
industry on Lakc Rukwa. - The cxtent of this trade is discusscd elsewherc,

s

" Haplochromis bloycti QSauvaho)

This, the only other cichlid- speole" from the arca is rccorded
from Lake¢ Rukwa, Lake Hanyara, and the Kancoa and Ibusini rivexs inm -
Tanganyika. Spccimens from Rukwa werc originally desceribed as Tila ia
fuelleborni by Hilgendorf & Pappenhein (1903) but Ricardo (l939b§ notes
that this name should be synonymous with H. biloyeti (Sauvage ).

.1t was previously recorded from minor pools of watcr during the -
dry season but not in the lake itself (Ricardo 193%a & o). Similaxzly,
durlng August-September eleven specimens were takens 9 of these ranging
15~70 mm. from a very small stagnant strecam near'Kasis;, onc of 22 mi..
“~om_ grassy fringes below Kasisi waterfall, and a 41 mm. individual

com warm shallows off the dry Luika River nmouth. Between January~¥February
five. specinera ranging 17-35 mm. standard length vere teken in mosquito-—
scine hauls amongst grass in the Luika dclta, over a S'de~nud grassy
area at Beousfield's. House and threc specimcng amongsi thick wced cover
in, tne srallows of Ibangala seining beacii. ' T :

Ricardo (19392 & b) noted a ripe nale
and the nine specimens from Kasisl in Septe
in Table 23,

£ 70 mm. (total length)
aber 1963 arc classified

Table 23. Bexual maturity of HNaplocnromis bloyeti.

August-September January -Februacy
Males Fenalces Maleo Fenales

a 1,46 mm.

ar 3,49-57 mm. 1,42

r 1,67 2, 4749

rr :

8p : 1,39

) Specimens taken during the rainy scason werce not Jdissected, but

it appears that reproduciion occurg during the dry-sovason, and perhaps .
Throughout the year. lic furthcr details of the feeding or breeding

of this species werc noted.

.
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This rare fisi: 1s of no pos.ible commercizal valuc, though like
other small rarc swvecies, mey be of particular interest in tropical
freshwater aguaria.

Commercial exploitetion
{ N

Ho direct census of the fishing population on the lake has been
attempted;but in gome previous years liconces woere required by Tish-
traders and fishcrmen. Distinction has alwayvs been made between the
local Wabungu residents; other immigrant fishermen from the heavily
populatced area of Tu\uyu,,and “agpnl {"Toreigners") from Nyasaland
and NoLthorn Rhodesia. ~

Swynnerton (1947) noted registration commencing in 1945 with a
total of four local coumercial fishermzu and in 1946 the figures
werc 120 Yabungu fishing for subsistence only, 172 Wabungu in the
eommnercial trade, and 3 foreigners engaged in the trade. He estimated
that there werc in fact about 250 permancntly active fishcrmen on South
Lake in 1946 together with a nunber of seasonal migrants.

In 1949 Lockley (1964) noted that fishing was restrictcd to the
Ubungu chiefdom and was centred at Kipindi, Kilinga and Icnecsa where
there were 116 licensed fishcrmen, but in practice only 50760 canges
activcly fished. Between October 1949 and April 1951 fishing was
linited to subsistence catches only, but by 1952 the commercial fishery
had re-opened. The licensing categorlou had now changcd and the
figurcs for 1952 wvere a totael of 135 fisbi—-traders and fishcrmen, while
in 1953 there werc 52 traders and 32C fiskhermen (Hammond 1964). 1t
must, howcver, be omphasised that these figures are rather unrcealistic
there 1s widespread evasion of the licensing regulations wrich are
in any casc applicd only to the Souti Chunys district, not including
the HMbeya, Ufipa or North Chunya sections of the lake. None of the
figurcs given include details of the few Furopean concessionalires
permitted on the lake at dificrent pericas

‘During 1963-64 Hammond (1964) organized a voluntary registration

of canocs (Tablc 24) which were recorded from southeast Rukwa.  Assuming
the usual complement of two fishermen per canoe this amounts to 2Q0
active fishermen along 15 miles of the east coast. Inferring a similar

density of fishing population along the whole 200 miles of habitable
coastline, the total number of active fishermen on the lake is approx-—
imately 3,000. The same figure has also boen independently quoted for
this total population of fishcrmen in 1962 by the Co-operative's Officer,
Southern Highlands Region. (Hammond "1904).

Table 24. Canoe registrations (after Hammond 1964).

Village No. of Canocs
* Maleza 3
Mbangala ' 24
Mambiwe _ .8
Ichesa ' - 10
Kikongoro 8
lkungu ' 13
. Wjila 14
Kifimbo - 11
Msongezi ) 8

The fishing metaods used on the lake were first noted by Riecardo
(l939a) as being the "luelo' scoop nets used by the African fishermen ™
and large becach seines worked by the few Buropean concessionaires.
Swynnerton (1947) doscribed the luslo as a triangular net nung from a
V-shaped support consisting »I 2 polces. The mesh, woven from a thread
derived from old motor-tyrcs wes usually 3-23.5 in. in the upper part .
reduced 1o 2 in. in the bags, Although a nianimum mesn of 4 in. was
introduced for all gear in 1941; Swyunerton noted that this regulation
was not enforoed Tor luelo ncts until 1646-47. The gear was used on
foot in the shallows of the lake or rivers arnd also from canocs in more






apen waters, The catel consisted almost ontircly of Tilapia with
occasional Clarias, Synodontis and othcr specics In addition to t%pe
luclo Swynnorton describoed the following traditional fishing methods

axhich are still occasionally used.

Basket traps of woven grass with a funnel entrance arc set in
harrages across the rivers or sct singly on thd margins of rivers, swamps
and the lake dbeing baited with posho. The catches in the lake include
Clarias, Synodcntis and the freshwater tortoise (conslaercd inedible by
the Wabungu) while in the rivers "any' fish can be taken.

Hooks and lines baited with whole Engraulicypris, Barbus sp. or
pieces of othcr larger specics were commonly sei for several days in the
swanmps and shallows, being anchored %o a pole thrust into the btottom,
These lines inspcected dailly take Clarias and Lydrocyon, the former specics
being particularly common during the rains, - Hand-lining wvas somctinmes
practised near the Furopcan {ishing centres where the predators Clarias
and Hydrocyon were attracted and caught on the materlul discarded in
the shallows during the guitting operations.

Large Clarias specimsns were speared deily during their upstream
migration during the rainy scason while Eagraulicypris and Barbus sp
sed for bois food and bait vwere taken in the Ufipa zrca with basket
and body-~elotir seocps fished in the shallows. Also 1llegal vegetable
intoxicants and polsons werc spread on the surfacc cf small bodies of
water and the drugged fish‘gollected oy hand from the surface.

The Buropean fishcry which began in 1931 wvas dependent on fence~
traps in the backwaters and swamps near Niunje but later tctween 19256
gill-ncts, trammell-ncts and trawls verc tried though with little success
and beach-seincs emerged as the most successful metaod.

These seincs woven from old motor tyre thread werc commonly 100-150
yards in lengihy 3 fcet deep in the wings but deepening touards toe
codend with a mesh of 4 in. (minimum legal size). The sisal warps were
200-40C yards long and the nct was set from a small Tlet-bottomed boat.
Larger nete of thicker ply were also made and used particularly when

crecodiles were a considerable menace but Tishing was c¢asicr and catches

slightly larger with repeated hauls of small scinc rather than with a
single haul of a very large nct. Tire ceatches were principally Tilapias
Clarias, Hydrocyon, Synodontis, etc., were also taken but not generally
proccessed, but supnlied to the fishermen employcd in lieu of wages and
rations.

Hith tne changes of lake level and subsequent fouling of the seining
iches with marginal vegetation the Europcan organized seine fishexry
nas collapsed and the present active African comﬁ«*ulal fishery is
dependent on gill-nets,  The nylon surface-set nets 4-5 in, mesh are
threazded loosely onto the head and footlines of quthctlo twine and are
arrangeda roughly by the third, This method of ranging is partieularly
sultable for slow swimming fish with a2 laterally compresscd body form,
- indecd catches from both inshore and ofIshorc waters are almost entirely
-filapia with occasionel lMormyrus, Hydrocyon and Ciarias.

