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INTRODUCTION 

me use of f l t  . fo r  mosquito control as biological control agmt  was recognized i n  

Sudan as early a s  1929. But the in teres t  in such larvivorous f i sh  suffered w i t h  the 

advert of HCH, DDT and subsequent fast-acting insecticides. Recently, however, attention 

is being given t o  f i sh  as biological control agents, mainly due t o  the faot  tha t  chanical 

control by insecticides has become less  effective, owing to the appearance of resistance 

i n  mosquito (Haridi. e t  al., l R 3 ) .  

Gambusia affinis,  an exotic species, is the only f i sh  used so f a r  i n  the Sudan for  

mosquito control. For this reason, a detailed account on its biological characteristics, 

i ts  history, cons and pros as an exotic speoies is given i n  this paper3 also, the 

possibility of using other indigenous f i sh  species as biological control agents is  

discussed. 

Zhe nambe Gambusia is derived from the Cuban woM. "gambusinoVtD which m e a n s  

"nothing". Oambusia a f f in i s  (Baird and Girard), a predator poecilicid, top-minnow 

cormnonly known as mosquito fish, is one of at l eas t  30 species of the @nus Gwtbusia, 

and it is distinguished Prom al l  these related species by having the dorsal and anal 

fins w i t h  sof t  rays only (spines absent). the dorsal f i n  originating behind the snal 

f i n  and a rounded caudal fin. I n  both sexes, the body is pale grey with a blue metalic 

sheen. Zhe belly i s  s i lver  and the back. or dorsum, i s  brown or  olive green. In  many 

cases, there is a dark, transaverse bar across the eye. 

Oarsbusia affinis occurs as two sub-species, Oembusia a f f i n i s  a f f in i s  and (iambusia 

a f f in i s  halbrookl. Both sub-species are almost identical i n  colour, form, and size, 

except that Oemhsia a f f in i s  halbrooki has eight rays i n  the dorsal f l n  anf not seven, 

and also i ts  third ray of the ventral f i n  shows a deep spl i t ,  whM examined under the 

microscope (Innes, 1956). 

?he sexes of both sub-species d i f fer  i n  form and s t ruo tun  (fig.1). Females have 

a deeper body than males and may reach a length of 2.5 inches, while males do not exceed 

1.5 inches. Both sexes have, Prequently, a fiad dark l i n e  along the sides, sometimes a 

dark blotch below the eye, and usually a dark purplish blotch on the side above the vent 

i n  the female. m e  female has a caudal f i n  w i t h  three or  four irregular transverse rows 

of dark spots, and a dark-eyed, small, rounded Bnal f i n  w i t h  rays cormected by a membrane 

the  male has the Wrd, fourth and f i f t h  anal f i n  rays united and lengthened for form the 

sexual organ or gonopodium. Oambusia has a closed swim bladder, a short oesophagus and a 

in tes t ina l  openings also, they have pseudobranohes, which are presumably being 

used for  surface respiration. 



m b u s i a  are  found in many types of water am3 tolerate a wide range of temperature 

and oxygen. They W v e  i n  a wide variety of water types. including fresh or bmckish. 

clear or  muddy and .hallow or  deeps it is seldom found i n  swift-flowing streams. They 
show a d is t inc t  preference for shallow vmter. where they are protected from predaceous 

f i sh  and where food and vegetation are more abundant. Oambusia are  very hardy 

(Hildebrand, 1919) and could survive i n  the harsh ruicrocosum environments a t  temperature 

from 25 to S0c and pH between 7.5 and 10.3. ?he hibernate i n  the lower water depths 

i n  cold water enviroments. and are rarely seen un t i l  the spring, when water temperature 

becomes increasingly wanner. They are suited f o r  occupying habitats subjeot t o  periodic 

oxygen dplition because thei r  dorsally-oriented mouths and flattened heads enable them 

t o  effeotively u t i l i ze  the oxygen-rich water a t  the air-water interface without dramatic- 

allyaltering its usual simning posture. Gambusia are  secondary consumers which feed 

primarily on zooplankton and aquatic insect larvae (Maglio and Rosen. 1969). I n  

addition t o  mosquito larvae, they are  voracious feeders, consuming over 50 types of plants 

aml animals, such as cyclops, chironomid larvae, nematodes Bnd other plantonic forms. 

