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ABSTRACT 

Ph.D. Hélène Chiasson Entomology 

Pest status of the rice stem-borers, Diopsis longicornis and D. 

apicalis was nct well known in the Republic of Guinée. 

In the present study, adult and immature populations of both 

species were monitored under various local cultural practices, i.e., 

planting methods (direct and transplanted), different planting dates 
and seasons (wet and dry). As previously observed in other West 

African countries, D. apicalis did occas;onal damage to rice in 

Guinée. However, contrary to findings elsewhere, D. longicornis was 

not an important pest of Guinean rice, infesting 4 % of stems over the 

five seasons studied. 

Regulators affecting population size and behaviour of D. 7on-

gicornis were determined, focusing on factors controlling the fly's 

qu i escent peri od in aggregat ion sites duri ng the dry season, and the 

insect's movement ta and from these refugia. Availability of cul­

tivated and wild rice was found to interrupt or prevent quiescence of 

D. 7ongicornis. Abiotic factors, (relative humidity, rainfall and 
photoperiod) influenced Ume of dispersal of D. longicornis. 
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RESUME 

Doctorat Hélène Chiasson Entomologie 

L'importance de Diopsis longicornis et D. apicalis, ravageurs du 
riz était peu connue en République de Guinée. 

Dans cette étude, les populations imaginales et pré-imaginales 
des deux espèces ont été dénombrées sur ri z cultivé sous di fférentes 
dates et méthodes de semis, en saison pluvieuse et sèche. Comme déjà 
observé dans plusieurs pays ouest-africains, D. apica7is a causé peu 
de dommage sur le riz guinéen. Par contre, en Guinée, D. 7ongicornis 

n'a pas occasionné les dégats signalés ailleurs, détruisant seulement 
4% des tiges au cours des cinq saisons étudiées. 

Certains facteurs déterminant la taille et le comportement des 
populations grégaires de D. 7ongicornis pend2nt leur periode de dor­
mance en saison sèche ont été précisés. Egalement définis ont été les 
facteurs initiant la dispersion de llnsecte vers les sites 
d'aggrégation. La présence du riz cultivé et sauvage a empêché ou in­
terrompu la dormance de D. 7ongicornis tandis que certains facteurs 

abiotiques, (humidité relative, précipitation et photopériode) ont 
paru initier la dispersion saisonnière du diptère . 
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ORIGINAL CONTRIBUTIONS 

1.0ur knowledge of D. longicornis and D. apicalis on dry and wet 

season rice crops in the Republic of Guinée was conslderably 

increased and reliable conclusions were reached. 

2.Tran:iplanted rice was found ta be significantly more damagi:!d by D. 

longicornis than direct seeJed rire. This has practical im­

plications for rice farmers in Guin4e. 

3.First compreher.sive description of D. longicornis' dry season 

quiescent period. 
4.First study of D. longicornis dispersal to and from dry season ag­

gregation sites or refu3ia. 
5.0. longicornis dry season refugia were described for the first 

time, e.g., plants encountered, size of diopsid aggregations, 

sex ratios of individuals, determination of female reproductive 

state. 
6.Fir$t description of D. longicornis pre-aggregation sites. 
7.First comparison of abiotic factors, such ,\S rainfall, temperatlJre. 

photoperiod and relative humidity, with D. longicornis disp(lr­

sal to and from dry season aggregation sites. 

The following activities and findings are also being reporLed for the 

first time: 

8.Marking, releélse and recapture of D. longicornis. 

9.Specific techniques for monitoring O. longicornis were developed, 

e.g., marking with paints and by spine-clipping. 

IO.Use and effectiveness of interception traps for collecting D. 10n­

gicornis and D. apicalis, e.g., sticky colüured traps and 

double-entry window traps. 
l1.Exact records and controlled study of D. longicorms larval infes­

tatiûn of wild rice, Oryza 7ongistaminata. 
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12.First record of O. longicornis adult feeding on weeds, Panicum nr. 

laetum and Commelina diffusa. 

13.0. apica7is was found not to be a major pest of rice in coastal 

Guinée since infestation was low and very inconsistpnt. 

14.0. longicornis is not presently a major pest of rice in coastal 

Guinée, but it may become one by increasing the cropping season 

i.e., double and triple-cropping. Increasing rice acreage 

during the wet season instead of multiple cropping as a means 

of i ncreas i ng ri ce product ion i s preferred to prevent pest 

build-up. 

15.Beginning of the rains, along with an inerease in relative 

humidity at the o~set of the wet season, are important signals 

to D. 7ongicornis departure from dry season refugia and initia­

tion of egg-laying on wet season rice. These abiotic factors 

either act directly on O. longicornis or indirectly through 

renewed growth of secondary hosts sueh as Oryzù longistaminata. 

16.Decrease in photoperiad, and in quality of the rice plant, seem ta 

trigger O. longicornis departure from the wet season rice crop 

to dry season refugia. 

17.0bservations sU9Qest that D. 7ongicornis are attracted to dry 

season refugia by visual eues. 

18.first records of pathogens infecting D. longicornis and D. 

apicaUs. 
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INTRODUCTION 

Diopsid fl ies are major pests of rice in West Africa. There has been 

little research on rice pests, and especially on Oiopsis spp. in this 

sub-region of Africa. ~'ost studies on diopsids have focused on levels 

of infestation and effects on yield. The present study, in the 

Republic of Guinée, relates level of infestation by D. longicornis 

Macquart and D. apicalis Dalman to certain local cultural practices. 

In addition, 1 examined the ecological factors affecting populatIOn 

size and dispersal of the more important pest, D. 7ongicornis. 1 chose 

this subject because the life-cycle of D. longicornis. which extends 

from an active reproductive stage in the wet season ta a penDu of 

quiescence in the dry period, was not well understood. Furthermore, Illy 

studies, while contributing to the enrichment of fundamenta1 know1edge 

on the flies, could also help in predicting the effects that D. Jon­

gicornis might have on rice cultivation if government plans for lnten­

sification (e.g., increased acreage and multiple cropping) are irnple­

mented. 

Although matters more pressing ta the agricultura1 realities of 

Guinée, such as crop 10s5 assessments, might have been addressed, 

logistical support for such research were unavailable. To eva1uale 

properly Diopsis longicornis' and Diopsis apica7is' impact un local 

cropping systems, extensive studies invo1ving several fields and rep­

resenting severa1 farming practices were necessary. Inadequate in­

frastructure - poor roads, and communication systems with areas wlthin 

and outside the country, 1itt1e laboratory space and equipment and few 

active local researchers and technicians - prevented the carrYHlg out 

of research that depended on soph i st i cated resources al Id of tra l ned 

personnel. The work was nevertheless atternpted because i t mel the 

following challenges: it was an opportunity to fi 11 a research gap, 
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to contribute to Guinée's agricultura1 deve10pment and, more per­
sonally, it answered the curiousity of a researcher fascinated with 

sorne of the 'strangest f1 ies on earth' (van Bruggen 1962). 

To provide a perspective on the area in which this work was con­

ducted, 1 have inc1uded background information on tne agricultura1 

base of the Repub1 ic of Guinée as it relates ta rice production 

(Chapter 1). This seclion is fo11owed by a thorough literature review 

of work done on Diopsis 7ongicornis and Diopsis apica7is in West 

Africa, inc1uding the findings of this study (Chapter 2). 1 have given 

particu1ar attention to the review because most reports on West 

African entomo1ogica1 research are hidden in obscure journa1s or in 

unpub1 ished research summélries of local research stations, and 

genera11y unavai1ab1e. The research resu1ts are presented in two main 

chapters. Chapter 3 reports on experiments that were designed to 

determine the influences of local farming practices, such as time and 

method of p1anting, on the size of D. 7ongicornis and D. apica7is 
popu 1 at ions duri ng bath the dry and wet seasons. Fi ve seasons were 

studied in a11, the 1987, 1988 and 1989 dry seasons and the 1987 and 

1988 wet seasons. Chapter 4 describes D. 7ongicornis' dispersal be­

haviour ta and from dry season aggregation sites and examines the fac­

tors regulating the fly's quiescent periode 

Notation and style. The name Diopsis longicornis was used 

throughout this study, as recommended recent1y by Feijen (1985), ta 

refer to the larger sta1k-eyed rice stem-borer. Common synonyms in­

clude D. macrophtha7ma Dalman or D. thoracica Westwood. 

1 have followed the notation and style conventions given in the 

CBE style manual (1983) and in the Publications Guide of the En­

tomologica1 Society of America. 
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CHl\PTER 1 

SOCIOECONOMIC DESCRIPTION OF THE REPUBLIC OF GUINEE 

IMPORTANCE OF RICE IN THE REPUBLIC OF GUINEE 

Rice is the main staple food for the people of Guinée, both ut'bdn and 

rural. Consumption fluctuates from region to region. but 1985 p.s­

timates based on domestic production (500-640,OOO tons of paddy per 

year) and imports (90,OOO t/yr) gives a general average betwecn 60 and 

70 kg per person per year. This per capita consumption is well below 

that of the heavy consumers, such as Sierra Leone and Llber'ia (more 

than 100 kg per pers on per year), but comparable to Guinée s other 

neighbours, Sénégal, Côte d'Ivoire and Guinea-Bissau (60-80 kg pe~~ 

persan per year; Hirsch, 1986). The Republic of Guinée is witllln the 

West-African Rice Zone (Figure 1). 

With a new government in 1984, and a general opening to and ac­

ceptance of foreign aid and investment, along with a change ln outlook 

concerning the development of agricultural systems, intensiflcation of 

the rice crop has become a government priority. Self-sufficiency ln 

rice \oJould provide a staple for the peasant population, remove the 

burden of having ta buy it, and, by lowering rice imports, would 51g­

nificantly rcduce cash flow out of the country (fllrsch 1986, t11n. Plan 

et Coap. Int. 1987, Min. Dev. Rural 1986 1987, Salomon 1987). 

The Republic of Guinée should be able to attain self-sufflclenry 

in rice, or at least significantly reduce its dependence on rJef! 1111 

portation, because Guinée has a strong and ingenious agricullural base 

and favourable conditons for rlce production. ror exarnple, ln ]974, 

after three years of paor rainfall, famlne \'Ias widespread ln I\fricil, 

however, the nationwide effects of the drought ln GUlnée were mi Id 

compared to conditions in sorne other West African counlnes {fJel son et 

3 
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al. 1975). With an increase in burning of forests and br'lIsh for 

agricultural land, and a change in overall Arrican climatic condi­

tions, Guinée's potential for feeding its growing population has 

declined since the 1970's. After independence in 1958, until the early 

1980's, despite the government's emphasis on industrializallOll and 

collective effort, Guinée's agricultural production progr-ûssively 

declined. This may be attributed to the increase ;n civil service and 

other urban activities, compounded by a lack of economic incentlves to 

producers (priees were fixed lower than productlon costs), the disrup­

tian of the distribution system, and rapid inflation and 10ss of con­

fidence in the currency. Othe,~ constr'aints are lack of awa~'eness and 

vision, disempowerment, and those aspects of the cultures, rellglons 

and social structures that act as barriers to achieving sufficient 

production. In the long term these are probably more important. than 

science, technology and politics. 

The Gui nean farmer' s response to th 1 <; s ituat ion was to reduce 

his crop acreage ta a minimum (Nelson et al. 1975, Min. Plan et Coop. 

Int. 1987), and rice production dropped from near self-sufficiency to 

almost strict local subsistence. 

However, with proper management, by offeri ng rea l i ncent ives to 

farmers, and with the growinq know1edge of sustainable intensification 

of food crops, the country can greatly increase its production (Min. 

Rel. Ext. 1986, MilJ. Dev. Rural 1987, Thai 1987). 

CONSTRAINTS TO PRODUCTION 

The main constraints ta rice production are a stagnating low-quality 

institutiona1 environment, ter:hnica1 deficlencies, and a lack of or­

ganized markets (Hirsch 1986). Present Ylelds are rarely above 1.5 

t/ha and are often c10ser to 900 kg/ha. Th1S conlrasts wlth 3.3 t/ha 

and 5.8 t/ha yields obtained under intensive production ln China and 

Japan respectively (FAO, 1979). Although most Guinean farmers are com-

c· 
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petent technicians, and are famil iar with the particular needs of the 

local varieties of rice, they are often hampered by difficult climatic 

conditions (too dry or too wet), an unfavourable topography and inade­

quate surface water supply to permit inexpensive irrigation, and 

severe pressure from weeds and pests of rice such as crustaceans (in 

mangrove areas), swamp rats, birds, diseases and insects. 
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CHAPT ER 2 

LITERATURE REVIEW 

PESTS OF RICE IN WEST AFRICA 

Although Africa's rice grow:ng area is 35% of the wor~d's total area 
in this crop, and about only 2% of its total production, rice produc­

tion in this continent has seen a steady increase from 1965 to 1982. 
Hawever, the per hectare yields have remained generally low (Alarn et 

al. 1985). In 1967, Crarller evaluated yield 10ss of rice in Africa 

caused by insects, diseases and weeds at 34%, of which insects ac­

caunted for 14%. Barr et al. (1975) argue that these figures are too 

canservative and that Cramer based his estimates on insufficient data. 
These authors, using Cramer's and FAO (1972) estimates, evaluate 

lasses caused by insects, disease and weeds at 51%. Pests of rice in 

West Africa are either cosmopo1itan, or c10sely related to pest 
species found in other rice-producing continents, or restricted to 

Africa. The main pests are stemborers, and of these, Oiopsis 

(Diopsidae: Diptera) is one of the genera that is restricted to 

Africa. Several species have been found throughout Africa on rice, 

i.e., Diopsis longicornis Macquart (=0. thoracia Westwood, O. macro­

phtha1ma Da1man), D. apica1is Dalman (=0. tenuipes Westwood), D. c07-

1aris Westwood, D. affinis Adams, D. circu1aris Macquart, D. curva 

Berto1oni, and O. serve71ei r1acquart. However, on1y D. 7ongicornis 

and O. apica1is do much damage ta rice (Descamps 1957a, Grist & Lever 

1969j. 
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PEST STATUS OF D. LONG/CORlIIS and D. AP/CALIS 

D. 7ongicorni s is bel ieved ta cause more damage ta rice than D. 

apica7is because of its almost exclusive affinity for this crop 
(Descamps, 1957a). Studies have not succeeded. however, in quantifying 
its relationship with yield. Phrases such as 'serious pest' and 

'severe damage' have been commonly used in the 1 i terature to descri be 

D. 7ongicornis and its effect on rice, but there has been l ittle 

research to back up these statements. In Malawi, research by Feijen 
(1979) seems to show that because of compensatory tillering, D. 7on­

gicornis may not have much effect on yield. How D. 7ongicornis damages 

a rice plant is well documented and will be treated thoroughly later. 

TAXONOMY OF D. LONGICORNIS AND D. APICALIS. 

D. 7ongicornis and D. apica7is are classified in the family Diopsidae 
of the Superfamily Nothyboideil, section Acalyptratae, Division 

Schizophora, Suborder Cyclorrhapha, of the Order Diptera (Borror, De 

Long & Triplehorn 1981). There is c..ontroversy over the names of both 

D. 7ongicornis Macquart and D. apica7is Dalman. In 1817, Dalman 

described Diopsis macrophthalma and Diopsis apicalis. Macquart (1835) 

later described a macrophtha7ma-like specimen as D. longicornis and 

subsequently this species was again described as D. thoracica by 
Westwood (1837). Th i s name became we 11 used thereafter in ri ce en­

tomology. Feijen (1985) has recently challenged it and has chosen D. 

longicornis as being the more correct name, because upon examining 

Dalman's macrophthalma specime:'1, Feijen discovered that it belonged ta 

the genus Diasemopsis because it bore a hair on the scutellar spine, 

as in Diasemopsis signata. The:"efore, priority was given to the narne 

D. longicornis Macquart to describe the economically important stalk­

eyed ric~ stem-borer. 

, 
" 
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The nomenclature of D. apicalis is more problematical. The 

status of many apica 1 i s-l i ke specimens with an apical wingspot are 

being revised by Feijen (in preparation). He has '::llready confirmed the 

synonymy of D. tenuipes as D. apica1is, and has redescribed D. 

apicalis (1987). However, much work still has to be done to elucidatc 

the apicalis complex. This will probably add an additional 35 species 

to the genus. Feijen (personal communication) believes that species in 

Guinée are most like1y the true D. apicalis Dalman. as well as D. 

lindneri Feijen and D. occidentalis Feijen (manuscript species). 

MORPHOLOGY AND LIFE-CYCLE 

Usefu1 descriptions of the diopsids attacking rice can be found in 

Descamps (1957a), Abu (1972), Akinsola (1979), Tran (1981), 8renière 

(1983), and Feijen (1984). Tran provides excellent illustrations in 

his paper. More general descriptions are to be found in Brenière 

(1969), Agyen-Sampong (1978) and Hill (1983). The stages in the life­

cycle of D. longicornis are illustrated in Figure 2 and those of D. 

apica7is are shown in Figure 3. 

Egg. Eggs of Diopsis spp. are white, elongated, longitudinally 

striated and measure from 1.3 mm to 2 mm long. The extrernit ies bear 

minute structures, the anterior one, differentiated according to 

species. A female can lay from 30 to 60 eggs according to Descamps 

(1957a). Brenière (1983) and Feijen (1984) give lower estimates of 30 

and 48 respectively. Hatching occurs after 24 to 72 h. 

Larva. Upon hatching, the larva enters the rice stem and feed, 

damaging From 3 (Descamps 1957a) to as many as 10 stems (Brenière 

1983), before pupating in the last one visited. first instar larvar~ 

are 3 mm long and reach 17 mm by the 1ast instar. Larvae are c.y1 indri­

cal to subcyl indrical, comprising 12 segments, the last bearing t\'/O 

• 
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Fig. 2 LIFE CYCLE OF DIOPSIS LONGICORNIS 
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Fig. 3 LIFE CYCLE OF DIOPSIS APICALIS 

a) eqq b) larva c) pupa d) adult 

11 

-



( 

prolongations; these prolongations or tubercles are long and narrow in 

D. longicornis and short and stubby in D. apicaUs. At the apex of 
each tubercle is a spiracle surrounded by four groups of five sen­

sorial hairs (Descamps 1957a, Lavigne 1962). Prothorac;c stigmata of 
the genus Diopsis spp. are described as indented spatulae, the number 

of identat ions, bei ng constant wi thin a speci es. Descamps determi ned 

the duration of larval period at 25 to 33 days for D. longicornis and 

from 6 to 20 days for other diopsids (apparently ;ncluding D. 

apicalis). Vercambre (l982) found that the larval period lasted from 

28 to 35 days under relatively cont.rolled temperatures (25-30° Cl, 
whereas Feijen (1984) found a duration of 30 to 40 days with a pos­

sible length of 75 days under field conditions. Alghali and Osisanya 

(1982a) showed that developmental time was not only a function of tem­

perature, but also of the variety of rice on which the larva feeds. 

Larvae of D. longicornis are apparently the only diopsid species 

to feed exclusively on undamaged stems. Females of D. apicalis deposit 

their eggs on damaged or undamaged stems (Descamps 1957a), or just on 

damaged stems (Scheibelreiter 1974); in cantrast ta my findings in 

which they were found mainly on undamaged stems. Upan hatching, D. 

apica 1 i s l arvae st art feedi ng on the stems whether they are damaged or 

nat. Whereas D. longicorni s l arvae are obl igate phytophages, those of 

D. apicalis are facultative phytophages, feeding on decaying plant 

material as well as on healthy tissup. D. apicalis has been recorded 

also as a predator of D. longicornis and of lepidopterous larvae. Be­

cause of this, Scheibelreiter (1971) considers that D. apicalis 

should be regarded as a beneficial species rather than as a pest of 

rice. Cochere au (1985a) reached similar conclusions from his studies 
~n Côte d-Ivoire. 

Pupa. The pupa of D. longicornis measures 10 mm long and 2.8 mm 

wide and is slightly fltittened dorso-ventrally (Figure 2). lhe an­

terior end is bulkier than the posterior and the colouring is reddish 

12 



brown. The first segment is small and invisible on the dorsal side, 

but a11 other segments have accentuated margins. The posterior st ig­

mata are more distinct th an in D. apicaUs. The pupa of D. apicalis 

(Figure 3) is sma11er than that of D. longicornis (4 mm long by 1.1 II1m 

wide), of a 1ighter colour and with rounder posterior stigmata 

(Descamps 1957a, Tran 1981). Pupation occurs in the stem, but not a1-

ways at the site of l arva1 damage. In the present study, pupae were 

most often found lodged between enfolding leaf sheathes of a healthy 

stem. Pupae found near damaged stems were usually parasi t ized. Accord­

ing to Descamps (1957a), pupation of D. longicornis lasts an average 

of 10 to 12 days depending on the temperature. Vercambre (1982) found 

that i t took 7 or 8 days at 250 and 300 C and Fe) jen (1984) recorded 

11 to 17 days at 250 C. 

Adult. Adult D. longicornis and D. apicalis are distinguished 

by their characteristic sta1ked eyes. The small head of the fly is ex­

tended latera11y into two long stalks each bearing a compound eye at 

their extremity. The minute antennae are born on these sta1ks just 

below the eyes. Many hypotheses have been proposed concerning the pos­

sible function of the eyestalks: a) binocu1ar vision, b) a peri­

scopic view, being able to see beyond and around the leaf or pldnt 

part on which the insect is resting (Feijen 1984), c) excessive or­

gans (van Bruggen 1962), d) balancing organs, e) structures for 

monitoring of he ad movements and positions, f) structuY'es invo1ved in 

behavioural displays, g) a source of sexual dimophism, or h) for 

mimicry of wasps (Townes 1972). 