A few bottom~set nets of 2.5-3 in. mcsh arc fished inshore during
-the rainy seascn and the catch of these nets is composed principelly of
" Labeo with a few Clarias, Lydrocyon, Synodontis and Schilbe. Details
of catches by bottem and surfacc—-sct commercial ncis are given, in
Table A8 and the costs of suitable netting and twine in Table 29.

Table 25. Current prices of nylon n=tting.
Ply — uantify Mboya Ibangala Conment
210/4 100 yds. Shs,. 20~28 Shs. 28 Meshes 4, 4.5, 5 in.
21@/6 100 yds. She. 40 - ' Meshwws 4, 4.5, 5 in.
210/9 100 yds.. Shs. 64 - Meshes 4, 4.5, 5 in:

210/12 7 cz. - Shs. 4 Headline
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- Floats and bwoys are made of sections of ambatch trunk:
Aeschynomene (Horminiera) elaphroxylon)s the sinkers and anchors are
sultable stones picked up along the shore. A few migrant fishermen
use imported cork floats but whon lost these are replaced by ambateh
floats.

With the concentrationiof mouth-brooding female Tilapia in
sheltered inshore grassy areas during the rainy season a few driving-
nets are employed; a .short length of 3=4.5 in. mesh net is stakcd out
on the shallows and passes are madce alofigfeaclt side of the net frightening
the Tilapia from shelter into the néshes. Ho other species are taken
by this. mcthod. '

The numbers of nylon gill-nets voluntarily registercd with Hammond
(1964 from villages ardund southeast Ru{wa during his census arc
dctalled in Table QSA. :

Table 25 Analy51s oi numbers of @;ll—nets.

Village 4 in.mesh 4.5_1n.mes%> _ 5 in. mesh

210/3 210/4 | 210/2 -210/3 210 4 .210/2 210/3 210/4 210/6

Mbangala S "3 47 27 - 37 85 7
Kikongora -~:= - - = 18~ 2 - - 1 -
Ichesa ' - - - 38 C - - 13 4 -
Mambiwve Lo- - 1 44 - R 16 - -
Maleza . 1 2 4 18 - 9 27 2 -
Mikungu . - - - 31 4 -~ 126 9 -
Kifimbo - - - 2 - - 9. - -
NMgomba - - - - 3 - - - - - 5

- - - 3 -

I tumbi - C = - -

The . indigeneus dugout canoce described by Swynnerton (1947) is still
the most cormon craft on the lake. Carved from *ne largc trunks of
“Acacia albica, Cordyla africana or Kaya sp. these small unsteble canoes
are said to last 3-5 years; no prcservetive is used and the cost in
1946 was Shs.40/~ %0 YO/—. " Buropean enterprises construsted small
flat-bottomed boats for use in the seine fishery; these were stable,

planked craft built locally and cost Shs.300/-. Presently there are
two motor boats of about 40 fect o,a. working on the laks; prepelled
by 2utboard or inboard engine they ferry passengers, goods and fish
products between the centres of Mbangala and Sumbawanga and the
isolated fishing encampments on Nerth Lake. A single clinker-bullt
canoc 22 fect ¢.2z. is uscd by the Fisheries Officer and a pdair of
Sesse-type canocs, with large outboard engines havs 2lso been imported
from Mwanza. ' '

Commercial and rescarchn catch-rates.

Although no detailed investigation was attempied of the relative
productivity of different areas of the lake it is apparent that the
intermittently shallow North Lake is more productive than the permancntly
inundated South Lake. The prescnt temporary incrzased production in
the mworth i1s evidenced 1n three waysy firsily, many local fishermen
are dissatisfie® with catcnes in the souun and large *numbers have.

migrated tc the North Lake. Secondly, the mesn ¢f surface-set g1¢l~
nets employed in the north ranges over 5—6 in. wioereas in the south
4-5 in. nets are more usual.  Thirdly, rccords of the cawches by

commercial fishermen (sece Table 4 §) show catch rates at Kasisi (North
Lake) in Sepiember some thrie times greater than at Mbangala-Ntunje
during eilther August-Scpiember or January-February. This present
temporary high level of preductivity in the Worth Lake is exaggoerated
by a previous concentration of c¢ffort on Souti Lake and by the previous
absence and present relative low level of fishing effort in ihe north.

No detalls are given but cetches of the full range of mesh -
sizes was greater in botk August-Sceptember and Jarwary~February from
" bottom—set nets in the Songwe swamp arcsa than ¢ither inshere castern
or open-wator regions; which showed similar catch-rates during both
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visits. For surfacc-—set nets sinilar -results were ebiained; catches
from the Songwe swamp were rather larger during January-February and
August-September than from the other two arcas, both showing similar
rates of catch. C

. ‘ . . —

It is also noted from Table 4.8 that rescarch nets took a larger
proportion of Hydrocyon and less Tilapia than commercial nets of similar
mesh; this is a reflecticon of the thinner ftwine and loose mounting of
the commercial netls coupared to the morc rigid and robust research nets
of thick ply. Catches of Tidapia in both research and commercial nets
were; however, greater during January—-February than August-September,
probably as a result of tre inshorc.migration and increased activity
of breeding Tilapia durirg the rains.

Considerable differences in calculated cateph-rates of commercial
rets worked by hann at lMbangala and local fishermen at Ntunje during
ugust are most propnably due to inaccurate records favouring the figure
for the VWabungu; and sccondly, the fewer fishings by liann, which on one
occasion was affected by fouling and folding.

-~ Buttom-set ressarch ncets of 2.5 and 3 in. mespes showed similar
catch rates in January-February and August—September but vottom-sed
commercial nets of these same nmeshes set also during the rains took
far larger proportions of Labeo thaw the research nets; the reasons
for th‘s are possibly the different mounting of the commereial nete (not
obsexv d) o1 more probably the usc of nore suitable fishing sites.

Large catches of Labeo were in similar research nets in the Luika delta
but have been omitted from the calculations because of the unigue
locality not fished by local fishermen.

Pracessing

Prom Rukwa virtvally nc fish is ecomsunmcd fresh exeept for loecal
subsistence; tae traditional African mcthods of proeessidyg described
by Ricardo (193%9a) and Swynnerton (1947) arc sfllL commonly us<d ta
preserve the commerclal catch. - The Tilaplia are descalsd, gutted, d1v1d°d,
and are then left to dry in the sun for 2-3 days lying on low screens
of branchcs or on the rcofs of huts. Sometimes, particulerly in tae
rainy season, smnoking is carried ouv over small wood fires in conjunciion
with sun-drJ}ing. The product which will last Tor several days, is
packed and lashed between two wooden framcs ready for traﬁsPOrt.

Cther species are processed differently; the few large Claries
are cvisccrated, coiled and impaled upon a stick and are not-smoked for
“a day or SO. This product is uncommwonr ovut is widely eppretiated by
the African consumer. The few specimens of Hydrocyon taken arc descaled
and eviscerated; transverse cuts are made on the body and the fish is
sun—-dried or smoked and like otuer uncommon specics is usually reserved
for local consumnption. The viscera and female gonades of Tilapia are
frequéntly collected after cleaning and toe rasses of ¢va and mesenteric
~fat are cooked; the lipids so extracted are highly valued for cooking.

During the period ¢f the kuropean fishery Tilapia were sun-dried
and smoked in the same manner as the indigenous fishery, altnough the
process was alittle more efficient and hysgienie. Lipid extracts of
Tilepia viscera and Clarias flesh were scmetimes paintcd on the dried
Eiiauia product to increase the lipid content and perhaps improve the
Tlavour. Sun-dried Tilapia were ncted to keep for 4-8 days during dxy
weather,but sun-dricd Clarias.lasted only for a short period of time.
During *he rains a combination of sundrying and smoking was practised;
the appetising Tilepia could last 14-42 days in the dry season but
much less during the rains, and consequently was rnot suitable for
storage or lOH”*dlStdnCp tran&uoru. '

In 1946 the sun-drying and salving metbpod of cservation alrcady

known on Lake Victoria was tried; the product lasted at least 60 days,
- was roelished by the African consumers in some arcas and had the further
advantages that it ceomsumed no fircwood, and stimulaetzd the local
preduction of salt at Iwvuna. However, this product did not take hold

on the markel pcrhaps owing ‘o tne wnhygienic preparation of the fish
and the unethical handling of tie African lavowr by tnis particuler

European canterprise (Lockley 1964).

e ——
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At one stage (1942) "haddock fillets" were prepared for the
European market by scalding, filleting and brinc-soaking the Tilapia.
Subsequently, the fillets were cold-smoked for 36—48 nours and -the
final tinned product was noted to last indefinitely, but this product
disappeared with the dscline in numbers of ths Buropean consumer population.

