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A study was conducted to determine what methods could he us~'d' to' (l~se!>s, the 

age and grol'/th of .Q. niloticus in Lake Awassa, Ethiopia. Furthermore, factors 

responsible for the, seasonal growth cycle of the fish vlere investigated. 

Otoliths (sagittae) and scales I'lere examined in relation to seasonal variation 

in some biological and environmental parameters. 

Oto 1 i ths and scales \~ere found to form trans 1 ucent zones and checks twi ce a 

year, during January to February and June to July. Growth can, therefore, be 

slow ,in this period. Spawning activity, decrease in water temperature and the 

probab 1 e decrease in the Quant ity of food consumed dur i n9 spawni n9 and the , 
poor qual ity food consumed during these months v/ere considered to be 

responsible for slol'l growth. Otoliths and scales showed deposition of nell 

tiSSU2 during f.iarch to nay and August through to D2cember. Growth vias 

believed to resume at a relatively faster rate in these months due to 

comD1ption of spawning, and increase in water temperature. The quantity and 

quality of the food consumed by the fish could also increase during periods of 

fast growth. 

The first annulus in otoliths could not be identified. Therefore, average 

1engths-at-re1ative age were calculated for fish with 6, 8, 10, 12, 14 and 16 

translucent zones in their oto1 iths. These data are each one year older and 
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were used to estimate the parameters of the von Gertalanffy growth equation. 

Loo was 30.0 cm for the males but, 29.4 for the females. K was 0.46 for the 
, 

males and it was 0.38 for the females. The theoretical age, to' \'las found to 

be 0.15 year for the males and -0.08 year for the females. 

Relative linear growth rates (S) estimates from otolith method, from length-

frequency method and from marked fi sh closely agre8d. Thi s verifi ed that 

results obtained from the otolith method could be used to describe the average 

growth pattern of O. niloticus population in the lake. 

The sixth translucent zone in otoliths was believEd to be formed at the end of 

the first year of life. Ages estimated using Gulland's(1969) method provided 

supportive evidence. Therefore, the 6th to the 16th trans 1 ucent zones 

correspond to the J.st to the 6th year of life, respectively. Ages were 

assigned based on this finclin~. This indicated that more rapid growth in 

favour of the males was apparent at and after the second year of life. 

Length-frequency distribution of experimental commercial catch indicated that 

the commercial gillnet cau9ht fish in their second year of life and older. 

This gear does not catch immature fish. 
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1. 1:, Ti;J;]UCl 011 

The a~ility to incr~ase in size is on~ of th0 ~Jst fun~a~l~ntal characteristics 

l)f an livin~ thi/lr;s, anti til" stue), Qf tl12 (!rQ>lth uf ur(janis[;Is is b~,sic to 

understanding of their 0iolo')y (Fry(:r ~,nd 1'12s, 1972). Tn connection vlith 

i'isl1 IJhich ar2 2xploited by nan, gro¥ltli studiGS ~n; a>'s(llutely ess,~ntial sinc~ 

it is the 1rowth of fish that !)roviJes the catch (yield) taken by man. It is 

th" prir.Jary "ir.J of fishl'ri'"s biolorists to secure valuable infol'l1ation for 

r:1anagement activitks so tilat fish bic,mass is rcmov,:d only as ra:Jidly as it , 
can b2 repl ac.:rJ. SUC'l mana;lcl~8nt ~~als can' il,: achieved only if the srollth of 

the fish is known. It is, therefore, apparpnt that fish gro>lth studies are 

vital cor.lponent of fisheri(:s schnc". 

SrOltth of fishss is usually expr.,sseJ in sin9L! 2'luations such as t:12 von 

:;ertalanffy grol'lth function (Vll(:F) (von 6ertalanffy., 1~57, cited in Ricker, 

J.(75), \~hich, in terttls c,.f l(mrJth, has t.he falloHing form : 

L = L (J_a-K(t-to)) 
t 00'" 

'L t ' is an rage l~ngth at asc 't'~, 'Lao' is the theor~tical asymptotic l'IaXifllur.1 

len~t!l to Nhich the fish~s ']ro\'l; 'K' is SJrOl'lth coefficient which ",easur<:s the 

rate at vlhich 'Loo' is approached. The ilarameter 'to' is a theoretical af]e at 

which the fishes ar~ said tf) have a ZQro l~nrth if they grf)\'1 according to the 

~ql!ation. Thl"! I)aramet~rs 'Loc', 'K' amI 'to' are important because tlwyare 

used in yield equations (Al19n, 19~G). Size-at-absolute aoe data are raquired 

to obtain accurate 2stiQates of th2se param2ters. Size-at-r21ative age data 

can still be used but, 1'1111 not provide an accurate' 2stirnate of 'to' (Pauly, 

10,79). 
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The ability to a:le fisl; is absolutely essential, as almost all management 

activitiss are ~ased directly or indiractly on this ability. In addition to 

providing basic data to :ostimate ~rowth, information relevant to management 

I'lhi ch can be secured from determi n in9 the age of fi Sh8S inc 1 udes mortality 

rates (Garrod, 1%3; Deriso, 1982; Essig and Cole, 19(6), age at sexual 

maturity and number of spawnings per life spall (Diana, 1983; Haist and 

Stocker, 1985; Kilambi, 1980), abundance of year classes and rOGulation 

structure (Ilodf!kiss and Ilan, 1977~ Linfield, 197!); Harris and Grossman, Ig(5). 

Knowledge 0f rates 3f mortality and growt.h, and the relative numbers of 

juvenile and mature fish in a ;Jopulation, ar2 rer;uired to answer questions 

about how exol~itatio1 affects the population. Infonnation on age at sexual 

maturity is important to restrict fishing so that a sufficient number of the 

rarent stock reproduce befor~ bCin9 harvested. 

Although the study of age and growth of fish i~ a practice started long ago 

methods are still sub.jectiv(,. HOliever, all present management activities are 

based on these subjective methods. There are now three bas i c approaches to 

assess the age and growth of Fishes: th2 empirical; the mathematical; and the 

anatomical. There are a number of comprehensive descriptions of these methods 

(De oont, 1957; Bagenal and Tesch, 1978; Brothers, 1979; Jearld, IgB3). 

The empirical approach is based on direct observation of fishes held in 

confinement (ponds, cages, aquaria, etc.) or of fishes mark~d and released and 

then subsequently recaptured. Accurate 'known-age' data would be obtained if 

the fishes are artificially fertilized (Casselman, 1(87) but, if they arlo! 

captured from the natural environment, marked and r21eased, upon recapture 
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they provide 'partly kno~m-age' data to the time bet\'l,~en markin9 and recapture 

(Casselr~an, H'S7). The empirical approach, thJW2h direct, is, therefore, 

based on some I~hat artificial conditions and factors. It has, however, 

received the attention of numerous \'Iorkers who mostly used it to test the 

validity of the other approaches (eg., ~jnne, 1975; HcCaughran, 198]; Smith, 

1934) • 

The mathematical approach, also called 'length-frequency analysis' or 

'Petersen's method', utilizes length-frequency distributions to assess age 

indirectly. The basis to this method is that if spawning is restricted to a 

relatively short period of time during the year, such that a regular influx of 

nel,' recruits occurs, adequate and randomly taken length data depict a 1ength­

frequency distribution which features a series of modes corresponding to 

successive age groups (I1es, 1971; Tesch, 1971; Pauly, 1983). 

The anatoftlical aprr.:>ach, also referred to as osseocilronometry (Casselman, 

1987), refers to age assessment from checks and zonations resu1tinS from the 

cyclic growth of calcified fish tissues such as scales, otoliths, fin rays, 

vertebral centra and in flat hones like opercula and c1eithra. That these 

calcified tissues do frequently bear checks or zones to which a regular time 

scale can he assioned makes oseochronometry the most commonly used method in 

the current science of fish growth. These checks and zones are used to assess 

the age of the fi sh if they conform to the (jefi nit i on of the 'annu 1 us'. As 

defined by Casselman (1983) annulus is a mark on or in a calcified structure 

that is associated I'lith the distal edge of a conccontric ring in the form of a 

check in scale and a translucent zone in other calcified structures; and is 



considered to separat~ the check or zone associated Ilith the principal annual 

cessation or reduction in ~)ro\'lth from the tissu~ deposit0d I~hen gro~/th resumes 

or increases. The annul s has even been used to 'back-cal cu1 ate' prev i ous 

sizes-at-age of individual fish based on empirically dE't.ermincd relationship 

betl'/een body size and the size (diameter, radius, etc.) of thes.:> structures 

(eg., Hi1e, 1970: 3agena1 and Tesch, 1978). 

~lost of the methods \-Iork reasonably Hell in temperate regions but, in the 

tropics application of these! m~thods has often been difficult. The empirical 

approach does not require a seasonal environment but, it is used least in the 

tropics due to the lack of adequate facilities and resources. Host fish spawn 

through out the yetr in tile tropics and tneir life cycle is orten short 

(Hc1comme, 1967). The length-frequency method is, therefore, less useful for 

such fish. Furthe:'more, dup. to the small seasonal fluctuation in tropical 

climates, regular :hecks and zones may not be formed in calcified tissues. 

lioHever, seasonal variation does exist in mallY tropical waters, caused 

primarily ~y the seasonal nature of rainfilll and Hinds (Lowe-i'!cConnell, 1907). 

Due to these and other associated seasonal factors, certain tropical fishes 

have spawning activities restricted to a few months like many temperate fishes 

(see Balon, 1972), and some have s()asona1 fluctuations in grOHth resulting in 

formation of 'annuli' in their Calcified tissues (eg., De Bont, 1%7; l\a1on, 

1972). A notable exalnp1e is Tilapia ()scu1enta from Lake Victoria (Garrod, 

1959) • 

There is no doubt, therefore, th~t there is adequate seasonality in the growth 

of tropical fishes. This could be environmental induced or connected to 



reproductiv~ activity because of subtle environmental clues to create cyclic 

growth. Since this cyclic growth has not be~n as prominent as in the 

temperate region fishes many considered age intert)retation from tropical fish 

calcified tissues a problem. It is also evident that all chr.cks and zonGS do 

not contain annul us. There is on ly one check or zone each year to Vlhi ch the 

annulus is associated. Therefore, the belief that t,l'1O annuli are present each 

year in the calcified tissues of some fish species needs to be reconsidered 

(eg., Garrod, 1959; Balon, 1972; Hecht, 1980; Hopson, 1982). Far such species 

of fishes the calcified tissues should be interpreted very carefully and 

preci se 1 y by much more deta i 1 ed exami nat i on than before. Results \'/i 11 then be 

just as good as for temperate rcgion fishes. 

Although the specific physiological mechanisms involved in the formation of 

the 'annulus' are still far from being fully understood, a number of factors 

resulting in cessation of somatic growth of fish ( resulting in the formation 

of growth checks in calcified tissues) have been identified. In temperate 

and "sub-temperate" re0ions drastic changes in temperatur~ and associated 

biotic and abiotic factors are believed to cause formation of growth checks in 

fish calcified tissues (De Bont, 1957; Balon, 1972). In the tropics, factors 

associated \'lith rainfall, \'/ino regime and spawning activities have been 

suspected for this effect (eg., van SOnleren, 1950; Garrod, 1959; Fagade, 197~; 

Hopson, 19(32). Halon (1':172) believes that the timing and factors associated 

in the formation of 'annul i' in fish calcified ti ssues in all re~lion$ are 

connected to the main spawning period and/or to the period of increase in 

available food. Furthermore, temperature could also be an important clue in 

the cyclic groy/th of tropical fishes. This important factor has just been 



ianored due to the erroneous assumption that the environment is homothermous 

to the fishes. However, fishes could respond to very subtle changes in 

temperatur:! (Cassclnl1ln, lS78). The universal phe;1omenon that otoliths grow by 

daily additions of nevI tissue (daily increment) (Pann(!lla, lS71 and 1974) 

provides more accurate age, particularly for young fishes, than \'las previously 

rossible (sf~e revieVI by Campana and (Jeilson, 1985). This has now opened a new 

approach to determine the age of tropical fishes whose calcified tissues may 

not contain annuli. 