The periscopic vision theory, favoured by Feijen, is supported 

by my own observations. Diopsids take flight quickly if disturbed. 

Following this flight, they each alight on different leaves and oHen 

different tillers, a behaviour, if continued in absence of distur­

bance, which would assure even1y-spaced egg deposi tlon by well­

dispersed females. 

13 
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Adults of D. 7ongicornis and D. apica7is have been described 

recently and illustrated by Descamps (1957a) and Feijen (1978 1984 
1987). General descriptions are provided by Hill (1983), Heinrichs et 

al. (1985), Brenière (1969 1983), Shillito (197la, b) and Steyskal 

(1972, cited by Feijen 1984). 
Besides the eye sta1ks, other morphological feùtures of th~ one 

cm long adult D. longicornis, include a globular, black thorax with 
lateral sculpturing. The scutellum bears two long, rigid spines 

measuring up to three times the length of the scutellum. 1 believe 
that these spines, along with a pair of smal1er metap1eural spines, 

probably render the insect unpa 1 atabl e to predators, an asset espe­

cially useful during the dry season, when adults are found in swarms. 

The wings are hyaline with a sl ight po11inosity along the margins and 

microtrichia on the rest of the wings. The halteres are globular and 

white. The legs are pale brown and the 10-segmented abdomen is 

reddish-brown and covered with a fine, dense pollinosity. 

D. apica7is is similar to D. longicornis, but it is smaller 

(about 6.5 mm), and the wings bear a characteristic apical wingspot 

covering the submarginal cell and the first and second posterior ce11 

(Figure 3). 

rew studies have been made of the internal organs of diopsids. 

Kumar and Nutsugah (1976) have described the alimentary and reproduc­

tive organs of D. longicornis. Vercambre (1982) described the ovarian 

deve10pment in D. longicornis in order to relate fecundity to infesta­

tion of the rice crop. Alghali and Osisanya (1982a) made similar ob­

servations in order to relate development time to preference for rice 

variety. 

Development time in the field from egg-to··adu1t stage is 37 to 

48 days according to Descamps (l957a), 34 to 45 days according to Ver­

cambre (1982), and 44 to 54 days according to Feijen (1984). Feijen 
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notes that Descamps' ca1cu1ation of 60 days for egg to egg deve10pment 

does not take into account the extended 1 ifespan of the adult during 

the dry season, which can be as long as 9 months. 

A1gha1i and Osisanya (1982a) observed D. 7ongicornis development 

on di fferent variet i es of ri ce and found that the l ife cyel e from egg 

to adul t ranged from 29 ta 44 days dependi ng on both envi ronmenta 1 

condi t i ons and ri ce vari et y . It i s i nterest i ng that they found tha t 

the local species of rice, Oryza g7aberrima, eonsistently provided the 

least suitable medium for development. Consequently, the se varieties 

should been taken into consideration in riee-breeding programmes. 

NATURAL ENEMIES 

Information on natural enemies of D. 7ongicornis and D. apicalis is 

limited to researeh done in neighbouring countries. No reports have 

been issued from Guinée. 

Egg. E9gs of D. 7ongicornis and D. apica1is have few known predators. 

Feijen (1984) considers, however, that 25% to 45% of the eggs are 

destroyed by predators. These might inelude, the pirate bug, Orius 

punctatico77is Reuter (Descamps 1957a) and carabids (Brenière 1983). 

Egg parasitoids of D. longicornis and D. apica1is are more well 

documented. Descamps (1957a) estimates that 50% of the first gcnera­

tion and up ta 75% of the second generation of D. 7ongicornis are 

parasitized by the parasitic wasp Trichogramma (Xanthoatomus) 

ethiopicus Risbec (Trichogrammatidae) in Cameroon. Feijen and Schulten 

(1981) believe that this parasitoid was misidentified and that more 

than one species of Trichogramma were present in Deseamps' study. Four 

species of egg parasitoids have been reeorded in l1alawi, the two m05t 

important species being Trichogramma ka7kae and T. pinneyi, which were 

described by Schulten and Feijen (1978, cited by Feijen 1984). Of less 

importance were Trichogramma simmondsi Nagaraja and a Paracentrobia 
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species (Trichogrammatidae). From 1971-75, average rate of parasitism 

was between 43% and 73%, wi th peaks as high as 100% at the end of 

oviposition period of D. longicornis. Rates of parasitism were re­

corded in the 1972-73 season as 41% by T. kalkae, 16'0 by T. pinneyi, 

0.3% by Paracentrobia sp. and 0.2% by T. simmondsi. In Zanzibar, T. 

simmondsi was a more important parasitoid of D. longicornis eggs (23%) 

than were T. kalkae and T. pinneyi (6% and 0.2% respectively). 

Sciomyzid flies are important alternative hosts of Trichogramma spp. 

that are parasitic on the eggs of stem-borers (Nishida & Torii 1970). 

T. kalkae, which parasitizes eggs of the apicalis-complex, has also 

been recorded from a sCiomyzid. 

It i s important to note that no pathogen has been reported from 

any stage in the D. longicornis and D. apicalis 1 ife-cycle, i.e., egg, 

larva, pu pa and adult. 

'Larva. Records of larval predators are few. 8ased on his at-

tempts at rearing D. longicornis, Vercambre (1982) concluded that 

spiders and ants prey on the larvae as they maye from one rice stem to 

another. Jordan (1966) found stems with holes of 3 ta 5 cm in length, 

having the appearance of bird damage. She believed that predacious 

birds could be attacking the larvae. In Zanzibar, these holes were 

also found, but were attributed ta tenebrionids preying on larvae 

(Feijen 1984). Feijen also saw a small catdbid larva preying on D. 

longicornis larvae. Descamps (1957a) had also observed predation by 

carabid and tabanid larvae. 

Larval parasites were found by Descamps (1957a). Steleocerus 

lepidopus Becker (Chloropidae) parasitized D. 7ongicornis at a rate of 

30% for 1 st and 2nd generat i on and up ta 80% by the end of the rice 

growing season. Brenière (1983) recorded Ste7eocerus predatoria Ferr 

as a larval parasite of D. longicornis, and Feijen (1984) collected 

larvae parasitized by nematodes (Rhabditata). 
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Pupa. Among pupal predators are the l arvae of Chi 70 zacconi 
Blesl., (Pyralidae) (Descamps 1957b, cited by Feijen 1984). O. 

apicalis and of certain tabanids and carabids, but the se were observed 

only occasionally by Descamps (1957a). 

Tetrasticus (Aprostocetus) diopsisi Risbec (Eulophidae) is con­

sidered by Descamps (l957a) to be an important pupal parasitoid of D. 

longicornis, destroying up to 7t% of the pupae throl.lghout the year. 

Feijen (1984) considers that these counts are unusually high. His 

figures for pupal parasitism in Halawi were, on average, 15.5% over 

several years. Jordan (1966) observed a rate of 6.8% parasitislII by 

Prostocetus sp. (Eulophidae), and Vercambre (1982) noted low level 

parasitism by Tetrastichus diopsisi. Pollet (1977) collected one pupa 

with an unidentified hymenopteran parasite. Other pupal parasi tes in­

clude Aprostocetus brevisty7us r~asi (Eulophidae) and Eupe7mella 
predatoria Ferrière (Eupelmidae) (Brenière, 1983), Aprostocctus sp. 

and Trichopria sp. (Proctotrupidae) (Scheilbelreiter and Apaloo 1972, 

c ited by Feijen, 1984), Tetrasti chus (Aprostocetus) brevi st yI us ~las i 

(Eul ophi dae), Pl eurotropi s dipterae Ri sbec (Eul ophi dae), E ury toma 

diopsisi Risbec (Eurytomidae), Eupelmel1a predatoria Ferrière 

(Eupelmidae), Opius annu7icornis Granger (Braconidae), Trichopria 

oriphi7a Ashmed (Proctotrupidae), Ga7esus silvestrii Kaeffer 

(Proctotrupidae), Dirrhinus garouae Risbec (Chalcididae), Tetras­

tichus sesamiae Risbec (Eulophidae), Divurbe7ia diopsisi Risrec 

(Pteroma 1 idae), Opius spp. (Bracomdae), Bracon antennatus Granger 

(Braconidae) (Descamps 1957a). 

Adult. Descamps (1957a) in Cameroon, observed the asil id Om-

natius variabi7is and two species of Microstylum (Descamps 1957b, 

cited by Feijen 1984) as predators of adult O. longicornis. Predators 

of stalk-eyed flies in f1alawi include crabspiders (Thornisidae), 
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various web-constructing spiders, dragonflies and praying mantids 

(Feijen 1984). Dragonflies and spiders are also mentioned by Brenière 

(1983) as predators of adults of D. 7ongicornis. 
In the course of my experiments with caged adults of D. 7on­

gicornis and young rice plants (Chapter 4), 1 noticed that the diop­

sids died or disappeared quickly. Because adult dragonfl ies were 

emerging regularly From an abundant nymphal population in the water, I 

observed them on several occasions in arder to check theii' possiL'le 

predatory behavi our towards the sta l k- eyed f1 ies. The dragonfl i es 

showed no interest in the diopsids, flying away From them rather than 

towards them. Dissection of twenty dragonflies showed no diopsid 

remains in the gut. According to Dr. Raymond Hutchinson From the 

Biosystematics Research Centre in Ottawa (personal communication), 

emerging adult Odonota may not be predators because the rigid thorax 

and strong scutellar spines of the diopsids would be unpalatable to 

them. He suggested, however, that the dragonfly nymphs were the un­

suspected predators. The nymphs are known to be very active searchers, 

and diopsids would be accessible espe( ially during their evening and 

night rest period on rice leaves and on the side walls of the cage. In 

addition, the strong mandibles of the nymph could easily chew the 

rigid body of the adult fl ies. 

Adult D. 7ongicornis and D. apica7is are sometimes parasitized 

by fungi, especially by members of the Labou1beniales (Feijen 1984), 

which appear as stalked leaf- or globular-shaped exvaginations of the 

cuticle. These fungi are host specifie and, although they can appear 

on various parts of the body, they are also often position-specifie 

and occasionnally sex-specific. On D. longicornis, Feijen found a rate 

of parasitism in females of 12% and in males, 30%. According to 

Feijen, rate of parasitism increâses with age. 

Other fungal parasites found on D. 7ongicornis by Feijen (1984) 

are Rhizomyces ct enophorus, St i gmatomyces porrectus and undescri bed 

St i gmatomyces sp. 
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ETHOLOGY AND ECOLOGY OF D. LONGICORNIS AND D. APICALIS 

Major work on this topie ha~ been searee (!xeept for Deseamps - research 

in Cameroon (1956, 1957a & b) and Feijen's in East Africa (1979, 

1984). Vercambre (1982), in Sén~gal, followed the phenology of D. 

7ongicornis and D. apicalis on riee erops from 1969 to 1977. Jordan 

(1966) added a short account of her observations of these two species 

of diopsids in Sierra Leone while pursuing her main interest, which 

was lepidopterou~ stem-borers. Brenière (1969, 1983) provided general 

descriptions that seem more to summarize Descamps' and Feijen's work 

than to record his own observations. 

Pollet (1977, 1978) and Cochereau (1978, 1985a, 1985b), as part 

of their studies of the economic importance of diopSlds in Côte 

d'Ivoire, have both described the phenology of D. longicornls and D. 

apicalis in relation ta the different stages of rice. Scheibelreitf.?r 

(1974) did similar studies in Ghana. 

From those studies, it is clear that D. longicornis fer.lales are 

gravid at the onset of the rainy season, which coincides with the 

b,~ginning of the rice growing season. The females lay their eggs on 

the young plants, perhaps even on nursery seedlings (Feijen 1979, 

Cochereau 1985a), and continue to do sa until the end of the vegeta­

tive stage. Once hatehed, the larva enters the stem at the ligule, 

then descends along the central whorl ta the base of the stem where it 

begins feeding. The larva makes a diagonal cut in the heart tissue, 

which then withers and dies, thu~ preventing panicle formation and 

production of grain. Once the tissue begins to decay, the larva of D. 
longicornis leaves the stem and searches for a healthy one, which it 

will damage in the same \'Iay. The average larva destroys three stems 

before pupation (Descamps 1957a). Jordan (1966) says SlX stems are 

damaged, although she claims to be quoting from Dp.scamps. f3renlere 

(1969) estimates larval damage at 10 stems per larva. In f1,lIawl, 

Feijen (1979) found, that a larva would remain in the same stem until 
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pupation, damaging several hearts, except when attacking small see­
dlings. 1 consider that the differences in results between Feijen's 
and the others' mentioned, lie in interpretation. What Feijen calls 
'stem', others refer to as 'plant'. 

A larva of O. longicornis pupates in the tiller, sometimes in 
the stem after havi ng damaged it, or more often in between the l eaf 

sheathes enfolding the stem. Soon after ùmergence, adults reach sexual 
maturity, mate, and, if the rains and the rice crop are still present, 

begin laying. If the rains have stopped and if rice is no longer 
present in its vegetative stage, the flies remain sexually immature, 

S'.Jdrm with other freshly emerging adults and search for humid and 
shaded refuges. These swarms, which may contain several thousand in­
dividuals, remain in a dormant state until the beginning of the rains 

and the rice growing season. The quiescent period can last from three 
ta eight months depending on the region. 

D. apicalis has similar behavioural traits and ecological re­

quirements to D. longicornis except that D. apica1is females sometimes 
lay their eggs on damaged stems. 

Distribution of O. 7ongicornis and D. apicalis 

West Africa. Because high humidity is a determining factor for 

the presence of di ops i ds, these i nsects, even though :~resent in a 11 

parts of West Africa, are seen most commonly in the more humid zones. 

If they are to be found in more arid zones, such as Mali or Niger, 
they are concentrated along major water bodies like the Niger River. 

The distribution of D. 7ongicornis in West Africa is i1lustrated in 
Figure 4. In his article on the influence of climatic factors on the 
population dynamics of rice pests, Agyen-Sampong (1982a) underl;nes 

the 1 ack of research in thi s area. He adds that 1 i ttle i s known of 

fdctors that influence presence or absence of diopsids in a particular 
locality. 
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Spatial dhtdbution in the field. Although D. 7ongicornis and 
D. apicalis visit many different types of rice (mangrove, upland, 
lowland and irrigated rice), the flies prefer wel1-watered sites. 
Therefore, these diopsids are usually considered pests in lowland and 
irrigated rice rather than in the more precarious conditions of upland 
rice. Since diopsids' tolerance to salt is not great, they are less 

abundant in mangrove rice fields (Agyen-Sampong 1982a, Vercambre 1982, 

Litsinger et al. 1987, Alam 1988). Sampling in mangrove rice fields in 

Guinée during my study confirm these reports. 

D. longicornis is found almost exclusively on rice. Searc.hes 
for secondary plant hosts have generated few results. Alghali and 
Domingo (1982) collected eggs from Rottboe77ia exaltata L.F. 
(Gramineae), a common weed associated with mangrove swamps in Sierra 
Leone. It is not known, however, if the eggs would be able to continue 
their development on this plant. After rearing over 100 larvae of 
Diopsis sp. collected from shoots of wild grasses with the charac­
teristic dead heart symptoms, Deeming (1982) found that three species 
arase from his experiment: Diopsis apicalis, D. collaris , D. ma~quar­

tii Guerin-Meneville. No specimens of D. longicornis were reared, 

even though this species was commonly found in the research area where 

rice is not grown. Thus, D. longicornis must have had an alternative 

hast, but it was not found. Jordan (1966) claims that ev en though wild 
rice, Oryza barthii Chev., was plentiful around her experimental 

plots, no D. longicornis were seen infesting it. Records of weed hasts 
of D. apica1is are more frequent. Deeming (1982) reared D. apicalis 

l arvae from Cyperus sp. (Cyperaceae), and the Grami neae, Paspa 1 um 

sp., Sporobus pyramidal is and Pennisetum purpureum, Oryza barthii J 

Echinochloa sp., and from sorgum and millet. Morgan and Abu (1972) 

found D. apicalis eggs on the upper leaf surface of Echinochloa 

colonum (=colona L.?) in Ghana. Vercambre (1982) mentions that Oryza 

barthU and O. longistaminata Chev. & Roehr, are alternative hosts of 

D. apicalis {as tenuipes}. Brenière (1969) found Echinochloa sp. as a 
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weed host of D. api ca 1 i s, but he does not ment; on the country where 
this was observed. Alghali (1979) gives a list of weed hosts for rice 

stem-boring diopsids found in Nigeria, nut he does not specify which 
species of diopsids were found. Cochereau (personal communication) 

claims that in Côte d'Ivoire, D. longicornis was seen infesting Oryza 

barthii, O. longistaminata and even a species of Leersia if cultivaled 

rice was close by. 

Although cultivated rice is the main host of D. longicornis, it 

is unknown ~ow a population of this species of fly can rnaintain itself 

in the absence of rice. My study has atternpted to provide answers. 

It is important to note that there is a controversy concerning 

the nornencl ature of the wil d ri ce spec i es menti oned above. For th i s 
study, Clayton's (1968, cited by Oka, 1988) nomenclature will be used 

to designate the African common perennial species of wild rice, Oryza 

longistaminata Chev. & Roehr .. Clay ton gives the name barthii Chev. to 

the annual wild rice species, the distant relative of the African cul­

tivated rice, O. gli1berrima Steud.. Since barthii has been used by 

various authors to designate either the perennial or annu<:.1 species, 

the older name, O. breviligulata Chev. & Roehr. is used here to narne 

the an nu al species as suggested by Oka (1988). During the present 

research, plants were identified with the use of keys found in 

Hutchinson and Dalziel (1954). 
The plants studied during the present study were identified with 

the use of keys found in Hutchinson and Dalziel (1954). 

Spatia l di stri buti on on the pl ant. Descamps (1 9S7a), Breni ère 

(1969), Vercambre (1982) and Feijen (1984) clairn that eggs of D. lon­

gicornis are laid mainly on the upper side of the subterminal leaf. 

Their studies were done rnainly on the wet season crop. Egg-laying be­

haviour on irrigated rice during the dry season was studied by 

Scheibelreiter (1977). He determined that 48% of eggs laid were on the 

stem or' base of the tiller from the root collar or water level to the 
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base of the fi rst l eaf. Another 20 % were found on the stem from the 
base of the first leaf to the base of the second leaf. A remaining 25% 
were deposited on the leaves, and 7% on the root co11ar. A1ghali 

(1984b) am': Algha1i and Osisanya (1982b) confirmed Scheibe1reiter's 

observat ions. 
As mentioned previously, larvae enter the stem at the level of 

the 1 igu1e and feed on the del icate central tissue. During my present 

study, 1 observed that D. longicornis larvae occur approximate1y 10 cm 

(between 8-12 cm and up to 17 cm when the plant is full grown) from 

the root collar or the water 1evel, whereas D. apica7is are found 

c10ser to or at the co11ar or water leve1. Because D. 7ongicornis in­
fest only healthy stems, one can find only one larva per stem. D. 

apicalis invades hea1thy and infested stems (Descamps 1957a, Brenière 

1983), or only infested stems (Scheibelreiter 1974). Alghali and 

Osisanya (1982b) note that frequency in oviposition is related to rice 

varieties, sorne being favoured more than others by gravid females. 

During my experiments, D. apicalis were found on undamaged stems 

rather than on damaged ones. 

Most pupae are found on the outer 1eaf sheaths rather than 

c10ser to the heart of the tiller. Alghal i (1984c) found that 96% of 

the D. 7ongicornis pupae were found on the first three outer leaf 

sheathes; he a1so determined that the pupae preferred hea1thy tillers 
as opposed to damaged ones, and he cl a imed that movement of the 

1arvae, just before the pupal stage to a healthy tiller wou1d either 

avoid or delay parasitism, since parasites are often attracted to the 

frass or decaying material caused by the feeding 1arva (Ingram 1983 

and Seabrook 1977, cited by A1ghali 1984c). 
Adult diopsids, wh en in refuge sites during the dry season, oc­

cur in groups of up to 200 on a single leafblade. On rice, however, D. 
7ongicornis disperse to different leaves, with rarely more th an one 

insect per leaf. This behaviour permits better dispersion of eggs and 

thus better survival of ensuing larvae. 

24 



". 

Temporal distribution. There has already been mention of the 
difference in behaviour and ecological requirements for D. 10ngicornis 

from the rainy season to the dry season. Oviposition time coincides 
with the tillering stage of the early rice crops at the beginning of 
the rainy season. This first generation produces a second generation, 

which remains and reproduces on later rice crops (Pollet 1971 1978, 
Cochereau 1978). Pollet (1977) studied popu~ation densities of D. 10n­

gicornis and D. apicalis in a field where plots were sown at intervals 

of 15 days in arder to make rice available at different phenological 

stages at all times. Over the year, the population of D. 10ngicornis 

was fairly constant, with peaks in July, August, October and Oecember 

(Figure 5 in Pollet 1978). Pollet (1978) found that D. apical1s at­

tQc!'ed the seedl ings, and then D. longicornis attacked the tillering 

stage after transplanting, an observation that has not been confirmed 

by other authors. Pollet 's colleague, Cochereau (1985a) makes the op­

posite claim that D. longicornis infests the rice crop at the begin­

ning of the plant's cycle, with D. apicalis following later. Pollet 

(1978) concludes that, under continuous cropping, populations of D. 

longicornis would persist throughout the year, and that intercropping 

(with non-host plants of rice pests) should be employed to lower the 

population and to prevent pest build-up. 