Swynnerton himself (1947) experimented a little witn curing; ke
gutted and cleancd Tilepia, soaked it in brine foxr 12 hours and thén
smoked it for 36 hours The product kept well for as long as 60 days
in the wet scason and bamples gsent to potential buyers were Tavourably
received but Ltu the decline of the Buropean enterprises this technigue
disappeared,

Production and marketing

Prior to 1920 the Wabungu peoplc of the shores of southeast Fukwa’
were not an important fishing community and fish was taken only for
subtsistences no cxport tracde existed. Howcever, with the development
of the adjaccent Lupa goldfields from 1922 onwards there was increasing
demand for fish products amongst both the Africen and Buropcan labour
on the Lupa recfs, In 1931 the first Buropcan fishery based on the
lake ncar Ntunje wes supplying fresh Tilapia %o Mbeya at H ets. cach;,
and the sundried product in rclatively small guantities to Lupa, ﬂbe,‘ya9
Irlnga and Tukuyu where 1t sold at 25 cts. a fish. -

Ricardo (l939a) noted the African and European commercial ventures
in 1936 supplying dried smoked Tilapia to the goldficlds; to the railhead
at Itigi, and to the labour of +4h: sisal plantations at Takora and Morogoro.
Demand first excccded the supply and fish products were sold at 5 cts.:
each at Lupa and 10 cts. each at Tabora and HMorogoro. Later that year
the goldfields slumped and local demand fell, but the difficulties of
transport to distant centrcs of consumption were too great; local sales
could not conpcte with local African competition and the Xuropean
enterprise closed operations in 1938, A slight improvement in the
local market later that year came too latc *o save this concessionaire.

Kith the outbreak of world war in 1939 the ;oldfields revived and
further attempts were made to re—open the E.uropean controlled commercial
fishery. Production increased as more concessionaires were admitted
and the pricc of Tish rose slightly from 5 cts. in 1§39 to 7 cts. in
1841. By 1942 "haddock-fillets'" destined for the Buropean eonsumer
were marketed as far afield as Kenya.

Swynnerton {1947) collectzd in 1946 a grcat deal of information
on the industry; 1in this year the Lupa goldfields were becoming worked
out and the loczl demand for fish product was falling. Processed Tilapia
cost 5 cts, each at the lake shore and in bundles of 200-250 fish weighing
80~90 1bs. were head-loaded by itincrant itraders to Hakongolesi (1.5
days),;Kuntugas (2 days) and Chunya (3 days) where they fetched 10 cts.
each. Buropcan conccssionaires bought fresh fish from African
fishermen av 4 cts. each at tue lake shore and some fresh fish was
still supplied to Saza Mines. Table 26 gives sone details of the
current prices cf Tilapia in 1946.

Table 26. Prices of Tilapia products in 1946 (after Swynnerton 1947).

Place Distance -Price per Tilapia Comment
“(miles) ~ {cents)
Lake shore 0] 10 Turopcans sell at 10
' cts. ‘African at 5 cts.
Saza 12 o 15
Makongolozi 25 ' 20
Chunya 50 20 ' 17 ots. for agents

_ _ Tor reselc in lbeya.
lbeya ' 95 30
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ried salted Tilapia for the African market were sold at Shs.15/~
per hdﬁuer plus Shs .L7~0 packing and freight charges. Similerly,
sold—smoked "haddock™ Tor the Buropean market fetched 17.5-20 cis. per
pair in Chunya, or tinncd Sus.1/75 for 1 1lb., Sns.a/— for 2 lbs. and
Shs.&/50 for 6. 1lbs.

In 1947 LOCkloy (1064) noted a Buropcan production ¢f some 1,850,000
Tilapia weilghing 900 tons /IPCSL voet malght\ and cstimated a total
Kfrioqr**uropoan production from the lake as 3,500,000 fish or 1,600 tons
(fresh wet weight). Huwever, ne suggssted that European production was
only bcing maintained at the cxpense of more intensive flshing. A great
petential markKet was said to exist in the Scuthcrn Highlands Region,
but large stocks of dried — smoked Tilapia were accumulated in Chunya
and had to be destroyed. The rcasons for this he suggcsicd werce the
seasonal competition of "dazaa' fro:n Lake Tanganyiike, which although
more c¢xpensive (& ozs. dagea cost 30 cts.) than Tilapia (6 ozs. Tilapia
costs 15 cts. ) can be readily divided inte small portions, and sccondly,
the Indian tradcrs at Chunya were attenpting to fetoh unnecessarily
high prices and profits rfor the product.

By 1948 production was fallings; for instance in October, 86,000
Tilavia (43 tons fresh wet welght) and 23,000 Clarias were marketed by
European enterpriscs, while African csaiches in Chunya district were
eptimated a¥v 9,000 Tilapia and 500 other fish specics. However, it was
notcd that fish products of 21l kinds commanded a higher price in
Marthern Rhodesia thar Tanganyika owing to the considerable demand in

Copper~belt area.

The luvw reinfall for a numober of years culminating in the exception-—

.ally poor ralins of 1948-49 resulted in the lowest level of the lake
~within living menvry. Fishing still continued to remove 100,000

Tilapia per month and Lockley (1964) recommended that the commercial

"fishery be suspeaded and that crocodile hunting, begun the previous

year, should be increascd. Itincrant trading was stoppced and the sale
and export of dried fish products was prohibited in kboys and Chunya
districts »uv the African subsistence fishery was still perumitted.

The following year 1950 raing were vetter but the lake was still
not restored to its former level. Wabungu filshermen rosorted to
traditional methods for subsistence; scining was impossible along
shores with a vegetation bclt 0.25 to 1.00 mile wide. The market fer
dried fish At the Lupa goldficlds has now conpletely closed and it was
suggested that African fishermen should be exempted from licence fees
which were too vxpensive to collect. '

During 1651 the laeks rose covering submerged vegetation but the
commercial fishery was not yet permitted although traditicnal African
methods did wells; for instance 3006 canoe days produccd 5,692 Clarias

‘weighing 8,500 los. (fresh wet weigit). 1952 saw the resumpiion of

the Iuropcan indusiry; beiween February--December Bousfield marketcd
934,049 Tilapia worth Shs.069,48€.  The total number of licensed fish—
tradere and Tisiacrmen was recorded as 135. Maximum price controls were
established by the Lakc Rukwa Fisheries Board as follows for Tilapia

in good conditions

Fresh Tilapia 30 cts. ecach 30 cts. each
Hot-smoked Tilapia 105 cts. per 1b. net 20 cts. each
Salt " " 110 c¢ts. per 1b. net 21 cts. each
The following yéar the industry picked ups; markciing some

1,505,00C Tilapia worth Ses.105,454 and some 43,000 Clarias but the

concessionaire could not recruit sutfficient lavour of his own and was

forced to buy Tilapia from African fishermen at 5 cts, cacli. However,
during the suspension of Furowban cnterpriscs 1049 ~52 African fisher-
men had contrary to rugui onss bullt up a distribution sysitem of their

nnt tr:upﬂs. In 1952 African catches

al
increased; i1tinerant traders offercd [ cts. per Tilapia comparsd to






_39..

Bousfield's 5 cts. African fishermen and traders demanded the right

to define their own markets and realising the impossibility of
controlling this trade the Fishorics Board mede licences availablce for
African trefers tc purcnasce from registurced fispermen. The result of
this was to make fish product available in new and remote arcas ef Chunya
and Mbeya districts, althougn tle Buropean concessionsire had by the

¢nd of the year large stocke of Tilapia wnich could not be sold. Once
again suwuply excecded the bulk demands.