It may be ,therefore, possible to use the same basic principles and methods 

used in the temperate zones to assess thE age ane growth of tropical fishes 

which have short spawning period (s) or f(,rm l'egular 'time markers' in their 

calcified tissues. The pra.ctical problems of the methods are also generall.v 

similar in all fisL regardless of the environment. ilUl;1erous age and growth 

studies of tropical fish have been carried out, and that results obtained are 

consistent also provides a powerful proof to the val idity of the methods 

(Fryer and Iles, 1972). 

A number of com!1rehensive studies have .justifit'd the applicability of the 

methods in gen~ral. HO\~cver, all m,e thad s a~e as soc i ated with certa i n 
\ 

difficulties. In length-frequency aralysls, modps could also represent stro'ng 

and weak year classes rather than age groups, awl as fi shes get 01 der a number 

of age groups may attain approximately equal length and arpear as a single 

mode (e~., Bagenal and Tesch, IS7B). In osserchronornetry, a simple count of 

Checks or zones may not necessarily correspond to age in years. Their time of 

format ion must be ascertained and they shaul d be differenti ated from 
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'pseudoannul i ' . Older and slo\~ growing fishes, especially, present 

cons iderab le difficulty if osseochronometry ; s to be applied (8eami sh and 

Harvey, 1969; ;,li lls and l3eamish, 1980). These ~ractical problems Vluuld lead 

us to the need for validation of the methods (aeamish and f,1cFarlane, 1983; 

CasselMan, 1983). 

Various techni~ues for testing the validity of age determination methods are 

available. The most powerful evidence comes from examining calcified tissues 

of fishes whose age is 'known' (Casselman, 1983). HOI/ever, these are rarely 

available (eg., Erickson, 1983) and if available, they may be under laboratory 

conditions (eg., Taubert and Coble, 1977; Rice ~~., 1,)85). Evidence from 

fishes whose age is 'partly kno\m' is rC!latively easy to obtain and many 

workers have used such evidence to test the validity of their age assessment 

methods (eg., Casseluan, 1974; \'Iild and Foreman, 1980; Smith, 1984; Laurs ~ 

~., 1985). A seasonal record of the conditions on the edge of calcified 

tissues has also Q;en used to find the time at which checks and zones are 

formed (eg., Dudl~:" J.974; \~hite and Chittenden, E l 77; Harris and Grossman, 

1~85). Counting the number of daily increments between zones has been used to 

validate aue asse-sment fror;} otoliths (eg., Victor and Brothers, 1982) but, in 

addition to beir~l equally subjective, one may not always \let the expected 

number of daily growth increments if light microscopy is the only equipment 

available. Agreement between methods ann among calcified structures have also 

been used to verify ag~ assessment methods (Dudl:!.y, 1974; Bagenal and Tesch, 

1978) . 

It is important to emphasize that carefully and systematically interpreted age 
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and growth data are required to obtain a substantial body of scientific 

information applicable to proper mana!WElent of tl'opica1 fish stocks. The 

cich1ids, particularly the r;roup cOP1I110n1y called tilapia, are economically the 

most im!)ortant fish in the inland fisheries of Africa. Cich1ids comprise up 

to 90g by l'leight of the total catch in these fisheries, and, among the 

cich1ids 32-100 % is contributed by tne group tila"ia (Fryer and l1es, 1972, 

Table 17). Age and grOl~th studies in the African cich1ids are, however, not 

very advanced. Such basic science is urgently needed for the ti1apia. 

Fortunilte1y, many comlnr"rcially important species in this group have spalmin9 

activity restricted to few months, and for such species age and growth has 

been assessed using 1ength-frequenc.y analysis (11es, 1971; Dudley, 1974; 

Tweddle and Turner, )977). Some calcified structures (eg., scales, otoliths 

and opercula) from certain species have also allo\'!ed osseochronometry to be 

applied (eg., Garrod, 1959; Ho1cik, 1974, Krupka, 1974). Based on a 

1 iterature survey and their ol'ln observations, Fryer and Iles (1972) presented 

a general ized account on the grOlith of cich1 ids in Africa as well as in other 

tropical regions. This led to d. better understanding of the biology and the 

fisheries of these import~nt fishes, and concerned apencies have gained a lot 

of information for proper management and rational utilization of their stocks. 

Yet, such age and grOl'lth information is not available for Oreochromis 

ni10ticus (rrevious1y Ti1apia ni10tica) in East Africa. 

This cich1id species makes the major portion of the landing from the 

economically im[lortant lakes of Ethiopia. Oreochromis niloticus constitutes 

about 50 to 60% by weight of the fish population in Lake JI.\'Iassa, the site of. 
\ 

this study (Ilernlann, in preparation). Lake ,'IVIassa is economically one of the. 



most important lakes in Ethiopia, supporting a fishery almost entirely 

dependent on Q. niloticus through out I~uch of the y'oar. Clarias mossambicus 

is also exploited to a considerable extent during the fasting periods of the 

Ethiopian Coptic Orthodox Christians (durina mid February to the first week of 

April, and during the first two weeks of August) (see also Elias, 1988). The 

other species in the 1 ake are not commercially important. fiarous intermidius 

grows to a commercial size but is not in demand, possibly because i~ does not 

contain much flesh. It is, hov/ever, consumed by the local fishermen who also 

prefer~. niloticus and C. mossambicus. The only other species in the lake 

includes Barbus amphigramma, Garra sp. and Apochalichthyes ,p. 

['iany workers have studied various aspects of the biology of this lake (see 

Oescrilltion of Tile 'Study Area). Though thi s important 1 ake is the most 

studied in the nation, information on the age and growth of the O. niloticus 

population is not available. Furthermore, no information is available on 

whether or not exploitation of this species is optimum, however, this species 

is being exploited continuously. Proper management and optimal utilization 

would, therefore, be an importan.t development. Therefore, a~e and growth 

i nformat i on on O. nil ot i cus Vias badly needed. The present study was conducted 

to pro v i de such i nformat i on on the adult fi sh. Another complementary study 

dealing with th~ juveniles of this species has been carried out (YosE:f, in 

preparation) . 

The purpose of tllis study 'was: 

1. to determine what methods can be used to assess the age and 

growth of O. ni';oticus in Lake A't/assa. 
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2. to determine vlhat factors are respons i b 1 e for the format ion of 

'annuli' in the calcified tissues, and how are these related to 

body growth. 

3. to determine when the 'annuli' form, so that their validity to 

study growth can be tested. 

4. to determine the von Berta 1 anffy growth paral:lCters for O. 

niloticus in Lake Allassa. 

5. to compare this grOl'lth with other populations of tilapia. 

flesults obtained, hopefully, will provide valuable scientific information 

which could be used for proper management leading to a rational utilization of 

O. niloticus in Lake A\'Iassa. Furthemore, this study will provide Dase-l ine 

information for future stocking and aquaculture development in the country. 
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I I. DESCRIPTION OF THE STUDY AREA 

Lake Awassa (6033' - 7033'i~ and 38°22' - 38029'E) is located approximately in 

the southern third of the Ethiopian rift valley, about 275 km south of Addis 

Ababa (Figure I). Some morphological characteristics of the lake are 

presented in Table 1. 

Various aspects of the Ethiopian rift valley and its lakes have been described 

by many workers (I,10hr, 1062 and 1950; Grove and Goudie, 1.,71; Grove et ~., 

1975; Beadle, 1981; Von Dar.lIn and Edmond, 1984). Lake l\\'Iassa is believed to be 

volcano-tectonic in origin and lies in a caldera approximately 30 Km in 

diameter and 1,350 km2 in al'ea (i'lakin et ~., 1975). The surrounding 

volcano-lacustrine hills rise up to 2()OO In (I';ohr, 1962), but the lake is 

situated at an altitude of about 1680 m. 

( 

The land bet\'leen the hills and the lake is cultivat~d mainly \'lith maize and 

sisal, but a considerable area is also cultivated I'lith sun-flower. Large 

herds of catt 1 e and a small number of horses are I'latered cia i 1 Y on the east and 

west shores of the 1 ake. Getachel'l (1987) also reported seed 1 ing culture 

activities near the lake shore. 

Lake I\wassa has no surface outlet, and the Tikur Huha River at the north­

eastern shore is the only inlet (see Fig. 1). This river brings \'later from 

Lake Shallo, \~hjch is sl'lampy and a few kilometres north-east of Lake Awassa. 



N 
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Figure 1. Map of East Africa showing the location of the rmjor 
/ 

Ethiopian rift valley lakes (a). Lake Awassa with 

sampling stations indicated (b). 
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Table 1. Some physical and chemical characteristics of Lake AV/assa. 

characteristics 

Area 

Vol umc 

1'laximum length 

r'lax imum \1i dth 

fiax imum depth 

t1ean depth 

TDS 

Conductivity (K20 ) 

PotasSiU[,l 

Sodium 

~lagnes i urn 

Calcium 

Chloride 

Silica 

Sulphate 

~!03 -II 

NOrN 

P04-P 

Total P04 
C03 + IlC03 
pH 

a. Herrman. in preparat i on 
b. Von Damm and Edmond, 1984 
c. Talling and Talling, 1~&5 
d. Elizabeth, 1987 
e. Dcmcke, 1985 

value (reference) 

88 km2 (a) 

1.3 km3 (b) 

16 krn (a) 

11 km (a) 

21 m (a) 

11 m (a) 

G5Q.4 mg L-1 (c) 

730 - 825 }Jmho cro- 1 (d) 

0.83 mOlal L- 1 (b) 

9.23 mmol L- 1 (b) 

0.22 mmol L-1 (b) 

0.12 romol L-1 (b) 

0.85 mmol L-) (b) 

1.65 mmol L-1 (b) 

0.005 mmol L-1 (b) 

7.0 - 100 ~g L-1 (d) 

1.0 - 5.1 ~g L-1 (e) 

22.0 - 45 ~9 L-1 (d) 

98.0 ~g L -1 (c) 

7.33 - 10.52 roeq L-1 (d) , 
8.85 (e) 
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This area has an eiaht month rainy season (March to October, peakin0 during 

July to September), and a four month dry season (November to February) 

(Daniel, 1977). Rainfall and temperature nata of the region for the years 

1986-1988 are presented in Tahle 2 and Table 3, respectively. The level of 

the lake increases shortly after the rains. 'lakin et ~ (1975), however, 

be 1 i eve that surf ace run off, espec i ally from the northern and vlcstern 

catchment, contributes very little due to the permeable nature of the soil. 

Al though Lake ANassa is terminal (Nithout a surface outlet), its I'later has 

relatively low salinity (Talling and Talling, 1965; Seadle, 1981.). The 

presence of subterranean· outfl ow by seepage through the 1 ake bed (Beadl e, 

1981) and the Tikur Iluha River draining an extensive sNamp (Amha and flood, 

1984) have been suspected to keep the \later at a low salinity level. 

