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The cocoa crop is ultimately limited by the amount of pollination and fruit 
setting which occurs. Generally, less than 5 % of the total number of flowers 
produced are pollinated, but observations suggest that, in some areas, the final 
fruit yield may be greatly increased under certain conditions (14, 15, 19, 31) . 
However, in spite of the importance of pollination and the activity of the polli­
nating agencies in crop production, research efforts in this area have been very 
restricted. 

The recent reviews by Free (4) and Entwistle (3) summarised most of the 
pollinat ion investigations carried out prior to 1968, but since then, research on 
cocoa pollination has gained a new impetus especially in Costa Rica, Brazil 
and West Africa . This paper will concentrate on resuts of these more recent 
studies. 

The Pollinating Agents 

The idea held by earlier workers, that wind pollination was the only, or at 
least the principal means of pollination, was shown to be incorrect by the 
experiments of Harland (5), Billes (1) and Soetardi (18) , but it was only in 1941 
that Billes was able to show that cocoa pollination was carried out chiefly by 
small, biting, female flies of the genus Forcipomyia , family Ceratopogonidae. 
Even today, their small size (0'5 to 2·0 mm long) and quick movements make 
observations on these insects a difficult undertaking. These difficulties are 
compounded by a Jack of easily recognisable ad ult characters whi ch makes 
identification difficult and laborious, even for specialist taxonomists. The best 
morphological characters for sepa rat ing the d ifferent species are, in fact, found 
in the larvae and pupae . 

Much of the recent research on cocoa pollination has concentrated on the 
actual identity of the pollinators (29). Although more than 75 species of cera­
topogonids in 10 genera have been found frequenting cocoa flowers , only a bo ut 
50% have actually been observed pollinating (29). Other Microd iptera frequent­
ing cocoa flowers include the Cecidomyiidae, Ch ironomidae, Drosophilidae, 
Psychodidae and Sphaeroceridae. Cecidomyiids are the most important numeri­
cally but the contribution by these insects to tot al pollination seems to be 
minimal. However, preliminary observations (8, IS) suggest that cec id o myiids 
and drosophilid s may so metimes be important pollinators in Ghana and the 
Cameroons respectively . 

The genus Forcipomyia contains the greatest number of known pollinators 
and is now divided into 16 subgenera (Wirth, pers. cornrn .), a great increase 
over the original six subgenera proposed by Saunders (17) . The most important 
subgenera are Euprojoannisia (formerly known as Proforcipomyia and Euforci­
pomyia), Thyridomyia and Forcipomyia. Their relative importance in different 
cocoa-growing areas of the world is shown in T able 1. 

'This paper was presented during the XV International Congress of Entomology held 
in Washington , D .C., U.S.A. from August 19 to 27, 1976. 
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TABLE 1 

Diptera observed pollinat ing cocoa throughout the world and their known breeding 
sites . ID '" No. of Pollinating Species 

observed Tax on ~ 
Africa East Central Sou th Know n Breeding Sites ~ 

Indies America America 
~ 
o 

ffio 
~ 

CERATOPOGONID AE ill o Forcipomyia (.' ( Forc!pomyia) spp.
: ~ \ 

F. (Euprojoa nnisia) spp. 

F. (Thyr idomyia) sp p . 

F. { M icrohelea ) sp. 

F. ( Warmk ea} sp. 

F. ( Lasiohelea ) sp.
 
Dasyhelea sp.
 
Culicoides sp.
 
St ilobezzia spp.
 
A trichopogo n sp.
 

CECIDOMYIl DAE 
DR OSOPHILIDAE 

Drosophila sp. 

Total 

The species of Diptera 

12 

3 

1? 

I 
2 
I 

1 

1 

and 
West 
Indies 

2 Ro tten cocoa pods ; 
rot holes in trees ; 
cocoa leaf litter ; 
rotten banana trunk . 

6 4 Cocoa leaf litter; 
rotten banana stem 
and bracts ; rot holes 
in trees. 

2 ? 
Rott en cocoa pods. 
Rotten banana leaves. 

2 Probably waterholding 
plants of some sort. 
? 
? 

Rott ing wood. 
? 

Organic debr is in soil. 

22 2 13 4 

observed frequent ing cocoa flo wer s, their po llinating 
activity an d breed ing places have been recently revie wed (29) . There has bee 
littl e success in locating the breeding sites of th e cocoa flower D ipter a, especi ally 
of pollin ato rs, unti l fairly recently. The immature stages of the Ce ra topogo nidae 
generally breed in mo ist, ro tti ng o rga nic su bstrates , and in cocoa plan tat ions 
the mos t imp ortant sites seem to be cocoa leaf-litter, rotten cocoa pod husks, 
rotten ban an a stem s a nd epiphytic bromeliads (28, 29, 30, 31) (F ig. 1). Alt ho ugh 
no known pollinator has yet been found in epiphytic bromeliads, thi s substra te 
may probabl y be one of their most prolific breed ing sites (29). 