About 2M of the d ie t  is plant material. p r imar i l y  blue green ale;ee. diatoms ami de-ds. 

'Ihey are cannibalistic, consuming thei r  own young as well as the young of other larvivores 

and @me fishes (Meyers, 1%5). 

Oembusia are ovoviviparous, giving bir th t o  successive smaller numbers. f f t e r  the 

male deposits sperm i n  the genital t r a c t  by using the gonopodium, the eggs get  fer t i l ized  

am3 the female i s  then able t o  produce several broods of young without further contact - 
with a male. Zhe ferkilized eggs hatch with 23 to 24 days i n  the body cavity of the 

female and the young l i e  folded with head and tail meeting. !hey are delivered i n  this 

form a t  birth; ei ther  one or two a t  a time. lirmediately. they straighten out and swim. 

Parturition, or the time required for a single brood t o  be born, will  take 30 to 60 

minutes (Kumblox, 1948). On the average, 3 t o  4 broods w i l l  be produced and, depenLing 

on the size of the female, the number of fry per brood may average from 40 (Hildebrand. 

1921) to 104 (Hog and Fleed. 1970). although broods of 300 or more may occasionally be 

encountered. 

m e  natural r8nge of Gamtusia a f f M s  a f f in i s  extends from the Gulf of Mexico 

through the Mississippi River Valley and i ts  tributary waters as f a r  north as Central 

Illionois. Wbus ia  a f f ln i s  halbrooki ranges from Southern New Jersey along the 

Atlantic Coast to Florida keys and along the Gulf of Mexico t o  northwestern Florida 

(Dees, 1961). This sub-sepcies is unable to survive northern winters ( ~ a s c k ~ r  1%0). 

OurWsia have been introduced in to  many countries. because of its: 

i )  larvivorous habits 

ii ) c h a m t e r i s t i c  high density 

i i i )  small size 



i v )  overlapping generations within a season, allowing for  rapid geoinetrlc increase3 

V) live-beasing habits 

v i )  brood  tole^ 'me for  temperature, oxygen, pollution and aUnity3 

v i i  ) wide range of d i e t i  

v i i i  ) starvation enduranaes 

i x )  feeding on a l l  innnature stages of mosquitoes; and 

x)  hardiness and tolerance during transportation. 

%us, the i r  naaual range has expanded and it has attained worldwide popularity a s  

an effective laruicidal f i sh  (~ru~nholz, 19483 James 2.g. 1970). 

HISTORY, PRQS AND CONS OF GAMWlSUl APFINIS HIUSaCW IN SUDAN 

In  Sudan, the Mzira irr igated area is considered as a big, permanent mosquito- 

breeding ground producing malaria vectors, &. arabiensis a s  well a s  non-vector mosquitoes. 

This i s  a vast i rr igated scheme, w i t h  over a million acres of canalized land situated i n  

the southern part of the Blue Nile Rwvinces within the Savanah belt. 'Ihe main trans- 

mission season i s  from July to November, but, owing to year-round irrigation, creating 

favourable micro-climatic condition, trarrmission t o  perneal (Iiaridi, 5 s.1973). 

Gamtusia a f f in i s  halbrooki was introduced in to  Sudan i n  1929, from Italy thFou& 

Egypt, by Dr Khalil a s  an antimosquito biological measure f o r  the Oezira scheme. Sinoe 

then, these larvivorous f i sh  have contimed to breed i n  a concrete tank within the Civil 

Hospital, and, l a t e r  on, i n  the ponds maintained at the Medical Ehgomology Section a t  

Wad Medani. D r  J. Lewis, the then Medicalhtomologiet, carried out sane work on the 

culture of Oernbusia i n  the ponds, but, with the advent of chlorinated hydrocarbon 

insecicides, work on Gambusia was abandoned. However, work was rwived when it was 

realized that &. arabiensis had developed complete resistance to these insecticides. New 

raising ponds were estabushed a t  the Malaria Office a t  Wad E l  Naim, and Hamid Mrdiry 