Demeke (1935) reported that permanent thermal stratification does not occur. 

However, the lake may remain stratified for up to four months; January to 

April (Elizabeth, 1(37), February to f.1ay (Zinabu, 1988). This stable 

stratification is broken and the lake assumes an isothermal condition during 

May to July, ~Ihich is associated with cooler air temperatures and with the 

influx of cool rains during May to June (Elizabeth, 1987). During September 
, 

to November Elizab~th (1987) and Zinabu (1988) have observed severai unstable 

thermal stratifications lasting only for fe~1 days. Elizabeth (1987) noted 

another complete wind induced mixing during December. 

The chemistry of Lake A"lassa (Table 1) is basically similar to most African 

rift 1 akes \'Ii th sodi um as the predominant cation and bicarbonate-carbonate as 

the predominant anion (Tall ing and Tall ing, 1965). Carbonate-bicarbonate 



15 

Table 2. Total monthly rainfall (mm) in tht: Awassa region from 1986 to 1988. 

Honth 

JAN 

FEB 
t'lAR 

APR 
t'lAY 

JUN 

JUL 

AUG 

SEP 
OCT 
NOV 
DEC 

Data obtained from the !lyro-meteorological Service of the Institute of 

Agricultural reseurch at AV/assa research station. 

1986 1987 1988 

00.0 00.0 21.2 
42.4 17.3 6&.2 
44.4 125.9 16.4 

115.3 37.1 )02.0 

257.9 2{16.9 93.9 

152.6 59.1 106.9 
1%.7 104.5 121.3 
167.0 105.5 129.4 

160.2 75.7 215.5 
45.1 95.3 71.0 
20.1 00.0 2.4 
32.2 2.3 6.0 
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Table 3. i1ean monthly minimum and maximum ilil' ter"perature (OC) in the A\'Iassa 

region from 1985 to 1988. Mean is midpoint temperature. Data obtained 

from the Agro-meteorological Service of the Institute of Agricultural 

research at AI'iassa research station. 

1986 1987 1988 

110nth mi n max mean mi n max mean min max mean 

JAN 7.7 29.0 18.4 9.4 28.3 18.<) 10.4 29.7 20.1 

FEB 12.2 29.4 20.8 10.7 2").8 20.3 13.2 30.3 21.8 

MAR 11. 7 29.1 20.4- 14.1 28.0 21.1 12.3 31,ff 21.9 

APR 14.5 2(5.5 20.6 13.0 27.7 20.4 14-.0 28.5 21.3 

nAY 13.4 2D.7 19.2 14.3 26.0 20. ,j 13.0 27.8 20.4 

JUN 14.5 23.9 18.5 14.7 25.8 20._3 13.6 25.5 19.6 

JUL 13.4 23.6 18.3 13.8 25.5 19.7 14.2 23.4 18.8 

AUG 11.9 24.7 18.6 13.0 26.1 19.6 14.0 24.4 ,19.2 

SEP 12.3 24.9 18.7 12.5 26.3 19.4 13.G 24.9 19.3 

OCT 10.5 26.3 18.4 11.5 27.0 19.3 12.5 25.9 19.2 

NOV 8.6 28.2 18.4 8.6 29.3 19.0 Ii.S 28.3 17.4 

DEC 9.1 27.5 18.4 9.4 29.7 19.5 7.4 27.8 17.5 
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alkalinity ranges from 7.33 to 10.52 m~q L -I, \~ith minimum and maximum values 

in late July and January, respectively (Elizabeth, 19(7). High alkalinity 

values are associated with high evaporation during the dry season (Elizabeth, 

1987) • 

The nutrient status of Lake Awassa has been found to show a seasonal trend 

parallel in9 that in rainfall and mixing. N03-tJ starts to increase with the 

onset of mixing and soon after the rains to reach a maximum in July 

("Elizabeth, 1987; Zinabu, 1988). Soluble reactive phosphate also increases 

soon after the rains began and is highest in Hay (Zinabu, 1988). 

The phytop1 ankton in Lake AI'lassa is composed of about 100 species of which 

48%, 30% and 11f are greens, blue greens and diatoms respectively (Elizabeth, 

1987). The rest includes chrysophytes, dinoflagellates, cryptomonads and 

eug18noids (E1 izabeth, 1987). This author reported the seasonal nature of 

variation in phytoplankton biomass which increases follO\,;n9 the wind induced 

mixing in December and the thermal destratification during nay to July. 

Taylor and Zinabu (in press) believe that the zooplankton biomass is dominated 

by small cyc10poid Crustacea, whereas C1adocera are not abundant. Ciliates 

and rotifers are also abundant and believed to ba the most important grazers 

(Taylor and Zinabu, in press). These authors also speculated that strong 

vertebrate p1anktivory, \'Ihich operates in the absence of an effective 

piscivore, sustains the present p1 ankton community of Lake Awassa. 

The subzone ex tendi n9 from 20-40 m offshore consi sts of mi x~d macrophytes, 
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mainly of Cyprus sp., water lilies (flym~hea caerulea), Potamogeton spp. and 

Typha angustifolia (Tilahun, 1085). Faspalidium gcminatum dominates the zone 

from ~O-lOO m offshore at depths of 3-5 m (Tilahun, 1985). This same author 

pointed out that the benthic fauna of Lake Awassa is dominated by ostracods 

and chironomids, although cyclopoid copepods and cladoccrans are also present. 

Species of Ephemeroptera, Odonata, Heteroptera, Coleoptera, caddis flies and 

gastropod snails constitute the main macroinvertebrate fauna which are usually 

found in the macrophyte zone (Tilahun, 1985). 

Lake Awassa is inhabited by six species of fishes (Elias, 19i18): Oreochromis 

niloticus; Clarias mossarnbicus; [larbus intermidius; Uarbus amphigrama; Garra 

sp. and Apochalichthyes sp .. The feeding, reproductive biology and the 

fishery of the cat fish Clarias mossambicus have bel!n studied by El ias (1988). 

The food and feeding habits of juvenil8 (Tudorancca et .Ql., 1983) and adult 

(8etachew, 1987) Oreochromis niloticus has been studied. GetacheVi (198?) 

reported that the quality of the food in their gut varies seasonally with low 

values occurring during April to July. 

Various species of fish-eating birds are also found around the, lake. 

Hippopotamus and Otters have also ueen observed. T:18 8cological role of these 

animals has not been studied. 
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II 1. j'iATER IALS MHi j·iETHJOS 

1. Sampl ing and mcasurem·2nts: Fish sam;:1l2s \'Jere taken monthly from 

December 1987 to Novemb2r 1988 from t\~O stations (Fig. 1). For several 

species of Til api a it has beQn found that a gang of gillnets WhOS2 mesh 

size (str;)tched) differs by increments of 25.0 mm gives a representative 

sample, and that 12.5 mm increments arc more than adequate (Fryer and 11os, 

1972). The sampl ing (!ear used during thi s study \'las a gang of floating 

nylon monofilament gillnets consisting of mesh sizes (stretched) ranging 

from 50.0 to 112.5 mm by increments of 12.5 mOl. Each gillnet \'las 2.4 m 

deep and 15.2 m long. Twc gangs of gillnets containing each mesh size 

were conn:::cted 2nd to end but separated by a 1.5 m lonr rope (Hamley, 

1975). This sampl ing gear \~as S2t overni!Jht at depths of 3 to 5 meters 

ncar the macrophyte vegetation. 

Fish were separated by the mesh size in which they Here caught and 

measurements were taken as soon as possible after the nets wore retrieved. 

The sex of each specimen was identified whanever possible and the stage of 

gonadal development recorded based on the method of Harbott and Ogari 

(1982). Neasurements taken include total length (TL), standard length 

(SL), total vleight (n~) and eviscerated ~Ieight (Evil). Len9th meaSurements 

were taken to the nearest 1.0 mm using a measuring board. Heights were 

taken to the nearest 0.1 gram us i ng a l'lett 1 er 2000 balance. 

A preliminary examination of some calcified structures of O. niloticus 

from Lake Awassa was carried out in consultation with Dr. Casselman, 

, 
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Ontario Ministry of Natural Resources, Canada. From thl' work it was 

lJ~licved that scales and otoliths could be lIsefu1 to determinl' the ag2 of 

this speci~s. ThercforE, for this study only scale and otolith samples 

\~ere collected. Scale samp1~s wore taken from the region above the lateral 

1 ine and below the anterior base of the dorsal fin. Otoliths (sagittae) 

wcre remov~d and stor~d in vials after they wore cleaned and air dried. 

2. Length-weight and other morphometric relationships: The relationship 

between total length and total weight, total woight and eviscerated weight, 

and between total 1 ength and standarci 1 ength were determi ncd us i ng the 

following least squares regression equations,respective1y: 

\~h2re , 

L0910T!i = L0910a + b 10910 TL 

L0910 TIl = LO!JlOa + b L0910Evvi 

L09J.()TL = L0910a + b L0910SL 

TIl = total weight in grams 

TL = total· length in centimetres 

Evl'i = eviscerated \~ei!Jht in grar.1S 

SL = standard length in centimetres 

(1) 

(2 ) 

(3) 

I a I and I b I are constants fi tted by 1 east squares 

regression. 

3. Preparation and examination of calcified structures: 

3.1 Oto 1 iths 

Prior to examination, otoliths were soaked in "12% ethanol for 20 minutes 

and then transferred into 45 % glycerol for 24 hr. This treatmrmt made the 

zonations clearer and easier to decipher. They vmre then examined in 45% 
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glycerol against a black backqround 4sing a r'2f18cted light source at a 

maximum magnification of g:{ (\iILD i·iS Ilild tYPG stereoscope). If otoliths 

did not show clear zonation aftcr this pretr2atm(!nt, they were furthE:l' 

prepared in the following ways: 

3.1.1. Small to medium sized otoliths (up to a maximum diameter of 5 mm) 

were embedded in epoxy-araldite medium and ground using 400 and then 600 

grit carborundum papers, and further polished to a high lustre using 12 ~m 

aluminum oxide lapping films (Casselman and llarncs, 1987). After grinding 

to approximately 400 um thickness they were examined either unmounted or 

after they were mounted on a slide in the embedding medium. 

3.1.2. The large otol iths were heated by the method of Christ€nsen (1954) 

or in an oven at 1100 to 1200C for about 20 to 30 minutes. Ilholc heated 

otoliths were examined as described above, and cracked ones ware supported 

on plasticine and the broken surfac2s examined after flooding them with qS?: 

glycerol or with oil (Christensen, 1964; Chilton and Beamish, 1982). 

Some otolfths could not be interpreted after the above procedures (6%). 

The degree of opt i ca 1 quality (12. trans 1 ucency and opacity) of oto 1 iths 

was deScrIbed using a subjectlv3 ranking system where [1] indicates extreme 

tral'lstucency and [101 indicates extreme opacity (Casselman, pers. comm). 

3.2 Scales 

F1ve symmetrical and non-regenerated Scales ~Iere select2d from each fish. 
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The selected scales ~Ierc soaked in water for about 24 hr. They Vlere! then 

cleaned vii th water us in!! tooth brush and dri cd. The dri cd scales vier€' 

mounted Dctv!e'3n tVIO gl ass slides. Hicroscopic examination was done at 

about J.2X magnification (HILD N8 wild type stereoscope) using a reflected 

light source. 