Cochereau (1978, 1985a) studied population fluctuations of O. 

longicornis in the 1976 and 1977 wet seasons ta test several sampling 

methods: ~."ater traps, visual counts, and sweep-nets for adults, stem 

dissection for larvae and leaf and stem examination for eggs. From 

these, he concluded that a) D. longicornis wase more numerous during 

the tillering stage than D. apicalis, and that the inverse was true at 

the ripening stage, b) sex ratio of D. longicornis changed From the 

tillering t" the ripening stage (M to F 1:0.81 ta 1:1.25) in favour of 

females. whereas the inverse is true for D. apicalis, with more 
females at tillering (1:2.75) than at ripening (1:0.74); for bath 

species there is an increased proportion of immature females From the 
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tillering to the ripening stage, but, the change is more pronounced 
for D. 7ongicornis, c) the population of D. 7ongicornis rose to a 
peak at the middle of the tillering stage, and to a smaller but 

noticeable peak at the stem elongation stage. For the 119-day variety 
of ri ce used, Cochereau cl a ims that the fi rst peak was composed of 
diopsids emigrating from the surrounding vegetation (dry season refuge 
sites), and that the second peak represented the generation of Diopsis 

spp. issuing from the rice crop. This two peak pattern was consistent 

regardless of the time of the year, and the amount of precipitation 

received by the crop. Cochereau adds that early or late dates of 

planting most likely will increase or decrease diopsid infestation 

respectively, since egg development is concentrated early in the wet 

season. 

Past studies of Diopsis longicornis and D. apicaUs have been 

concentrated during the rainy season when rice is grown (Cochereau 

1978, 1985a, Pollet 1977, 1978, Feijen 1979, Brenière 1969). Little 

research has been undertaken to study the flies on rice during the dry 
season (except by Cochere<1u, 1985b). The biotic and abiotic require­

ments of the diopsid population in the dry season and in the absence 

of cultivated rice are not well known. Only Descamps (1957a) and 

Feijen (1984) provide a brief description of D. longicornis and D. 

apicalis behaviour in refugia during the dry season. 

Qu;escence. 

Although it is known that D. 7ongicornis enters a period of quiescence 

(Descamps 1957a, Feijen 1984), no work has been done on this long 

period of partial inactivity. We do know that during the dry season 

the i nsect rema i ns reproduct i ve ly immature and aggregated in dense 

populations. At the onset of the following wet season it disperses 

onto ~he new rice crop. Many questions come to mind when one looks at 

this unusual phenomenon. Are the same individuals found from the 
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beginning to the end of the dry season, and also in the same place? 
How does this population maintain itself in the absence of cultivated 
rice? What are the relationships between D. longicornis and the plants 

in the refuge sites? What i 5 the behaviour and li fe cycl e of the fly 
during the dry season? How did this species live before the widespread 
planting of rice? 

Insect quiescenee, or direct inhibition of development by ad­

verse environmental conditions (Danks, 1987), h,'s been studied by few 

entomologists in the tropics. In his review of the topie, Denlinger 

(1986) uses the term 'dormaney' to descri be the peri od of arres ted 

development in tropical insects, since information is still too incom­

plete to confidently use the more defined terms 'diapause' and 

quiescence'. Environmental regulators of arrested development are 

still not well known, even though it is clear that there are limiting 

factors that prevent year-round deve 1 opment of many spee i es of i n­

sects. 

Denlinger (1978, 1980, 1986) has shown that even in the tropics, 

though not as marked as in the temperate zones, factors such as 

daylength, tempe rature , rainfall, relative humidity, and quality and 

quantity of food, can have significant effects on the development of 

tropical insects. 

In sorne insects, differences in daylength of as little as one 

half hour can be an important cue for dormancy induction and termina­

tion. Photoperiod is the primary regulator of adult diapavse termina­

t i on of the fungus beet le Stenotarsus rotundus Arrow (Endomych i dae) at 

gO N (Tanaka, Denlinger & wolda 1987, Tanaka, Wolda & Denlinger 1987). 

Dubreka, where my present research was undertaken, i s at the same 

latitude; thus a change in photoperiod may also influence D. 7ongicor­

nis behaviour. 
Temperature is another major environmental eue. lhe h1gh rise 

in temperature during the mid-season of the dry period may greatly af­

fect the metabolism of insects that rely on a rnoist environment for 
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survival. From eight years of Jbservation, Tanaka, Wolda and Denlinger 

(1988) conclude that, in dense aggregations, S. rotundus are able to 

lower their metabolic rate. This permits survival during a IO-month 
period of diapause in a tropical environment in which energy reserves 

are in short supply. The higher R.H. within the aggregation may also 

contribute to the lowering of metabol ic rate. D. longicornis do not 
cluster in as dense masses as do S. rotundus. However, their choice of 

moist refuge sites during the dry season may permit them to lower 

their metabolic rate and thereby increase their chances of survival. 

According to Oenlinger (1986), there is little evidence that 
lack of rainfall is a regulator of tropical dormancy since insects may 

enter diapause or quiescence long before rains have ended. Onset of 

rainfall does seem to stimulate normal development. Restoration of 

reproduction in the fungus beetle, Stenotarsus rotundus, involves a 

complex relationship between the coming of the rainy season, egg 

maturation and fl ight muscle development on the one hand, and on the 
other, mating and dispersal from the aggregatio~ site. 

The grouping of D. longicornis individuals in refuge sites, and 

their later dispersal from these sites to rice fields, seem to be re­

lated to a combination of environmental changes. These include the 

relative humidity of the micro-habitat, the quality of the food plant, 

and rainfall patterns. Lack of rainfall does nLt, however, prevent D. 
longicornis from infesting rice fields in the dry season (Pollet 1977 

1978, Cochereau 1985b, Lafleur 1988, Chiasson in press). Also, an oc­

casional rain during the dry season does not alter the aggregation be­

haviour of the clustering flies. In 1989, in Oubreka, an early rain 

occured on March 21, four weeks earl ier than the regular period of 
rainfal1, and no immediate change was seen in the swarming behaviour 

of the D. 7ongicornis populations found in the refuge sites. 

Although chemical changes in the host plant or food source i~ 

known to provide a trigger for larval diapause in the lepidopterous 

stem borers Busseo7a furca Fuller (Noctuidae) (Usua 1973, cited by 

28 



Denl inger 1986) and Chi7a parte17us (Swinhoe) (pyral idae) (Scheltes 

1976, cited by Denlinger 1986), there is no evidence yet that such 

changes in host plant initiates aggregation or dispersal of D. 7on­

gicornis. 
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ECONOMIC IMPORTANCE 

Pest status of O. longicornis and O. apicalis 

The earl iest records of O. '"ngicornis or D. apicaUs as agricultural 
pests were of D. apicalis attacking maize in South Africa (Mally 1920, 
cHed by Feijen 1981), but attacks were considered low in comparison 
with lepidopteran borers. Risbec (1947, 1950, cHed by Feijen 1984), 
from his field studies in West Africa, first recorded three Oiopsis 
spp. infesting rice: Oiopsis servillei Macquart (=affinis Adams), D. 

co77aris Westwood and D. apicalis Dalman. 
In the first major work on West African Diopsis spp., Descamps 

(1957a) lists D. 7ongicornis as an important stem-borer pest of rice, 
but does not consider D. apicalis as a pest because of its facultative 
saprophagous and phytophagous nutritional requirements. Descamps first 
established D. 7ongicornis' importance as a potential pest by claiming 
that this species almost exclusively infests cultivated rice, feeds 
only on healthy tissue, and attacks several stems during its develop­
ment. Roger and Commun (1959) report D. longicornis' and D. apicaUs' 
importance on rice in their review of rice pests in French West 
Africa. 

Brenière (1966, 1969, 1982a, 1983, 1986) was the next to publish 
material on the economic importance of D. 7ongicornis and O. apica7is, 
from his work in Côte d'Ivoire and in Madagasgar. His review on D. 

7ongicornis and O. apica7is in 1966 updated Roger and Commun's work, 
wh i ch in turn was based on Descamps' research. Bren i ère' s ma in 
research i nterest at that t i me was the wh i te stem borer, Ma U arpha 
separate77a Rag .. Brenière's later reviews (1969, 1982a, 1983) con­
tained results from his own research in Côte d'Ivoire as well as from 
other authors. His evaluation of the pest status of D. 7ongicornis, D. 
apica7is and D. col7aris was based on pest density and level of infes­
tation. 
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Following Brenière's work, the major publications comprised two 

Ph.D. the~es that treated the bionomics and economic importance of 

diopsid flies (Alghali 1981c, cited by Alghali and Osisanya 1982b~ 

Feijen 1984). AlghaU's comprehensive work on the susceptibility of 
rice varieties to D. longicornis, and Feijen's in-depth treatise on 

the systematics, ecology and economic importance of the family Diop­

sidae, were the first important attempts at determining the pest 

status of the diopsids in general, and of D. longicornis and D. 

apicalis in particular. Alghali treated rice varietal resistance in 

sever al subsequent works (Alghal i 1981b, 1981c, 1983, 1984b, 1984c, 
Alghali and Osisanya 1982a, 1982b), ail' reported his research on the 

influence of plant spacing and of plant age on the level of infesta­

tion by D. longicornis (Alghal i 1980, 1981a, 1984a). Feijen studied 

the economic importance of D. 7ongicornis in Malawi (1976, 1977, 1979) 

and then concentrated his efforts on the systematics of the Oiopsidae, 
and on the parasitoids of D. longicornis eggs (Feijen 1978, 1981, 

Feijen & Schulten 1981, Schulten & Feijen 1983, Schulten & Feijen 

1978, cited by Feijen 1984). 

In addition, in the 1970's, Morgan and Abu (1973) determined the 

seasonal abundance of Diopsis spp. on the rice crop in Ghana. 

Scheibelreiter, also in Ghana, determined the relative importance of 

D. longicornis and D. apica7is in rite fields (1974), as well as 

making a very thorough study of the distribution of D. longicornis 

eggs on the rice plant (1977). During this time entomologists at WARDA 

(West Africa Rice Development Asssociation), in Sierra Leone, were 

beginning to conduct gener~l inventories (Akibo-Betts & Raymundo 1976, 

Agyen-Sampong 1976, 1979a 1982a .4 b, Agyen-Sampong & Fannah 1979), 

ecological studies (Agyen-Sampong 1978 1979b), and integrated pest 

management experi ments in mangrove swamp ri ce sys tems (Agyen - Sampong 

1979a 1982b). In these systems, Ma7iarpha separate77a is a more 

serious pest than O. longicornis (WARDA reports 1980, 1982-1987). 
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During this period, WARDA (=ADRAO: Association pour le 

développement de la riziculture de l'Afrique de l'Ouest) scientists 

al so conducted pioneer work in rice research in the French-speaking 

countries of Sénégal (Casamance) and Mal i (Mopti). They made an inven­

tory of rice insects, and recorded Diopsis apica7is, D. co77aris and 

D. longicornis, as well as a study cf seasonal fluctuations of the 

populations of major pests (WARDA-ADRAO 1978, 1981). 

Researchers from France cont inued Brenière' s 1960' s efforts in 

Sénégal and Côte d'Ivoire. Roudeillac (1974, cited by Vercambre, 1982) 

and Vercambre (1970 & 1979, cited by Vercambre, 1982) evaluated the 

rel~tive abundance of D. longicornis, Diopsis apica7is and other Diop­

sis spp. on irrigated rice. Vercambre conducted studies on the chemi­

cal control of Diopsis spp. and other rice pests. He also published a 

brief report on his studies of the bionomics and ecology of D. 7on­

gicornis (1982). His suggestions for control were either chemical in­

secticides or cultural methods, i.e., choosing appropriate planting 

dates, sowing by transplanting instead of by direct seeding, and by 

using resistant rice varieties. Vercambre recommended the use of in­

secticides, either on swarms found in refuge sites during the dry 

season, or on the rice crop a few days after transplanting at the 

beginning of the rainy season. This author also suggested out that the 

abundance of Diopsis spp. in the field does not nece5sarily translate 

into a corresponding high level of damage on rice, but he published no 

data on to support this claim. 

Near Bouaké, in Côte d'Ivoire, during extensive ecological 

studies, Pollet (1977, 1978) concluded that D. 7ongicornis was a 

secondary pest, and N. separatella the primary pest, which occured at 

a frequency of 90% compared to other pests. 

From their research, Dé~;amps (1957a), Brenière (1966, 1969), 

Scheilbelreiter (1974, 1977), Morgan and Abu (1973), Pollet (1978) and 

Cochereau (1978) claim that although D. apica7is is not particularly 

harmful to the rice ct'op, D. 7ongicornis is a major pest. Terms such 
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as severe damage' (Descamps 1957a, 8renière 1969) and . important 

lasses' have been used in the literature, but little conclusive 

research had been done ta verify the relationship between pest 

presence and level of infestation in relation ta yield. 

Methods used to assess cr op losses caused by D. 7ongicornis 

Studies of assessment of crop lasses on rice were made by several 

researchers in West Africa. Vercambre (1979, cited by Vercambre, 1982) 

found that a mixed application of lindane and diazinon (3kg AI/ha) 

increased yie1ds by 1 t/ha. He concluded that insect pests had reduced 

yie1d by about 25%. With insecticide protection, crops yielded from 25 

to 30% more in Nigeria (Agyen-Sampong 1988). Similar experiments in 

Sénégal gave yie1d increases of 3.3 and 5.7 t/ha (WARDA 1978), ~nd in 

Ghana, yields of irrigated rice were increased by 30% (Agyen-Sampong 

1977, cited by Agyen-S:lmpong 1988). Under insecticide protection in 

Mal i, deep-flooded rice yie1ds increased by 35% and, in Sierra Leone, 

mangrove swamp rice yielded 10 to 20% more under insecticide protec­

tion (WARDA 1980). Agyen-Sampong (1978) estimated that in Dawhenya in 

Sierra Leone, there was 30 to 40 kg 10ss in yie1d for every 1% stem­

borer infestation. Brenière (1969) reported a 10ss of 1 t/ha, but did 

not provide total yie1d data; these are enormous lasses considering 

that total yie1d in peasant farms equal that amount. 

Akinsola (1980) stated that D. 7ongicornis infestation caused 

yield reductions of 5% to 19%, but no methods of assessment were men­

tioned. Etienne (1981, cited by Brenière 1981) found that los~es in 

farmers' fields caused by attack by this insect were 3%. whercds 

losses on agricultural stations were as high as 20%. Yiclds in 

farmers' fields are generally much lower than Yle1ds in expenmcntal 

stat ions, therefore methods to i ncrease product i on (e. g., fert 111 zers) 

used in research centres, cou1d be making the crop plant more attrac­

tive to insect pests. 
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The need for informative estimates of the effect of sta1k-eyed 
fly infestation on yield generated several methods to attempt these 

evaluations. The following is a review of methods that have been used 
to assess crop losses From D. longicornis. 

Humber of eggs laid in relation to D. longicornis damage and 
yield. In Nigeria, Alghali (1981c, cited by Alghali & Osisanya 1982b), 

and in Ghana, Morgan and Abu (1973), obtained a positive correlation 

between the number of eggs laid and the amount of damage done by D. 

longicornis on rice stems. They showed nevertheless that the number of 
dead hearts caused by D. longicornis may not be in direct correlation 
with yield loss because of the ability of the plant to produce secon­
dary tillers. Alghali studied the compensatory ability of several rice 

varieties in order to establish their susceptibility or resistance to 

damage by stalk-eyed f1 ies. In Alghal i's study, crop losses ranged 

from 2% ta 54%. 

Percentage infestation. These calcul at ions were determined by 

counting dead hearts and white panicles (Morgan and Abu 1973, Agyen­

Sampong 1978, Brenière 1982a, Alghali and Osisanya 1984, Akinsola and 

Agyen-Sampong 1984, lafleur 1988, Chiasson, in press). Percentage in­

festation studies have given valuable results on the effect of plant 

spacing on diopsid infestation (Alghali 1980, 1984a). Cochereau 

(1985b) determined that not all dead hearts result in death of the 

meristem. He estimated that one third of the dead hearts observed in 

his studies continued to develop and produce a panicle. 

Compensatory tillering. Frossard (1971, cited by Vercambre 

1982) noticed that during insecticide trials, untreated (and therefore 

more damaged) plants had 82% more tillers compared to the average num­

ber in the treated fields. Cochereau (l985b) reported similar results, 
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but added that even though untreated plants had more tillers during 

the vegetative stage, numbers of tillers were similar in untreated and 

treated plots at the flowering stage. 

The prablem of compensatary tillering was investigated by reijen 

(1979), who determined the effect of simulated damage (pulling out the 

central shoot of the tiller) on the ability of the plant to develop 

secondary tillers and its effect on yield. He found that: a) when 

damage was d'Jne four weeks after tr<!nsp1anting, number of stems in all 

damaged hills had increased after two weeks compared ta controls. The 

extent of stem increase varied markedly, with rice variety, the short 

season variety (116 days) , showing less of an increase than the long 

season variety (198 days). Yields were only significantly higher, 

however, with the damaged short-cycle variety. 

b) number of tillers was signifieantly higher at a high fer­

til izer level (twice the recommended level) than at a lower level 

(recommended amount), although yield was still negatively affected at 

bath fertil izer levels. 

c) the positive effect of in jury on tiller increase was 

stronger in younger and sma 11 er hi 11 s than in 01 der and l arger hi 11 s. 

Iojury at 28 d after transplanting generally gave a higher tiller and 

yield increase (though not significant) than at 45 d after transplant­

iog. 

d) effects of simulated in jury and real D. longicornis damage on 

yield were compared and shawn to be similar. 

Feijen concluded that attack by Diopsis spp. larvae can have 

either negative or positive effects on a rice hill, depending on in­

tensity, time of attack, and general growing conditions, including 

soil type, amount of fertilizer, spacing of hills, hill sile, and nec 

variety. Feijen believes that the influence of diopsid larvae 1S posi­

tive or neutral under usual conditions, and that only under poor grow-
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ing conditions with a late and heavy attack will the riee be nega­

tively affected by Diopsis spp .. This is an important point beeause 

most African farmers work with poor qual i ty soil s. 
As most publ ished investigations have been done in experimental 

stations, where rice yields are high {4 t/ha) , it is neeessary to 
repeat these tests in farmers' fi elds where yi elds rarely reach 2 

t/ha. 

Yield in insecticide-treated and in untreated fields. It is im­
portant to relate pest numbers to yield in both treated and untreated 

fields. Severa1 tests have been do ne with ftfa1iarpha separatel1a by 
WARDA researchers (WARDA 1978, 1980, 1982, 1983), but few with D. lon­

gicornis, (Brenière 1982a, A1ghal i and Osisanya 1984). The latter 

authors found that proteet i on wi th carbofuran aga inst damage by diop­

sids generally signi fieantly increased the number of panicles produced 
(both total and mature), the percentage tillers with panicles, the 

lOOO-grain weight, and the total grain yield. The extent of increase 
depended on rice variety. For most varieties, unprotected and thus 

damaged plants produced more tillers th an did protected plants. These 

secondary tiller!; were able to produce panicles, but, with many 

varieties, compensatory panic1es were lighter in weight and therefore 

did not produce an important gain in yield. Alghal i and Osisanya 

(1984) claim that reduction in grain weight and amount of starch, is 

re1ated to the amount of carbohydrates accumul ated in the 1eaves and 

culms before and during heading. The longer the vegetative stage, the 

more carbohydrates the pl ants can accumul ate. Furthermore, with some 

varieties, wherl'! injury occurs in the ear1y stages of growth, there 

was a significant decrease in rice yield. These results contradict 

those of Feijen (1979). 

Cochere au (1985b), during his studies of the relationship be­

tween pest damage and yield, found that the systemic insecticide car­

bofuran gave unsatisfactory results. He claims that the high dosage 
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necessary to eliminate the insects negatively affected the physiology 

of the plant and significantly reduced the weight of grain per 
panicle. 

Screening dHferent var;eties of rice with or without D. lon­
gicornis. Akinsola (1980) compared the growth of caged plants with 
and without D. longicornis. He obtained the following results: a) in­

fested plants initially (20 and 40 d after tillering) had fewer 

tillers, but later in the season, numbers were equal to or higher th an 

for uninfested plants, b) uninfested plants were taller th an infested 

plants, c ) al though numbers of product ive t ill et·s were hi gher in in­

fested plants, uninfested plants produced a higher grain yield th an 

did infested plants, d) uninfested plants had heavier panicles than 

did infested plants. These results were later corroborated by those of 

Alghali and Osisanya (1984), discussed above. Akinsola calculated that 

yield losses caused by D. longicornis ranged from 5 to 19%, depending 

on rice variety and time of in jury in the phenol ogy of the plant. Un­
fortunately, Akinsola does not mention the size or other details of 
his cages. Experiments conducted in cages, particularly small cages, 

are subject to error because, based on my own observations, the 

microclimatic conditions inside the cage can diminish plant growth. 

After assess i ng the results from hi s caged experiments 1 Cochere au 

(1985b) also claims that this technique may be unreliable. 