& A
During 1954 the marketing regulations limiting purchascs at cstablished

posts by licensed traders for cash only, togetihcr wita the levy of 5 cis.
per 25 fresh fish sold and tnc prohibited cxport of fish from the Southern
Highlands Region cxcept for approved agents, were lifted.. Some 1,309,000
Tilapia were marketed by the concessionai.e alone betwecen October 1953
and October 1954, large quantitics of tihis smoked-dricd product going
to the Rhodesia copper~belt, and large nunbers were distributed locally
by African traders,

In 1955 the orders for the Copper-belt were not repeated and the
commerciel fishery began to succumb to marketing difriculties. The
Fisheriecs Board noted that its marketing controls were unnecessary, and
Lockley (1964) emphasised that with current fishing methods there was
little danger of permanent damagc to the fish stocks; natural iake level
fluctuations presentcd a far more serious hazard from which the Tilapis
fishery nad gquickly recovered. Taus, it was concluded that the fishery
should be exploited on opportunist lines and tne Board decided to de-
control the fishery for a trial period. :

The following year (1956) the Board reduced the minimum lcgal size
of Tilapia to 8 in, total length and the Furopean commecrcial fishery
cecased, aithiough i1t was still active in the processing and markcting
field. Within ine Chunya distric® 180 fishormen scld catcivs to 150
licensud traders, whereas a survey, in fact, noted some 300-400 active
traders., At the lake shere the pricg of Tilepia Wwas 10 cts. each
irrespective of size and the traders who smoked, packsd snd transported
the fish products obtained beitwecn 40 to 250 cxs. per fish in Chuaya,
Itbeya and Tukuymw . This apparently largc profit angered the fishermen
and a Fisherman's Co-opcrative Socicty was suggested as a possible remedy
to the merketing problens develovings; the Scuthern Highlands Regien
was unable to absorb the full output from Rukwa. '

In 1957-1958 the fishermens' co-operative socieiy was inaugurated
but arpearcd unsuccessful and was unable to discipline its members.,
It was noted that non-African ¢nterprise had shown an understandable
lack of interest in the industry since the drougnt of 1948-5z. liovewer,
the high guality of the Rukwa product was remembercd within Northorn
Rhodcesia and 1t appecarced that there were good chances of re—starting
the export trade, The following year trading licences were increased
to Shs.éO/— p.a. for Tilapia and Shs.25/— pea. for other species in an
attempt to climinate the large number of part—time "foreign" traders
and to improve membership of tihc co-operative which possessed a single
comprehensive licence, Howewver, large purchasce by wnlicensed traders
continucd in the Ivuna district.

In 1960 the Board becfore dissclution, noted tnat the imposition .
of controls on fishing and marketing were not justified, being difficult
to enforce and apparsntly detrimental to tic irade.

In 1961 c¢ncuiries for Rukwe products from Kitwe, Nerthern Rhodesia,
flagged when vendors guotcd 70 cts. per Tish at Tunduma, an oexcessive
figure when Tilapia cost 15—40 cts. on the lakeshorc. The next year
representations were made by the Northcern Rhcdesian Fish-traders
Union to ensure that the marxeting of fish for Tangargika and Rhodesia
should be entirely in African hands. At the same time; comment was
nade by'Dibbs (1964) on tus fishcrmens' co-operative ~ ne noted that
the society saould ‘be the sole channcl for markeving fish and that
fishermen should proccss and nack the fish under the socicty's super-
vision. The many "foreign' traders hkave their ownm channels of
distribution and wers not enthusiastic to join and yot are probably the
more enterprising ahd progressive entreproncurs.
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Voo g . o : . . .
©- . 4t lhe present time, 1963-04, markcts for dried smoked Tilapia
.are found within both Tanganyika and *he Rhodusias. From Heorth Lake

fish products collectcd .from isolated Tishing camps are transported

by cancc or moitor-~boat 1o either lbangala or the landing point near

SumuawanLu, from which point fish is carried by lorry direct %o the

main market cuntre at Aboercorn, ﬂaQ51ng through the border ot Hosid.
from settlcements on South Lake fish is usually ferried to Mbanbalag

but large quantities also pass through Ivuna, and thence to Worthern
Rhodesia via the Customs Post at Tunduma.

_ ! . :

Collcotions made at Mbangala pass over the rough mountain road
through Chunya to ifheya, shere three separate routes diverge; firstly,
expurts to the Rhodesias are direccted westward through Tundume, secondly,
supplies of Tilapia are transported scuthwards to the populated coffee
arca around Tukuyu and Kyela, and thirdly, distribution ecasiwards to
the rest of Tanganyika including aArushe, Dar—cs—Salaam, Iringa, Kilosa,
Mwanza, lijombeé, Songea, Tebora, etc., travels along the Creat Forth Road.

Although duties are not levied by either Nurtnern Ruodesia or Last
Africa on the dried-smoikcd fish products cxported; records are kept of
the guantitics passing the border. The figures for Tanganyikan cxports .

- and Rtodesian imports after Bowmaker (1964) and Hammond (1904) are
given in Table A9. = Comparison of Tigures for Hay-Decenmboer 1362 show
a large anomaly which is probably due to innascurate recording by Bast
African autnorities, Simiiar anomalies appear for indivicual mnonths
¢ 963, but the annual totals agree quite well. In both casvs the
li..,.i8r Rhodesian figurcs are probably moré sccurate. =ddltional recoras
arc also quoted for Abercorn, but no cyuivalent fasi Afriocan records
have becn forthcoming.

Taking Swynncrton's (1947) and Bownaker's (1904) equivalents of
3 dried-smoked Tilapia pcr pound; the annuzl totals of fish in transit
through the main centres of lbangala, Ivuna, Njila and Milepa arc given
in Table 27 and comprise a fotal production figure for 1963 of 11,935,144
1lbs, dry weight of Tilapia. import figurcs for Rhodesie via Tundume

and Abcrcorn amount to 1,210,230 lbs. total for 1963, Thus, i1
appears that only IOw of the¢ annual R :kva, production is absorbsd by the
Rhodesias. This figure could, howcver, be modified by taking Hammond's

(1964) figure of 4-6 dried Tilapia to the 1lb. and by allowing far greater
entrics to the Rhodesias than actually recorded.

Table 27. Height (1bs.) of Tilapia vroducts in transit through main
centres (aftcr Hamnond l9b{Zj

1963 . Mbengala  Ivuna - jile Milepa

March 163,476 K
April 261,392
lay 172,722
June . 170,323 7 _
July T 81,419 195,030
August 102,079 610,030 L
Septembcr 162,674 1,182,427 _ 213,946
October 115,509 1,256,047 30,059 143,317
November 90, 066 555,433 38,568 76,863
" December © 109, 3294 209, 460 40,139 '
January '
February

12 months' Total:l, 746,622 8,016,954 453,064 1,736, 504

Hammond (1964) has since Harch 1963 organised =z census of the

distribution patiern of Hukwa products by road, with control postis at
*Mbangala, Ivuna, Njila and Milepa,! of tiic numbers of fish by destination
- shows 77 per cent of the frade through Ivuna directcd tcowards Rhodesia,
-similarly 59 per cent from liilepa, 27 per cent from lbargala, and none

from Hjila. It must be neted that part of the trade through libeya may
‘also be expcrtid. The percentage of tune total produce oxported to the
Raodesias is calculated at 62 per cend; this contrasis markedly with

the previous calculation indicruing 10 por cent exported. The conclusions
*Fe erratun; i SffM?M’V'lff..’S U7’ wfa,g,/z e };«,V’é\xl Ja ‘Zr{,@j 2408 oy
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are that the declared destinations are not always correct, and that the
gquantities cressing the border are greater then officially recorded.
The true export tigure weould be expected to be between lO and 62 per
cent of the total proauvtlonq

A oummary of fish production flLUTe% for-the lake from 1931 to dats
is given in Table 4 10 -

Table 28. Percentaye distribution of Fukwa Tilapila products (after
Eamnond 1964T
Destination - Toavoala Ivuna Njila Milepa Total
Rhodesias 26.0 76.8 - 59.0 62.0
Ibeya 59.2 5.5 29.1 2.2 18.5
Tukuyu 13.4 15.0 62.9 12.3 15.3
Iringa _ 0.2 0.9 - - 0.6
Tanga -~ 0.3 - 4.2 0.5
Dar-es—Salaam 0.8 - 79 1.7 0.5 .
Songea, - 1.3 - - 0.8
- Tabora . . - 0.1 - - 0.1
Mpanda ' - S - - 13.2 1.0
Sumbawanga - : - - Te3 C.5
Kyvela ' 0.3 - - - 0.1

Buropean enterprise i presently absent from the indusiry which
is entirely in the hands of African enterpreneurs who are responsible
for fishing, processing and narketing the f;sh procucts.

shore.