4. Validation: 

4.1 ~iarginal tissue type: To test the validity of the age determination 

method conditions on the edge of scales and otoliths were recorded for the 

monthly samples. These data were used to know Vlhen translucent lones are 

formed in otoliths and checks arc formed in scales. Plots \~ere made by 

month of the proportion of fish \~ith a translucent zone on the margin of 

their otolith and for the number of circuli after the last check in scales 

(Dud 1 ey, 1974; [larqer, 1985; Samue 1 et ~., 1987). The plot made for the 

number of circuli after the last check in scales \'las used to verify the 

time of formation of translucent zones in otoliths. 

4.2 Mark-recapture experim3nt: Fish were caught using a beach seine, tagged 

and released into a cage about 300 m2 in area \~hi ch was buil t hear the 

shore in an area 0.5 to 1.. 5 m depth. A few growth data were obtai ned to 

validate the results obtained from otolith examination. 

4.3 Length-frequency ana lys is: Length frequency di stri but ions vlere 

constructed and the data Vlere analyzed using the computer orofjram ELEFAN 

(flrey and Pauly, 1986) to estimate K and Loo of the VBGF. 8ased on these 
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parameters, monthly gro\'lth increments W2re <estimated and growth curves 

fitted to th;:, obs2rved monthly lcngth-frE:quency distribution.' For 

verification purposes the results from length-frequency analysis .I(:'r[" 

compared with those from otol ith examination. 

5. Factors associated with check and zone formation 

5.1 Fulton's condition factor: 

Fulton's condition factor VIas calculated for the samples using the 

following formula: 

TlJ 
C = ----- X 100 --TL 3 - (4 ) 

where, C = Fulton's condition factor 

HI = total vlC'iqht in grams 

TL = tota 1 1 ength in cent i metres 

5.2 Reproductive CYC12: The proportion (%) of" fish enga9cd in reproductive 

activities in each month was calculated. 

5.3 Rainfall and .,ater lev"!l: Variations in monthly rainfall in the r('~lion 

and \~ater level of the lake were investigat<:d. 

5.4 Surface water t~mperature: Surface water temperature of the lake was 

measured during sampling. 



6. Age determination_: Determination of the absolute, ag( of the fish \'las not 

possible du.:' to the difficulty in identifying the first annulus in the 

otoliths (see d€tails in RESULT section). Th"r2forc, the relativ8 age of 

each fish was determin2d and average length-at-rcl ative age was 

calculated. 

7. Back-calculation: 

a). Otolith posterior radius (OR) and the radius of each translucent zone 

I'Ihich were used to determine relative a~e (ORn) I'las measured from the 

nucleus along the middle posterior region of the otolith. ORn was measured 

from the nucleus upto the outer boundary between the translucent and the 

opaque zone. nean ORn values were thcn calculated. 

The relationship bct\'l2e~ total L,nuth and total otolith radius \'las then 

constructed using least squares regression 8quation which had the following 

form: 

(5.1) 

where, TL = total length in centimetres 

OR = otolith posterior radius in centimetres 

a and b are constants fitted by regression analysis •. 

The follO\~ing formula 'lias then uS2d for back-calculation (Le Cren 1947, 

cited in Casselman, 1987): 

TLn 
ORnb 

= TL * ~--~-~­
ORb 

TLn = total length (cm) at r~lativ(! age In' 

(5.2) 
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TL ~ average total length (cm) at captur;; 
q 

ORn ~ averag8 radius of the n"') translucent zone (cm) 

OR = averag8 total otolith raGius (cm) at capture 

b ~ the constant fitt2d by equation (5.1) above. 

b). The radius of each sca12 check was r.lcasured from the focus along the 

middle anterior region. Body l('n~th and scale radius relationship was 

calculated using regression analysis which had the following form: 

L0910TL = L0910a + b L0910ScR 

TL = total length (cm) 

ScM· scale radius (cm) 

a and b are constants fitted by regression. 

(6.1) 

The following equation was used to back-calculate arowth from scales (Le 

Cren, 1947, cited in Casselman, 1987); 

(ScRn) (TL-a) 
TLn = ------------------ + a 

ScR 

Hilerc, TLn • total length (cm)< at the nth check 

TL = average total length (cm) at capture 

ScR = total scale radius (cm) at caoture 

ScRn = radius of the nth check 

a ~ constant fitted by equation (6.1) 

(6.2) 

Some growth es timates were obtained and served to corroborate the resul ts 

obtained from otolith examination. 

8. Growth parameters: Since the sample did < not include small fish, the 

length-at- relative age data obtained from otol iths were used to make a 
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Ford-Walford plot in order to estimate the length of small fish which were 

one year youngEr than the 'first relative aye-group' (Everhart and Youngs, 

1981) . Thi s avoi ded the poss i b 1 e errors that mi ght be encolln tercd in 

calculating gro,'ith parameters from data which do not include small fish. 

This plot was made using least squar~s r2gression \·/hich had th2 follo\'/ing 

form: 

Lt+ 1 = a + b Lt (7) 

Lt = total length (cm) at r<~lative age 't' 

Lt+l = total length (cm) at relative age 't+l' 

a and b are constants fitted by least squares regression. 

The length estimated above was then included in the length-at-relative age 

data and equation (7) was used again to find tho growth parameters of the 

von Bertalanffy equation, 'Loo' and 'K', using the following formulae 

(Pauly, 1983 and 1984): 

(8) 

a 
Loo = (9) 

I-b 

where 'a' and 'b', arc constants fitted by equation (7) 

after including the lcn<]ths of small sized fish that were estimated from 

this equation. 

The parameter 'to' was calculated using two methods: 

a). Decause the ages determined frrnn otoliths were relative, the empirical 

equation of Pauly (1979) was used to estir.1atc 'to'. This equation relates 

'K' and 'Loo' to 'to' in the followin;) manner: 
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(10) 

b). Assuming that th~ ages were absolute, 3averton's (1954, cited in 

Ricker, 1975) approach to estimate the paramC'tcrs of the VBGF \~as used . 

• This approach gives estimates of both 'to' and 'K': 

Loge(Loo-L t ) = (LogeLoo + Kto) - Kt ... 
Loo = asymptotic h:ngth (cm) estimated from 

equation (9). 

Lt = length (cm) at age t 

(11.1 ) 

K = slope, of th;? equation, which is also the growth 

coefficient in the VBGF. 

(L0geLoo + Kto) is the intercept of the equation which 

could he equated to L0geLoo to solve for 'to' in the follovling manner: 

(LogeLoo + Kto) - L0geLoo . 
- ------ ,,:'-- - - -- --- - ---- .... ..:. .. .. ~-' = (11.2) 

K 

Different valuGs of 'to' were obtained from the tl'IO approaches. Both 

va I ucs were used in the VBGF and two sets of I ength-a t-agG data were 

calculated. These two sets of calculated length-at-age data were compared 

wi th respect to the observed data and the 'to I \~hi ch gave a VBGF \~hi ch best 

fitted the observed data was used to express the growth of the fish. 

Growth was first expressed in terms of length and then converted to weight 

growth by the 1E:ngth-vwight relationship (equation 1). 
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9. Catch using experimental commercial gillnet: 

Samples Vier'" collected monthly from January J.988 to August !.988 using an 

experimental commercial gillnet (multifilament cotton h1ine, 100 mm 

stretched mesh). This net was set at localities used by the local 

fishermen. Length-frequ~ncy distributions of the fish caught ~Iere 

constructed and used to describe the cornm2rcial catch. 

10. Statistical analyses: Various sets of data were tested for homogeneity 

of variance using the computer program 810H (Rohlf, 1985). No 

heterogeneity of varianc8s was found. Analysis of variance (SYSTAT, 

I.~ilkinson, 1986) was used to test for tlie presence of variation in various 

sets of data. Residual analysis sholled that all regression equations 

fitted to the various data were significant (uelloto and Sokoloski, 1985). 



IV. RESULT 

1. Length-wei ght and othGr morphom~tri c reI at i onshi ps: 

The r~lationship between total length (cm) and total \~eight (g) of fish 

ranging in size fran 12.9 to 33.0 cm was analyzed. This was done for the 

sexes separately but, there \'las no significant differ2nc2 between th" 

regressions of the sexos (P > C.05). The data were, therefore, cor~bined 

and the followin~ regression ~/as fitted to these data: 

Log 10 TW = -1.762 + 3.00 Log 10 TL 

r = 0.99, N = 2012. 

The anti-log of the above equation (ie., TW = 0.017 * TL 3.00) was used to 

dravi the curve [Jresen ted in Figure 2A. It is ev i den t th at 1 ength and 

\'Iotght of .Q. Ililoticus in Lake Awassa conform tu the cube law (Ricker, 

F)75), which is similar to that found by Zenebe (1988) for this species 

from L. Ziway, Ethiopia. 

The relationship betl/een total Height (g) and eviscerated Height (g) was 

linear (Figure 2B), and the regression equation describing this 

relationship Has the following: 

TN = 1.25 + 1.12 (EvN) , 
r = 0.99, N = 9f;8 . 

. . 

Figure 2C shows the relationship between total length (cm) and standard 

length (cm). This was linear and described by the following regression 

equation: 

SL = 0.66 + 1.2 (TL) 

r = 0.39, N = 101. 



Total weight (gm) 
700' 3.00 
6C·,(1-

600 

·100' 

(j(),0 

200-

100-

o 6 

'rW • (),OfT· fL. 
r' 0.99 
N • 2012 

10 16 20 26 
Total length (em) 

s 

30 

Total weight (gm) 
600 

600 

000 

200 

100-

TW· till ~ t12 EvW 
r' 0.99 
N· 1168 

O+-----~r_-- -,-------r----.--~----~ 
o 100 gOO 000 .00 

EvlsC6I'sted weight (gm) 

c 
Total length (em) 

<l6 TL • 0.1\8 • 1.2 8L 
(JO-

26 

20-

16 . 

10 

0 

0- ----,-
0 5 

r • 0.1/9 
N·101 

---.-----.----~r-----r_---.~ 

10 16 21J 
Standard length (em) 

26 30 

Figure 2. Rela t;l.onships between tota.l length (em) and total 

weight (g) (A), eviscerat~~ and total weight (g) 

(8), and total length and standard length (em) (e) for 

2· niloticu~ fran lake Awassa. Samples were;'collected 

monthly fron Dec. 1987 to Nov 1988, TL = Total length; 

SL = standard length; TlV = total weight; b"V',v = eviscerated 

weight. 

, 
• 



31 

2.Description of zonations in otoliths: 

Optical zonation in otoliths of .Q. niloticus \'las tY!Jical of most fish 

otoliths. I/hen microscopically examined against a. dark background by using 

a reflected light source, two charactl:ristic zones can readily be 

recognized. The opaque zones appear as white bands in the otoliths. The 

translucent zones alternat0 with the opaque zones and appear as dark bands. 

Gascd on the width and thE' relative translucency and opacity of zones, the 

otoliths of adult O. niloticus was divided into three regions. The inner 

region from the nucleus up to thG third translucent zone consisted of 

narro~/ly spaced zones. The opa.que zones in thi sinner reg i on were very 

opaqur. (rank of [8] to [10]), but the translucent zones ~/ere moderately 

translucent (a rank of [5J). The middle region up to the sixth translucent 

zone was characterized by wide and v8ry opaque zones (a rank of [8] to 

[10]). The translucent zones had similar appearance as those found in the 

inner region. The outer region (from the seventh translucent zone up to 

tho margin) consisted of narrowly spaced, less opaque (a rank of [7J) and 

very translucent zon2S. Th2 spacing of zones in this outer region 

progressively narrows towards the margin of the otol ith. 