Methods of managing populations of D. 7ongicornis 

The use of synthetic insecticides. Early recommendations for 

controlling rice pests in West-Africa mainly emphasized the use of 

synthetic insecticides (Brenière 1969). Although insecticides can 

still be useful in an integrated management system, and are still 

recommended by sorne researchers (Vercambre 1982, Brenière 1986), it is 

generally recognized that responsible methods of pest control must be 
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based firmly on cultural and biological means, as well as on the 

choice of resistant varieties, and that pesticides be reserved for 

emergency measures if needed. This point was made in West Africa by 

Taylor 1977, Brenière 1986, Agyen-Sampong 1979a & b, 1982b, Cochere au 

1981, 1982, Alghali and Osisanya 1982a & b, Brenière and Bordat 

1982, Akinsola 1985 as well as by others elsewhere (van den Bosch 

1978, Brader 1979, Pimentel & Andow 1984, Hill 1984, Philogène 1985, 

Kenmore 1987). The high cost of synthetic insecticides makes them un­

available ta resourc:e-poor farmers. Their use is also frequently haz­

ardous becau.ie mast farmers do not have access ta the proper app 1 ica­

tio" and safety equipment. Even if appropriate application and safety 

equipment are availab1e, lack of knowledge concerning pesticide use 

and misuse, and associated hazards, are such that accidents are com­

mon. Paul Harrison (1986) in his informative commentaries on African 

agriculture points out that, contrary to a common assumption, because 

of the unpredic:table cl imate and poor soil, the African environment 

is very fragile. Ta improve African agricultural systems, he recom­

mends methods that wou1 d strengthen thei r bas i c features, such as i n­

creas i ng sail fert il ity and stabil i ty, and that woul d augment the in­

herent capabil ities of the crop to resist or recover from enemies and 

other stresses. Increased dependence on external inputs, such as syn­

thetic insecticides, on1y weaken an already fragile situation. 

Alam et al. (1985), Philogène (1985) and Agyen-Sampong (l988) 

add that because reliab1e estimation of crop 10sses caused by insect 

pests are rare, and that grain yie1d 10ss data have been inconsistant, 

th8 use of insecticides can often be wasteful and that instead, other 

methods requiring less external inputs should be emphasized. These 

views are shared by many other researchers and rice special i sts in 

other areas of the trop; cs where there i s a greater tendency to en­

courage cultural method~ of control, the use of resistant varieties, 

and ways to augment natural enemies (Kiritani 1979). 
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Cultural controls. FAO (1979) presents a comprehensive review 

of cultural practices used for rice cropping in the trapics. 1 will 

review only methods tried and tested in West Africa. 

a) Fertnizer and pest incidence. In Sierra Leone, Akibo-Betts 

and Raymundo (1976) state that -high incidences and infestation of in­

sect pests appear to be associated with the use of hi~h l~vels of fer­

tilizers, and the practice of continuous cropping. No specifie studies 

have been conducted on the effects of added nitrogen on D. longicornis 

attacks, but results from studies with M. separatel1a, the pyralid 

stem borer, are contradictory. With added nitragen, infestation by the 

pyra li d i ncreased in the mangrove ri ce swamps of Sierra Leone (WARDA 

1983, 1985, 1987). In the WARDA 1986 report, it is said that there is 

"higher infestation in unfertilized fields and relatively lawer yield 

losses in fertil ized fields than in unfertil ized fields". In a study 

in India there was a positive correlation between N level and stem 

borer incidence (Saroja & Raju 1981). These reports do not specify, 

however, if yields are lowered in absolute terms. 

b) Continuous cropping. Continuous cropping is believed lo in­

crea se pest incidence, especially for a monophagous pest such as D. 

longicornis. In 1966, Jordan"s observation') of D. longicornis seem to 

point out that continuous cropping would augment D. longicornis infes­

tation on rice because of its lack of true diapause and its 

specialization on rice. Loevinsohn and Lit!,inger (1989), based on 

their work in the Philippines where problems of continous cropping 

have become evi dent, have recommended that ri ce shoul d be grown non­

intensively (on larger areas) rather th an intensively (multiple 

cropping), with other crops being grown during the fallow period. 

c) Date of planting. Vercambre (1982) states that the dale of 

planting or tr;'\nsplanting can influence D. 7ongicornis abundance by 

avoiding the peak period of D. longicornis reproduction. He followed 

ovarian development of D. 7ongicornis over time. Cholce of planting 

date is an effective method of avoiding pests in tempera te climates, 
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but it is debatable whether this method can be appl ied to the tropics 
because the insect has time to adapt its development to changes in 
planting dates of the crop (Loevinshon 1987, personal communication). 

Vercambre mentions that synchronous planting dates among farmers would 
best prevent pest build-up. Loevinshon (1984) studied s.Ynchronous 
planting extensively (through several years of light trap monitoring 
in rice fields of over 30 farmers in the Philippines) and its effect 

on pest abundance, and his conclusions support synchronous planting as 

an important regulator of pest build-up in areas where rice production 
is intensive. 

It is difficult to apply the results of rice research in the 

Philippines to West Africa where rice is not grown as intensively. 

However, as government policies in most West African countries nowen­

courage intensified rice production, it will be necessary to develop 

gUidelines when intensifying production to keep pest numbers at benign 

l evel s. Farmers in Si erra Leone may understand the importance of 

synchronous planting, at least against rodent and bird damage, they 

tend to sow the same varieties of rice, or varieties of similay' dura­

tion at the same time (Raymundo 1984). Bird populations are spread out 

over a larger area of mature grain, and therefore the effect on in­

dividual fields is lessened. 

d) Plant spacing. Alghali (1984a) studied egg deposition by D. 

longicornis on leaf blades and leaf sheaths and recorded percentage 

deadhearts, 30 and 60 days after transplanting, using two varieties of 

rice a~ spacings of 15 X 15 cm, 20 X 20 cm, 25 X 25 cm and 30 X 30 cm. 

In both varieties, and for the two recording dates, number of tillers 

per hill, number of eggs, and percent age deadhearts increased with in­

crease in spacing. Alghali believes that a high number of tillers (a 

rnean of 20 per hi 11 in the 30 X 30 treatment as opposed to 7 per hill 

in the 15 X 15 treatment) permits easier access to larvae of D. lon­

gicornis searching for healthy tillers on which to feed, because diop­
sids attack all tillers of one plant before moving on to another. He 
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cites Isrea1 (1964), who observed that the relatively higher tempera­

tures and humidities found at stem bases of high-tillering varieties 

favour the deve10pment of diopsid eggs and of the newly-hatched 1 arvae 

that descend to the base of the t i 11 ers. 

Resistant varieties. Algha1i concentrated his efforts on the 

selection of varieties resistant to Diopsis longicornis. His group 

screened a large number of local and improved varieties of rice and 

studied s'Jch parameters as percentage infestation (Algha1i and 

Osisanya 1984), number of eggs laid per variety (Algha1i 1984b, Al­

ghali alld Osisanya 1982b), selection of pupation site (A1ghali 1984c), 

level of parasitism, to the effects of lignification and silica con­

tents of the varieties on the extent of damage by D. longicornis 

{Alghal i 1981b}. These studies showed that resistance was based on 

number of tillers per hill, 1eaf angle, plant height, stem diameter, 

leaf colour, plant age, plant spacing, and plant quality. Furthermore, 

Algha1 i provided data on the effect of D. longicornis damage on com­

pensatory ti1lering and on the contribution of these tillers to grain 

yield. Those authors also môde valuable contributions to our under­

standing of the genera1 biology of the pest (Alghali 1984b, Alghali 

and Osisanya 1982a). 

Rice varietal resistance to D. longicornis has a1!:0 been studied 

at the International Institute of Tropical Agriculture at Ibadan, 

Nigeria (Alam 1982, 1984, A1am et al. 1983). In an elaborate 21m X 24m 

screenhouse, Alam tested over 1300 rice cultivars (O. saUva and O. 

g7aberrima), selected from 40 rice growing countries in the world. 

Over 80% originated fram Africa. Infestation ranged from 1% to 67%. 

Alam noted that under natural conditions maximum inf~')tation is about 

15%. Cultivars coming from Africa and, in particular, cultivars of O. 

g7aberrima, the rice species indigenous to West Africa. were found ta 

be more resistant than others. Alam's method of rearing D. longicornis 

under controlled conditions is the only effective one tried sa far. ft 
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has been included in the International Rice Research Institute's com­

prehensive text on methods of evaluating the genetic basis of rice 

resi stance ta insect pests (Heinrichs et al. 1985). 

Natural enem;es. As mentioned previously, Descamps (1957a) in 

Cameroon, and Jordan (1966) in Sierra Leone, had identified several 

parasites of D. longfcornis. Besides the 1 i st of parasites of rice 

pests campi l ed by the WARDA Ri ce Research Station at Rokupr, Si erra 

Leone (Agyen-Sampong & Fannah 1986), 1 ittle work has been done el se­

where in West Africa on the collection and identification of these 

parasites, or on their biology, level of parasitism and on pos­

sibi 1 ities for their use in a biological control program. Hymenop­

terous parasites of D. longicornis are being carefully documented in 

East Africa (Feijen 1977, Feijen & Schulten 1981, Schulten & Feijen 

1983, Schulten & Feijen 1978, cited by Feijen 1984), and results from 

this work should prove to be very valuable. L'I.R.A.T. (Institut de 

Recherches en Agriculture Tropicale) in Montpellier, France, are 

presently establ ishing a program of introduction of natural enemies 

for lepidopterous rice stem borers (Brenière 1981, 1982b, Brenière and 

Bordat 1982) and perhaps the same could be do ne if necessary, for 

di opsids. Planti ng benefi cial nectary pl ants on the bund might attract 

parasitic wasps that would keep pests at minimum densities (S.B. Hill, 

personal communication). Alley-cropping with 1 eguminous trees has been 

used successfully in the Philippines to augment sail fertility, create 

a wi ndbreak, provide a barrier for di spersing pests, and ta provide a 

habitat for natural controls (R. Maclean, personal communication); it 

could be attempted in Africa as well. 

Botanical insectic~des. There is only one record of a botanical 

insecticide used on the stal k-eyed fly. Lafl eur (1988) regul arly ap­

pl i ed extracts of both the seed and the frui t (seed and pul p) of the 

neem tree, Azadiracta indica, on the rice crop from 28 days after 
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transplanting to the flowering stage in the rainy season. Ife found 

that although both appl ications repelled D. longicornis From the rice 

plant, they did not result in decreased pest damage. Lafleur there­

fore does not recommend the use of neem during the rainy season be­
cause the rain washes away the extracts, which must remain on the 

plant to be effective. His experiments have not yet been tried in the 

dry season, when persistance of the insecticide may be better assured. 

Traditional methods of control. Entomologists at the Rokupr 

Rice Research Station in Sierra Leone have accumulated information on 

this topic through extensive visits and surveys of rice farms in West 

Africa. The three methods that could reduce D. longicornis numbers 

are: a) intercropping of rice with other food crops, b) synchroniza­

tion of varietal maturity, and c) higher seeding rates to discourage 

seedling pests (Raymundo 1984). 

It is possible that with the extensive local knowledge of 

medicinal plants, some farmers may also be using preparations from in­

digenous plants as insecticides. 
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OASIS FOR THIS STUDY 

As the present review points out, little research in rice entomology 

in Guinée has been done; D. longicornis and D. apicalis have been 

studied on1y superficial1y in Guinée by the Fou1ayah Agricultural In­

st itute (lnst itut de Recherches Agro-Zootechni ques de Foul ayah, Kin­
dia, Répub1 ique de Guinée), and the Rice Research Centre in Kil issi 

(Centre de recherches agronomiques, Kilissi, République de Guinée). 

Preliminary studies at these centres indicate that Diopsis spp., 

and especially D. longicornis and D. apicalis are important pests of 
lowland ri ce in Gui née. Furthermore, before thi s study was undertaken, 

preliminary samp1ing of rice fields in the Dubreka area in 1986, as 

well as conversations with local rice farmers revealed that these two 

diopsid species were present in great numbers on the rice crop and 

were considered by the farmers to be pests. 

The present study was therefore conducted to determine the ef­
fect of D. longicornis and D. apica7is presence on Guinée's coastal 
rice crops, and to identify key factors that regulate the abundance of 

the more important pest, D. longicornis. To achieve this the following 

objectives were established: 

1. (Chapter 3) to determine and compare the population size of D. lon­

gicornis and D. apicalis from seeding to harvest, and to determine the 

level of infestation by D. longicornis and D. apicalis on the rice 

crop under the following conditions: 

a) different planting methods, i.e., direct sowing (broadcast) 

and transplanting from a seed bed, 
b) different climatic conditions, i.e., rainy and dry season, 

c) different planting dates, i.e., successiollal planting dates 

with a 14 d or 21 d interval between dates. 

44 



' .. ' 

. " 

2. (Chapter 4) to determine environmental factors (both biotic and 
abiotic) that influence the ecology and behaviour of O. 7ongicornis on 

a year round basis. Determining factors chosen were: i nfl uence of 

cultivated rice on reproductive activity. the importance of secondary 

plant hosts, conditions of dry season refugia, and conditions for 

diopsid dispersal ta and from the refugia . 
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CHAPTER 3 

POPULATION DENSITY, DEVELOPMENT AND BEHAVIOUR OF DIOPSIS LONGICORNIS AND 

D. APICALIS ON CULTIVATED RItE IN RELATION TO DIFFERENT CULTURAL PRAC­

lICES AND DIFFERENT SEASONS. 

INTRODUCTION 

Experiments were undertaken to determine adult and larval Diopsis 7on­

gicornis and D. apicalis population size under different cultural prac­
tices: different planting dates and planting methads (direct, by broad­
cast sowing and indirect, by transplanting) in both the wet and dry 
seasons. The purpose was to identify a pl anting date and planting method 
during bath seasons that would prevent or diminish diopsid infestation. 
After the first season, it became evident that it would be difficult to 
demonstrate diopsid preference for either a particular planting date 
and/or planting methad by sampling the adult population, since the plot 
size and arrangement used permitted drift of the mobile population from 
one treatment to another, regardless of preference. Although plot size 
was increased, the possibility of plot to plot interaction could not be 
eliminated. Even though the experimental design and sampling programme 
were not changed, the object ives were redefi ned . 

Sampling of the adult population was undertaken in order ta: 
a) determine the overall population size, sex ratio and number of gravid 
females over time. Successive planting dates would perrr.it sampl ing over a 
longer peri ad of t i me. 
b) select a time of planting that would avoid infestation by diopsids at 
the onset of both the dry and wet periods. To mi nimize ri sk of damage by 
diopsids, planting during the dry season should occur after D. 7ongicor­

ni sand D. api ca 7 i s have moved ta refuge s ites ~Ihere they undergo a 
peri od of qu; escence for the durat i on of the dry season; and in the wet 
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season, planting should occur several weeks after dispersal From dry 
season refugia to alternative host sites in order to avoid diopsid move­

ment to the rice crtJp. 

The immature stages of D. 7ongicornis and D. apica7is were sampled 
to determine the peak time of larval infestation during both seasons, as 

well as determine diopsid preference for oviposition sites between plant~ 

sown either by direct or indirect planting methods. 

A comprehensive description of the study site, the exper~rnental 

design, the sampling programme, the type of analysis u~ed to rneet the 

above (lbjectives, and then discussion of results will follow. 

DESCRIPTION OF EXPERIMENTAL AREA 

The experimental field was situated in the prefecture of Dubreka, which 

lies in the maritime region of the Republic of Guinée, approxirnately 45 

km north of the capital of Conakry. Dubreka i s part of a eont i nuous band 

of coastal plains of varying width (50-150 km) reaching from the 

Casamance area in Sénégal to I.iberia. The plains, which extend from the 

sea to the liberian-guinean highlands, are characterized by two distInct 

morpho-ecological land types and a corresponding transition zone. Along 

the immediate coast lie the mangrove swamps, which are under the constant 

influence of bimodal tides. Vegetation is limited to a few salt-tolerant 

speci es of Rhizephora and Avecenni a. Succeedi ng the mangrove 1 s a band 

of hygromorphic soils composed in part of deposits left by the receedlng 

tidal influence, and by sedimentation from rivers flowlng down From the 

inl and range (Salomon 1987). The prefecture of Dubreka (9°50 N, 13°7 and 

130 23 W) is typical of the eoastal region of Guinée in that both land 

types are we ll-represented. 
The area chosen for the study lies well beyond the mangrove swamps 

in the region of lowland hygromophic soils at the base of the foothills 

of the Fauta Djallon highlands. The vegetation is herbaceous (e.g. 

Panicum spp., Penni setum spp., Imperata cy1indrica) dotted with eoconut 
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palm (Cocos mucifera) and oil palm (Elaeis guineensis). Human activities, 
such as burning and cutting of trees to clear farmland and ta obtain 
fi rewood, as well as genera1 el imat ie changes, have transformed the 
original tropical deciduous and broadleaf evergreen forest into an area 
of savannah and brush. 

The climate is under the influence of the seasona1 rhythm of alter­
nating dry (December to May) and wet seasons (June to November). Rainfall 
in the Conakry-Dubreka-Coyah triangle exceeds that of all other regions 
of West Africa {almost 5 000 mm per year in Conakry). Heavy rainfall has 
been a key factor in the accumulation of alluvial deposits in the 

lowlands as it is concentrated in a few months (1400 mm in July alone in 
Conakry) . 

Temperature remains high throughout the year (230 to 270C), as does 
rel ative humidity (average of 76%, based on 1986, 1987, 1988 readings 
taken by CERESCOR l ). 

Oespite a prolonged dry period of approximately six months, many 

plains remain engorged with water throughout this time because of a high 
water table. The present socio-economic activities of the inhabitants of 
Dubreka are agri culture and fi shi n9. At 1 ast census (1983), popul at ion 

dens ity was 87 i nhabitants per km2. The experiments were done in the 

Néguéah district of the Sub-prefecture of Oubreka and in a sectar called 

Bi ff, fi ve km from the vi 11 age of Dubreka. Mount Kakoul ima (1007 m) 

towers above lowlands used for ban ana plantations, rice fields and 

vegetable gardens, which are tended by nearby villagers. 

1. CEntre de R[cherches Scient i fi ques de COnakry Rogbane, Conakry 
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HATERJAlS AND HETHODS 

Preparation of the experimental site 

The choice of site for these experiments was based on availability of 

water throughout the dry period, a history of use without the addition of 

chemical pesticides, an area where local rice cropping systems were well 

represented, and an area where co-operation with 1 andowners and farmers 

was possible. All these criteria were met in the Biff sector of Oubreka. 

The site was prepared at the end of the 1986 wet season (November -

December, 1986). The field was cleared, ploughed and canals were dug 

throughout the area in order to assure adequate irrigation. The area was 

divided into 32 plots, each measuring 5 m X 2 m, the size of experimental 

plots used by researchers at the Kilissi Agricultural Research Centre 

(Centre de recherches agranomi ques de Kil i s 5 i, Gu i née), 150 km ta the 

east of Dubreka. 

Experimental design 

The variety of rice chosen was Nankin l, a short cycle (3 months) variety 

of Oryza sativa var. indica. This variety was introduced into Guinée by 

the Chinese over 2S years ago, and has since then been tested extensively 

by the Foulayah Agricultural Institute (Institut des Sciences Agro­

Zootechniques de Foulayah-Kindia, Guinée), 30 km northwest of Kilissi and 

the Kilissi Agricultural Research Centre. The variety has also been dis­

tributed to farmers in many localities in Guinée. It is characterized by 

a low tillering potential, medium height (1 meter), and a potentlal yield 

of 4.2 - 4.5 t/ha (Soumah, 1984). 

The first 'direct seeded' date was December 24, 1986. The first 

seed bed was prepared eight days earlier (December 6) to synchronize the 

later stages of bath the direct and indirect rlce crops, as recornmended 

by Dobelmann (1976). He claimed that rice grown from transplanted see-
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transp1anted seed1ings is delayed approximately eight days in relation to 
direct seeded rice. This did not prQve to be correct in our situation; 
the transp1anted rice had to be started 14 days before the direct seeded 
date, and this was done in the fo110wing seasons. 

The second, th i rd, and fourth direct seede<. dates were fi xed at 
14 -day i nterva 1 sin the 1987 dry se as on and the same was done for the 
preparat i on of the second, thi rd and fourth seed beds. Seed1 i ngs were 
transp1anted after 25 days. lreatments (two sowing methods X four p1ant­
ing dates), were rep1icated four times and were arranged in a Randomized 
B10ck Design (Gomez and Gomez 1984). 

Direct seeded rice was sown by the broadcast method at a rate of 80 
kg/ha on pudd1ed and saturated soi1; rice grown for transp1anting was 
first sown at the same rate as for thp direct seeded rice, in a seed bed, 
and transp1anted 25 days after p1anting, two plants per hi11 and with 20 
cm X 20 cm spacing bctween hil1s. Seeds were soaked in the fungicide, 
Thiora1® before planting. Mineral ferti1 izers were used fo110wing recom­
mendations of local agri:u1tural bulletins, i.e. 100 kg/ha of urea, 400 

kg/ha CaH2(P04)2 and 180 kg/ha KC1. 