Table 29. Current prices of fish products at Lake

Species Pricess: cents per fish
Fresh-wet ‘Dried-smoked
Tilapia 20 20-25
Clarias 2060 50-100
Labeo 15 20-25
Schilbe 10 i5 -
Synodontis 10 : 10
Hydrocyon 5G 60~100
Hormyrus - - 60-70

A list of current prlces for the various fish species at the lake-

shore are

of the Rhodesieas
little variation
widely differing
varies little in

Given in
which is ccmmon tircughout the marketing network,

lable 29.

the. cost per pound is ussed.
in price with season,
siges of some gpecies;
size however,

FPigures zre gquoted as price per fish

save that in markets
There 1s apparently

but allovance is made for the
the main product Tilapia

Current retail prices fetcked by dried-smoxed Tilapia products in

more distant marke

ts are detailed in Table 30,

Table 30. Current price per Tilapia in retail markets.

Harket Distance Price Comment
| (niles) Cents

Mbangala 20—25. Lakeshore
Mbeya 100 25-60 S
Tukuyu 152 E0-70 40 cts.small fishe
Tunduma 171 50--60 little for sale
Abercorn 113-257 36-62 (sold per 1b.) -

. The cost of transport for fish preducts have not been investigated
in any great detail Ttul examples of charges over main routes are given
below in Table 31.
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Costs by rcad vary by secason and by local demand; E.A.R. & B
bug services offer lowsr charges than commércial lorries but only small
gpantities can be carried. Conversely, Landrover transport is expensive,
but carries a small load which is scmetimes more convenient.

Although bulk markets for Rukwa products were previously found
in Northern Rhodesia it appears that in recent years sales have
become more difficult. In the first plaee new fisheries at Lakes
Kariba and Bangweulu since 1962 and 1960 respectively have ¢ffered
more competitive products to Rukwa Tilapia, and although the guality
is sald to be inferior, ithe. transport costs over skort well-maintained
roads are less.,

Table 31. Costs of Transport for dried Tilapia products.
Journey . Vehicle - Cost per Tilapia (cts.)
? - - -
Kasisi—-Mbangala . Motor-boat - i 4
Kagcisi-Mbangala Lorwy 5
N.W. Lake-lbangala Moter—boat 5
Mandaa-lbangala Motor-boat 3
Mbangala-libeya E.AR. & H. bus, 2
‘bangala-libeya Lorry ' 3-4
fbangala-~Tukyyu Lorry 3-4
Mbangala-libeya _ Landrover 5
Mbangala-~Iringa Landrover 15

During the early months of the ycar the rains and legal restrictions
on fishing on lakes Karibe and Banbweulu raise tne price -of Rukwa
Tilapia to a premium, but later during the year when restrictions are
lifted Hamnond (1964 ) discovered that there was a glut of fish and that
there was difficulty in finding profitable markets for Rukwa producis;
indeed he guoted bctte“ p0951b111t1es at livanza (Lake Victowia) than
in the Rhodesias. - :

Secondly, fresh—frozen fish products are becoming more popular
with the wealthiier consumers on the Copprerbelt; Rukwa is presently
unable to enter - -this remote market without the provision of refrigerating
facilities at the lake and expensive insulated or refrigerated transport.

Thirdly, a cash deposit amounting to 20% of the vehicles value is
‘equired by the Northern Rhodesian Customs Autihorities from lorry owners
semporarily importing their vehicles to Tanganyika to colleet fish.

In addition t¢ this turden there is presently no availlable ireight
travelling north tc Tanganyika, nor should fish be unobtainable, are
there any other suiltable producte moving southwards; passengers are
forbidden to travel on foreign vehicles within Tanganyika. The scle
concession allowed is the free import of a small guantity of cheap fuel
for use in the vehicles within Tanganyika.

A few Tanganyikan traders transport fish from kMbeya to Rhecdesiag
the same difficulties owing to lack of return freight apply ana .
passengers are not permitted within Rhodesia. A similer cash d0p031t
is required by the EBast African Customs on the temporary export of the
- lorry, the object being to eliminate the effective change in value due
to differing rates of import dJuty on vehicles in the two countries.

Hammond (1964) gives the following example of the export of a
guantity of dried-smoked fish from Worth Lake o Ndola on the Coppertclt.
He notes that a single lorry load of 50,000 - 60,000 Tilapia must be
shared amongst six to eight retail agents in order to dispose guickly
of this perishable product and to Teich an opiinmum price of Shs. 1/50 -
®hs,2/50 per 1b. or about 44 cents each (Details in Table 32). '
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Table 32, alysis of wholesaler's pfofit (afier Hammond).
50,000 Tilapie at 20 cts. each Shs. 10,000
transport North Lake - bangala 600

, 600

transport hire Ndola and return _
¥ Shs.12, 200

s

®
| Retail 48,000 Tilapia at 44 cents each T2,12C
(2,000 spoilt)

N

_ Total profit 8,920
Profit per buyer (7 buyers) 1,274

Hammond notes that this profit cf Shs.l,274/~ is eonsidered tos
smail for several weeks work and an iavesiment of about Shs. 3,000/ ~.

Of the market within Tanganyika for Rukwa fish products nothing
is known save the guantitative distribution of dried-smoked fish deduced,
by Raminond (1964) from his census (see Table 28). o

It must, however, bve emphasised that Hammord's figures are not
complete and as already stated the final destinztion is not always
correctly quoted. However, in the absence of any other information
on the distribution of fish products within Tanganyika these details
provide a yery useful general view of the internal fish-~trade.

. |
Discussion

Although some details have been given of the social, economic and
hydrological conditions in the laxe arez in previous years, it is
unfortunate that data on the fiskring industry collected in 1939 by
Suynnerton (1939) and betweern 1948-50 by Lockley (1964) has not been
available. It would be proper to retrieve these reports before they
are conmpletely lost.

Vate on the general hydrology of the lake will obviously be of )
direct importance to the proper development of the fishing industry and’
1ts assgociated trades,; and in particular variaiions in lake level and
surface area are directly of consoquence to IRLCS councerned with the
control of the red--locust whose major breeding grounds are in the flood
plains of central and north Rukwa. rainfall records for the Rukwa
basin continue to be collected hy the Tanganyika lMetcorological Dept.,
but details of lake level are presently only recorded by Hammond (1964)
in his occasional visits to the lake, Gauges installed by the Weater
Development & Irrigation Department on the westerrn shore of the lake
were apparently unsultable for the sudden large increases in lake-level
that occur and data has nevexr bveen recorded from these points. Records
of lake-level should be continued regularly at the present gauge at
Mbangala and a more permanent datum mark might conveniently be installed
on the steep eastern rocky shore near Ichesa. '

Some -data has now been accumulated on the ecology of the fish
Tfauna of Lake Rukwa but littie or no work has been carried out on a more
broad survey of the aguaiic environment. In this connection; it must
be emphasised tnat the crccodile populaticn, exploited aimost to the
point of extermination between 1948-1958, oould with careful management
comprise an important export trade which-could Tar exceed the
inconvenience; damage and losses sustained by the fisking industry through
crocodiles. Similarly, the present large hippeovotamus population
could provide a considerable amcunt of me:zt annually without severely
reducing their numbers if exploited by a centrolled shocting programme,
The major part of Lake Hukwva and large areas cf the surrounding country
presently comprise a controiled area vhere game is plentiful and in
whioh licensed hunting is permitted; this tourist attraction must be
preserved and its wvalve carefully assessed as when the develconment of
fishing and agriculiure witrin the Rukwa area cones into conflici with
nature conservation.
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Phe efficiency of the presssen
1fferent waJs, Firstly, the unsiable
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T
be increased in a number of di
‘lealy dugout canoces should he
would be less e.travegant in the use of timberq more robust, more sea-
woxrthy and would increase the effective arca of fishing operations.
Clinker-built canoes are perhaps unnecsescarily sirong and expensive for
the relatively calm waters ol Lake Rukwa, but Sseso-type canoes of which
two examples have already bteen introduced on the lake would appear to

be most sultavle, New craiv snould be provided with a squzare transom
on which an eutboard erngine conlid be readily fitted; hnowever, probably
not for a numver of years will 1t be economic to use outboard engines
for fishing although canoe-transport on the lake should benefit greatly
by their immediate invroduction.