The translucent zones vary according to their extent and location with in 

an otolith. The first seven translucent zones are formed along the entire 

circumference of the otolith. At a relativ21y higher magnifications (>12X) 

and especially in ground otoliths, translucent zones which affect less than 

70% of the total otolith circumference can be recognized in between any of 
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the first seven prominent translucent zones. These "subzones" are either 

; ncomp 1 ct(> or coal usce ~Iith the more promi nent comp 1 de on('s. Such 

"subzones" were considered not to be associated with annuli and, therefore, 

were not used for age assessment. Aftcr th8 seventh transl uccnt zone, 

zonati on \~as remarkab ly regul ar and "sub7.ones" wcre not observod. However. 

the prominent zones closer to the margin of the otolithS (especially from 

large/old fish) were narrowly spaced, and ~Iere difficult to decipher along 

the ventral region of the otol ith. Although these translucent zones seem 

to be i ncomp 1 ete, their regul ar ity and promi nence are strong proof to use 

them for age assessment. Cas~21man (19J5) described such zones as "partial 

annul i" and recommended that they are 

associated with complete translucent 

structure. 

3.Description of checks in scales: 

as useful as "complete 

zones found around the 

annuli" 

entire 

The extent and location of checks in the scales of O. niloticus were 

difficult to be described precisely. How8ver, two general types of checks 

were identified. One type was found along tile entire anterior surface of 

the scale as a narrow region devoid of circllli. In the lateral regions of 

this check crossing-over of circuli was also frequently observed. The 

othet type of check was similar in appearance to the first type but, was 

found usually in the anterior region of the scale. These incomplete type 

of checks are most ly locatcd about 0.1 mm after the comp lEte tYPe!. The 

radius of every check in the scales (both complete and incomplete types) 

was measured from the foclls along the anteri or fi '21 d of the seal us. Check 
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radii were found to group tOHards certain average values when plotted as a 

combined frequency distribution (see eg., Bayley, 1.982). The average radii 

to whi ch they were grouped were at 0.08, 0.15, 0.21, 0.24 and 0.26 cm for 

the first, the second, the third, the fQurth and the fifth mode, 

respectively. These values ~Iere not different from the average radii of 

the first, the second, the third, the fourth and the fifth complete check, 

respectiv<!ly. Checks after the fifth were closely spaced and were very 

difficult to decipher. It was not possible even to describe the different 

types of checks in this region of the scales. 

4.Time of translucent zone formation in otoliths: 

r'ionthly records on the proportion (~:) of fish with translucent otol ith 

margin (TablE 4) are illustrated in Figure 3. From Table 4 it is evident 

that 90 to 91 1; and 76 to 83 ;~ of the oto 1 ith samp 1 es duri ng February to 

January and during June to July, resp€ctively, had translucent margins. 

Hajority of otol ith samples taken in the other months had opaque margin. 

It is evident that Q. niloticus in Lake A~lassa may form two translucent 

zones in their otoliths, per year. The juveniles of this species from the 

same lake havE' been found to form tl'anslucent zones in otol iths during 

December to January and during late Nay to July (Yosef, pers. comm.). 

5.Time of check formation in scales: 

The average numbers of circul i after the last check in monthly sar.Jples of 
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Table 4. The proportions (;;:;) of fish with translucent zone on the margin of 

otol ith and the number (I~ean ~ 95 % confidence interval) of circuli 

after the last check in scales of O. niloticus from L. A~lassa. N 1s 

sample size. 

f.1onth Oto 1 iths ~Iith 
translucent 
margin (J,) 

Number of marginal 
circuli in scales 

1'/ 

DEC '87 11.0 100 5.1 + 0.40 30 

JAN '88 91.0 7J. 1.8 + 0.40 31 

FEB '88 90.0 120 1.7 + 0.15 25 

(·IAR '88 25.0 120 2.9 + 0.30 36 

APR '88 12.6 103 4.3 + 0.30 22 

r'IAY '88 28.3 99 5.5 + 0.20 43 

JUN '88 76.0 100 6.8 + 0.20 25 

JUL '88 83.0 100 1.5 + 0.22 32 

AUG '88 28.6 140 1.7 + 0.14 53 

SEP '88 10.0 100 2.0 + 0.15 21 

OCT '88 14.0 100 3.0 + 0.20 19 

NOV '88 7.7 !.i2 4.8 + 0.24 22 
-------.---------------------------------------------------------------
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Figure::S. Variation in the prorortioll (%) of fish with otoliths 

with translucent:' margins (bars) I and in the 

lOOan mnnber of circuli after the last check in scales 

(curve) of Q. niloticus from L. Awassa. Samples were 

taken m:lllthly from Dec. 1987 to Nov. 1988. 



scales are presented in Table 4 and illustrated in Figure 3. rlarginal 

circul i ranging in average number from 1..5 to 2 1'!2rC counted in samples 

tak~n during January and February. and during July to September. Th2 

average number of circul i after the 1 ast Check tends to increase from Harth 

until July and from Octoher until December. It is, therefore, apparent 

that scale checks caul d be formed duri ng Dec2mbcr and January as \~C! 11 as 

during June and July. 

6.Seasonality in some biological and environmental factors: 

6.1 Fulton's condition factor: 

f.iean Fulton's condition factors calculated for monthly fish samples are 

pres~nted in Tabh~ 5 and illustrat"d in Figure 4. Ai~CVA showed that the 

condition of the fish varied significantlybet~leen the sexes and between 

the months (P < 0.05). Interact i on bshleen sex and month vias also 

significant (P < 0.05). Mean monthly condition factor ranged from 1.3 to 

2.12 for rna 1 es and from 1.1 to 2.0 for the fern a 1 es. There \'las a decrease 

in the cond it i on of the males fror" January to February and from Hay to 

June. This improved during :~arch to April and during July to December. 

Low condition factors were al so recorded in Sept<:mber and October, but 

these were greater than values in February and June. The fluctuation in 

the cond it i on of f8ma 1 es also followed the same trend as those of the 

males, however. the females were almost always in poorer condition than the 

males. Females werr. in much more poor conditions in February. r1arch and 

Apri 1. Furthermore, whil e the mal os '1ained improved condition immediately 
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Table 5. Values of Fulton's condition factor (mzan .: 95 H, conf. int.) of 

females and males Q. niloticus from L. Awassa. N is sample size. 

-~--------------------------~------------------------~~-------------~ 

f~onth tlales N Females /Ii 

-------------~--------------------------------------~- ---------------

DEC '87 1.99 + 0.02 81 1.80 + 0.02 lO7 

JAN '88 1. 80 + (;. O,G 23 1.80 + 0.02 7l 

FEB '88 1.50 + 0.02 33 1.10 + 0.02 105 

t~AR '88 l,!lO + 0.02 129 1.10 + 0.02 189 

APR '83 2.lO + 0.02 81 ).23 + 0.02 134 

t,lAY '88 loGO + 0.02 GG 1. 70 + 0.02 56 

JUN '88 1.30 + 0.02 67 1.15 + 0.02 76 

JUL '88 1.80 + 0.02 56 1..80 + 0.02 77 

AUG '88 1.99 + 0.02 b8 1.89 + 0.04 III 

SEP '88 1.70 + 0.02 77 1. 70 + 0.02 127 

OCT '88 1. 70 + 0.02 107 1.70 + 0.02 109 

MOV '88 2.12 + 0;02 28 2.00 + 0.02 24 
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Figure 4. Fluct.uati6n in l1Y2an Fulton's condition factor of females 

(broken line) and rmles (solid line) Q. nilotiCus from 

L. Awassa. Monthly samples were'collected during Dec. 1987 to 

Nov. 1988. 



a"ftH F2bruary, th<; females rer.wined in poor con<li tion until April (Figure 

<I) • 

6.2 Reproductive activity anti gOlladal development: 

The proportions (~) of fish at various sta~es of reoroduction in eacn month 

are presented in Table S. Proportion of fish und2r column II of this table 

\~ere considered to be 'actively ensaged' in reprorluctive activity, and 

hence whose growth may b~ affected by this activity. The figures under 

column II were illustrated in Figure 5. The results indicate that G~.5 to 

94.2 0; and about 3~1 to :;0 ~. of the samples taken during .January to i·iarch 

and during July to September, respectively, were actively engaged in 

reproductive activity. It is evident that the period of peak reproductive 

activity coincides with decreased condition factor (cf. Figure 4). 

0.3 Rainfall and lake \1(lter level: 

Total monthly rainfall (IY'll) in the region and monthly fluctuation in the 

1 ake water level (cm) during thc samp1 ins period arc presented in Figure 

'J. The little rain started in January and clecreas.2d in amount in fiarch. 

The heavy rain started in Aori1 which continued to rain and it reached it's 

peak in September. The lake water level was 10\/ fronl Ilarch to June and 

started rising in July and it reached its maximum 18ve1 in October. It 

cont i nuous ly dropped from November unt il ,'larch. The heavy rain \"Ih i ch 

started in P.pril seC'Jns to determine the rise in lake \'later level, and the 

drop also started few months Bfter this rain stopoed. 



40 

Table G. ileproductive activity and ~Ionadal development data for Q. niloticus 

frau L. IIVlassa. Numbers are percentag('s of the total number of fish 

exami ned in the r,10nth1 . 

f.lonth I II 

-----------~------------~---~------------------~------~----

DEC '87 84.1 15.9 

JIIN '88 33.4 65.6 

FEB '88 26.0 74.3 

1,1M '88 5.8 94.2 

APR '88 89.2 10.a 

HAY '88 93.1 " o.~ 

JUN '88 1'.0.5 In r ~.~ 

JUL '88 61.2 38.:3 

AUG '88 '54.13 3:,.8 

SEP '88 40.0 50.0 

OCT '88 90.2 9.8 

NOV '88 90.0 10.0 

lColumn I = immature + spent + resting; column II = total number of fish Vlith 

gonads indicated the presence of reproductive activity. 
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II1II Rainfall - Water level 
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Figure 6, Variation in rainfall (nm) in the Awassa region and 

fluctuation in the water level (em) of L. Awassa fran 

Dec. 1987 to Ndv. 1988. 



5.4 Surface I-later temperat.ure: 

tlonthly measurements of surface water temperature (0C) are shown in Figure 

7. It is apparent that the surface i'later is relatively cold during 

November to January and during ,lune to ,July. 

17.aoC in July to 25.20C in March. 

7.Age and growth determination: 

Temperature ranged from 

One of the major difficulties in the study involved distinguishing between 

the two ann ua I cohorts of new recruits. The two spawning periods of Q. 

niloticus are during January to r"arch and during July to September (Figure 

5.) February and August could be assumed to be average "birthdates" for 

January-March and July-September recrUits, respectively. From Figure 3 it 

is evident that there are two periods of translucent zone formation per 

year. It is also "apparent that annulus could be formed in the otoliths in 

t4arch or in August. Ther~fore, five to six months could elapse from 

"birth" UD to the formation of the first annulus in both recruits. Since 

this period is approximately equal for both recruits, it can be assumed 

that otoliths from both broods can form approximately equal number of 

translucent zones before the first "twelve month annulus" is formed. It is 

thus probable that otol iths from both recruits can have the same number of 

translucent zones at any age. 