Kaufmann (9, 10, 11, 12) has a ttempted to demonst rat e the po llina ting 
a bility of some ceratopogonid species and a lso of a cec idornyi id (8) by cage 
exp erim ents in which the species to be tested was enclosed in a mesh cage 
co nta ining coco a flo wer s. Winder (29) has suggested that such experiments may 
be mislea ding as to actual poll inating potentia l in the field, since such fac to rs as 
the num ber o f flowers avai lable per midge, cage size, an d the physiological 
sta te, fed o r unfed, of the flies, wer e no t ta ken into account. T he o nly sa tisfactory 
way to disco ver whether a pa rtic ular species is a pollinator or no t, is by curd ul 
field observa tio ns a nd co llection , as was do ne by So ria (19) in Costa Rica . 
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Pollinat ing actrvi ty by the femal e cera to pog o nid midges seems to occur 
mainl y in the ea rly morn ing , before 9 a .m., with a further activity peak in the 
mid -a fternoon (3, 28) ; a ny co llecting sho u ld be do ne at this time . Pollin a to rs 
are a ffected by cl imate: rain y, overcas t cond itio ns inhi bit pollina ting act ivity 
whereas sunny weather enha nces it (3, 6, 19, 28). They seem to have distinct 
p refer ences for certai n tre es in a pla ntation , whic h produce mor e fruit than their 
neighbours but ove r a per iod o f time relative attraction cha nges so t hat un ­
att ractive trees become a ttractive a nd vice versa (6, 19). The reaso n fo r this 
behavio ur is not k no wn. W hy mor e female than male cera to pogonids visit 
cocoa flower s is uncert ain , a lt ho ugh severa l hypotheses have been put forwa rd . 
In fact , bot h ma les an d femal es pollin a te flowe rs (6, 9, 10, 11, 12), although 
male po llina tio n see ms to account for o nly a very small part o f th e total. S ince 
midges a re a ttrac ted equa lly to "corn un" flower s with red guide lines a nd 
" ca to ngo" flower s, with no red guide lines, flower co lour would no t a ppea r to 
be the main a tt ract ion stimulant ( 19). D own es (2) found that females of a spec ies 
in the ceratopogo nid genus , Atrichop ogo n, fed on pollen gra ins inside the ho ney­
suckle flower , where they a ppa ren tly obtained the ir protein fo r egg matu ra tio n ; 
fema le cera to pogo nids may visit co coa flower s for the same rea son . Ce rta inly, 
flower visitin g is a co mmon activity for female ceratopogonids thro ugho ut the 
world (2, 29) but t he ra tio of pollin atin g Diptera to cocoa flowers varies fro m 
I :7122 in Brazil to 1:316 in Costa R ica (29). Coco a flo wers polli na ted by 
Forcipomyia cha rac teristica lly ca rry a large a nd compact ma ss o f po llen o n the 
tip o f the stigma (Fig. 3). 

Fig . J . C(jcon 1/0 11'1'( pollinat ed hy Forcipomy ia Sf' . Note tire? large and compact mass of 
pollen all the lip of lire st igm a. 
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Fig . 2. Lif e cycle of Fo rcipomy la spp, 

Ecology of Ceratopogonid Pollinators 

The co mplete life-c ycle of Forcipo myia , from egg to adu lt, la sts a pproxima tely 
28 days at 24°C (Fig. 2). Adults live 1- 12 day s under lab oratory co nditions 
(6, 2 1, 24, 25). One of the most important o bjec tives in rearing through different 
species of Forcipomyia is the va lue o f the imm ature stages in identify ing d ifferen t 
species. 

Many ot her insect s frequent cocoa flower s, chiefly a nts, a phi ds , thr ips and 
an d coccids, but the cr oss-p ollinating ac t ivity of these groups seems very do ubt­
ful, a ltho ugh so me setting may occur on se lf-co mpa tible tre es. Kaufmann (7) 
showed that the psyllid, Tyora tessmanni Aul mann pollinated flowers under 
labor atory conditions, but the lar ge number present during the February to 
April flowering per iod in Wes t Africa , when virtually no sett ing occ urs, indicates 
tha t this species is probably not imp ort ant und er field condition s. Microscopic 
examination of vari ous spec ies of ants, cocc ids, cicadell ids and the aphid, 
Toxopter a aurantii B. de Fonsc., fo und in flow ers during May and June in Ba hia 
State, when mo st sett ing occurs, sho wed that no specimens ca rr ied pollen 
gr ain s (Winder, unpublished o bservations) . In Costa Rica , the thrips Frankli­
niella par vula Hood prob abl y co mplemen ts Forcipomyia pollination during the 
dry season (6, 19). 