(Ministry of Health)-started work, fo r  the f i r s t  time, i n  four minor canals i n  1 3 0 .  He 

faund that ther was reduotion i n  mosquito larvae i n  the seeded canals. 'Ihis preliminary 

work was followed by E.L. Hmphrey (WHO Technical Officer) beginning i n  1972, snd a total 

of 121 minor canEals were seeded up to 1973 w i t h  a to ta l  of about 120 000 f i sh  (Motabar, 

1973; Mainnoud, 1973). However, the work undertaken, i n  this respect, using Gambusia 

a f f in i s  halbrooki, is  accounted fo r  i n  greater de ta i l  by Wridi  (1979 Unpubl.). According 

to him. "the role of Gamhsia i n  the control of the Malaria vector An. arabiensis is not 

clearly defined yet". 

I n  September 1974. the author accompanied D r  G. Kovchazov (WHO Expert) and M r  Mahmoud 

(Ministry of Health) to the Oezim Scheme, and carried out a fishing survey i n  the minor 

canals already seeded with Gambusia. It was found that  indigenous fishes, such a s  lates_ 

niloticus, Clarias angularis, Barbus byeni and Samtherodon niloticus (Tilapia) occur i n  

the minor canals and that the number of Gambusia was appreciably f a r  less, when c a p r e d  



to the initial stocking. AccoWng t o  Mahmoud (197'3). "non-mu~ival m y  be due t o  

inadequate i n i t i a l  seeding or t o  recent aer ia l  spraying of insecticides or  turbidity 

of the watern. According to the author. the reason may also be atrributed t o  the 

probability that Gembusia could not withstand competition w i t h  the local f i sh  fauna 

occuring i n  the canals, particularly i n  the presence of the ca rn lo~re  niloticus 

and Clarias angularis. or  else is affected by the copper sulphate (Cu S04) used fo r  

ki l l ing the snails of schistosomes. James et. al.(lflO) stated that copper sulphate, 

i f  used above the reates recomnended fo r  algal  control, can result  i n  high mortality 

of Gambusia. 

I n  may situations, dense vegetation provides adequate protection for larvae and 

pupae. and hence good control by Gambusia may not be obtained. Valle (1929) noted that 

Gembusia was only 2 6  effective, where heavy aquatic vegetation was the prime faotor. 

However, thls problem may be overcane by the fac t  that the Fisheries Research Centre 

has recently introduced the grass carps 2. ide l la  and the comon carp. 2. aarpio. which, 

i n  a small experimental scale i n  a minor canal (Souriba 3). proved t o  be very success- 

fu l  for the thinking it is necessary t o  midfy the environment of such an aquatic s i tuat-  

ion i n  order t o  magnify the effectiveness of Oambusia as a l a m e  predator. Zhls can 

be accomplished by removing the vegetation. increasing the number of f i sh  by stocking, 

providing places of refuge or eliminating nature4 f i sh  predators. In  Morocco. mosquito 

f i sh  i n  excess of 20 per square yard offered excellent control i n  wann weather* but 

allowed extensive breeding when temperature f e l l  below 5 ' ~  (James 5. g., 1970). I n  

the Sudan. the stocking ra te  has not yet been deteralned and, therefore, future experim- 

ental work should take this into consideration. 

On the other hand. comercia1 fitah fanners look upon Gambusia af f in is  as an 

undesirable "pest". which may threaten the existance of game f i sh  species by feeding on 

thei r  young f ry  (Meyem, 1965). Dr D. Rosen of the American Museum of National History 

and Dr P.H. Greenwood of the British Museum were oppoed* a$ are most ichthiologiets, t o  

the m t h e r  distribution and introduction of the poeciliid top minnow Gambusia af f in is  

Into habitats where it did not exist. ZNs was because Oambusia is so successfilly 

adaptive and so cmpetitive that it often eliminates indigenous small f i sh  populations 

where it is introduced. and drast ical ly alters the composition of the aquatic community 

(Bay. 1972). In the Conference on the Safety of Biological Agents for  Arthropod Control 

(WHO/VBCh3.l), it was stated that there are strong indications that Oambusia, i n  

particular, is  a very real danger to other f i sh$ it may pose a serious danger to the 

local native fish. both small and large. and u n t i l  there is more fundmental research. 

great care should be exercised i n  i ts  introduction. 