It \'las difficult to accurately identify the first twelve months annulus in 

otoliths. In some otoliths the fourth and in some others the fifth and 

still in others the sixth translucent zone was wider and more translucent 
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Figure 7. Fluctuation in surface water targ:>erature (oC) of L. Awassa ., 
during December 1987 to November 1988. 
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than the respectivc preceding translucent zones. The length of the fish 

was directly related to the number of translucent zones in their otoliths. 

Ilideness and greater translucency was, hOl'lever, more common for the sixth 

than the fourth and the fifth translucent zones. The annulus associated 

with the sixth translucent zone prObably appears during 'Iarch in recruits 

from February of the previous year and in August in recruits from August of 

the [lrevious year. It is, therefore, apparent that it could be formed at 

about the end of the first year of life of both recruits. 

Most workers assume a January 1 "birthdate" and use the annulus to express 

age in calendar years accordinyly (eg. Balon, 1972). A January 1 

"birthdate" can not, however, be applied in this study for O. niloticus 

because, lacking specific criteria fish from the two periods of recruitment 

can not be se[larated. HONcver, assumpt i on of actual average "bi rthdates" 

and consideration of the formation of two translucent zones per year will 

place both recruitments into the same time scale. Thus, at the end of the 

first year of life (ie., at about 12 months after "birth") both recruits 

would have approximately equal numbers of translucent zones in their 

otoliths. Like\~ise, otoliths from both recruits can have the same number 

of translucent zones at a given age Hence, fish from both recruitments 

can be treated together to estimate growth. 

It ~Ias not possible to identify the first annulus in the otoliths. 

Therefore, I was not ab 1 e to determi ne the abso 1 ute age of the fi sh 

directly from their otoliths. However, since otoliths from both periods of 

recruitments contained approximately equal number of translucent zones at 
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any a9~, they were treated together to assess the average grolith of the 
; 

population using average length-at-relative age data. 

Research which is currently underway (Yosef, in preparation) was designed 

to provi de on early oto lith grovlth and age i nterpretat i on and I~ill provi de 

criteria for determining absolute age. Some of these preliminary data are 

used here. 

The smallest, and probably the youngest, fish in the sample contained seven 

translucent zones in their otoliths. These fish vlere, however, small in 

number. Ave~age lengths at relative age were, therefore, calculated 

starting from fish having 8 translucent zunes in their otoliths. Since it 

I;as assumed that two translucent zones were formed each year (Figure 3) 

fish with otoliths having 8, 10, 12, 14 and J.6 translucent zones I'lere each 

considered to be one year older. Such average length-at-relative age data 

were cal cuI ated for the stations and for the sexes separately. ANOVA 

showed that there was no significant difference in length-at-relative age 

between the stations (p > 0.05) but, there was significant difference 

betv/een the sexes (P < 0.05) (Table 7). The data from the stations were 

combined and presented in Tables 8A and 83 for males and females, 

respectively. The length data· converted to weight using the length-weight 

relationship are presented in Table 9. 

Small fish were not collected in this study, therefore, the average length 

one year earlier than the time of formation of the eighth translucent zone 

was estimated from Ford-Walford plots (Figure 8). 
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, 
Table 7. Summary of ANOVA results determining the significance of variation in 

length-at-relative aqe behleen stations and between sexes (alpha = 

0.05). 

Source 

Stations 

males 

females 

Sexes 

F Degree of freedom 

8.235 

1.542 

27 .21.5 

NS = non-significant 

** = highly significant 

1 

1 

1 

Probabi 1 ity 

0.0[30 (NS) 

0.282 (NS) 

0.006 ** 



Table SA. Average length-at-relative age (cm, mean! 95 % conf. int.) of males 

O. niloticus from L. A\'Iassa. liT is number of translucent zones in 

otol iths. N is sample size. 

liT Age (yrs)l Length 

(5.96)2 1.10 (9.2)3 

8 2.00 16.6 + 3.2 123 

10 2.99 2l.9 + 2.3 325 

12 4.20 25.4 + 2.3 85 

14 5.20 27.1 + 2.8 29 

16 5.79 27.7 + 3.1 18 

-tEstimated from length by using the method of Gulland (1969). 

2 i1ean number of translucent zones calculated ,from data obtained from Yosef 

(in preparation) (see text). 

3 Estimated from Ford-Halford plots (Figure SA) (see text). 



Table SU. /\verage length~at-relative age (em, mean.:!: <J5 :( conf. int.) of 

females O. niloticus from L. Awassa. #T is number of translucent zones 

in otoliths. N is sample size. 

liT Age (yrs) 1 Length 

(5.96)2 0.96 (9.5)3 

8 2.00 16.1 + 3.3 126 

10 2.95 20.2 + 2.4 349 

12 4.01 23.2 + 2.6 91 

14 5.20 25.5 + 2.2 31 

16 5.80 26.3 + 3.6 20 

-------------------------~---~---------~-------------- ¥----

1 Estimated from lrngth by using the method of Gulland (19S~). 

2 Mean nwnber of translucent zones calculated from data obtained from Vosef 

(in preparation) (see text). 

3 Estimated from Ford-Halford plots (Figure 13R) (see text). 
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Table 9. Average \~ci9ht-at-a9c (q.) of O. _niloti.fus from L. P.I'Iassa calculated 

from length by using length-I'leight l'elationship. Age Vias rounded off to 

the nearest integcr to express age in tile number of yea.rs of life after 

an average "birthdate". G is relative grol'lth rate in weight. 

Age Hales G Females G 

1 13.2 2.1; 15.0 2.7 

2 77 .1 1.8 70.9 1.5 

3 178.6 0.8 139.1 0.7 

4 276.9 0.4 212.3 0.4 

5 336.5 0.2 281.9 0.3 

5 361. 3 0 . .1 307.5 0.1 
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The lengths estimated fr~n these plots were 9.2 cm for males and 9.G cm for 

fcr;lales. Otolith saiOples from sr.1all fish obtained from a different study 

showed that fish ran0iny in length 1rom ~.O to 9.6 cm (average 9.1cm) had 

5.90 + O.B (medn + 95:, conf. int.) translucent zones (Yosef, unpublished 

data). This value is closer to 5. Fryer and Iles (1972) reported that 

under natural conditions the size attained at the first year of life by 

several species of tilapias is from 9.0 to 12 cm. This agrees favourable 

\~ith the estimates obtained for O. niloticus fror.1 Lake Awassa. Since 

otoliths from this size group contain approximately six translucent zones, 

it is reasonable to assume that the sixth translucent zone is formed 

towards the end of the first year of 1 ife. Therefore, the sixth, the 

eighth, the tenth, etc. translucent zones may correspond to the first, the 

second, the tllird, etc. years of life, respectively. 

Age in years indicated in Tables SA' and Be were estimated from length using 

the method of Gulland (1969) which relates age with the parameters of the 

von Ilertalanffy 9rowth equation. It is apparent that ages estimated From 

thi s method agree wi til the assumpt i on that the sixth trans 1 ucent zone was 

formed towards the end of the first year of life. The data in tables SA 

and B8 show that growth is remarkably slow after the eighth translucent 

zone ~Ias formed (after about the second year of 1 i fe) . After thi s age the 

males gro\'l faster than the females. 

B.Relative age and growth from scales: 

The relationship between total length (cm) and total scale radius (cm) of 
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females (B) Q. niloticus that are one year younger than 

fish which had eight translucent zones in their otoliths. 
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O. niloticus ranginu in total length from 13.5 to 28.5 cm was analyzed. 

There was no significant difference (P > 0.05) in this relationship between 

the sexes. The combi ned data fitted the fo 11 oV/i ng re9ress i on equat i on: 

L0910TL = 1.04 + 0.65 Log 1GScR, r = 0.85, N = 230. 

Back-calculated average lenjths and relative ages speculated from scales 

are presented in Table 10. It is evident that these results provide a good 

corroboration of results obtained from otolith interpretations. Fish \'Iith 

one check in their scales, for instance, had four to six translucent zones 

in their otoliths. It is, therefore, evident that the first four to six 

translucent zones \'Iere formed before the first year of life was completed. 

9.Length-frequency analysis: 

Because of small smople size, monthly length-frequency data for the sexes 

were combi ned and presented in Fi gure ~. Superimposed groHth curves were 

fitted by the computer program ELEFAN. The aSYlnptot! cl ength and K ~Iere 
,_~ -.L', l 

estimated (using ELEFJ\N) to be 30.2 cnl and 0,11;', respectively. The growth 

curves were fitted using these parameters. It is apparent that there is a 

growth process tak i ng place whi ch can be observed as the modes progress 

from left to riqht in Figure 9. The left most curve (Figure 9) indicates 

that fish that were about 13.5 cm in length in June greH to about 15.4 cm 

1n November. Fish that were 16.9 cm in December 1987 gre\'l to 21.5 cm a 

year 1 ater in November 1988 (Fi gure Y, second curve). Furthermore, it is 

also evident from Figure 9 that fish that Vlere 21.8 cm in length may grow 

to about 24.0 COl in a period of about one year. 
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Table .l0. Back··calculated average length (cm, mean ,:I:, 95;1, conf.int.) and 

relative age speculated from scale samples of O. niloticus from L. 

Awassa. #T is the number of translucent zones in otoliths of fish at 

the· corresponding back-calculated length (range in parentheses). The 

'+' and '++' signs indicate the relative width of the opaque zone at the 

edge of the otoliths. 

Check No. back-calculated avo relative 

length + 95 %conf.int. liT age 

------------------------------~----------------------- ------------------------

1 

2 

3 

4 

5 

8.2 + 2.1 

12.7 + 2.5 

14.2 + 3.0 

17.3 + 2.2 

18.6 + 2.9 

5 

(4-6) 

7 

< 1 year 

about 

(5-7) J..5 

7+ 

8++ 

(\ .-

year 

about 2 yrs 

slightly 

> 2 yrs 

closer to 

(8-9) 3 yrs 
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10.Back-calculation: 

There was no significant difference in total length-otolith posterior 

radius relationship between the sexes (P > 0.05). Figure 10 shovls the 

relationship combined for both sexes ranging in length from 13.0 to 2~.5 

cm. The regression equation describing this relationship was as follows: 

Log10TL ~ 1.57 + 1.02 L09100R 

r ~ 0.96, N = 612. 

The following equation was, therefore, lIsed for back-calculation: 

Ln = TL (ORn1.02/0~1.02) 

Lengths back -ca 1 cul ated from oto 1 itlls are presented in Tables 11 and 12 for 

males and females, respectively. 

11.GrDlIth parameters; 

The parameters of the von Bertalanffy grO\~th function were estimated from 

length-at-relative age data that are presented in Tables 8A and 89. The 

Ford~tlalford plots fitted to these data are shown in Figure llA and Figure 

llB for females and for males, respectively. These plots were fitted by 

the following regression equations: 

Lt+1 - 9.7 + 0.67 Lt , r ~ 0.99 .•••• females (Figure 11A) 

Lt+1 ~ 11.1 + 0.63 Lt , r ~ 0.99 ••.•• males (Figure lIB) 

From the slopes and intercepts of the respective lines, Loo and K were 

estimated. Loo was 29.4 cm for females and 30.0 em for males. The grovlth 

coefficient. K was 0.40 for the females and 0.46 for the males. The 
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Total length (em) 
86-

30 

26 

20 

16 

10 

5 

Log TL • 1.60 • 1.02 Log OR 

r • 0.96 

N • 612 

0-1-­
o 

--,-------,-----.,----,-------,.---,-----, 
Q1. Q2 Q3 Q4 0.6 0.6 0.7 

Otolith radius (em) 

Figure 10. The relationship between total length (em) and total 

otolith posterior radius (em) of Q. niloticus from 

L. Awassa. Sexes were canbined. TL = total length; 

OR = otolith posterior radius. 
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Table 11. Back.calculated average lcnr.;ths (cm) of males Q. niloticus from L. 