Vello and Magalhae s (26) sho wed that the prese nce of the " cacarerna" an t, 
A zteca chartifex spiriti Forel , may increase to ta l effective po llination on cocoa 
trees in Bahia, not through its own ac itivity but perhap s by a ttracting cera to­
pogonid pollinators. However, furth er experiment s a re needed to substa ntia te 
these results owing to the small number o f tr ees observed per treatment and the 
absence of any trea tment repli cati o n. Sori a (20) has reviewed the evidence on 
the pollinating ac tivity of the st ingless Meliponin e bees in cocoa a nd came to 
the conclusion tha t this was usu a lly acc ide nta l. R ecen tly, Kaufman n (13) has 
stressed the impo rtance o f the halictid bee, Lasio glossum sp. in pollinati ng 
cano py level flowers in Ghana . However , the low viab ility of pollen grains 
carried by the meliponine bee Trigona ja ty Smi th in Cos ta Ric a (6), sugges ts 
that the pollinating efficiency of L asioglossum may not be as high as expected . 
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Knowledge of the flight behavio ur o f po llina tors is im porta nt when sett ing
 

u p a cocoa seed garde n . Observat ions ind ica te tha t the fl ies traverse quite lo ng
 
d istances (16 ). Suctio n trap st ud ies in Bah ia with traps se t a bo ve and below th e
 
crown of shaded cocoa sho wed tha t five to seven t imes as ma ny F. (Euprajoa nni­


~
 
sia) spp, and F. (Forcipomyiai spp . ad ults were present above as below th e
 
crown. T his suggests tha t wind current s arc pr o bably very im por tant in det er­


~ min ing the distr ibu tio n of adult cera topogo nid popu la tio ns.
 

b 
o 

~ S easonal Abu ndance of Ce ratopogonids
I!'i 

Ver y litt le resea rch has been d one o n the seasona l a bundance of cera to po go n ids ~ and pollinat o rs in cocoa plan ta tio ns. P relim inary results fr om a two-year 
~ (1969- 197 1) emergence t ra p st udy in Ba hia , o f cocoa leaf-litter di prera in areas " 

til	 treat ed a nd u ntrea ted with BH C I %, suggested a posi tive rel ationship bet ween 
soil m oist ure an d cer a topogo nid po pulatio ns . H igh popula tio ns were co rrela ted ill 
with exc ess soil mo isture a nd lo w populat ions with a deficit (31). The cer atopo ­

m gonids in thi s study co mprised more th an 30 spe cies in 9 sub genera o f Forcipo­. 
i:I.l. myia a nd 5 o th er genera of cera to pogo nids, including poll inat ing spec ies from 

the su bgenus Euprojoannisia (W inder a nd W irth, unpublished observatio ns). 

A on e-year study (I 973) in Bahia, of the aeria l po pula tio ns o f F (Euproi oanni­
sia) spp. and F. (Forcipomyia) spp. in sha ded cocoa, using insect suc tio n tr aps 
2 m above gro und , showed th at the largest numbers of both subgenera occurred 
from May 10 July (23). T he soi l m ois ture excess in th is peri od wa s cha racter ised 
by " a dvec tional" rainfa ll, i.c , a litt le ra infa ll in short periods, wh ereas th e so il 
water excess fro m November to J anua ry was cha rac ter ised by " con vecti on al" 
ra infall. where a bund a nt ra in fell in a very short time (23). T his latter rai nfall 
pattern may not provide the co ntinuou s wet conditio ns necessary for cerat o po­
go nid egg a nd la rva l develo pment. T he pr o ba ble import an ce of ra infall in 
cerat opogo nid a bun dance in cocoa in Ja va was po inted o ut by Soetardi (18) 
a nd by Entwist le (:l) fo r G hana , where the d ry, ho t northerly wind or " harmattar;" 
dr ies ou t breed ing places, result ing in no po llina tio n despite heavy flowering . 

Effect of Ins ecticides 

Alt hough experiments showed tha t th e usc o f wide-spectrum insect icid es such 
as BH C, DDT and Dield rin did not have a noticea ble effect on polli nati on ra tes 
(3), the experi men ta l pla nning was o ften deficient. T he main prob lem in inter ­
pre ting results has bee n the sma ll size of th e tr eat ment a reas, a llo wing im mi­
gra t io n and emigratio n, and the a bsence o f trea tment rep lica tions (Table 2). 