Changes in the exper1mental design in subsequent seasons 

While measuring adult populations, it became evident that plot size was 
far too small to prevent plot-to-plot interaction, preventing va1id es­
timation of the effects of each treatment on the adult population. To 
avoid the se interactions plot size would need to be more than la times 
the present size and on1y the centre of each plot samp1ed, or plots cou1d 
be iso1ated from each other by non-target plants (G. Lafleur, former1y of 
the 'Projet de Protection des Végétaux', Bobo-Dioulasso, Burkina Faso, 
personal communication). Even though such important changes in plot ar­
rangement were not possible, plot size was neverthe1ess increased ta 5 m 
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X 4.5 m in the 1987 wet season, and again to 9.5 m X 5 m in the 1988 dry 
and wet seasons and the 1989 dry season. The layout of the experimental 
field in the latter seasons is illustrated in Figure 5. 

After the 1987 wet season, the interval between dates of planting 
was increased to 21 days. The 14-day period was thought to be too short a 
difference for valid interpretation and the sampling load was also con­
centrated in too short a period. Because of this change, the fourth date 
of planting was eliminated. The exp~rimental design then conslsted of six 
treatments (three planting dates X two planting methods). 

During the 1988 and 1989 dry seaso~s and the 1988 wet season, rice 
blast, Magnaporthe grisea (Hebert) M.E. Barr (=Pyricularia oryzae (Cooke) 
Sace.) was a general problem in the field. A foliar spray with 10psinR 

was applied twice during the vegetative stage. 

Sampling procedure. 
Sweep net. Adults of D. longicornis and D. apicalis were collected 

with a standard sweep net as recommended by Pollet (1978), Cochereau 
(1978, 1985a) and Nishida and Torii (1970). Ten sweeps (one sweep per 
step) were taken weekly, in a diagonal 1 ine across each plot and total 
number of insects were counted per plot. After the 1987 dry season, the 
sex of each Fly collected was determined, as well as the presence or ab­
sence of eggs within each female. Pice sown in seed beds in preparat lOn 
for transplanting were also sampled for presence of adult diopsids. Be­
cause none were collected, results only represent samplings from plots 
after the rice had been transplanted. 

Plant dissections. From the seedling ta the flowering stage, which 
corresponds to 55 days after transplanting (DAT) or 65 days after seedlng 
(DAS), 10 plants from every plot were randomly harvesled and dissected 
for the detect;on of eggs, larvae and pupae. Dissections were done every 
14 days dur; ng the 1987 dry season and every 7 days dur i ng the subsequent 
seasons. 
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During the first two seasons of the study (1987 dry and wet 

seasons), plants were dissected weekly until the ripening stage to con­

firm the observations of Pollet (1978), Brenière (1983), and Cochereau 

(l985a) that Oiopsis are not known to infest rice beyond the flowering 

stage. Upon confirmation, plants were dissected only until the flowering 

stage during the subsequent seasons. 

At the end of the 1987 wet season, after harvest, a sample of rice 

stalks left in the field, were randomly harvested (10 per plot) and dis­

sected in order to detect presence of Oiopsis spp. larvae or pupae. Lar­

val diapause in rice stubble is seen with other stemborers such as Mar-

7iarpha separate17a (Agyen-Sampong 1979a). M. separatel1a as well as 

Chi70 spp. were found, but no Oiopsis ·sp. larva or pupa was collected. 

This further confirms the exclusive affinity of Oiopsis spp. for living 

plant tissue. 

Identification of eggs, larvae, pupae and adults was done with the 

aid of keys provided by Brenière (1983) and Tran (1981). Adult iden­

tifications were confirmed by sending specimens to H.R. Feijen of the 

Rijksmuseum van Natuurlijke Historie in leiden, Holland. 

Sweep net sampling and plant dissections 

adult, pupal and larval parasites and pathogens. 

was gathered is reported in Appendix 1. 

generated results on 

The informat ion that 

Visual observations for eggs. During the first season, eggs were 

not seen during plant dissections, therefore, in the following seasons, 

sampling was done by visual observation of the plant in the field. Ac­

cording to Descamps (l957a), Brenière (1983) and Feijen (1984), eggs are 

laid on the upper surface of terminal and sub-terminal leaves. Vlsual ob­

servation of these plant parts from 100 plants or 50 hi11s were made in 

each plot every second week. Even though eggs were found, counts were low 

duri ng the two seasons when these observations were made, (1988 dry and 

wet seasons: Appendix 2.0). Because larval presence did nDt reflect such 

low egg numbers, egg counts are invalid. Although most researchers agreed 
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with Descamps and Brenière on the egg-laying strategy of Diopsis spp., 
Scheibelreiter (1977)'s conclusions are probably more reliable and they 
may exp lai n why so few eggs were found in the present experi ment. He 
determined that 68% of D. longicornis eggs are deposited on the stem, 7% 
on the root collar and only 25% are to be found on the leaves, during the 
various stages of the rice crop. In addition, Cochereau (l985a) noted 
that eggs are difficult to find after 30 DAT (Days After Transplanting) 
because they are hidden in the folds of the dense rice plant. 

The following information was also noted from weekly plant samples 
before dissection: number of tillers infested with eggs, larvae and pupae 
per plant, number of dead hearts or white panicles per plant and the 
stage of the plant. 

Interception traps. Two types of interception traps were used 
during the last three field seasons (the 1988 dry and wet seasons and the 
1989 dry season). These traps were designed to monitor insect "ctivity 
around the experimental field, i.e., movement in and out of the field and 
direction of movement. This study was designed to determine whether the 
diopsid population remained on the rice field once established and if 

there was continual invasion from the exterior onto the field during the 
season. 

The first type of trap used was a cylindrical sticky trap made with 
a piece of bamboo (8 cm diameter by 50 cm long). Cylindrical traps have 
been used by Lewis (1959) to sample mobile insects in cereal fields. The 
traps were painted either white, dark green or bright yellow to test the 
colour preference of diopsids (Figure 6a). Tangletrap was used as an 
adhesive. Six groups of traps of each of the three col ours were placed at 
the periphery of the field of study. 

Catches with the sticky traps were low in the first season and upon 
consultation with R. Vernon (Vancouver Agriculture Canada Research 
Station), the trap was changed from a cylindrical to a flat rectangular 
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Fig. 6 Interception traps. 

a) cylindrical sticky traps b) double-entry window trap 
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shape. Vernon mentioned that the fly would more likely land on a shape 
with an edge th an one without one. Rectangles, measuring approximately 20 

cm X 15 cm were pa i nted the same col ours as the cyl i nders and were used 

in the place of the latter during the 1988 wet season and during the 1989 
dry period. 

The second trap was an adaptation of the window and malaise traps 

described by Martin (1978), with an additional two-directional feature 

(Figure 6b). The double entry was suggested to me by M. loevinshon 

(Internat i ona 1 Oevelopment Research Centre) and R. Vernon. Four traps 
were placed at each of the four sides of the field. Positions of both 

cylindrical sticky and window traps are illustrated in Figure 5. 

Evaluation of percentage infestation (level of damage). Oiiate's 

formula (1965 cited by FAO 1979) is still widely used for the evaluation 

of the level of infestation or damage of the rice crop by stem borers. 

Data are collected either at the maximum tillering (MT) stage or at the 
flowering (FL) stage. 

Percentage No. of damaged plants X No. of damaged tillers X 100 

infestation = No. of plants sampled Total no. of tillers in 

the damaged plants 

Damage is measured as the number of dead hearts at the maximum tille­

ring stage, or of white panicles at the flowering stage. 

Gomez (1972, cited by FAO 1979) adjusted Onate's formula for the determi­

nation of damage at flowering in order to account for possible compen­

satory tillering, by including numbers of tillers from bath damaged 

and undamaged plants. 

P = __ 1____ X 100 

nx + {N-n)y 
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where: 

P = % infestation 
1 = Total number of damaged tillers in all damaged plants taken from the 

sample. 

n = Total number of damaged plants. 

x = Total number of tillers per damaged plants. 

N = Total number of plants (damaged or not damaged) in the sample. 

y = Mean number of tillers per plant for a sample of 10 undamaged plants. 

In these experiments, to achieve the greatest accuracy, Onate's formula wa~ 

used for the calculation of percentage infestation at MT and Gomez's for the 

calculation of infestation at FL. FAO (1979) recommends that concurrent with 

the evaluation of percentage damage, a sample of plants should be taken dt 

random from the plot ta determine the species of insects causing the damage. 

During this study, weekly plant dissections revealed that very few Lepldopterd 

larvae, the other major rice stem borers, were found in rice stems and only 

after the MT stage had been reached. During the 1987 dry season, only 2 larvae 

were found in 1320 plant samples; in 1988, 1 larva was found in 1920 plant 

samples; and in 1989, no larvae were found in 2200 plant samples. Lepidoptera 

larvae were slighlty more numerous during the wet season: 21 larvae were col­

lected in 1987 in 2680 plant samples, and 4 were collected in 1988 in 2000 

plant samples. Species found were: Sesamia calamistis Ilamps (Noctuidae), 

Chi7a zaccanius Blesz. (Pyralidae), Chi10 sp., Maliarpha separatella Rag. 

(Pyralidae), and a few species not described in either Tran (1981) or [3renlerr. 

(1983) . 

Statistical analysis 

The SAS statistical programme (1988) was used to analyse variance using the 

General Linear Models Procedure, and to calculate difference between treatment 

means, using Tukey's Studentized Range Test. Treatments tested were method and 



date of planting; block effect was also tested ta verify wh ether proximity ta 
the forest edge had an influence on numbers of diopsids. The 0.05 level of 
significance was accepted. 

Raw data were first checked for normality with SAS and for homogeneity 
of variance using Hartley's Fmax-test (Sokall and Rolf 1981). When standard 
deviation was proportional to the mean (data are whole numbers covering a wide 
range of values) data were transformed to a logarithmic scale. When variance 
was proportional to the mean (data contained many zeros) data were transformed 
by means of the square root equation (X+O.S)1/2. 

A Chi -square test was used ta check weekly sampl ing data for seasonal 
homogeneity of sex ratios and of ratios between gravid and non-gravid females 
(Gomez and Gomez 1984). 

Sampling of farmers' fields adjacent to the experimental plots 

As mentioned previously, local farmers sow rice almost exclusively during the 
( wet season. As a means of simple comparison of adult diopsid numbers collected 

on the experimental plots with numbers present in local rice fields, farmers' 
fields bordering the experimental area, were sampled with a sweep net during 
the 1987 and 1985 wet seasons. 

Contrary to management practices followed in the experimental area luse 
of fertilizers and of fungicides), farmers chosen for this study, do not use 
these products or any other on their fields. 

In bath seasons, the area surrounding the experimental plots was 
divided int'J three sections. The sections, measuring close ta 120 m2 each, 
were tended individually by three farmers. In 1987, two sections were planted 
with the 120-day variety, Oewankhé and the other with the 120-day variety, 
Khorkhori. In 1988, the three sections were planted each with a different 
variety: Khorkhori, Kaoulaca bélè and Kaoulaca fikhé. Section 1, where 
Kaoulaca bélé had been planted, was subdivided and Khorkhori was planted in an 
area measurlng 45 m2. 
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Sweep net samp 1 i ng was done every 7 days, start i ng 14 days a fter 
transplanting. Instead of tracing plots within the sections, starting points 
were selected and marked with a bamboo pole. From the se points, the lnves­
tigator would walk 20 paces (always in the same direction) and take one sweep 
with each step. Areas were sampl ed duri ng the vegetat ive stage of the ri ce 

pl ante 
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RESUlTS AND DISCUSSION 

DRY SEASON EXPERIMENTS 

Data not included in the Figures or Tables of this chapter are reported 
in Appendix 2. 

Dry Season 1987 (December 1986 to Mav 1987) 

There was an experimental error with treatment 4A (direct seeded rice, 
fourth planting date) for the 1987 dry season. Seeds fram a 120-day 
vari et y , 'Dewankré' , were sown i nstead of 'Nanki nI'. The error was 
detected several weeks 1ater, too late to correct it by replacing with 
'Nankin l'. Even though sampling was continued on the 4A plots, these 
data were removed from all results presented here, except for total num­
ber of adults collected in the experimental field (Figures 7 & 8). 

Adult lJopulation of D. longicornis. Plotting of total numbers of adult 
D. longicornis collected (Figure 7) provides an indication of the size 
and dispersion of the adult population on the experimental field 
throughout the dry seasan. It was assumed that adults were nat present in 
plots that were not sampled, i.e., during the first week after sowing or 
transplanting, and later after the beginning of the maturation stage. Pe­
riodic sampling at these times confirmed this assumption. The curve shows 
an initial high peak from February la to March 3, when rice was at the 
vegetative stage, and thus attractive to Diopsis spp. in all plots. The 
population declined from March 3 to March 24, when the first and second 
crops were beyond the miiximum t i 11 eri ng stage. Adul t numbers were hi gh 
again from March 31 to April 14 even though rice was beyond the vegeta­
tive stage in all but 8 plots at this time. This two-peak pattern had 
been recorded previously during wet season experiments by Cochereau (1978 
1985a) . 
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Fig. 7. Total number of Diopsis longicornis adults collected 
from aIl plots during weekly sweep net sampling 
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Even though sampl ing units were too close together to effectively 
evaluate treatment effects (date and method of planting and block) on the 

adult population, means were nevertheles'i tested for significance (Table 

1). There was no significant difference in mean nu:nbers of D. longicornis 

collccted from plots sown on different planting dates, ~nd from plots 
sown by either direct seeding and hy transplanting, but there was a dif­

feren:e in numb~rs between blacks. Adults of D. longicornis were sampled 

in higher numbers in Black 1 than in the other three blacks. This sug­

gests an edge effect associated with the forest canopy, which was ad­

jacent to Block 1 (Figure 5). The forest probably cffers a humid and 

shaded refuge for diopsids in the dry period. 

Sex ratio of D. longicornis. Of the 4694 adult D. longicornis sampled, 

2850 were sexed and of these 37% were females (Figure 7). Number of 

gravid females were counted from a srrrall sample of females: out of 121 

females only 9 carried eggs. This small percentage of laying females (7% 

of tot.al females) ccnfirms findings from the literature t.hat report that 

diopsids are rèproductively inactive during the dry period (Descamps 

1957a, Brenière 1983). Females were in a higher proportion in February 

(46%), decreased in March (33%), then rose again in April (46%). A Chi­

square test confirned thi~ lack of homogeneity in sex ratio over the 

season (Table 2). Reasons for this variabil ity were not clear at the 

time, and it was surprising ta see that numbers of gravid females rose in 

April when the population was expected to be mainly composed of immature 

adults just emerging From the crop (as previously observed by Cochereau 

(1985a) and B. Camara (Centre de recherches agronomiques de Kilissi, per­

sonal communication) in their wet season studies. An explanation will be 
put forth later in the study. 

Adult population of D. apicalis. Adults of D. apica7is were collected in 

as high numbers as for D. longicornis at the beginning of the season 

(February 10: Figure 8) and decreased significantly after Mat"ch l, as did 
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Tab!~ 1. Variation in mean numbersof 9. longicQD.!i~ and g. ~llialis adults 
collecèed with date, method of pl anting and block. + 

Dry 5eason 1987 

~'ean number of ~'ean Illlmbe .. of 
Q. longicornis Q. apicalis 

DATE OF PLANTI~G 
1 17B.4a 134.6a 
2 14l.9a 80.4ab 
3 Bl.9a 32.0b 
4 165.3a 31.3b 

MEnlOD OF PlAIIT IIIG 
Direct seeded IIB.la 114.3a 
Transp l an ted 159.8a 49.6b 

BLOCK 
1 25l.0a 64.1 il 
2 99.0b 59.7 il 
3 94.0b 69.9a 
4 117. lb 115.Ga 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P < 0.05 

+ data based on weekly sweep net sampling (10 sweeps pet' plot in 32 plots) 

Table 2. Variation in numbers of Q. lQ!!9jcornis and ~. ~s~lis 
males and females collected weekly. Ury Seasoll 1987 

Total do 9~ Ca 1. Xz labo Xz 110 !\cL/Hej 1< 

D. l o~g il~rn i s 2850 1800 1050 85.2 16.9 He j. 

Ô. a~lca 1 s 1130 653 477 35.8 16.9 Hej. 

* where II~ = proport ion of males and females are constant t Il rOl/(Jho ut 
the season (independent of date) (P < 0.05) 
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Fig. 8. Total number of Diopsis apicalis adults collected . . 
from all plots during weekly sweep net sampling 
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gicornis. Unlike D. 7ongicornis, however, D. apica7is numbers did not 
rise again to a second peak at the beginning of April. Total D. aplca7is 

adults collected (2368) were lower than those of D. 7ongicornis (4694). 

Adult D. apica7is means were also compared according ta date and method 

of planting (Table I). D. apicalis were collected in significantly hlgher 

numbers From plots sown on the first planting date than from plots sown 

on other dates. Direct seeded rice was visited by a hlgher number of 
adult D. apica7is, but no black was favoured over any other. 

Sex ratio of D. apica7is. Of 2368 individuals collected, 1130 we~e sexed 
and of these 42% were females (Figure 8). Only 3 of the 99 females ex­

amined (3%) carried eggs. Thus, there were probably 71 gravid females 

amongst the 2368 adults collected. This suggests that relatlvely few 

1 arvae would be produced. A chi -square test for homogeneity of rat i os 
over the season showed that sex ratio varied significantly during the 

season, as with D. 7ongicornis (Table 2). D. apicalis and O. longicornis 

ratios followed a similar trend (Table 2 & Figures 7 & 8). Female numbers 

were almost equal to males in February, dropped in mid-March, rose agaln 

to 50% at the end of March, and cont i nued to ri se to outnumber males 
after April 14 (from 54% ta 7E%). 

Larval and pupal populations of D. longicornis. Total numbers of D. 10n­

gicornis larvae and pupae found during plant dissections are shawn in 

Figure 9. These numbers were considered ta be representative of the 

population of immatures during the season, even though not all plots were 

sampled at each sampling date. Sampling was not done in plots durlng the 

14 day-period after planting or when rice was bey and the flowering stage. 

This ;s because during freqIJent random sampling, no Oiopsis spp. larvae 

were found al these times. A peak in D. 7orJgicornis larval presence on 

March 10 corresponded ~ith the peak in adu1t popul at ion found between 

February 10 and March 3 (Figure 7), suggesting that the larvae developed 

from eggs laid by these adults. The total number of immatur~s found 
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Fig. 9. Total number of Diopsis 1ongicornis and ~ apica~~~ 
larvae, pupae and de ad hearts collected from aIl plots 
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.. 
from eggs laid by these adults. The total nllmber of immatures found 

throughout the season was low in proportion to the adlill population 

(larvae=58; pupae=6), but it was consistent with the low percent age of 

gravid females (7%). The preference for transplanted over direct seeded 

rice was significant (Table 3), with mean numbers collectee! on 

transplanted rice more than four times as high as numbers taken on direct 

seeded rice. Whereas adults had gathered in greater numbers on the plots 

from the first black, larval presence was distributed more or less 

cqually amongst all blacks. Date of planting did not affect LIt'val 

population den5ity . 

. 
larval and pupal populations of D. apicalis. Total numbers of D. 

apica7is larvae and pupae found were similar to those of D. longicornis, 

except for the high numbers obtained on March 12 for the latter species 

(Figure 9). The small increase in D. apicaUs larvae on February 10 rnay 

correspond with a rise in adult numbers at this time. The low total nurn­

bers of larvae (34) and pupae (3) were consistent with the extremely low 

proportion of gravid females present. (3%). D. aplcalis larval infestation 

was more or 1 ess equa 1 on crops sown on either dates of pl anti ng (r ab 1 e 

3), even though adults were seen more abundantly on the crops sown on the 

first date (Table 1). Infestation was higher in the transplanted nce 

than in the direct seeded rice; this does Ilot correspond with adull num­

bers, which were higher in the direct seeded rice. As with the adults, 

there was no black effect on larval infestation. Broadly similar patterns 

of infestation by larval D. apicalis and D. longicornis were found. 

Larvae of both species were more numerous in stems of transpl anted rice 

than in direct seeded rice; neither dates of planting nor blacks had an 

effect on larval presence for bath species. As mentioned abovp., re<;ults 

of larval presence provide a more accu ra te indication of diopsid 

preference than do results of adult presence because of the drifting be­

haviour of the mobile adults. 
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Table 3. Variation in mean numbers of g. longicornis and ~. apic~].J2 larvae 
and of dead hearts collected with date, method of planting 

OA lE or 
PlANllNG 

1 
2 
3 
4 

HETHOD OF 
PlANllNG 

A 
B 

BLOCK 
1 
2 
3 
4 

and block~ Ory Season 1987 

Hean number of 
g. longicornis 

LOa 
2.5a 
2.8a 
2.3a 

O.7b 
3.la 

2.9a 
1. 7a 
1. 7a 
2.0a 

Mean number of 
Q. apicalis 

LIa 
1. 5a 
O.9a 
1. 5a 

O.3b 
1. 9a 

2.0a 
O.4a 
1.0a 
O.9a 

Mean number of 
Oead hearts 

Il.6b 
18.0a 
16.4ab 
18.3ab 

6.6b 
22.6a 

19.9a 
14.9a 
13 .3a 
15.0a 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P < 0.05 

+ da la based on weekly plant dissections (10 plants per plot on 32 plots) 
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Number of dead hearts (OH) and percentage i nfestat; on. Even lhollqh 1 al'­

val numbers of both D. longicornis and D. apicalis were low, nllmber of DIf 

were high (Figure 9). For example, although only 33 larvae (26 D. 101)­

gicornis and 7 D. apica1is) were collected on March 10, as many as 113 OH 

were counted from the same samples (240 plants), averaging 4 011 pel' 

larva. A significantly higher numbel~ of OH were observed on the second 

date of planting than the first, and tran~planted rice was more damaged 

than direct seeded rice (Table 3). There was no block effect on mean nllm­

ber of OH. These results relate well ta those obtained with larval Illllll­

bers, except for the significantly higher presence of OH among the plants 

sown on the second planting date. 