Awassa. #T is the number of translucent zones in otoliths. 1'1 is sample 

size. 

Len~th at boundaryl number 

mean 

liT TL at capture 6 8 10 12 14 Hi 

8+2 16.6 80 7.1 15.3 

10+ 22.0 85 7.4 15.9 19.3 

12+ 25.7 52 7.5 16.2 19.6 25.4 

14+ 27.5 21 7.1 15.4 18.7 24.3 25.6 

15+ 28.0 18 6.9 J.4 .9 18.1 23.5 25.8 27.2 

mean 7.3 15.5 18.9 24.4 26.2 27.2 

1 bouncfary refers to the boundary between a trans 1 ucent and an opaque zone in 

otoliths. 

2 the '+' sign ·indicates the presence of new growth after the last translucent 

zone in the otoliths. 
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Table 12.Back-ca.lculated average len~th (em) of fema18s.2. ni laticus from L. 

Awassa. £T is the nur.lber of translucent zones in otoliths. ,I is sample 

size. 

mean 

liT TL at caature 

Length at boundaryl number 

10 12 14 1" " 

------------~~----~---~----~-----~-------------------- --------------------

13+2 16.4 B2 7.6 15.4 

10+ 21.2 74 7.4 J.5.0 18.8 

1.2+ 24.0 50 7.3 14.9 18.7 23.1 

14+ 25.2 25 7.2 14.5 18.2 22.5 25.3 

16+ 27.3 15 7.1 14.4 18. J. 22.2 25.0 26.8 

mean 7.3 14.13 18.5 22.6 25.2 26.8 

1 boundary refers to the boundary between a translucent and an opaque zone in 

ato 1 iths. 

2 the '+' sign indicates the presence of new growth after the last translucent 

zone in otoliths. 
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Figure 11. Ford,-I'lalford plots that were used to estiJro.te Loa and K 

for females (A) and for males (B) Q. nHoticus fran 

L_ Awassa. 
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theoretical aw~ to as estimated from equation (10) (i'i,~TE:\L~LS AND IlETHODS 

sect ion) 'lias -0.41 for the fema 112s and -0.35 yr for the males. From 

equation (11.2) these va.lues vlcre -0.08 for the females and 0.15 for the 

males. The growth coefficients (K) estir.wted from, equation (11.1) were 

0.38 for the females and 0.40 for the males. The K values obtained from 

equations (8) aod (11.1) are identical for the males but, these were 

different for the females. From the various estimates of the parameters 

the following von l3ertalanffy growth equations I'tere obtained: ',-

males 

1. L
t 

= 30.0 (1_e-O. 4G (t+0.36)), 

females 

3. L
t 

= 29.4 (1_e-O. 40 (t+O.41)), 

2. L
t 

= 30.0 (1_e- 0•45 (t-0.15)) 

4. L
t 

= 29.4 (1_e-0 . 38 (t+O.08)). 

Length-at-age data calculated from the above equations are presented in 

Table 13. It is ~vident that leonths calculated from growth equations 2 

and 4 (males and females, respectively) are in close agreement ~Iith the 

respecti v'e observed data (cf. Tables SA and 813). Therefore, these tl~O 

equations ~/ere considered to be the best fitting von l3ertalanffy growth 

equations for males and females O. niloticus. Growth curves for length and 

I~eight were dral/n using these equations (Figure 12). Equations 2 and 4 were 

derived using the Bevertoo's method in which ageS determined from otoliths 

were assumed to be absolute. 

12.Length-frequel1 cy distribution of experimental commercial catch: 

The commercial gillnets caught fish 'ilhich were 19.0 cm and larger, the 
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Table 13. Length (em) at age data of O. niloticus calculated from different 

von Berta 1 anffy grol<lth equat ions. Equation 1 and 3 were based on 

relative age whereas equations 2 and 4 were based on absolute age. 

FmALES 

Age ·(yrs) Equation 1 Equation 2 Equation 3 Equation 4 

1 13.9 9.7 12.7 9.9 

2 19,:] 17.2 18.2 16.1 

3 23.6 21.9 21.9 20.3 

4 26.0 24,9 24.4 23.2 

5 2 r. 5 2().3 25.() 25.2 

6 ?8.4 27.J 27.1 26.5 
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F1gul'e 12. von Bel'talanffy curves for growth in length (A) and in 

weight (B) of O. niloticus fran L. Awa..'lsa. Weight used 
~ --

was frail the length,.weight relationship. Age in years are 

approximate y"ars of life passed after an average 

"birthdate" (see text). Dots = males; squares ~ females 
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majority being between 25.0 and 27.0 cm (Figure 13). Samples of otoliths 

showed that fish between 25 and 27 cm in length had 14 to IG translucent 

lones. 

13.Comparison of growth rates estimated from various methods: 

Re 1 at i vo 1 i near growth rates est imated from 1 ength at age from oto 1 ith 

interpretation (Tables 8A and 8B), from length-frequency analysis (Figure 

9) and from ["ark-recapture experiment ~/ere in the same order of magnitude 

(Table 14). However, growth rate in the second year of life that was 

cal cuI ated from mark-recapture experiment \'laS underestimated. Thi s cou 1 d 

be due to the lack of marked small sized fish. In addition, handling 

during marking, the effects of the tag, etc. could have also affected the 

normal growth rate of the fish (Casselman, pers. cormn.). 

Although mark-recB}ture data were insufficient, the available ones, and the 

data from the oi:-ter methods provided corroborating evidence to use the 

results obtained to describe the growth of the fish. 

The growth and related results obtained in this study show good agreement 

with the already puillished data for various species of Tilapia (Table 15). 
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Figure 13. lEngth-frequency distribution of femles (A) Md males (B) 

2,. niloticllJ'~ fran L. AW'dBSa that were caught in an experirnen1 

coam3rcial [!1l1net. Numbers on the top of sane of the bs.rs 

are the nxxlel num!J8r of trnnslucE'lIt ZOlles iI', otoliths fran tl 

size group. Samples were takEn rronthly durinp~ January 1988 . 

August 1988. 
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Table 14. Relative linear growth rates (0) for Q. niloticus from l. Awassa 

that were calculated using length-at-age data obtained from various 

methods. 

Hethod YeGr (s) of life 

2 3 4 5 7 8 

-------------------_._------------------------------------------------, 

Oto 1 ith males 0.59 0.28 0.15 Q.Oli 0.02 N01 I~O 

females v.52 0.23 0.14 0.09 0.03 NO ND 

sexes comb; 'led 0.55 0.25 0.15 0.07 0.03 -

length-frequency O.SI! 0.24 0.12 0.08 0.05 0.03 0.02 

11ark-recapture 0.25 0.21 (0.15)2 flO ND ND NO 

---------------~- ------------~----------------~------~~-------~--------

1 No data avail~ble. 

2 value based cn a single fish. 



Table 15. Growth and related data for various species of Tilapia reported in the published 

literature. The growth estimates obtained for o. niloticus in this study are 

also included. 
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V. DISCUSSION 

Due to the general belief that tne tropical region does not experience 

climatic fluctuations cyclic growth of fish calcifieC: tissues has often not 

been expected. However, many workers reported that this is possible (Garrod, 

1959; Bishai and Gideini, 1965: Holcik, U7ff; Hopson, 1982; Casselman, 1987). 

O. nil ot i cus in L. I\wass a was found to form two trans I ucent zones in tl)ei r 

otoliths ar.d t~1O checks in their scales per year. These were formed during 

January to February lind June to Jt!ly. It is believed that the growth of the 

fish could be SIOII ct .. :ring these months. The checks and translucent zones may, 

therefore, be depr.sited dllring these slow growth periods. Direct evidence 

from studying the :easo:;~l growth cycle of tetracycline injected fish showed 

that this is the c!.~e (Cnsselman, 1978). 

Q. niloticus were in poor c0:'dHion 0urins January, February, June and July 

(Fig. 4). Getac:'(O\'I (1981) repc:--ted that this species in L. I\wassa had reduced 

conctition durir.9 t:v:,~e months. Various factors could interact and reduce the 

condition of th,! fish ~.:id rcs:l~t in tl~e formation of 9ro~lth changes in their 

calcified iiss~es. Lose of co~dition has been stJOHn to be one factor 
\ 

associated \'lith the formation of annuli (De Dont, 1967; Casselman, 1978). It 

is, therefore, apparent that an~uli in calcified tissues of O. niloticus could 

be formed due tc the lose of cor.dition as a result of changes in some 

b i 0 I ogl ca I and e;-:v i rOI'.mer.ta I f a.ctors. 
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The main breeding season of O. niloticus in L. AViassa is during January to 

March but, a less pronounced spawning activity was also observed during July 

to September. Production of eggs and sperm represents a drain on the 

resources of fish. This is reflected in their metabolism in such a \~ay as to 

cause recognizable growth checks in their calcified tissues (Fryer and lIes, 

1972: llalarin and Hatton, 1979). Spawning can, therefore, be one of the 

factors to cause check formation in otoliths and scales of Q. niloticus during 

January to February and June to July. This factor, however, Vlould not explain 

their formation in irmr.~ture fish. 

Temperature is cons' ~ered to be one of the most important factors to cause 

annulus formation ir, fish calcified tissues. The surface water temperature of 

L.' Awassa was abou: 19°C in January and Ii.8 0C in July (Fig. 7). Chervinski 

(1982) reported that activity and feeding of tilapia is reduced at 

temperatures below 20°C, and feedi ng stops comp 1 ete ly around 16°C. Cou Hon 

(1982) found that growth decreased s i gnifi cant ly at temperatures be 10,/ 20°C. 

It is, therefore, evide~t that reduced temperature resulted 1n the formation 

of checks and transl~cent zones in calcified tissues of 0. niloticus. 

Temperature i s ~ne of the most important factors for thi s effect in both 

immature and mature fjc~es in the temperate regions (Casselman, pers. comm':). 

O. ni loticus in L. Awassa, regardless of its stage of maturity, may form 

checks and translucent zones during January and July. 

Another important factor involved in the formation of checks and translucent 

zones in fish calcified tissues is availability of food (Oe Bont, 1967). The 

available food in L. Awassa may not be low to limit the gro\~th of 0. niloticus 
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(Getache\~, pers. coml~.). However, due to the spawnin~j behaviour of the fish 

the amount of the food conSUFiled cou 1 d be 101'1 duri nIl the spawn i ng pel'i ods. O. 

niloticus is a maternal mouth brooder, and the males are also believed to be 

engaged in building and guarding their nests (Lowe-f·lcConnell, 1958). 

Therefore, it is probable that the fish may not be actively feeding if engaged 

in spa~ming activities. The quantity of the food consumed may, therefore, be 

reduced during December to February and June to July. 