Secondly; the commercial catches cculd ve markedly increased by
improving the catch—-efficiency of the nets and by the exploitation of
fish stocks which are prasently ignored. The present thin-ply nylon
gill-nets are fragile and although the thin nets take greater proportions
»f Tilapia than thicker nets the meshes are easily broken, yet no attempt
is made 1o repair these breaks and nets are fished unitil catches are
hardly wortih recovering. The regular repair of nets would improve the
catches, but perhaps the fishermen are unwilling to invest more time and
money in the repair of gear which may bée stolen,

With the introduction of mechanised craft on the lake, to avoid
damage, nets would need to be clearly marked by large buoys rather than
the present half-submerged ambatch or papyrus floats. The registration
and marking of nets, although another unpopular burden on ithe fisherman:
should reduce the present common tueft of nets left in the 7ak9'at night
in some areas. :

As already emphasised in previous secticns the commercial tishery
on: the lake is presently concentrated on the Tilapia population;. and
the r-cournes of 21l other species are v1rtually ignored, No fish
species are entirély inedible and research catches have shown that
fish landings can ve irncreased sasily and inmediately by extendlng the
seope of the present fisning methocds.

With the present exceptionally high level of the lako and for :
several years to come as the lake reccdes beach-seining will be 1mprac—
ticable oving to the hazerds of submerged littoral vebetatlon;; thus,
in the immediaze future fishing will be mostly gill-netting. Tize
present surface set fleets of 4-6 in, mesh should be extended to include
nets of 3~4 in. mésh of a ihicker (210/4; 210/6) piy; catches of
Hydrocyvon or Clarisa would increase but generally small impature.

Tilapia would not be retained by the’ thick small meshes.. Botitom-sot
nets presently set only during the rainy s#aqon tfor Labeo should be

sel throughout the year: meshes of 2,5-4.5 in. would take significant
guantities of Hydrocyorf, Clarias, liormyrus and Cnathonemus but thick
meshes of 2.5 in. and ztove would notv reiain lafge guantitics af the
troublesumae Synodontis species., 'Long—lining and hand-lining, presently
used in river-izouths and svamnps shoulcd be éncouragecd along the margins
of the lake for the capture of t e prcdators hydrocyon,. Schilbe and -
Clarias.

3

‘The present dried-smcked Tilapia products keepr for only 30 days in
the dry seagson and Tor much less in the wet season; losses of the
processed Tish arce consicerable and eifor%ts must be made to improve the
product. A combination of salting and sun-drying tried in 1944 appeared
.to be successful and exiended the pericd of siorage to 60 days in dry
weather, Further trials of this product should be encouraged and the
marketing pObolblllthS investigateds; salted-fish is frecquently unpopular
with inland African tribes. In addition, improved methods of processing
will also be required for the comzercial catches of other species of fish:
Hydrccyon, Clarias, Schilbe, Labeo, and Gnathonemus which have a higher
lipid content than Tilﬁpia; sun-arying ana ligbht—smoking are rarely

sufficient to produce a 1 on—pIUuuct whnich will last more than a week
without decomposition. Tyo very acceptable metrods of long-term storage
of fish products - canning and {reezing — are not Fezsible in the present

state of the industry as construction and op€r .tion costs would be heavy
and there would be little market for the expensive procducts within
Tanganyika with i1ts particularly low per capitw income,
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The transport sysiem for the expnrt cof fish prucducts from the fishing
centres to the major markets ig pnrecently responsible for considerable
losses within the trade. Cance transport for dried-fish products en
the lake, paddled by the fisherman himselfy is exhausiing, hazardous
and time-—-consumlng when fisning could bLe continued. Similarly, motorised
transport by water or by land is infrequent and urreliiable; the soaking
of the fish and delays en route guickly increase the vercentage lesses
ef the dried fish by decomposition. Thus, there is an urgent necd for
vhe development of an efficient transport system in She lake arca.

Resads cr motorable tracks are scarce and are expensive to construct
and raintaing with the present high level T lake waier transport
would appear most suitable as the capital involved would be far less
and the centres of fishing activity would alwvays be zccessible.

Although as indicated above fish preduction Trem the lake could
realily be increased it is doubtful whether at the present time increased
exports could be absorbed by tue existing markets. Bulk markets which
previously existed in tne Copperbelt areas of Northerrn Rhodesia, of
Katanga and in the Lupa goldfields have nov disappeared owing tv increased
internal Jorthern Rhodesian production, the confused political situation
in Katanga and the exhaustion of the Lupa reefs respectively. Ho new
markets heve yet been defined within either Tanganyika or adjacent
territories and the industry must now develop alternaiive markets for
its present outlook before any consiceration is given to increased
fish production from the lake. Unfortunately, *tne quantity of the
fish exports to the Rheodesias has recentlly been consicdered as a potentizal
source of revenue to itae Tanganyikza local and netional grvernmentis;
levies have been imposed covering one cent per fish, Shas. l?O/~ P.ae
per fishing license, Shs. 120/— D.as pPer itracing licentge, and Sas.BOO/—
pP.a« per export license (Hammond 1964). These restrictions all tend
to increase the difficulty of marketing fish pr~ducts. particuiarly
within Horthern Rhodesia at a time when the necessary alternative markets
are not yet available within Tenganyiks and the overall results 1s to
depress rathor than to encourage the fishing industry on Lalke Rukwa.

The Northe:n Rhodesian government now anxious to encourage its uwn
fishing industries on Lakes Kariba ancd Bangweulu is contemplating the
imposition of an import tax on Toreign fish products, the effect of this
duty together witn internal Tanganyika leviesg would be to eliminate the
present Rhedeslan merket for Rukwa Tilapia products, excepi perhaps for
a shert period during the early months of the year while a closed-
fishing seascn operates in the Rhodesias.

Whilst the present water-level- of Lake Rukva is maintained fish
production will continue at a relatively unign level without any change
in the intensit of fishing effort. With the expected fall in lakse
level in future years production will rise further but will fall again

as the lake reaches a minimuwan size. At this stage, it weuld prchably
be advisable to suspend intensive commercicl fishing operatiouns in
order te preserve the fish stocks. These ecntemplated changes 1in

productivity eof tie lake do mean, hewever, that thcre is litile security
in the fishing industry of Rukwa, this fact will restrict the amcunt

of capital which migitt be invested and hence the degree of mechanisation
within the industry. In such a flexivle litzle mechazized concern

the numbzrs of immigrant fishermen working on the lake form a useful
experienced labour reserve although their profits should be encouraged
to circulate morc within Tanganyika. '

A great deal nore basic informsatior is re uired on the btiology of
the fish fauna, 1n particular of the endemic species labeo fuelletorni,
Tilapia rukwaensis, etc., as well as the non-endemic species whose
breeding biolozy remains to be defined and the juvenils stages described.
Indeed Rukua may offer a sultable site for ihe investigation of breeding
and subsequent development of the yvoung stages of several aradromous
fishy where the larger rivers are interrupied by falls in the lower
reaches reppoduction musit be concentrated in the limitec downstream

areas below the falls. . Under these conditions the diszcovery of
developing embryos and fry mighs perhaps be easier. Zince 2ll the

fish genera except Barbus, Clarias and Synodertis are monoty:ic there

can he little confusion in toe ildentification of juvenllic specimens;
indeed it should prove possible to distinguishk juvenilie Hydrocyon
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from juvenile Alestes and Imgraulicypris de.m to about 9 mm. standard
length. Similarly, since H. vittatus is tne only liydrocyon species
present the juveniles can be accurately defined withont confusion

with H. forskall which occurs together with H., vittatus in other major
lakes. ; '

- Recomnendatiorse-

»

1. That an immedidte invesctigation should be undertaken to define
the present markets for fisu products within Tanganyika and the
possibilities of encouraging increased sales of Ruxwa fish both
within Tanganyika and the neighbouring territories.