Percentage infestation at maximum tillering (~1T) and flowering (ft) 

stages are illustrated in Figures IOa & b. The highest pel~cenlage infes­

tation in direct seeded rice was 6% at FL (meaning that 6% of the tillers 

observed had a dead heart counted at the f1ow~ring stage). lIighest infes­

tation (18% at MT) in transplanted rice occured on the crop planted on 

the third date, contrary to results from weekly plant dissections for 

larvae and OH; these latter findings showed more damage on the crop sown 

on the second date of planting. Results for the ~1T stage are more depend­

able than those taken at FL because damage observed al ~H was cau5ed ex­

clusively by diopsids, whereas sorne of the damage at FL may be callsed lJy 

lepidopterous larvae, wind and poor germination. In sumlllary, results bath 

from OH counts and percentage infestation calculations show a preference 

by diopsids for transplanted rice over direct seeded rice. 
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Fiq. 10. 
Percentage infestation of direct seeded vs transplanted riee 

by diopsid larvoe 1 - Dry Season. 1987 
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Dry Season 1988 (December 1987 te Hay 1988) 

During this season, it was hoped that interception traps would increase 

the precision of the sampling programme, as well as provide additionùl 

information on dispersal behaviour and pattern of infestation of both D. 
7ongicorn;s and D. apica1is. Unfortunately di('psid presence proved to be 

low; therefore results are inconclusive for most tests. The followlng is 

nevertheless an interpretation of the data collected. 

First dry season planting began later in the 1988 season than in 

the 1987 season, although it had been intended ta start earlier. Seeds 

prepared for the fi rst seed bed were in it i a lly pl anted on December 10, 

however, because they did not germinate a replacement seed bed was 

prepared three weeks later on December 30. 

Adult population of D. 7ongicornis. The curve of the total population 

(Fig. 11) did not resemble that of the previous dry season (Figure 7). 

Total numbers were lower (735 in 1988 vs. 4694 in 198?) and the popula­

tion rose slowly and gradually to one small peak on March 8 and to sOllle­

what larger peaks on March 29 and April 6. Whereas in 1987, high numbers 

occured in February when most rice plants were at the vegetative stage, 

the highest peak in 1988 occured at the end of March and beginning of 

April, when only 8 plots out of 24 were at this stage. Our hypothesis, 

that the adult popul at ion sampl ed at the end of the season was deri veu 

from immatures coming from adults present earli~r in t11e season, did not 

hold because adult numbers were too low early in the season. There Illay be 

another reason for an increase in numbers of adu1t D. longicornis Jale in 

the season. Perhaps April is thE' time when most D. longicornis leave the 

refuge sites and disperse into neighbouring fields. 

As with the 1987 dry season results, adult population rrH~ans were 

tested for effect of date and method of planting, and of block (Table 4). 

Neither date, method of planting nor blocks had a significant r.ffec.l on 

mean numbers of adult D. longicornis collected. Ihese results arr. silllilar 
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Fig. Il.Total nurnber of Diopsis longicornis adu1ts col1ected 

trom aIl plots during week1y sweep net samp1ing 
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Table 4. Variation in mean numbers of Q. LQ!l9!fQrnii and O. ~i~Lç<llli adulls 
collected with date, method of planting and black. + 

Dry Season 1988 

~'ean number of Nean nUlllbel' 
Q. 10ngicorni5 U. aQicalis 

DATE OF PLANfING 
1 28.0a 6.0a 
2 29.1 a 4.6a 
3 34.6a 1. 5a 

METHOD OF PLANTING 
Di rect seeded 32.3a 4.3a 
Transp 1 anted 28.8a 3.Ba 

BLOCK 
1 37.Da 6.8a 
2 35.5a 5.0a 
3 31. 3a 2.8a 
4 IB.Sa 1. 5a 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P < 0.05 

of 

+data based on weekly swepp net sampling (lD s\~eeps pel' plot in 24 plots) 
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to those obtained in 1987. In this year, however, B10ck 1 had a sig­

nifieantly higher number of D. 7ongicornis, suggesting an edge effect 

from the Forest; in 1988, this situation was not evident. 

Sex ratio of D. longicornis. During this dry season, 344 (47%) of the 
735 adult D. 7ongicornis eollected were female and 145 (42%) of these 

females were gravid (20% of the total population: Table 5). As in thé' 

previous season, sex ratio varied significantly over the season with an 

important rise in the proportion of females at the end of the season (66% 

on May 3). The percentage of gravid fema1es eo1lected was much higher 

(42% of total females) th an in 1987 (7%), but results from this season 

may not be representative beeause they are so 10w. However, to ensure 

survival, one might expect a higher number of gravid females when popul a­

tion density is low. 

Adult population of D. apica7is. Overall D. apicalis population was low 

(Figure 12). The 1 argest sample was taken on Mareh 8 (a total of 18 D. 

apicalis adults or 4 flies per 40 sweeps). Means were tested neverthe­

less, and results showed no signi fieant difference in mean insects co1-

leeted between either dates or methods of planting, or between blocks 

(Table 4). Means may be too low to show significance. 

Sex ratio of D. apica7is. Of the 98 adult D. apicalis collected, 53 

(54%) were fema1e (Table 5). On1y eight females (15%) of the 53 adults 

carried eggs (8% of the total population). This ratio is slightly higher 

than that obtained in 1987, but it is still low. Sex ratios and ratios 

between gt'avid and non-gravid females remained constant during the season 
(Table 5). Because of 10w numbers of gravid fE'males, D. élpica7is larvae 

were tolally absent From plant dissections. Note that D. apicalis adults 

will visit other hosts besides cultivated rice. 
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Fig. 12. Total number of Diopsis apicalis adults collected 
from aIl plots during weekly sweep net sampling 
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.. - Table 5. Variation in l1ulllbers of Q. 1.Q.nyicq!:!!.Ü and Q. apIcal i~ malps and 
females and in gra\:d and non-gravid femilles col ected weC'kly. 
Ory Season 1988 

Male vs Female 

g. longicornis 
Q. apiealis 

Total 

735' 373 
98 45 

344 
53 

30.0 
9.9 

22.3 
18.3 

Hej 
Acc 

, 18 i nsects were damaged and coul d not be sexed 

* where Ho = proportion of males and females is constant throuyhout 
the season (independent of date) (P < 0.05) 

Gravid vs Non-gravid 

Q. l.2!1..9.ieornis 
Q. apiealis 

* where Ho = 

Total Q 
dis secl.ed 

342 
53 

Gravid 

145 
8 

U-gravid 

197 
45 

Cal X 2 

70.0 
11.4 

rab Xz ll o /l.cc/Hrj* 

22.4 
18.3 

Rej 
/l.ce 

proportion of gravid to non-gravid females 1S constant 
throughout the season (independent of dale) 
(P < 0.05) 
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larval and pupal populations of O. longicornis. Number of O. longicor-

njs larvae and pupae found during weekly plant dissections are given in 
Figure 13. All were very 10w. The average number of D. longicornis 1arvae 
collected from one treatment (a sample of 40 pl ants) per sampl i ng date 
never rose above 1. These figures indicated very 10w infestation by diop­
sids during this dry period. No significance was found between means from 
the different dates and methods of p1anting, or from the different blocks 
(Table 6). 

Humber of dead hearts (DH) and percentage infestation. There were 6 
times m~!",~ OH than 1arvae found this season, but numbers were lower than 
observed in tiit! previous dry period (a total of 136 in 1988 compared to 
441 in 1987: Figure 13). There was no difference in damage between crops 
sown on di fferent dates of plant i ng and between crops sown in di fferent 
blocks (Table 6). Contrary to the 1987 findings, direct seeded rice was 
more damaged than transplanted rice, however, one must keep in mind that 
this season's figures may be too low to draw any conclusions. 

Percent age i nfestat ion resu1 ts were al so lower th i s se as on than in 
the previous year. In 1988, highest infestation occured in transplanted 
rice (over 5%) at HT (on Harch 22) in the second crop (Figures 14a & b). 

Interception traps. Cynndrica1 sticlcy traps. The six groups of sticky 
traps placed around the experimental field caught only 6 O. longicornis 

and no O. apicalis during this season; one ir.sect \iaS found on a green 
trap (G2) whereas the other 5 were on ye110w traps (two on YI; one on Y2; 
two on Y6: Figure 15). With relatively few adult Diopsis spp. sampled 
with the sweep net, it was not expected that mâr.y individuals would be 
captured by the traps. However, their numbers were 50 low that the ef­
ficiency of the trap was questioned. To test the trap, and al so the at­
tractiveness of each colour to diopsids, a simple experiment was made 
during this season: 
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Fig. 13. Total number of Diopsis longicornis larvae, pupae and 
de ad hearts collected from aIl plots 
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lable 6. Variation in mean numbers of g. lo~icornis larvae and dead hearts 
collected with date and method of planting and block! 
Dry Season, 1988. 

11ean number of "'ean number 
Q. longicornis dead he arts 

DI\TE OF PLANTING 
1 l.Ia 6.8a 
2 O.9a 4.6a 
3 0.6a 5.5a 

l,lE 1 ItoU OF PLANTING 
Di rect seeded 0.9a 7.3a 
Transp l anted O.8a 4.0b 

BLOCK 
1 0.7a 5.2a 
2 0.8a 7.3a 
3 1. 5a 5.7a 
4 0.5a 4.3a 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P < 0.05 

of 

+data based on weekly plant dissections (la plants per plot on 24 plots) 
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Fiq. 14. 

Percentage infestation of direct seeded vs transplanted riee 
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Three other groups of traps of the same colollrs were pl aced in 

three refuge sites of D. 1 ongi corni s where severa 1 thousanus of t hese in­

sects could be fc,und per square meter. After 10 days in these sites, ob­

servations were taken of the number of diopsids captured. lhe yellow tl"ap 

captured more di ops i ds than the other three col ours; 27 compared to 4 by 

the green trap and one by the white trap. It was surpri si:1g that only 32 

insects were captured in an a"'ea where 50 many mobile diopsids WCI"C 

present. 

Obser'vations of behaviour of D. longicornis around the traps placeu 

in the refuge si tes revea l ed i nterest ing phenomena. When encoul"aged to 

move towards the traps (by pushing the swarm of diopsids with a sweep 

net), the insects appeared to land briefly on the traps, choosing to land 

on ye 11 ow over a 11 other col ours, but then took off. The fly seemed to 

sense through it:> tarsi that the quality of the substrate was un­

desirable. 

It is likely that sticky traps, placed in the experirnental field, 

were also visited by many more diopsids than the results show. 

Window traps. These traps caught more diopsids than did the sticky 

traps, but numbers were low. A total of 33 D. longicornis and 2 D. 

apicalis were co11ected evenly tt"lroughout the experiment. The exteriar 

face of windaw trap #2 collected by far the most insects (18 D. longicor­

nis and 1 D. apica1is: Figure 15). This can be explained by its proximity 

ta the forest edge, which offers the conditions of shade and high 

humidity that are characteristic f)f diopsid dry season reflJgia. The faet 

that the diopsids were found on the exterior face of the trap lmplles 

that they had left the refugia and were moving tm'/ards the rice field. 

It is difflcult to evaluale the efficiency of both types of traps 

because of the overall low population density in the fIeld during the 

seasor. 
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Dry suson 1989 CDecember 1988 to May 1989) 

Adult population of o. 7cngicornis. Adult numbers were higher (total 
1138) th an those obtained in 1988, but still much lower th an in 1987. The 
1989 total adult population C1Jrve shows a gradual increase to a small 
peak on February 21, then dips down in early March to rise again on 
March 21 and 28 (Figure 16). The second peak might suggest that these in­
sects came from, at least in part., thp. adults of the first peak. In com­
paring figures from the 3 dry seasons (1987, Figure 7; 196a, Figure 11; 

1989, Figure 16), there are few simil arities between the D. 7ongicornis 

adult population curves. Statistical analysis of 1989 weekly sweep net 
sampling results show a significantly higher number of adults collected 

from the crops sown on the thi rd pl ant i ng date th an from the crops sown 
on both the fi rs t and second plant i ng dates. There i s no di fference in 
means between the two methods of pl anting, or between the different 
blocks (Table 7). 

Sex ratio of O. 7ongicornis. Of 1133 adult D. 7ongicornis collected, 490 

(43%) were female. Of these fema1es, 121 were gravid females (25% of to­
tal females or 11% of the total population) (Table 8). This ratio is 
close to that found in 1987 and~ as in 1987, larvll presence was very low 

in proportion to the total adult po~ulation. Sex ratios remained constant 
throughout this dry period, but ratios between gravid and non-gravid 
females varied contin:lOusly during this time (chi-square test, Table 8). 

Adult population of U. apica7is. O. apica7is numbers were low in 1989. 

The total populat ion curve shows an earl i er peak on January 31 (44 fl i es) 
decreasing to two insects on March 14, tht'm rising again to 40 insects on 

April 4 (Figure 17). This curve is different from both the 1987 or 1988 

curves. O. apica7is' polyphagous nature may explain the lack of con­

sitency in numbers collected during these experiments. 
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Fig. l6.Tatal number of Diol)sis longicornis adults collected 

fram aIl plots during weekly sweep net sarnpling 
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lable 7. Variation in mcan numbers of !}. 19!!glçQrni~ and g. apicalis adults 
collected with date, method of planling and block~ 
Dry Season 1989 

----------------------------------------.--------------------------

UAIE or PlA~rl"G 
1 
2 
3 

/1E1110U OF PLAIn ItlG 
Uirect seeded 
Irallsplanted 

BLOCK 
1 
2 
3 
4 

11ean nurnber of 
Q. l.Q!lg i corn i s 

34.8l' 
22.6b 
84.9a 

51.6a 
43.3a 

93.7a 
32.8a 
35.0a 
2B.2a 

Hean number of 
D. apicalis 

Il.6a 
4.0a 

14.5a 

9. 5~ 
lO.6a 

18.0a 
7.0a 
4.7a 

10.5a 

Ilote: Ally two means in one column and within one section followed by 
different letters differ significanlty at P < 0.05 

+ data based 011 weekly sweep net sampl ing (10 swecps per plot in 24 plots) 
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Fig. 17. Total number of Diopsis apicalis adults collected 

fram aIl plots during weekly sweep net sarnpling 
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Table 8. Variation in numbers of Q. longicornis and Q. apicalis males and 
females and in gravid and non-gravid females collected weekly. 
Ury Season 1989 

11a 1 e vs F ema 1 e 

U. lonqicornis 
Q. ap i ca 1 i s 

Total 

1133 
238 

643 
115 

490 
123 

12.0 
7.6 

21.0 
21.0 

Ace 
Ace 

* \'Ihere 110 proportion of males and females ;s constant throughout 
the season (independent of date) (P < 0.05) 

Gravid vs flon-gravid 

Total 9 Gravid N-grav id Cal X2 Tab X2 HoAcc/Rej* 

Q. longicornis 490 121 369 30.6 21.0 Rej 
Q. apicalis 123 11 112 12.9 21.0 Acc 

* where Ho proport ion of gravid to non-gravid females is constant 
throughout the season (independent of date) (P < 0.05) 
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Mean numbers of D. apica7is were tested for significance and 

results showed no effects of date and method of planting or of black 
(Table 7). 

SGJ< ratio of D. apica7is. There wer~ dlmost equal numbers Ol female 
(52%) and male (48%) D. apica7is. Numbers of gravid felTl~les were very 
low, as were values obtained in previous dry seasons, with only Il gravid 
females or:ained from 123 females collected (9% of total females or 5% of 
the total po!'ulation: Table 8). Sex ratios and ratios of gravid ta non­
gra~id females remained constant throughaut the study period. 

Larval and pupal populations of D. 7ongicornjs and D. apicalis. Early 
in the season, larval counts were very law; no more than two larvae each 
of D. 7ongicornis and D. apica7is were found in up ta 240 weekly plant 
dissections from the beginning of the sampling period (December 27) untll 
February 14. At this time all plots were at the vegetative stage (figure 
18). On February 21, until the end of thE: sampling programme, dlOPSld 
numbers increased. Contrary to results obtained in the other dry seasons, 
D. apica7is larvae were collected in higher numbers (44) thar. D. 7on­

gicornis (40). 

Effect of date and method of planting and black on mean numbers of 
larvae collected was tested (Table 9). {J. 7ongicornis and D. ap7cal1'> 

larvae were collected in significantly higher numbers from the crops sown 
on the third date of planting, and the transplanted rice was dama~ed by 
mr,re larvae of both species than the direct seeded rlce. Sîmilar results 
wer'~ obtained in the 1987 dry season wh en D. 7ongicornis and D. apicalis 

larvae showed a preference for transplanted rice. 
Eggs were searched for weekly from January 1 ta March 14, but since 

none were found this activity was discontinued. 
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Table 9. Variation in mean numben of U. lQl19l~Q.[lli!) and U· ~p_~ç~li~ larne 
and of dead hearts collected wHh date, melhod of plalltiny 
and block. Dry Season 1989+ 

l'lean nurnber of '1e an numbe r 0 f lIean Illllllber of 
Q.longicornis Q.. apicalis dead hearts 

DATE OF PLAfUItlG 
1 O.6b 0.8b 4. 1 h 
2 1.4b 1.8ab 4.8b 
3 3.4a 2.6a Il .4 a 

r1EHIOD OF PLANT lUG 
Direct seeded l.Ob 0.3b 4.0b 
T ransp 1 an ted 2.6a 3.la 9.5a 

BLOCK 
1 2.3a 2.Sa 9.5a 
2 2.0a 1. 1 d 6.la 
3 1.3a 2.2 a 6.2a 
4 1. 5a O. Sa 4.7a 

Note: Any two means in one column and within one section followed by 
di fferenl letters differ significallt1y at P < 0.05 

+data based on weekly plant dissections (10 plants per plot in 24 plots) 
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Humber of dead hearts (OH) and percent age infestation. Duri ng thi s 
season (Figure 18), number of OH (162) were twice the number of larvae 
(84) found, a smaller proportion than in previous years (in 1987 and 
1988, there were 5 and 6 times more DH than larvae respectively). The 
higher number of D. apicalis larvae present may be responsible for this 
difference. D. apica1is may be a less active searcher and pest th an D. 

longicornis. 
There was a signHicantly higher number of DH in the crop sO\ln on 

the third planting date (Table 9). There was more than twice as ma/ly OH 
in transplanted rice as in direct seeded rice, which corresponds with 
1987 data for this test. There was no block effect on the distribution of 
DH. 

Percentage infestation is illustrated in Figures 19a and b. Results 
taken at maximum tillering on direct seeded rice follow results obtained 
in 1987 (Figure 10a), with a gradual increase in infestation from the 
first date of planting to the third. Results from the transplanted rice 
(Figure 19b) do not resemble results obtained either in 1987 (Figure lOb) 
or 1988 (Figure 14b). In 1989, infestation was slightly higher in the 
direct seeded rice than in the transplanted rice; in the two previous 
seasons, infestation was higher in the transplanted rice. 

This season's percentage infestation results using Onate's (1965, 
cited in FAO 1979) and Gomez's (1972, cited in FAO 1979) formulae, do not 
compare with results of DH numoers observed during weekly plant dissec­
tions. The latter results are most likely more dependable than those ob­
tained using Onate's and Gomez's methods since weekly plant dissections 
generate more data. 

Interception traps. Sticky traps. The green coloured trap was removed 
from all groups of traps because no trap of this colour had captured 
diopsids during the previous season. As with the past two seasons (1988 
dry and wct seasons), the yellow traps captured most diopsids: 8 D. lon­
gicornis and 16 D. apicalis (Figure 20). White traps did not capture any 
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f1ies. More D. apicalis were captured than D. 7ongicornis even though the 
latter insects were more numerous in the field. It is possible that D. 

apica7is is more easily trapped by the adhesive than D. longicornis. 

Problems in capturing D. 7ongicornis were mentioiled earl ier under the 
results from the 1988 dry season tests. Diopsids were trapped at a con­
stant rate of one or two insects per week. The two groups of traps on the 
North side of the field and the group on the West side captured more in­
sects than the others probab1y because of the proximity of these traps to 
the forest. 

Window traps. As in 1988, the exterior face of the trap c10sest to the 
forest edge collected more Diopsis spp. (15 D. 7ongicornis and 2 D. 

apicalis) than a11 the other traps (Figure 20). The interior face of this 
trap captured 7 D. longicornis and 4 D. apicalis. The proximity of the 
forest edge permited continua1 movement of diopsids from the shaded and 
humid refugia to the field, since the insects were captured continuously 
throughout the dry season. It appears that diopsids are not confined to 
their quiescent state or to their refugia. 