Reallsing these facts. the author introduced. for  the f i r s t  time. i n  August 1 9 4  

a conaigr~nent of 500 f i sh  i n  a pond a t  the Shagam &perimental Fam and s W e d  the 



compatability for  this f ish  w i t h  the indigenous f i sh  fauna. Pram this study and 

other f ie ld  obsem,tionsr the author understood the possible impact of Gambusia on the 

local and other e b t i c  f i sh  species, and has already passed a note t o  the Fisheries 

Administration Department t o  r e s t r i c t  Further trials f o r  seeding the minor canals and 

even eliminate this species. lhis is because Gainbusia may pose a serious danger t o  the 

local f i sh  fauna on chance entry into the natural water systems. However, since Gambusia 

is well established i n  the Sudan# eradication may not be possibleJ but it is strongly 

reconmended that  care and surveillanoe be maintained i n  order that his f ish  can best 

perform the function for which it was introduced. hrthennore. it i s  recommended that 

local f i sh  species be studied t o  determine thei r  effectiveness as larvivores, and 

experimental comparison be made w i t h  Clambusia. 

POSSXBIILTIIiS OF USING. INDIGENOUS FISH SPECIES AS IARVIWFSS 

In  the Conference on the Safety of Biological Agents for  Arthropod Control (WHP/vBc/ 
73.1). it was mentioned that  "most non-deser regions whithin the tropics already possess a 

number of small larvivorous f i sh  species. Often, or usually, each of these is restr icted 

ecologically t o  certain types of habitat. within which it may be the most effective 

larvivore. mese species should be studied i n  order t o  determine the i r  effectiveness, 

ard experimental canparison should be made with the exotics proposed for  introduction". 

Ihe author is i n  fill agreement w i t h  these facts  and has already made comparative 

studies on one of the indigenous species and the exotic Gaabusia a f f in i s  halbrookl. 

Sarotherodon niloticus (Tilapia ni1otica)is the most common species i n  Sudan. and occurs 

i n  a l l  three rivers, the White Nile, the Blue Nile, and the Main Nile. It has oblique 

alternating rows of l ight  and dark spots on the dorsal and anal fins, and numerous narrow 

cross-bars on the caudal fin. Laboratory experiments and f i e ld  observations indicated 

that  Sarotherodon niloticus, when ynung. are very effective lamrivores. Sandon et. al. 

(1953) mentioned that the young of Sarbtherodon niloticus ea t  mosquito larvae, and thus can 

can be of value i n  mosquito control. A t  a stocking ra te  of 2 500 t o  5 000 per hectamr 

Sarothercdon niloticus controlled filamentous algae, a principal habitat fo r  many species 

of mosquito larvae ( m h  5 s., 1972). A s  a matter of factJ  no mosquito larvae were 

found i n  the ponds of the Shagarra Experimental Fish Farm, when stocked with Sarotherodon 

titloticus. The author strongly recommends the use of this species i n  the Gezira scheme3 

a hatohery of its propagfrtion t o  seed the minor canals intensively with i.ts fingerlings 

every year should be established a t  Wad Medani. 

Research on other indigenous minute-toothed carps. or  top minnows species of the 

family Cyprlnodontae, should be in i t ia ted  t o  determine whether some species can become an 

effective mosquito control tool. In Sudan. the species of this femily f a l l  into two 



genera distinguished as follows: 

A)  Epiplatys* Preorbi ta l  bone (i.e. bone j u s t  i n  f ron t  of t he  eye) very narrow, 

l e s s  than half  diameter of eye4 vomerine t e e th  present; pectoral  f i n  

s e t  low down, below middle of side. 