2. That the est&biishment of improved motorised water—transport on
Lake Rukwa should be investigaied and implemented.

3. That further biolugical investigations should be continued and
concentrated on tune endemic and commercially iwmpertant species
of the fish fauna. .
. N ¢
4. That improved fishing craft, fishing gear, fishing methods and
processing technigques be introduced as the demand for Rukwa fish
products develops.,

M.J. MANN,
. Eést_African I'reshwatexr Fishcriés Research Organization,
P.0. Box 343, - Jinjay, ' Uganda.
June, 1964,
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Table Al.  Summary of rainfall at Mbeyas Meteorological Station 1932-62.
(after lieteorological Departwent, E.A.C.S.0., 1964)
(expressed in inches)

Honth Minimun Maximum Average
: January 4.33 13.41 7.81
" Pebruary 1.44 10,57 6. 48
.Mafch : o 1.41 - 10.50 . 6. 35
April 1.77 11.94 4.55
May - 2.14 0. 67
June - 0. 35 0.05
C July - 0.24 0.02
Augusi . - 0.56 0.04
September - 1.10 0.10
October o= 2.70 0. 60
November - 0.23 10.59 2.04

" December . 0.31 15.63 5.98
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;

“Pable A2,  Average annual reinfall Rukwe Bzsin 1924-62., (after
licteornlogical Dept., B.A.C.S.0.) (expressed in inches)
Year " Samples Hairtall Year  Samples Reinfall
1924 1 40,72 1944 20 43,19
1925 1. 58.26 - 1945 : 22 35.12
1626 1 13853 1946 23 23.26
1927 1 47.25 1947 24 - 37.26
1928 3 33.50 1948 23 36. 32
1929 4 30.46 - 1949 23 .25.38
1930 4 41.48 S 1950 29 38.27
1931 5 40, 35 1951 26 48,73
1932 6 - 38.55 - 1952 29 35.43
1933 6 - 40,19 1953 28 35.81
1934 5 34.21 1954 28 30.80
1935 9 36.57 1955 28 36.20
1936 10 44.49 1856 23 44.80
1937 10 36.25 1957 23 43.33
1938 -~ 11 _37.01 ©1958 0 ¢ 24 39,86
1939 o 12 35.73 1959 S 24 - 39.69
+ 1940 14 37.99 1960 23 39,18
1941 16 44.63 1961 25 51.33
42 17 - 42,92 1962 13 51,66
-'-94.30 20 330 61. .
Table 44. Chemical analysis of Lake water by Ricardo 193%a.

Spedﬁfic gravity
Sodium
Potassium
Lithium
Calcium
-Magnesium
ron

uminium
Chloride

Sulphate

- Hitrate

Fitrite

" Phosphate

T . Bilica

Total alkalinity as CaCoy

pH (in field)

Cowmentdt:s

1.0005
.. 149.4
19.4
Nil
12.2
4.6
0.8
1.5
25.9
2.9
less than 0.3
less than 0,003
0.3
76.7
212.8

6.5

analysis by Covernment Chemist, London.

5

mg/1itre

November, 1G37.
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Table A.3 History ef Rukwa lake-~levels (based on Gunn 195@2.

1
|

Period

Before 1?73
1873 Sept-Oct.

1880 Apr?l
1882 Oct,
1883-188
- 1889 ¥ov,
1893 July
early
Aug.
Nav.

1898 =2

Oct.
1880--1899
19CL Oct.
1904

19G5

1910

1920
1921-1928
1929

1930

1933 Nov.
1934 April
©1935
1936

1937
1938
1939-41
1942
1945 Teb.
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1563

1964

Lake-Tevel guoted

unknown
Medium~low 3 levels as 1936
fairly high

very high

unknown

low

low

very low

low

very low

axy

dry

low

North lake completely dry
much higher

very high

very high

whole North Lake dries

duy

(vnkrnown) dried up completoly
low (drought over all E.Africa)
filled up
falriy high
deep
deeper
went down, medium-low

very high

very high

high, falling

high, falling

toat on Horth lalke

medium?

medium?

lew

dry

dry, North Lake small

feirly dry

floods 1n plains

dry .

North Lake almost entirely dry
dry

rising

rising

rising

rising

rising

violent rise

very high

highest level within memory

very high?

S V.

Authority

Waller 1874 Yhite

Fathers (Ricardo 19 39a)
Thomsun 1880 '
Keiser 1883

Johnston 1890, Cress 1891
v. Wissmann 1893

Langheld 1897

Wallace 1898

Ramsay 1898

Springade 1904

Yantz 1903

Prittviiz

White Fathers (Ricardo 1939a)
v. Prittsitz

Meyer 1509

Fateuv (Albrecht 1552)
lelland 1910

White Fathers, lMateo
lihite Fathers (Ricardo 1939%a)
White Fathers

White Fathers

Michelmore 1937
Michelmore 1937
Stuynnerton 1946
Suynnerton 1946,

Ricardo 1939a

D.C.Ufipa,Lea & Webb 1939
Michelmore in litt.
Bousfield ‘
Matec

Forrester

IRLCS

IRILCS

IRLCS; Lockley & Hammond 1564
IRLCS, Lockley & Haumond 1964
IRLCS, Lockley & Hammond 1964
IRLCS, Leekley & Hammond 1964
IRLCS, Lockley & Hammond 1964
TRLCS, Lockley & Hammond 1964
IRLCS,Lockley & Hammond 1964
Lockiey & Hammond 1964
Hamuend 1964

Hamirond 1964

Hammond 1964

Hammond 1964

Hammond 1964

Hamwond 1964 IRLCS 1962
Hammond 1964 IRLCS 1963
Hamuond & liann 1964

TRLCS 1962
Hammond & kann 1964






Table AH. Chemical analysis of lake water by Swynnerton 1947.

Turbidity

ilkalinity as CdCO% (= o 0204h)
Ca

]

Co
|

otal hardaess as
Freb almmenia
Albuninoid ammonial

e |
Nitrates.as nitrogén

Nitrites

Oxygen absorbed lO‘mln. at 102°C,
Chlorides as chloriné

Total -solids at'105oC.

Comment:
Report by Governmen-t

3

Sarple collented 17.00 hours, 1l2th
Chenist, Dar-e¢s-Salaam

9.3

386 parts per million

1019
46
0.1
0.7
1.0
absént
24
113.

2.010

"

September, 1946.

"The water seems to contain a high proportion of

alkaline bicarbonate',

Tsble AG.

Chemical analysis of lake water by Hammond 19€4.

S Turbidity
Free aumonia
Albuninoid ammpnia
Nitrate as Nitrogen
Witrite as Nitrogen .
Ghloride

ouride
Calciunm
'Hagnesium
] Sodium
Metals
‘Total solids
~ om
'Conductivity

Oxygen abuorbed from 27/80 Kilno 4
in 4 hr, at 80°F

Alkalinity as CaCoj
Carbonate hardness

Non—-carbonate hardness

Comments
Mbeyea,

120 0 parts per million

0.02 "

16.0 "

0.5'~' n

Nil "
454,90 "
8.4 H

353.9 micromhos

3.5 parts per
40,0 . "
46.0 "

Hil

“at 25°C,

rmillion

N

Samples taken 9th June, 1963, analysed 28%th Jjune by %.D. & I.D.,

.Appearance turbid, colourless. A4 soft water showing

signs of beavb organic pellution, unsuiteble for domestic & drirking

use.,
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Table 47. Rainfall and lake-levelu at Mbangala, Lake Rukiia, 1964.