As with the sticky traps, more D. apicalis were captured with the 
window traps in this season than in the previous dry season (1988). This 
corresponds with the higher number of D. apicalis collected in the field 
during this se as on (total of 241) compared to the 1988 dry season (total 
of 97). Whereas the O. longicornis found were taken main1y from the trap 
p1aced on the edge of the forest, as Many D. apicalis specimens were co1-
1ected in the trap across the field and in the open (trap #4) as in the 
trap c10sest to the forest (trap #2). These results, along with the fact 
that few D. api ca 1 i s were found in the humi d and shaded refug i a al ong 
witn D. longicornis, indicate that D. apica7is do not have the same 
ecologica1 requirements as do D. longicornis during the dry period, being 
able to withstand a much drier environment than D. longicornis. 
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Results of Pooled Dry Season Data 

To better compare effects of method of planting and of block, data from 
a11 three dry seasons were pooled and submitted to the same statistical 
tests, i. e., General Li near Mode 1 s Procedure, TUkey' s Student i zed Range 
Test, and tests for Normality and for Homogeneity of Variance. 

Dates of planting were not included in the tests since they were 
not the same from year to year. 

Adult D. longicornis and D. apicalis. Whereas in 1987, D. 7ongicornis 

had been present in significantly higher numbers in Block 1, tests with 
pooled data showed no significance with blocks nor with method of plant­
ing (Table 10). 

Whereas the first two dry season results (1987 and 1988) showed 
that D. apica7is were collected in higher numbers in direct seeded rice 
than in transpl anted rice, pooled data el iminated th; s signi fi canee 
(Table 10). There was no significance betwecn blocks as well. 

Larval D. 7ongicornis and D. apicalis and presence of de ad hearts (OH). 
As with individual seasons, when the data werepooled, method of planting 
had a significant effect on 1 arval numbers of both D. 7ongicornis and D. 

apica7is, and on presence of OH. Transplanted ric~ was a preferred site 
for larval infestation over direct seeded rice. There was ~o black effect 
on larval r.umbers of bath species, or on numbers of OH (Table Il). 
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Table 10. Variation in mean numbers of Q. longicornis and Q. ~p_Lç~l is adults 
col1ected with method of planting and block. Pooled Dala~ 
Dry Seasons 1987 1988 1989 

METHOD OF PLANTING 
Di rect seeded 
Transplanted 

BLOCK 
1 
2 
3 
4 

Mean number of 
D. l on9 i corn i s 

67.3a 
8S.6a 

136.0a 
56.2a 
57.4a 
58. la 

Mean number of 
g. apical is 

42.7a 
24.2a 

31. Sa 
25.8a 
28.1a 
46.4a 

Note: Any two means in one column and within one section fol10wed by 
different letters differ significantly at P < 0.05 

+data based on we~kly sweep net sampling over the three seasons 
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Table Il. Variation in mean numbers of p. longicornis and~. apicalis 
larvae an'l of dead hearts collected with method of planting 
and block. Pooled data.... Dry Seasons 1987 1988 1989 

Mean number of Mean number of ~ean number of 
~. l on~ i corn i s 2,. a~icalis dead hearts 

MElIlOD OF PlANTING 
Direct seedpd 0.9b O.3b 5.9b 
Transplanted 2.3a 2.3a 13.1a 

BLOCK 
1 2.0a 2.2a Il. 9a 
2 1.5a O.9a 9.9a 
3 1. 5a 1.3a a.6a 
4 1.4a O.7a 8.3a 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P < 0.05 

+ data based on weekly plant dissections over the three seasons 
(10 plants per plot) 
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GENERAL DISCUSSION -ORY SEASON EXPERIMENTS 

Method of Planting 

From these results, it appears that during the dry season, larvae of both 
D. longicornis and D. apicalis were present in greater numbers in 
transplanted rice than in direct seeded rice. As Scheilbereiter (1977) 
has pointed out, eggs are more likely to be deposited at the base of the 
stem; it is possible that the diopsid female can reach the lower part of 
the plant more easily in a transplanted plot, where rows separa te in­
dividual plants or hills, th an in a plot of densely packed direct seeded 
rice. Similarly, Alghali (1980) had found that wider spaced hi11s had 
significantly more eggs than closer spaced hills; percent age dead hearts 
was also higher in the wider spaced hills, though not significantly. 

The microclimate (e.g., higher relative humidity) within an area of 
transplanted rice may be more favourable to diopsids. Furthermore, stress 
experienced during transplanting (e.g., with reduction of root area and 
associated nutrient lasses) also can contribute to increased pest damage. 

Planting date in relation to abundance of D. long7cornis. 

The effect of pl'inting date on diopsid numbers and on numbers of dead 
hearts (OH) coul d not be compared from year to year because of varyi ng 
planting dates. However, the relationship between first planting date in 
each dry season and date of la~t rainfall in the previous wet season may 
be relevant. Whereas in 1987, the first crop of direct seeded rice was 
sown on December 24 and transplanted rice was planted on January 13, in 
1988, these planting dates were delayed by three weeks. In 1987, rice was 
at the vegetative stage by the first week of January, whereas in the 1988 

dry season, rice was not at an (:.'ï.tractive stage to diopsids unLil the 
third and fourth weeks of this month. It is posslble that most immature 
diopsid adults that developed from the wet seasoll crop had already ay-
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gregated in refuge sites by the time riee was available at the end of 

January 1988. On the eontrary, in 1987, the immature adults. eneountered 

the rice crop before their establishment in dry season refugia. The first 

date of planting was 20 days after the last rain in late 1986 and 46 days 

in late 1987 and early 1988 (Figure 2Ia and b). These results indieate 

that the time for D. longicornis swarming into refugia is correlated with 

the last rainfall, occuring in a more or less specifie time period after 

the last rain. Results From the following experiments and observations 

(Chap. 4) support this. 

The first planting date oecured on December 20, 1988 at the onset 

of the 1989 dry season, 23 days after the last rainfall (Figure 21e). 

Planting was at about the same time as in the 1987 dry season (December 

24, 1986). D. longicornis numbers were not as high, however, at the 

beginning of the 1989 season as they were at the beginning of the 1987 

dry period. There was, however, an increase over 1988 dry season numbers 

and my hypothesis that dispersing diopsids are attracted by an early dry 

season erop may still hold. Lower numbers found at the beginning of the 

1989 dry period may have becn caused by the unusually heavy rains in the 

1988 wet period. These may have eonsiderably diminished the diopsid 

population that would have earried over to the dry period. In summary, 

the first planting date should oeeur after diopsids have aggregated into 

dry season refugia, whieh generally corresponds to over 45 days after the 

last rainfall. 

In the 1987 dry season, it appears that there was an initial 

population of D. longicornis that became established on the rice at the 

onset of the season (Figure 7). This is supported by the high peak early 

in the growing period. Subsequently, numbers fell, but later returned to 

higher levels. lt seems likely that the second peak population were the 

offspring of the first peak population. 
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This curve did not follow the same trend in either 1988 or 1989. As 
in 1987, there werr two main population peaks during the 1988 and 1989 
seasons, but in contrast to 1987, the second peak was largest in 1988 and 
1989. Whereas numbers collected at the beginning of the season were much 
lower in these 1 atter years than at that t ime in 1987, there was a sub­
stantial population of D. 7ongicornis towards the end of March and at the 
beginning of April. These adults may have come From eggs laid on the rice 
earl ier in the season but, with 50 few gravid females present, not all 

adults present in April can be accounted for this way. In 1988, 9 gravid 
females were collected out of a total of 69 females (13%) From January 25 

to March 1; in 1989, 54 gravid females were collected out of 225 females 
(24%) from Oecember 27, 1988 to February 28, 1989. 

The increase in Fly population at the end of the rice growing 
period suggests that there was movement of D. 7ongicornis to the rice 
field From outl,Ying areas especially at this time. It may be that, even 
though the larger part of the population is aggregated in forested 
refugia, away from the open rice fjeld, sorne individuals begin dispersing 
before the end of the dry season. Experiments described in Chapter 4 were 
designed to monitor D. longicorni s dispersal behaviour during the dry 
period. 

Planting date in relation te abundance of D. apica7is 

In 1987, as with D. 7ongicornis, adults of D. apica7is were present in 
large numbers early in the season. Unlike D. longicornis though, numbers 

of D. apicalis did not exhibit a second peak. Low fecundity (3%) mayex­
plain this, as well as the fact that this species readily chooses other 
hosts besides rice. As with D. 7ongicornis, because of the early presence 
of rice in 1987, D. apicalis may have moved From the late wet season rice 
crop onto the dry season rice instead of entering forested refugia. The 
ecology and behaviour of D. apica7is during the dry period is not as well 
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known as that of D. longicornis. Aggregations of large number's of D. 
apicalis in refugia were not observed during this study. Only a few D. 
apicalis specimens were collected near the D. longicornis aggregations. 

As with the D. longicornis adult population, numbers of D. apica1is 
adults were much lower in 1988 and 1989. During 1988, a maximum of 18 in­

sects were collected per sampling date. These low numbers may indlcate 

that, as with the D. 7ongicornis population, the delay in planting l11ùY 

have avoided invasion by dispersing D. apica7is adults. 

In 1989, an initial high number of D. apicalis adults was recorded 

on the rice. The first planting date probably occured during the diopsid 

period of dispersal. The second peak in April may reflect an invaslOn 

From other areas since numbers of gravid females sampled on the crop 

during the season (11 out of 123 females collected) were very low, and 

would unlikely cause a rise in the D. apicalis population. 

The choice of a later date for planting the dry season rice crop 

(generally over 45 days after the last rain) is likely to avoid both D. 

7ongicornis and D. apica7is adult dispersal from the late wet season rice 

crop. Nevertheless, D. apicalis does not seem to be a threat to the rice 

crop during the dry season regardless of the planting date, because D. 

apica7is larval infestation remained low throughout the study. 

Sex ratio and female fecundity of D. longicornis 

Sex ratios varied significantly within the 1987 dry season (between 28% 

and 57% females) and within the 1988 dry period (between 28% and 66% 

females), but remained constant during the 1989 dry period. For the flrst 

two seasons, resul ts show that males outnumbered fema les (63% and 53% 

respectively) whereas in 1989 females 'tlere slightly more numerous (51%). 

This may not be representative of the actual situation, dccording tü 

Cochere au (l985a). He observed that the effect iveness of s\'/eep net sam­

pling of adults varies with the vertical mOV8ment of the Fly on ils hast 

plant. It may be that females, especially gravid females are concentrated 
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at the base of the plant and are therefore less likely to be collected 
with a sweep net. A suction apparatus may be a more efficient sampl ing 
method for diopsid adults. 

Nevertheless, although a portion of gravid females may have evaded 
the sweep net, it can be concluded that their presence was low, and lar­
val counts confirm this. 

Sex ratio and female fecundity of D. apicalis 

Sex ratio of D. apicalis varied significantly only during the first dry 
per i od, but not in the two subsequent seasons. Resul ts from the 1987 

season are more representative than the others because of the much larger 
sample obtained during this year. Fecundity of D. apica7is was very low 
(one or two gravid females per ~ampling period) and numbers remained at 
this level throughout the three dry seasons. 
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WET SEASON EXPERIMENTS 

Wet Season 1987 (June ta November 1987) 

Adult population of D. longicornis. Total numbers of D. 7ongicornis were 
much lower in this season than during the previous dry season. Rainfall, 
which was very heavy during the months of July, August and September, was 
an important deterrent to insect presence. Total number of adults co1-
lected during this season showed a slight peak at the beginning of the 
season (on July 21: Figure 22). Numbers collected per sampling date 
varied between 26 and 59 flies until mid-September when they decreased to 
as low as 10, when rains were particularly intense. As the rains sub­
sided, D. 7ongicornis density increased until the end of the sampl i ng 
programme (October 20), when rice in the experimental plots had gone well 
beyond the vegetative stage for all dates of planting. 

Much higher numbers of O. 1 ongicorni s were coll ected 0:1 the di rect 
seeded rice sown on the first planting date than from all other crops 
(Table 12). This is probably because rainfall was intermittent at this 
time (early July), whereas it was continuous after this period for two 
months. Therefore the direct seeded rice sown on the first date of plant­
ing was at the vegetative stage and available to diopsids when they were 

must active. The fi rst crop of transp 1 anted ri ce and a 11 other crops 
were planted later (after July 14) when rainfall was heavy. This may also 
explain why D. longicornis adults were collected more from direct seeded 
rice than from transplanted rice (Table 12). 

Edge or block effects was not apparent in this season (Table 12). 
Conditions that favour O. 7ongicornis presence, such as high humidity and 

relatively low temperatures, were met throughout the experimental area 
and in the adjoining fields. Consequently, the D. longicornis population 

was well dispersed. 
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Table 12. Variation in mean numbers of y. 12!!gi r.ornis and ~. apicalis cldu1t.s 
collected with date, method of plant,ng and block. • 
Wet Season 1987 

DATE OF PLANTING 
1 
2 
3 
4 

METHOD OF PLANTING 
Direct seeded 
Transplanted 

BLOCK 
1 
2 
3 
4 

f1ean number of 
Q.. long i corn i s 

27.9a 
13.lb 
IG.3b 
19.1ab 

27.9a 
10.Gb 

19.0a 
21. la 
18.Sa 
15.2a 

f'Ieall llulI1ber of 
Q. !lpicalis 

3.9a 
2.3ab 
O.Gb 
0.3b 

2.2a 
1. Sa 

l.Oa 
2.0a 
2.0a 
2.Sa 

Note: Any two means in one column and within one section followed by 
different letters differ significdlltly at P < 0.05 

~ data based on weekly sweep net sampling (10 sweeps per plot in 32 plots) 
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Sex ratio of D. longicornis. Of the 552 adults collected, 361 (65%) were 
female (Table 13), a higher ratio than obtained in the previous dry 
period (37%). Percentage of gravid females also increased in this wet 
period since 36% of females (19% of the total population) were gravid. 
These results confirm Descamps' observations (1957a) that D. longicornis' 
reproduct ive stage occurs duri ng the wet peri od. Both sex ratios and 

ratios between gravid and non-gravid females were fairly constant 

throughout the wet season (Table 13). This is contrary to Cochereau's 

results (1985a) that showed an increase in percentage of D. longicornis 
females towards the end of the wet season. 

Adult population of D. apicalis. The D. apicalis populations were low 

and data were therefore difficult ta interpret. Only 54 individuals were 

collected during the entire season (Figure 23). As with results of D. 

longicornis sampling, more D. apicalis were collected on the first plant­

ing of direct seeded rice. Tests showed that there were no differences in 

mean numbers collected with methods of planting or with blacks (Table 

12) . 

Sex ratio of D. apicalis. Percent age females was sl ightly higher (50%) 

than during the 1987 dry season (42%) (Table 13). The proportion of 

gravid females significantly increased during the wet period (48% of to­

tal females) compared with the previous season (3% of total females). Sex 

ratios and ratios between gravid and non-gravid females remained constant 

throughout the wet season (Table 13). This contradicts with Cochereau's 

observations (1985a) that showed a decrease in percentage of female D. 

apicalis over the season. 

107 



Table 13. Variation in numbers of D. lQngico!:!lt~ and g. ~pjç~!Ü mates and 
females and in gravid and non-gravid females collecled weekly. 
Wet Season 1987 

Male vs Female 

12. longicornis 
Q. apicalis 

Total 

552 
54 

191 
27 

361 
27 

14.6 
3.6 

22.4 
15.5 

I\cc 
I\cc 

* where Ho :: proportion of males and females is conslant throughoul 
the season (independent of dale) (P < 0.05) 

Gravid vs Non-gravid 

Total 9 
D. longicornis 
g. apicalis 

286 
27 

Grav id 

104 
13 

N-gravid Cal X2 Tab X2 Il,,l\ccjnej* 

182 17.3 18.3 I\cc 
14 5.2 12.6 I\cc 

* where Ile :: proportion of gravid ta non-gravid females is constant 
throughout the season (independent of date) lP < 0.05) 
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Fig. 23. Total number of Diopsis apica1is adu1ts co11ected 

from al1 plots during weekly sweep net samp1ing 
Wet Seasoll 1987 
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larval and pupal popul at;ons of D. 7 ongicorni s. Even thollgh the adlilt 

popul at i on of D. 1 ongi corn; s was lower duri ng the dry season, total num­

ber of larvae collected during the wet season (66) was relatively highet' 

than during the dry season (58) when more adults were collected. Infesta 

t ion was concentrated in the fi rst part of the season: numbers coll ected 

dropped by the end of August, probably because of the abundant rainfall 

from mid-July onwards reducing insect activity (Figure 24). Eleven pupae 

were collected from di ssected plants, mainly in August. 

Rice sown on the first and second dates of planting was infested 

more than rice sown on the third and fourth dates of planting (Table 14). 

When the latter two crops were at the vegetative stage, rain was tao 

heavy and too constant ta permit insect act i vit Y . 

Damage to direct seeded and transplanted rice was similar during 

this season. There was no black effect on D. longicornis larval numbers. 

larval and pupal populations of D. apicalis. Only 3 D. apicalis larvae 

and no pupae were found during weekly plant dissections. D. apicalis in­

festation remained low throughout the experiments; most likely D. 

apicalis females chose a variety of hasts besides cultivated rice for 

ov i pos i tian. 

Number of dead hearts (OH) and percentage i nfestat ion. As found in the 

1987 dry period, number of dead hearts (OH) were three times the number 

of larvae and pupae found. Number of OH were tested for significant dif­

ference according ta date and method of planting, and to black (Table 

14). The first planting date had significantly more Dli than the crops 

sown on other dates and numbers decreased significantly with later dates. 

Direct seeded rice was more infested than transplanted rice. There was 

no block effect on numbers of OH present. 
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Fig. 24. Total nurnber of Diop.sis longicornis 1arvae, pupae and 

dead hearts collected from aIl plots - Wet Season 1987 
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Table 14. Variation in mean numbers of Q. l..Q!!Y.icornis larvae and of dead 
hearts collected with date, method of planting and block. • 
Wet Season 1987. 

Mean number of Mean nUll1ber of 
Q.longicornis dead hearts 

DATE OF PlANTING 
1 4.0a 16.6a 
2 3.6a S.3b 
3 O.Sb 2.Bc 
4 O.3b 0.7c 

METHOD OF PLANTING 
Di rect seeded 2.Sa Il. Sa 
Transpl anted 2.0a 4.3b 

BLOCK 
1 1.6a 8.9a 
2 2.6a 7.3a 
3 2.1 a 6.3a 
4 2.7a 4.8a 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P < 0.05 

+ Data based on weekly plant dissections (10 plants per plot in 32 plots) 
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Fig. 25. Percentage infestation of direct seeded vs transplanted rlce 
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Monitoring of infestation at maximum tillering (MT) and at flower­
ing {FL} gave results similar ta those obtained from weekly plant dissec­
tions. Rice was significantly more damaged in the crop sown on the first 
date of planting than rice sown on other dates (Figures 25a & b). Infes­
tation continously decreased from the second crop onwards probably be 
cause of the controll ing effect of rain on infestation. Direct seeded 
rice was more infested than transplanted rice, and damage was more evi­
dent at the maximum tillering stage than at flowering. 

Sampling of farmers' fields adjacent ta the experimental plots. 
Numbers of insects collected from the variolls points within the 

three field sections were low during the sea~on. less th an 4 D. 7on­

gicornis adults were collected per 20 sweeps throughout the study p~riod 

(Figure 26). These numbers were much lower than those obtained in the ex­
perimental plots, which averaged 16 D. longicornis per 20 sweeps. Only 
one D. apicalis was collected during the entire season. 
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.' Wet season 1988 (June te Nevember 1988) 

Adult population of D. longicornis. Contrary to resu1ts from the 1987 wet 
season, D. longicornis were found in very low numbers, espEcially at the 
beginning of the 1988 wet period (Figure 27). In 1987, the first crop was 
planted one week sooner (June 30) than in 1988 (July 5), offering rice to 

the active and searching gravid diopsid females as early as the second 

week of July. This ane week difference was probably not the reason for 

the difference in numbers callected in ~he two wet seasons. Rainfall was 

much less intense in July 1987 th an in July 1988. In Ju1y ]987, the 

highest amount of rainfall in one day was 57 mm, and, in the same month 

in 1988, the highest daily accumulation rase to as high as 243 mm, with 

several ather days with more than 100 mm of rain. Rainfall in 1988 was 

excpssive, being a definite limiting factor in insect activity, and 

therefore in i nfes tati on. Before the end of September, when ra i ns had 

begun ta diminish, no more than one adult D. longicornis was collected 

per 10 sweeps per sampling date, and only two adults of D. apica1is were 
co1lected during a11 of Ju1y, August and September. 

There was no significant difference in numbers of adults of D. 7on­
gicornis between methods of planting (direct seeded and transplanted) and 

dates of planting, nor between blacks (Table 15). Efficiency in adult 

sampling was largely dependent on whether rain had recently fallen before 

the sampling date or not. For example, on August 30, adult numbers rose 

in both direct seeded and transplanted rice plots, and for both first and 

second planted crops; then, on the next sampling date a week 1ater 

(September 6), numbers for a11 crops dropped. Before the August 30 morn­

ing sampling, only 5 mm of rain had fallen on the previous 2 days, 

whereas a few hours before samp li ng on September 5, 69 mm of ra i n had 
fallen. Heavy rains force D. longicornis to move down the rice plant and 

hide, making sweep net samp1ing inefficient {as discussed in the dry 
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Fig. 27. Total number of Diopsis longicornis adu1ts collected 
from al.1 plots during weekly sweep net sampling 

Wet 3eason 1988 
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Table 15. Variation in mean numbers of Q. longicorni s "dults and of de ad 
hearts collected with date, melhod of planting and block. + 
Wet Season 1988 

Mean number of Mean number of 
Q. long i corn i s dead hearts 

DATE OF PlANTING 
1 S.3a 3.6a 
2 S.3a O.9b 
3 9.5a 1.4b 

METHOD OF PlANTING 
Di rect seeded 7.Sa 2.3a 
Transplanted S.Ba 1.6a 

BLOCK 
1 6.3a 1.8a 
2 7.Sa 1.3a 
3 S.Sa 2.0a 
4 7.3a 2. la 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P < 0.05 

+ data based on weekly sampl ing (adults = 10 sweeps per plot in 24 plots 
and dead hearts = 10 dissected plants per plot in 24 plots) 

l 

118 



( 

{ 

season section above). Thus, rainfall makes sweep net sampling ineffi­
cient during the wet season, when sampling of larvae by plant dissections 
is a more useful population monitoring method. 