B) Aplocheilichthys: Preorbi ta l  bone wider3 vomerine tee th  absent; upper end of 

pectora f i n  above middle of side., 

Genus A i s  represented by two species: 

i )  Epiplatya marnoi (Steindachner 1881) (Fig. 2 )  is ea s i l y  recognized by the 

presence of about12  bold oblique dark s t r i p e s  on the s ides  of the body and on 

the  caudal fin.  I n  some, presumably males, the caudal, anal and pelvic f i n s  

a r e  tinged with br ight  yellow. m e  caudal f i n  i s  s l i g h t l y  longer than the head 

and is variable i n  shape, being sometimes rounded and sometimes more pointed. 

Boulenger (1907) mentioned t h a t  the maximum length i s  about 40 mm., but i n  the  

Sudan, they appear t o  be f u l l y  grown at about 30 mm. 

i i )  E. - bifasciatus  (Steindachner 1881) i s  a very similar f i s h  but its markings 

consis t  of two pa ra l l e l  dark horizontal  bands running along the s ides  of the 

body. Ihe caudal f i n  is ra ther  longer, s ledere r  and more pointed than i n  

E. marnoi and it i s  said  to grow up t o  45 nnn. i n  length. 

Genus B i s  represented by fwr species: 

i )  Aplocheilichthys (Boulenger 1901) i s  one of W.e smalles f i s h  known, i ts 

maximum length being only a b m t  25 mm. The caudal f i n  i s  more rounded than that 

of e i t h e r  species of Epiplatys, and the  snount is very short, i ts  length being 

equal t o  only about one half  the diameter of the  eye. A very f i ne  black l i n e  

runs f r m  the  base of the caudal f i n  t o  t h a t  of the pectoral  f in .  Otherwise the 

colour is very pale, except that the out l ines  of the sca les  a r e  de l ica te ly  

indicated by minute black dots. 

i i )  A. - hutemaui (Boulenger 1913) d i f f e r s  from this, most oviously, i n  having the 

pi tgent  eggregated i n t o  spots on the  hind dorsal  and ana l  rays. 

i i i )  A. kingi i  has a few spots, l i k e  those of 4. hutereaui. i n  the male and i s  other- 

wise distinguished f r o m  t he  other  species by the smaller number of i t s  saa les  arid 

anal fin-rays, and by the s l i g h t l y  more an te r io r  posit ion of the  f i r s t  dorsal  

f in-ray . 
lhese  three f i s h  species a r e  found mainly i n  t he  Upper White Nile and can Purther 

be distinguished from each other by the following d i s t i nc t i ve  featurers:  



A. l o a t i  A. hutereaui A ,  k ing i i  

25 - 27 23 - 25 25 - 27 Scales i n  longitud nal series 

hew head, excluding any on 

caudal rays 

Dorsal fin-rays 7 -  8 (6)  7 - 8 5 - 6 (7) 
Anal fin-rays 12 - 13(14) 13 - 16 11 - 12 

Anal ray ve r t i c a l l y  below first 7 th  - 9th 7th - 9th one of last 

dorsal  ray  thcee 

i v )  Nothobranchius I (Sandon 1950) mentioned that an unknown species of Nothobran- 

chius ("Fundulus") has appeared i n  a new ho f i r  near Gebel Migeinls, its natural 

home being presumably somewhere i n  the  Nuba Mountain. 

Also, P l eo t r i s  nanus (Boulengar 1901) the only representative of t he  family 

BleoWdae, whloh was formerly included among the  Qobies (Bobiidae), may be a larvivore. 

It i s  a slender l i t t l e  f i s h  reaching only some 38 mm. i n  length. Its length is  abaut 

4 times its depth. It is a l i t t l e ,  i f  a t  all, c ~ ~ p r e s s a d 3  has a caudal peduncle about 

twice as long a s  it Is deep, and a s l i gh t l y  projecting lower jaw. 'Ihe two dorsal  f i n s  

are well-separated and very d i f fe ren t  i n  shape, the an te r io r  one having only 5 very 

slender rays, whereas the poster ior  one has 10. ' he  caudal f i n  is rounded. Zhe 

general colour is greyish-olive, changing t o  pinklsh on the  under-side, w i t h  some 

i r r egu l a r  darker markings, ve r t i c a l  bars, marblin and dots on the  head. body and f ins .  

It i s  a rare and t iny  f i s h  recorded by Boulenger ( 1 m )  from the White Nile. Pekkola 

(1918) s t a t e s  that it was comnon i n  Khor, near Tonga, and a t  Gebelein. 