'\ n experiment to measure the effects o f three d ifferent treatment s, m inera l 
oi l. lime a nd copper oxide so lution, co mpa red wit h a co ntrol, on the diptero us 
populati ons of coco a pod hea ps in Ba hia was unde rtaken in 1971 (3 1). Pre­
liminary resu lts indi cate that both lime a nd co pper oxide trea ted pod hea ps do 
not dilTer significa ntly in the number of ccra to pogo nids pro d uced per unit 
weight (30 per kilo ) fro m the co ntro l. However, the minera l o il teat me nt produced 
a mean of o nly 20 ce rat opogonds per ki lo of empty cocoa po d h usk (Wi nder 
and W irth . unpubl ished o bse rvations). Wh en identificatio n of all the inst:c ts 
co llec ted is co m pleted it wi ll be a pp arent whe ther the tr ea tments a ffected sp ecies 
di versity . 

TABLE 2 

I nvestigati o ns o n the effects of insecti cides on 

Country lA nthority Insecticides A rea 
Tested Treated 

Ecuado r (14) Carbary l a ppro x. 
Mala thio n 300 m 2 

(0 '03 ha) 
Ja va (27) E nd rin 3300 m 2 

(0 '3 ha) 
Bra zil (22) BHC (a) 625 m 2 

Carbaryl (0 '06 ha) 
Met hyl ( b) 2500 m 2 

Pa ra thion (0'25 ha) 

cocoa pollina tors. 

Comments 

N o measurable effec t o n 
fruit set. No Replica tion s 
(D . F . Edwards per s. co m m .) 

Mo measurabl e effect o n 
fruit set. N o rep lica tio ns. 

Only % mortality on 
Forcip omyia spp. measured. 
Populat ion s ha d recovered 
to o rigina l levels a fter 
1 week . No rep lica tio ns. 

Ou r present kno wled ge o f the pollinat or breed ing sites indi ca tes tha t they 
a n: generall y well-p rotect ed from th e im med iate ac tio n o f insec tic ides a lthough 
the lon g term effec t of residues may ha ve serio us co nseq uences (3, 24, 28, 30). 
There is, the refore still a need for properly des igned experiments o n the effects 
of insecticides o n po llina to rs a nd pollination rat es . T he possible side-effects 
of insectic ides may , o f cou rse, be dimini shed by applying low concentrations 
and dosages o f nar ro w spectrum insect icid es d ur ing tim es when po llina tio n 
ra tes are nor mally low . 

Increasing Natural Pollination 

Assuming th a t na tural pol linat io n o f cocoa is a limiting factor in co coa pro ­
duction in a pa rt icular a rea, fr uit set mig ht theoret icall y be increased thro ugh the 
manipulati o n o f po llinato r populat ions . Al though only M icro diptera and es ­
pecia lly certai n Forcipomyia species a re morpholog ically a da pted to pollina te 
cocoa , this fly-flower associat ion is not symbiotic as sta ted by So ria ( 19) since 
the tree depends o n the fly but the fly does not seem to dep en d o n the tree. T his 
hypothesis is sup po rted by t he prelimi nary field da ta fr o m eme rgence traps 
Which suggests that there are m a ny more po ten tia l po llina tors presen t tha n 
Pollina tion s effected . 

A hectare of Bahi an cocoa pro duces an average o f 450 kilos, a pp roxirnat e 'y 
15,000 fruits, assuming that each fruit has 30 grams o f beans. A lso , assumi ng 
that eac h female fly o nly ca rries o ut one effec tive po llina tio n, then o nly 15,OOJ 
Pollina to rs woul d be needed d ur ing the yea r, a very sm all percentage of the 
~ota l nu m ber ava ila ble (28, 31). As al ready sta ted, ceratopogoni~l s visit ~ he ers 
thot o f ma ny plants, a nd ma ny species arc a ) s~ hacrnatop hagous, r.e., suck ing 

blOod of other i nsects a nd small mam mals. 1 herefo re, vrsiung cocoa flowe rs 
~ems . to aCCOunt for on ly a small po rtion o f the ac tivit ies of a po llinator spec ies. ven 
th If the number of pollinat or s co uld be increased for a part icular a rea then. 
e ere ~oU J d no t necessarily be an associa ted incre ase in po llination rat es . How­r 
/ e , It may be ad va ntageo us to increase po pulation s a t specific tim es of the 
ear When natura l pollina to r populati o ns a nd po llination ra tes a re low (28) . 



r" 
Pollinat o rs are d ifficult to rear in the la b ora tory and the m o st econom ica l 
a p proach would be to in crea se t he number o f natu ral b reedi ng s ites o r perh aps, 
ev en pro vid e a rt ificial o nes. C u lt iva tion pra ct ices 'such as th e no n-r emo val o f 
epi phyt ic b ro m eliads (28) a nd th e a massi ng of em p ty co coa po d s into heaps 
m a y prove benefi cial. However, a more d et a iled know led ge of the b reeding sites 

is nec essa ry for a ny sc hem e o f this nature to be successful. m 
~ 
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