Food quality expressed as mg assimilable protein per kJ of assimilable energy 

is direct 1 y re 1 at ed to it s ab i 1 ity to support growth (30I'/en, 1982). Get achew 

(1987) reported that the quality of the food consumed by Q. niloticus varied 

from 1.4 to 3.3 mg/kJ during April to July. In addition he also reported that 

this 101'1 quality food is reflected in the lose of condition of the fish after 

two month's lag. It is thus, evident that the formation of checks and 

translucent zones in scales and otoliths of O. niloticus could also be 

associated to slew growth due to the reduced quality food consumed. Bowen 

(1982) stated that fish growth would be optimum if the (fuality of the food is 

between 4 and 25 mg/kJ. The quality of the food of O. niloticus reported by 

GetacheH (1987) during .~pri 1 to July can not, therefore, support optimum 

gro\'lth. 

The checks and trans 1 ucent zones formed in the scales and oto 1 iths of O. 

niloticus during January to February and June to .July can, therefore, be 

associated to the reduced 9ro~/th due to lose of condition, spawning activity 

(for matured fi sh), reduced temperature and due to the reducti on in the 

quantity and quality of food consumed. 
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Most of the specimens of O. nllotlcus sampled during March to Nay and August 

to December had opaque zone at the marg I n of thel r oto lith. The average 

number of circuli after the last check also Increased during these months. It 

Is, therefore, believed that growth of O. nllotlcus may resume at a relatively 

faster rate In ,this part of the year .. It also becomes evident that the 

annulus ~Iould be formed once gro\'lth resumes at faster rate (Casselman, pers. 

comm. ) • Improved cond it I on after reproduct I on (F I g. 4) (see a I so Get achew, 

1987) and the rise In temperature of the lake (Fig. 7) could be responsible 

for the increase In the growth of the fish in these months. The quantity of 

the food consumed can also be Increased after srawning has been completed. 

The qual ity of the food as reported by Getachew (19S7) \'las optimum fel1 months 

earlier. 

The fish grew at relatively better bet\~een August and November. In this 

period maximum rain and \'Iater level were reached (Fig. 6). Elizabeth (1987) 

found that there was a greater phytoplankton biomass after the rain due to the 

increase In nut;rlents. It Is, therefore, possible that the fish can grow 

better after the rain due to the increase In available food. Holclk (1974) 

reported that the gro~lth of Sargochromis codrlngtonl In 1. Kariba \'laS 

accelerated during the rainy season. The growth of Tilapia rendall In a South 

African \~ater body \~as also faster during the rainy season and during high 

water level (Batchelor, 1978). 

The growth of Q. niloticus can, therefore, be accelerated during ~jarch to I~ay 

and August to lJecember due to completion of spawning, Increase In temperature, 

and Increase In quantity and quality of the food consumed. 
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The otoliths of O. niloticus indicated the formation of two translucent zones 

each year. This has be(!n reported for a number of tropical (Bruton, 1979; 

Hecht, E80; Hopson, 1982) as well as temperate fishes (Casselman, pers. 

comm.). 

The sixth translucent zone in the otoliths of O. niloticus is probably formed 

at about the end of the first year of life (see Fryer and lIes, 1972). Ages 

estimated using Gulland's (1969) method also provided supportive evidence to 

this (Tables 8A and 813). It thus becomes evident that the 8th, the 10th, the 

12th, the 14th and the 16th translucent zones could be formed at about the end 

of the 2nd, the 3rd, the 4th, the 5th and the 6th years of life, respectively. 

Average lengths were calculated for these ages (Tables 8A and 8B). Similar 

data back-calculated from otoliths (Tables 11 and 12) are in close agreement 

~lith those directly obtained from otoliths. 

O. niloticus in L. I\~lassa spal'Jns twice a year, the main one in January to 

t·larch and a less pronounced one in July to September (Fig. 5). Getachew 

(1987) reported that there were large number of spawning fish during February 

to narch, and 1 arge numbers of young fi sh have been observed from February to 

April (Tudorancea et 2.1.., 1988) with lesser numbers during October and 

November. It is, therefore, apparent that spawning of these fish is 

sufficiently reduced to few months with in a year. This allows length­

frequency analysis to be applied in order to study the growth of the fish 

(Lock, 1982; Casselman, 1987). Length-frequency distributions for O. 

niloticus indicated that there is a growth process taking place as the modes 

progress from left to right (Fig. 9). Relative growth rates estimated from 
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this method verify those from otoliths (Table 14). Furthermore, the JrOl~th , 
parameters estimated from these data usin9 the computer program ELEFAi'1 agreed 

well with those obtained from otolith interpretations. Many workers have used 
\, 

1 ength-frequency method to study Hie growth of tropical fi shes (Hathes, 19(;1; 

!les, 1971; Dudley, 1974; firaja, 1982; Ogari, 1982; ,Iright ~ iJ..., 1986). 

Mathes (1961) used this method to derive reasonable estimates of growth rates 

for Boulengerochromis macrolepis in L. Tanganyika where this fish spawns three 

times a year. 

GroVith data from mark-recapture experiment provide the most direct technique 

to test the val idity of age and growth rate estimates from other methods 

(Casselman, 1987). It is evident that the available growth data from marked 

and recaptured~. niloticus are in close agreement with results obtained from 

oto 1 i th and 1 ength-frequency methods. Otoliths are generally believed to 

provide the best assessed age and growth estimates for various species of fish 

(eg., Casselman, 1983: Crecco et iJ..., 1983). Casselman (1987) reported that 

otoliths gro~1 in a manner more associated with the passage of time and, 

therefore, they may provide a relatively accurate age and growth estimates. 

The growth data that were obtained from otoliths of ~. niloticus Vlere, 

therefore, believed to be suitable to express the growth of this species. 

The asymptotic length (Loo) for both sexes were less than the maximum lenrJths 

actually caught during sampling. The largest male caught was 33.2 cm, and the 

largest female was 31.5 cm TL. Only 0.2% of the females and 0.8% of the males 

were greater than 29.5 cm and 30.5 cm, respectively. Loo calculated is an 

average theoretical maximum size to which the population grows. Therefore, 
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individual fish can grow more than this calculated average theoretical size 

(Lock, 1982). The same phenomenon has been exhibited by several species of 

tilapia (se" Table 14). On the other hand, it is also quite possible that 

the Loo values may be underestimated as it lias difficult to interpret otol iths 

from large fish. The grol'lth data of Tilapia nilotica from L. Chad (Table 14) 

indicate Loo value of about 33.2 cm. The same species in the Egyptian region 

had Loo of about 31.6 cm (Table 14). 

The gro~lth coefficients (K) of both sexes of Q. niloticus were I'lith in the 

range of values estimated for most tropical species of tilapia (Table 14). 

The growth data reported by Jensen (1957) for 1. nil ot i ca from an Egypt ian 

pond provide a gro~lth coefficient of about 0.59. This species from L. Chad 

probably has a growth coefficient of about 0.32 (Table 14). This is closer to 

the value estimated for females O. ni10ticus from L. Awassa. 

Growth of fish is dBnonstrably plastic (Weatherley and Gill, 1987). 

also exhibit marked plasticity in growth (2alarin and Hatton, 

Tilapia 

1979). 

Comparison between tilapias living under different conditions is, therefore, 

invalid. However, as pointed out by Balarin and Hatton (1979) comparisons can 

be made to serve as an indication of the relative measure of the differences 

between species. O. niloticus in L. Awassa may grow between 9 and 10 em in 

the first year of life. Several species of tilapia grow betl'leen 9 and 12 em 

in length In this age (Table 14). Lengths attained by Q. niloticus in L. 

Awassa in the proceeding years of I ife were comparable to results obtained by 

others in some other lakes (see Table 14). 
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There was a significant difference in !,rowth between the sexes (p < 0.05, 

Table 7). The males were found to grow to a relatively larger size than the 

fema 1 es probably start i no from tile second year of 1 ife. The decrease in the 

growth of the females at the second year of life could be related to the onset 

of maturity. The smallest ripe female caught \'laS 13.8 cm, and the smallest 

ripe male was 15.6 cm in total length. These lengths indicate that maturity 

in O. niloticus could be attained in the second year of life. The condition 

of the females O. niloticus was much lower than that of the males during the 

main spawning period (Fig. 4). This species is a maternal mouthbrooder. 

During brooding, therefore, the females could be fasting. Fasting is 

generally bel ieved to be the reason for the reduced 9rowth of females in 

maternal mouthbrooder tilapia (Fryer and lIes, 1972). However, males are not 

also actively feeding during spavming activity (LoHe-flcConnell, 1958). On the 

other hand 8alarin and Hatton (1979) stated that reduced growth of females in 

maternal mouthbrooders may not only be due to fasting but, also to the total 

egg weight produced. Others believe that this phenomenon has a genetic basis 

(eg., van Someren and \'Jhitehead, 1(50). The difference in growth of males and 

females is an interesting phenomenon probably related to the relative growth 

of the sexes. It is also far more complex than it could be dealt with in this 

study. 

The largest Q. niloticus that was caught in this study measures about 33.2 cm 

in length. This species shows a range of maximum sizes from 17 cm in a small 

lagoon near L. Albert to about 64 cm in L. Rudolf (novi Turkana) (Lowe­

t.jcConnell, lS58). The same species about 59 cm (TL) has been caught from L. 

Chamo, about 270 km south of L. I\wassa (Getachew, unpub 1 i shed data). The 
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reason for variation in growth rate of a given species living under different 

waters is still open for further investigation. 

Length frequency distribution of O. niloticus that were caught in the 

experimental gillnet (Fig. 13) indicates that fish probably in their second 

year of I ife and above are bein9 exp I oited. However, on Iy 7% of the fema I as 

and 6% of the males were probably below their fourth year of life, the rest 

being in their fourth year of life and above. A net of this mesh size is not 

catching immature fish. It could, therefore, be safe to use this gillnet in 

L. A\~assa. 
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VI. CDtKLUSION 

Annuli in otoliths of Q. niloticus could be formed and used to study the age 

and growth of this fish. Scales may be unreliable after the third year of 

1 ife. 

Seasonal growth cycle in the otoliths and the scales of this fish was 

connected to the fluctuations in temperature, food quantity and quality 
" 

consumed and to spav:ning activity. That thesp' factors appear to overlap in 

time indicates that they interact to result in the formation of checks and 

translucent zones. 

Assuming actual C:'/crage "birthdates" placed the tV/o yearly recruits in the 

same time scalc. Therefore, based on the formation of two translucent zones 

in otol iths, the 5th to the 16th translucent zones correspond to the 1st to 

the 5th years of life, respectively. 

Relative lincar growth rates csti~ated from otoliths, length-frequency method 

and from marktd Q. ni loticus were in close agreement. r,ioreover, agrecmcnt was 

also evident, at least for young fish, among results from scales and otoliths. __ co, 

It can, thereforc, bc concluded that agc and grOl;th assesses from otol iths may 

express the avcrage growth pattern of C. niloticus population in L. AV/assa. 

The gillnet currently being uscd to catch Q. niloticus from L. Awassa does not 

catch immaturc' fish. However, the catch was composed of widc range of age 
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groups. The dominant fish rl'presented in the catch were between their 5th and 

7th years of life. 

Further refinements of the fjro\'lth results obtained from this study 1'lOuld be 

necessary. Thi s shoul d concentrate on i dent i fyi ng b0t\'leen the tvlO yearly 

recruits and on identifying the first annulus in otoliths. Once these have 

been done a January 1 "birthdate" can be used and absolute age determined. 
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