Other t i n y  r ivers ide f i she s  which may be tes ted  f o r  t h e i r  effectiveness as 

larvivores  a r e  Andirsonla leptura ,  Chelaethiops bibie. Barbus sti&matopygus, Nannaethiops 

unltaeniatus an3 Cromeria n l lo t ica .  

Andorsonia l ep tura  (Boulenger, 1900) is a t i ny  f i s h  from the  family Mochocidae, 

eas i ly  recognised by i ts  exeptionally slender caudal peduncle. It is regarded as 

a g rea t  ra r i ty ,  tu Pekkola (1918)'mentioned that i t  is not uncomnon, i n  many 

places, i n  the  Upper White Nile. 

Chelaethiops (Joannis 1835) and B a r k s  stigmatopygus(Bouleng.r, 1903) are 

species within the  f&ly Cyprinidae: 

C. b ibie  i s  distinguished by the rather strong compression of the  body, and the 

deep curved ventral  surface,which is appropriately compared w i t h  the keel  of a ship. 

Ihe f i r s t  ray  of the  dorsal  f i n  i s  w a l l  behind the f i r s t  ray of the anal; the 

pectoral  fins* small, and t he  caudal f in ,  lobed. Ple colour is pale, with a 

s t r a i g h t  horizontal  l i n e  running forward hvan the caudal peduncle, and gradually 

fading out  before reaching the operculum. I h i s  t r i p e  must not be confused with t he  

lateral l ine.  which, being s i tua ted  low down on t he  whitish ventxal part of the  



body, is very d i f f c u l t  to see, even with a lens. Maximum length is about 55 m. 
It has been found a t  many places along the  Nile and White Nile, sometimes i n  

considerable r mbers, but its occurrence seems t o  be very e r ra t ic .  !be long 

s t r a igh t  dorsal  surface, and shrply upturned mouth, mark this f i s h  as one t h a t  

l i v e s  and feeds a t  the surface of t he  water. 

B. stipgatopygus is distinguished by the  absence of the adipose fin,  by the  

f a c t  that the dark horizontal  band is reduced t o  a f i n e  black l i n e  and by t he  

presence of three la rge  blacke spots on this l ine ,  and a four th  a t  the base of the  

anal f in .  Occasionally, addi t ional  spots a r e  present. It should be noticed that 

the dark l a t e r a l  s t r i p e  is not a t rue  l a t e r a l  l ine ,  as it is not formed from sense 

organs but i s  merely a l i n e  of pigment. ?he r e a l  l a t e r a l  l i n e  is much reduced 

and is d i f f i c u l t  t o  see. Ihe m a x i m  length of the f i s h  i s  about 24 m. 

Nannaethiops unitaenlatus (Gunther 1871)s the only representative of the  genus 

Nannaethiops within the  family Citharinidae, is a t i ny  t rop ica l  f i s h  found i n  

Sudan only i n  the Upper W t e  Niles it is common a t  Tonga. It can be read i ly  

distinguished from the l i t t l e  Cyprinid and Cyprinodont f ish ,  with which it is 

cornonly associated, by its ra ther  deep and compressed body, very small adipose fin 
and by the s ingle  s t r a igh t  horizontal  l i n e  running the whole length of its body 

r i g h t  up t o  the snout. The colour is very p l e  and, i n  s p i t e  of the small s ize ,  a 

s l i g h t  roughness t o  the  touch indicates  that the  scales  a r e  strongly ctenoid, a 

f a c t  which can otherwise only be demonstrated w i t h  the a id  of a microscope. m e  
g i l l  membranes are f ree  a t  the isthmus. It length i s  about 60 mm. 

Cromeria n i l o t i c a  (Baulenger 1911). the only representative of the family Cromeriidae, 

is a l i t t l e  creature no more than about 32 nun i n  maxi rmun length. m e  body is elong- 

ated, compressed, naked, pract ical ly  transparent and colourless, apar t  from a narrow 

l a t e r a l  s t r ipe .  m e  head and mouth a r e  s m a l l  and the  l a t t e r  d i s t i nc t l y  i n f e r i o r  and 

toothless.  The fo r sa l  and anal  f i n s  are both short  and poster ior ly  si tuated.  It 

can ea s i l y  by mistaken f o r  a very young immeture specimen of some other  type of f ish .  