Rainfall ILake level _Rainfall Lake lovel
(in.) (£.) “(in.) (tt.)
January 1 - no record February 1 - 21.50
2 - " 2 - 21.55
3 - " 3 1.10 - 21,65
4 0.12 " 4 - 21.70
5 - n 5 - 21. 60
6 1,28 " 6 - 21.80
7 - " 7 - 21, 65
o 8 0.58 n e 1,70 22.05
9 - oo _ 9 — 22.00
10 - " ' 10 - 22.15
11 0.20 " 11 - 22,20
12 0.21 " 12 - 22.10
13 .04 " _ _ 13 0.54 22.25
14 - : " . lax - 22.30
15 - " ' 15 - 22.25
16 - 20.75 : 16 ~ 22.40
17 0.06 20. 6% 17 not recorded
18 0.19 20.70 ‘ 18 "
19 0.20 20,80 19 "
20 - 20.75 20 "
21 - 20,90 - 21 "
2z = 20.95 22 "
< 0.06 21.05 23 "
24 0.98 21.95 24 "
25 0.35 21.10 25 "
26 - 21.15 26 "
27 - 21.20 27 "
28 0.39 21.35 - . 28 "
29 - 21. 30 29 "
30 - 21.75
31 0. 65 21.45
Table 19, Imports & Rxports of f{ish products officially recorded.
(after Boumaker 19€4 & Hammond 1964) (expressed in lbs.dry weight)
Tunduma Abercorn
1962 1963 1963
Tanganyika . Rhodesia Tanganyika N. Rhodesia N. Rhodesia
January - - -1 350 9 020 S Hil
February 7 8060 - 2 650 32 500 Nil
larch - - 7 300 23 800 Nil
April 24 560 - 13 96C 66 500 Fil
May 1 428 17 070 61 210 69 455 14 730
June 32 350 33 640 60 200 36 700 30 050
July 48 143 34 270° 61 045 30 000 31 776
fugnst 78 800 67 130 110 543 65 460 90 232
September 13 500 15 530 93 538 89 000 47 250
October 33 100 168 550 133 038 112 200 75 530
November 21 200 27 050 25 000 .30 000 81 439

Deccmber 2 200 - 33 350 16 265 S 30 000 39 420

Yearly «tot.l 345 780 684 885 386 079 594 635 C61Y 645

RN






AUGUST-SEP TEMBER

4,5 in Research

4.5 in Commercial (Mann)

5 in Research

5 in Commercial (Mann)

5 in Crymmercial (Ntunje)
5 in Commercial (Kasisi)
JANUARY~FEBRUARY

4.5 in Research-
4.5 in Commercial (Mbangalza)
5 in Research

5 in Commercial (Mbangala)

AUGUST-SEPTRMBER

2.5 in Research
3 in Research

JANUARY -FEBRUARY

2.5 in Reseafph
2.5 in Cemmercial (Mbangala.)
3 in Researcﬁ?

3 in Commercial (Mbangala) .

Table A3. Ca 1 rates for certain commercial an

/

asearch nets

SURFACE-SET NETS

‘Tilapia  Hydrocyon
7.0 366.1
8.7 25.2
62.8 246.2
85.8 26;2
206.8 7.2
583.4 20. 7
150. 6 225.3
199.8. 142.8
73.2 126.2
228.3 31.2

J.abeo -

124.6

117

91.0
300.0

127.3"

289.2

BOTTOM=UET NITS

Hydrocyon
38.2

35.2

(Resuts expfesse@.as gms/hp../50 yds set)

Clarias

14.4

130.8
303.5
92.5
27.5

(Resulis expressed as gms/hw. /50 yds set)

Clarias
12.3

28.0
37.6

91.0

25.0

Comnent

Other spp. Total
29.0 473.1
- 121.3
14.7 . ~418.9
- 112.0

- 228.9

- 629.1
12.5 519.2
- 646.1
5.66 . 297.5
3.4 290. 4

Other srp. Total

All localities
few fecords.
A1l localities
Few records
Rough censag
Accuraﬁe census
All localities except Luika Delta
Accurate censﬁs.

All localities except Luika Delta

Accurate census

Comment

482.2 603.3
182.4 363.2
158.3 300.8
93.7 447.7
92,2 .‘ 332.3

14.5 365.1

All localities

All localities

All localities except Luika Delta
Accurate census
All loycalities except Luika Delﬁa

Accurate census






Tavle A10. Surmary of Tilepia production from Lake Rukwa 1931-63
(following Swynnerton 1947)

Lakeshore Tilapia Humber marketed Fresh wet-weight Comment

Price (cents)  (by Europeans) (tons)

1931-35 5 - - no records

1936-38 5 1 336 400 _ 650

1939 5 236 444 115

1940 6 773 892 377

1941 1 998 T49 486

1942 7 924 983 450

1943 7 1 056 234 514

1944 7 1 400 902 682

1945 8 1 705 167 830

1946 8 1 749 500 851

1947 11 c. 1850 000 900

1948 7.5 c. 1 500 000 : 130

1949 7 c. 1 200 000 584

1950 - . Wil -

1951 T Wil -

1552 7 c. 1 D00 000 535

1953 - c. 1 505 000 732

1954 - c. 1 309 COO 637

1955--62 - - : - no records

1963 ' 20 c.36 000 000 17 500 includes
Africen
enterprises

production
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ADDENDUM

Throughout; for Tanganyika, read Tanzania, except Lake Tanganyika which
remalns unchanged; for the Rlrodesias read Zambilia and Rhodesgia, for
Northern Rhodesia read Zambia, for Belgian Congo read Congo Republlo
(Kinshasha), for Lake Nyasa read Lake Halawi.

Protopterus: Poll (1961) has already recorded Protopterus annectens
brieni Poll 1961 from the Rukwa tasin. Vide Poll M. (1961) Revision
systematique et variation gcographique des Protopteridae de 1'Afrigue

Centrale. Ann. Mus. Roy. Afr. Centrale, Tervuren, series in 8
Sci. Zools (103) : 1-53.

_Xdroovon vittatus: (Castelnau) 1861, synonymous with H. lineatus
Bleeker 1862, is now correctly named Hydrocynus v1tta+us, Casteinau
1861,  Vide Barnard, K.H. (1948) Report on a collection of fishes
from the Okovango River, wilith notes on Zambezi fislies. Ann. 8. Afr,

Mus., 36 (5), 4C7-458.

Marcusenius discorhynchus Peters 1852, is now oon51dered by Myers (1960)
to be a member of the new genus Cyphomyrus as C. discorhynchus (Peters)
1852, Vide Myers, G. (195 ), The mormyrid genera Hippopotamyrus and
Cyphomyrus. Stanford Iohth. Bull, To

Labeo fuelleborni: Labeo spp. are adept at penetrating upstream under
extremely difficult conditions and thus the lacustrine and riverine
populations may not be separate as implied here. But on the other
hand, Greenwood (1962) in discussing rbus paluiinosus considered
separate populations from the lake and the Luika river, and noted
significant differences between these two populations.

Production & Marketing: Takirg the total weight of dried fish products
moved through the main centres each year as 5,328 tons (11,935,144 lbs.
in Table 27) and considering that the equivalent fresh wet weight is
three times the dry weight, then the annual yield of Tilapia products
from Rukwa is 15,984 tons (fresh wet weight), &dding a g & nominal 10%
for local consumption; etc., the total annual yield of all fish products
is estimated at 17,500 tons (fresh wet weight).

Since Mr. S.A. Jaleel and Mr. B.J. Lumby have in hand an account of
fish marketing and production from both the marine and freshwater
fisheries of Tanzania, the section of this addendum intended to cover
production data since 1964 has been omitted entirely.

Additional References:-

Jaleel, S.A. (1967) FAO fish marketing adviser, UNDP,
' ' P, 0. Box 9182, Dar-es-Salaam, Tanzania.

ILumby, B.J. (1967) Fisherics Officer (Marketing), Fisheries
Division; P.O. Box 2462, Dar-es-Salaam;,; Tanzanla.

Dean; GoJ.W. (1967) Grasslands of the Rukwa Valley.
J. Appl. Ecol. 4 (1) 45-57.

Symmons, P. (1959) The effect of climate 2nd weather upon
the numbers of the red locust. Nomadacris

septemfasciata (Serv.) in the Rukwa Valley
outbreak area, Bull, Entcm. Res, 29
(3) & 507-521.

Robertson, I.A.D. (1958) Tree planting trials for the control of the
red locust Nomadacris septemfasciata in the
Rukwa Valley, Tanganyixa. Bo Afr. Agric, for.Je
23 (3) &+ 172-178,

Lamb, H.{. (1966) Climate in the 196C's: changes in the world's
wind circulation reflected in prevailing
temperatures, rainfall patterns and the levels
of African lakes. Geographical J. & 132
(2) 183-212 _
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Lumb,

F. B

(19665

Variations of rainfall over Lake Vicioria
catchment since 1899, and over Bast Africa
since 1934. Kenya Coffee {(August 1966) :
347 =350 . :
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