It is ra ther  rare, being found only i n  the  Upper White Nile. 

DISCUSSION 

I n  the Sudan, the Gezira minor canals a r e  heavily infested w i t h  aquatic weeds, which 

i n t e r f e r  w i t h  inrter flow, provide breeding and nursery habitat f o r  malaria-carrying 

mosquitoes and harbour the  vector snails Bullnus sp. and Biompholaria sp. of schistosom- 

i a s i s ,  serious major heal th  problems. The network of these canals provide the  so le  source 

of water t o  most of the  people f o r  drinking, cooking, bathing and washing clothes, hence, 

herbicides t o  eradicate  these aquatic weeds i s  not advisable. Besides, adding chemlcals 

t o  the  water i n  these canals f o r  eradicating mosquito larvae and BLlharizia s n a i l s  i s  



not a l so  much favoured. Because of Ms si tuat ion,  and the  f ao t  that chemical control 

by insect ioides  has becaae l e s s  effective,  owing t o  the  evolutinn of resistant 

mosquito strains. ontrol  by biological means has become i n e v i w l e .  

Biological control agents are provided by mother nature, and, i f  perfect ly  u t i l i z ed  

w i l l  exhibit  no environmental ham* unlike the  use of chemi c a l s  which have* i n  some 

cases. resul ted i n  harmful s ide  e f f ec t s  on t he  environment and, i n  other cases, unknown. 

long-term s ide  effects .  However. the  use of exotic f i s h  species i n  biological control 

measures, i f  no t  careful ly  selected, may pose serious problems f o r  the  environment, 

par t i cu la r ly  f o r  the  loca l  nat ive f i s h  (George. 1w5) .  This is because once a fish. 

i s  introduced, t he  r e s u l t  be undone, ore repaired, as w i t h  a chemical accident3 it i s  

a permanent W n g ,  ard i ts impact on the  native f i s h  goes on throughout time ( W o r n /  

1 )  merefore,  the following guidelines f o r  introduction of exotic species. as 

proposed by Lachner s. G.(l%O). should be s t r i c t l y  takne i n t o  considerationt 

i )  It should be o b J e c t i ~ l y  determined that there i s  r e a l  need f o r  a proposed 

introduction, and it should appear l i ke ly  that the  introduction w i l l  have 

desirable  ecological, recreat ional  and economic impact. 

i i )  Ihe introduction should fill a de f in i t e  vacant ecological niche, one no t  fi lLed 

o r  su i tab le  f o r  a native species. 'he prdbable existance of such a niche should 

be reasonably well-documented. 

iii ) An introduction should not be considered i f  there is any danger, even apprehen- 

sion, over the  act ion leading t o  d r a s t i c  reduction o r  regional displacement of 

indigenous populations 

i v )  Studies of the ecology of t he  animal considered f o r  relaease should precede 

and guide introductions. Studies should, likewise. be made t o  determine the 

s u i t a b i l i t y  of the proposed re lease  area. 

v) Every e f f o r t  should be made t o  study disease in te r re la t ionsh ipsn  and t o  take 

s teps  f o r  assuring effect ive quarantine procedures 

v i )  Small t r ial  introductions i n  su i tab le  areas, using adequate nwnbers of stock 

should f i r s t  be conducted on an ezperimental basis  under controlled conditions. 

An evaluation of this introduction should serve a s  a basis f o r  fu r ther  action. 

v i i )  Before an exotic is introduced, posi t ive  assurance should be obtained that 

adequate control methods @an be inst igated t o  prevent overpopulation o r  spreading. 

I n  Sudan, the  introduction of t h e  exotic Oamhsia a f f i n i s  halbrooki ce r ta in ly  does 

not comply cmp le t e ly  with these guidelines, hence a danger ex i s t s  f o r  the  environment. 

However. there  is  still a need f o r  a real body of careful  research on the  impact of this 

species on the  environment. Meanwhile. it i s  necessary t o  conduct research on the  

effectiveness of t h e  indigencus species already referred t o  i n  this paper. Zhls is 

because species of the Affican g a s ,  Nothobranchius, f o r  example* a r e  "annual f ish"  and 

heme  the  a b i l i t y  t o  survive periods of drying i n  the  egg stage, the eggs hatching when 



i m d a t e d .  Bay (1965 and 1967) has reported on research into the poss ib i l i ty  of adopting 

these f i s h  for  c o n t ~ o l l i n g  mosquito larvae i n  California. Also. Heldman e t .  al. (1963) 

cal led a t ten t ion  t o  such a group of annual fishes,  s ince s number of species have a 

potent ia l  f o r  con t ro l l in  mosquitoes and a l so  can pass the  dry season as eggs. Vanderblank 

(1941) pointed t he  advantage of Nothobranchius as a larvivore  over the widely known and 

extremely distinguished Gamhsia. Haas (1965 and 1966) has prepared detai led ins t ruc t ions  

f o r  rearing the East African N. guentheri i n  the laboratory and outdoors. Kovchasov 5. 
a l .  (1367) has conducted laboratory and f i e l d  s tudies  on annual f ish .  Also, Welman - 
(198) has suggested the use of g. marnoi a s  an  agent i n  mosquito control. and recomnended 

t h e i r  consideration as larvivore f o r  employment i n  t rop ica l  and sub-tropical regions. 

I n  this paper. a l l  the charac te r i s t i c  features  of the indigenous f i s h  species i n  

Sudan t h a t  a r e  l i k e l y  t o  be e f fec t ive  larViv0Ms are mentioned as they appeared i n  the  

book by Sandon (1950). This i s  because this book is now out of p r i n t  and research t o  

iden t i fy  these species f o r  malaria control  by enthusias t ic  s c i e n t i s t s  should not  be 

handicapped. 

The complex n a t u ~ e  of t he  malaria problem and pt,her public health hazards i n  .the G 

Gezira Scheme demands t he  co-operation of s c i e n t i s t s  from d i f fe ren t  d i sc ip l ines  a t  the  

local. national and internat ional  l eve l s ,  Besides. f o r  e f fec t ive  control of mosquito 

larvae by biological measures, a four-year project  should be s ta r ted ,  where laboratory 

research provides the foundation f o r  f i e l d  research and support those modifications and 

improvements which operational parameters may require. I n  this project, it is necessary 

t o  : 

i )  undertake ecological surveys f o r  predatory evaluation i n  the  minor canals of the  

Qezira Scheme; 

i i )  undertake s tudies  t o  evaluate the impact of pest ic ides  and other  chemicals on the  

ecosystems, i n  par t i cu la r  residues i n  l e t h a l  a s  well as sub-lethal doses i n  f ish;  

i i i )  conduct s tudies  on the e f f e c t  of blood water on the larvivorous f i s h  in the  

Gezira canals; 

i v )  conduct more s tudies  on the  ecologyr behaviour and stocMng r a t e s  of Oambusia 

a f f i n i s  halbrooki and i ts impact on the environment; i f  these s tudies  fu r ther  

confirm that this exotio species is harmful, it should be erradicated immediately; 

v )  use Sarotherodon n i l o t i cus  i n  mosquito control operations and es tab l i sh  a hatchery 

f o r  i t s  propagation t o  seed the  minor cknals with i t s  young$ 

v i )  study other  l oca l  f i s h  species, make experimental comparison t o  determine t h e i r  

effectiveness as larvivores and combine them together i n  the same ecosystem; 



v i i )  observe a l l  the guidelines necessary f o r  intrcduotion of any exotic species and 

confine a11 t r i a l  introduction s i t e s  t o  closed water systems of manageable s i z e j  

a l s o  f a c i l i t a t e  ea r ly  eradication of the species introduced should it shows signs 

of becwling a pest. 
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Fig. 2 Tiny Riverside Indigencus Fishes (after Sandon, 1950) 



Fig. 1 Male (lower) and female (upper) - .  
Gambusia a f f i n i s  halbrooki 
( s c a l e  1 cm) 