Sex ratio of D. longicornis. Almost equal numbers of females and males 
were captured this season. Thirty-three percent of females collected were 
gravid, a ratio close to that obtained in the 1987 wet periode Chi-square 
tests showed that sex ratios remained constant during the growing season, 
but the ratio of numbers of gravid to non-gravid femal es fl uctuated 
during this time (Table 16). At the beginning of the season, percentage 
of gravid females was very high. Up to 100% of females collected were 
gravid at the beginning of August. This percentage dropped to 18% by the 
end of August, but then rose and remained between 33 and 55% throughout 
the rest of the season. The 18% value on August 30 is suspected to be an 
error related to diopsid females being concentrated at the base of the 
rice plant at the time of sampling. The decrease in gravid females is 
most likely rel ated to an increase in immatures emerging from the crop. 

It is important to note, and will be discussed later, that dh­
sected femdles collected in late October and in November had an important 
fat body in their abdomen, a condition that may have been present at this 
time during the 1987 wet season but had not been noticed. 

Adult popu1.ltion of D. apicalis. As mentioned previously, only 2 D. 

apicalis adults were collected during the 1988 wet season; no larvae or 
pupae were found during regular plant dissections. It is possible that 
the polyphagous D. apica1is visited other hosts or other rice fields 
during this periode 
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Table 16. Variation in numbers of p. 10ng!.ç9rnis males and females 
and in gravid and non-gravid females collected weekly. 
Wet Season 1988 

Male vs Female 

Total 99 Cal X2 Tab X2 B"Acc/Rej* 

Q. longicornis 161 85 76 5.5 19.7 Ace 

* where Hp: proportion of males and females is constant throughout 
the season (independent of date) (P < 0.05) 

Gravid vs Non-gravid 

Total 9 Gravid N-gravid Cal Xz Tab Xz II~Acc/Rej· 

Q. longicornis 76 25 51 32.8 19.7 nej 

* where H. = proportion of gravid to non-gravid females is constant 
throughout the season (independent of date) 
(P < 0.05) 
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Larval population of D. longicornis. Most larvae were found during the 
first part of the season: six of the eight larvae were collected on and 
before August 16, and five of these six W~re collected on the first crop 
of direct seeded rice. Other crops were infested by a total of only three 
1 arvae. One pupa was found during weekly di ssect ions. Even though these 
figures are very low, they correspond with previous result~, which indi­
cated that the first date of planting of direct seeded rice is the most 
damaged crop of the wet periode Numbers were too low to analyse statisti­
cally. 

Humber of dead hearts (OH) and percent age infestation. This season, al­
most six times as many OH were found as D. longicornis larvae. This is a 
higher proportion than in the 1987 wet period when three times as many OH 
as larvae were recorded. 

Statistical ana1ysis of OH results indicated that the crop sown on 
the first date of planting was significantly more damaged th an those sown 
on the second and third dates. Methods of planting and b10cks had no sig­
nificant affect on OH numbers (Table 15). 

Percentage infestation observations taken at maximum tillering (MT) 
and at flowering (Fl) showed that direct seeded rice was more damaged 
than transplanted rice (Figures 28a & b) as with weekly sampling results. 
However, percentage infestation observations show that the plots of 
direct seeded rice sown on the second date had more OH than the other 
direct seeded rice plots. With the transplanted rice, the plots planted 
on the third date had more OH than the others. It is important to note, 
however, that because the values are very 10w, these conclusions can on1y 
be tentative. 
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Interceptions traps. Sticky traps. Both sticky traps and window traps 
were monitored from the beginning of June (one month before planting) to 
the end of November (two weeks after harvesting the last crop). 

The yellow trê,.ps captured more insects (27 D. longicornis and 2 D. 

apicalis) than the other two coloured traps; the white trap captured 4 D. 
longicornis and 4 D. apicalis and the green trap captured none (Figure 
29). Catches were well distribut~o amongst the traps throughout the ex­
perimental area, and also throughout the season, except for a period of 
four weeks between June 28 to July 30 during which only one insect was 
captured. Rain might have been a deterrent on insect activity in July, 
although rains were only slightly higher that month (1467mm) than in 
August (1439mm) when 13 diopsids were intercepted. 

Interception traps. Nindow traps. As in the 1987 wet season, the se 
traps caught more diopsids than did the sticky traps. Thirty-six D. 10n­

gicornis and four D. apicalis were collected. Twelve D. 1ongicornis were 
captured in one week at the beginning of June on the exterior entrance of 
trap no. 2, adjacent to the forest edge (Figure 29). At this time, Diop­

sis spp. were leaving their forest refugia and dispersing. During both 
the 1988 dry and wet seasons, more diopsids were collected from the ex­
terior face of the traps than from the interior face. This might suggest 
that at these times there was immigration of diopsids from the surround­
ing area to the field and little emigration from the field to the outly­
i ng areas. 

Sampling of farmers' fields adjacent to the experimental plots. 

As seen in the 1987 wet season, numbers collected in the farmers' fields 
remained very low in 1988 (less th an 4 insects per 20 sweeps: Figure 30). 
These values corresponded with those obtained in the experimental plots 
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at the beginning of the sampling period (July to October). In late Oc­

tober, numbers in the experimental field rose to 8 insects per 20 sweeps; 
insects collected in adjacent farmers' plots remained well below 4 in­

sects per 20 sweeps at thi s time and dropped to less than 2 D. longicor­

nis per 20 sweeps in November. No D. apicalis were collected during this 

sampling period. 

Whereas in 1987, percentage females collected in farmers' fields 

(57%) were slightly lower than percentage females captured in the ex­

~erimental plots (65%), in 1988, the reverse was found (55% females in 
farmers' fields and 47% females in experiment.al plots. However, average 

(for both 1987 and 1988) percent age of females found in both peasant 

fields and experimental field is the same (56%). 
Results from this study indicate that under local farming prac­

tices, diopsid presence i slow and does not pose a threat to the rice 

crop. 

Results of Pooled Wet Season Data 

As with the pooled data from the three dry seasons, data from the 1987 
and 1988 wet seasons were pooled and tested with the same statistical 

analyses. Dates of planting were excluded from these tests because they 

were not the same from one season ta the other. 

Only data from adul t D. longicornis numbers and from dead heart 

counts could be analysed statistically; data from other groups were too 

low. Adult D. longicornis were collected in significantly greater num­

bers on the direct seeded rice than on the transplanted rice, but this lS 

most likely caused by the availability of the first crop of direct seeded 

rice early in the season when rains were not heavy. When data were pooled 

there was no black effect on adult numbers (Table 17). 
More dead hearts were found in direct seeded rice 

transplanted rice, although the differences are not significant. 

was no black effect on OH numbers (Table 17). 

than in 

There 
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Table 17. Varlation in mean numbers of Q. longicornis adults and of dead 
hearts collected with date, method of planting and block. 
Pooled data. Wet Seasons 1987 1988 + 

METHOD OF PlANTING 
Di rect seeded 
Transplanted 

BLOCK 
1 
2 
3 
3 

Mean number of 
Q. longicornis 

18.Sa 
8.Sb 

I2.7a 
I4.3a 
I2.0a 
9.4a 

Mean number of 
dead hearts 

7.la 
3.la 

5.9a 
4.7a 
4.4a 
4.5a 

Note: Any two means in one column and within one section followed by 
different letters differ significantly at P ( 0.05 

+data based on weekly sampling over the three seasons 
(adults = 10 sweeps per plot; dead hearts = 10 dissected plants per 

plot) 
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GENERAL DISCUSSION - WET SEASON EXPERIHENTS 

The results obtained with the wet season tests reflect, above all, the 

attenuating effect of rain on insect activity. Rain had a greater in­
fluence on the pest's presence th an any other factors, including method 

of planting and block. Differences in infestation that were detected 

during these studies, between direct seeded rice and transplanted rice 

are probably related to rainfall. Direct seeded rice from the first date 
of planting was significantly more damaged than all the other plantings 

because this rice was at the vegetative stage and thus available to diop­

sids at a time when rain was intermittent; when the other crops were at 

the vegetative stage, rain was too abundant to permit diopsid activity. 
Date of planting can therefore affect diopsid presence on the crop. An 

early planting date will coincide with the dispersal period of D. lon­

gicornis and D. apica1is individuals, whereas a later date (generally 

after July 20) will avoid the pests. 

The proportion of females in the D. longicornis population, as well 

as percentage of gravid females, were larger in the wet season than in 

the dry season. Cochere au (19853) found that as immature females emerged 

from the rice crop over the season, percentage of gravid females 

decreased. In my study, percentage of gravid females remained constant; 

the few adults emerging from the crop could not significantly augment the 

proportion of immature females. 

An substantial fat body was found in females at the end of the 1988 

wet season. According to Chapman (1982), fat bodies are present as 

energy reserves for either, a) egg development in insects that do not 

feed as adults, b) survival during periods of quiescence or for c) migra­

tion or dispersal requiring long-distance flight. The purpOSl: of thp fat 

body will be further dealt with (Chapter 4). 

Sampling in local farmers' fields indicate that diopsid presence is 
lowand impact is minimal; further studies are necessary to confirm this. 

Even though rain reduces diopsid activity, local farrning practices rnay 

also be important in keeping pest numbers at a minimum. These practices 
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have permitted a diverse agroecosystem; diversity both in crop species 
grown in an are a and in varieties within a crop species. For examp1e, 

during the intensive rice growing period in the wet season, severa1 
varieties of rice are interspersed. A1tieri (1987) c1aims that different 
var i aties within a crop species can be as important a deterrent on pest 
rumbers as can different species. 

SEASONAL EFFECTS ON INSECT ABUNDANCE AND 
INFESTATION OF THE RICE CROP 

Whereas adult diopsids were genera11y more numerous during the dry season 
than duri ng the wet season, 1 arva 1 i nfestat i on and numbers of t i 11 ers 

damaged were low in both seasons (Table 18). The 1987 dry season had the 
highest infestation figures, but they averaged on1y 8% (MT results). 

Transplanted rice was significant1y more damaged during the dry 
period, and this should be taken into consideration when programmes are 
established to intensif y the cultivation of rice. Direct seeded rice was 
not significant1y more damagE:d than transplanted rice during the wet 

season (pooled data of dead hearts, Table 17). The highest infestation on 
direct seeded rice was found on the first crop when rain was still inter­
mittent. Heavy ra in severely reduced insect act i vi ty on subsequent 

erops. 
Because overall infestation was low, it seems that D. 7ongicornis 

and D. apicalis are not serious pests of rice in the cropping system rep­

resented in the Dubreka area of the Republ ie of Guinée. The specifie 

reasons for this are enumerated be1ow: 
a) During the dry season, even though adult numbers may be high, 

fecundity remains at a minimum « 25% and 9% of total D. 7ongicornis and 
D. apicaUs females are gravid respectively). More D. 7ongicornis males 

(58%) th an females were eollected but sex ratio is close to 1:1 for D. 
apicalis; however, it is possible that the searching behaviour of 

129 



Table 18. Overall diopsid numbers collected and damage observed during 
the study period. + 

Season Total adults Total larvae Total average % 
dead infestation 

O.l. O.a. D.l. D.a. hearts - - - - - - - -

Dry '87 4694 2368 58 34 441 8 

Dry '88 735 97 21 0 136 3 

Dry '89 1138 241 40 44 162 4 

Wet '87 558 55 66 3 219 3 

Wet '88 162 2 8 0 47 2 

+based on weekly sweep net sampling for adults, weekly plant dissections 
for larvae and infestation results taknn at maximum tillering 
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femi'.les for oviposition sites at the base of the stem may prevent them 
fram being caught by the sweep net. If planting is delayed (more than 45 
days after the last rain or generally after January 10), diopsid presence 
and therefore damage wi 11 be further reduced. It i s important to note 
that D. apicalis presence on the dry s~ason crop was inconsistent, e.g., 
whereas larvae were absent in 1988, they outnumbered D. longicornis lar­

val numbers in 1989. 
During the wet season, percentage infestation was even 10wer than 

during the dry periods «2% over the 1987 and 1988 wet seasons), although 
fecundity was higher (31% and 48% of D. longicornis and D. apicalis 

females were gravid during the two wet periods). However, rainfall in 
Dubreka greatly limits egg-laying activity. 

It was apparent during these studies that diopsids were continua11y 
mobile and searching during both wet and dry seasons of the study. Inten­
sification (doub1e- or trip1e-cropping) could increase D. longicornis 

abundance by making the hast crop available over a longer period, as 

reported with the brown p1anthopper in rice in the Philippines by laevin­
sohn et al. (1988). Altieri (1987) reports that the traditional practice 
of producing only one rice crop a year during the wet season and allowing 

the plot ta fallow during the dry season, is partly an attempt to avoid 
damage by rice stem borers. From conversations held with farmers in 

Dubreka, it appears that farmers have developed their present cultural 

practices to reduce problems in general. With few resources (e.g. fer­

tilizers, insecticides, labour), farmers have chosen practices that 

demand a minimum of resources, and have opted for constant rather than 
higher yields. 

Thi s research has shmm that D. apica lis was not 1 imi ted ta cul­
t i vated ri ce as a food source and ov i posit ion site. Thi s confi rms the 
findings of Scheibelreiter (1974) and Cochere au (1985a) that D. apicalis 

is not an important pest of rice and may remain insignificant even under 
intensification. This insect should no longer be referred ta as a major 
pest of West African rice in the literature. 
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CHAPTER 4. 

FACTORS INFLUENtING D. LONGICORNIS ABUNDANCE DURING THE DRY PERIDD. 

INTRODUCTION 

As mentioned in the literature review, biotic and abiotic conditions 

that enable the diopsid population to persist. when the climate is un­

favourable, and when rice is absent, are poorly understood. The fol-

1 owi ng experiments were conducted to determine the key factors that 

permit D. longicornis to survive the six-month dry period, a time in 

Guinée when rice is not normally grown. The results of these trials 
provide basic inform-tion on the ecology of this species, and indi­

cate the effects that a more i ntens if i ed ri ce cropp i ng programme 

might have on D. longicornis abundance. 

Danks' (1987) definition of quiescence, the direct inhibition 

of development by adverse environmental conditions, was used in this 
study. In contrast to diapause, which is programmed far in advance of 

the actual period of arrested development, quiescence is an immediate 

response to outside conditions. D. longicornis undergoes reproductive 

quiescence, which delays maturation of the reproductive system of the 

young adults that emerge from the wet season rice crop. Experiments 

were started with the hypothesis that besides this interruption in 

development, environmental conditions also alter other aspects of D. 

longicornis ecology and behaviour, creating a dry season form that is 

different from the wet season form (based on personal communication 

with Michael Loevinsohn, International Development Research Center: 

and Denl inger 1986). 
The general objectives of these studies were: 

1. ta determine the main environmental factors that regulate the 

quiescent period in D. longicornis. 
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2. to describe the effects of these regulators on D. 7ongicornis 

ecology and behaviour. 
The chapter will begin with a general description of D. 7on-

gicornis refugia, and of the specific sHes that were studied. 

( 
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DESCRIPTION OF D. LONGICORNIS REFUGIA. 

Diopsis 7ongicornis is known to choose refugia that border bodies of 
water (e.g., streams, irrigation canals, meandering rivers), usually 
sheltered and shaded by overhanging trees (Descamps 1957a). During 

this study, O. 7ongicornis refugia were further defined. 
In Dubreka, swarms were found in shaded and humid areas where 

water was high in organic matter, and in which aquatic or semi­
aquatic plants thrive. Plant species found in the refuge sites con­

tained one or more of the following species: Cyperus sp., Panicum 

trichoides Sw., Panicum laetum Kunth, Panicum sp., Brachiaria plan­

tagfnea (Link.) Hitchc., Echinochloa sp., Ischaemum rugosum Salisb., 

Rottboe77ia exa7tata L., Comme7fna dfffusa Burm., Paspalum conjugatum 

Berg .. During this study period individuals of O. longicornis were 
seen resting in dense aggregations on these plants. On one occasion, 
between 50 and 125 i nsects were counted on each of 20 b l ades of a 

Cyperu~ sp. plant. 
The sites chas en for the 1988 and 1989 dry season refugia 

studies are indicated in Figures 30a) & b). All sites, except site 5, 

were situated along an irrigation canal on the NW border of a 1.25 km 

X 50 m field where rice was cultivated during the wet season. A mixed 

palm and broad-leaf forest bordered both sides of the field. The ex­

perimental plots were situated in an area measuring more than 1200 

m2 , close to the eastern tip of the narrow strip of cultivated land. 
Although rice was grown in the experimental plots during the 

dry periods of the research programme, the rest of the field remained 
fallow during this time, except for small patches of vegetable and 

fruit crops. 
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ENVIRONMENTAL FACTORS 

Denlinger (1986) suggests that in the tropics, selective pressure on 

insect seasonality is likely to come from biotic rather than abiotic 

factors. Temperature, rainfall and photoperiod would then have their 

effect mai nly vi a type and abundance of both the vegetation and the 

natural control agents. The first part of this chapter will describe 

experiments that were designed to determine the rel ative importance 

of key biotic and abiotic factors influencing D. longicornis 

presence. 

BIOlIC FACTORS 

1. PRESENCE OF CULTIVATED RICE. 

Because cultivated rice is considered to be the main host plant of D. 
longicornis, its presence may be expected to affect the activity, 

abundance and behaviour of this insecte In Dubreka, as in most parts 

of Guinée, rice is grown almost exclusively in the rainy season (June 

to November). The D. longicornis population must maintain itsel f on 

alternative hosts and in an alternative habitat (the refugia) for the 

interim period of six months (from December to May). 

The specifie objectives of these studies were: 

1. to determine if there was a direct correlation between the time of 

D. longicornis movement from the rice field to the refugia and time 

of rice harvest at the end of the wet season; and between the time of 

dispersal from the rcfugia and dates of rice planting at the begin­

ning of the next wet season. 

2. to determine the uniformity of the delay period in D. longicornis 

reproduct i ve act i vit y , by present i ng the i nsect wi th ri ce throughout 

the dry period. 
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1.1. Relationship between aval1ability of rice and D. 7ongicor­

nis presence in the refugia. 
Materials and Methods. On December 18,1987, two refuge sites 

were found, and by ear1y January 1988 five sites were identified and 
selected for the study. On· April l, a sixth site (site 6) was in­
c1uded in the sampling programme (Figure 31a). In December 1988, at 
the beginning of the following dry season, six additional sites 
(sites 7-12) were also chosen for sampl ing (Figure 31b). Refugi a were 
monHored from Decenlber 1987 (the beginning of the 1988 dry season) 
to February 19~.O (the middle of the 1990 dry season) to determine the 
times when diupsids were present. 

During the 1988 dry and wet periods, from January 15 to July 
26, sites were mon i tored wi th a sweep net (5 sweeps per site), every 
14 days. Sex ratio and presence of gravid females were al so noted. 

During the 1989 dry and wet periods, from the end of December 
1988 to July 1989, refuge sites were monitored on1y for data on the 
times of movement to, and of dispersal from, the refugia. Throughout 
the dry season, monthly samples were collected to check sex ratio and 
presence of gravid fema1es to confirm the previous season's results. 

The same sites studied during the 1989 dry and wet periods were 
a1so monitored (5 sweeps per site every 7 days) at the end of the 
1989 wet peri od and i nto the 1990 dry season (from October 18, 1989 
to February 3, 1990). lime of movement to the refugia during this 
period was compared with times observed in 1988 and 1989. 

Results and di scussi on. Dry Season 1988. On December 18, 
1987, D. 7ongicornis was first seen in the refugia at the time of 
rice harvesting in the adjacent fields. If we assume that the absence 
of suitable rice initiates movement to, and aggregation in, refugia, 
we can surmise that D. 7ongicornis 1eft the rice fields about 35 days 
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earl ier (November 13), when rice was at the flowering stage. Unfor­
tunately, the locat ion of the refugia had not been detected at thi s 

time. 
Numbers of D. 7ongicornis collected in 1988 are presented in 

Figure 32. Population densities in each site remained approximi\tely 
consta-nt until May 27 (end of dry season), unless the water level 
dropped to small pool s, then the insects w':1ul d di sperse to a more 
favourable location. For example, on April 15, when sites 2, 3 and 4 

were almost dry, few or no D. 7ongicornis were found. Upon examina­
tion of the canal beyond site 4, a 1 arge number of diopsids were 
found 20 m away in an area where farmers had deepened the canal to 
permit accumulation of water for their nearby vegetable crops. This 
location became site 6. Sites 1 and 6 seemed to have received the 
diopsids leaving the drier sites. 

On May 27, and agai n on June 10, 1988 (beginni ng of the wet 
season), the D. 7ongicornis population in all sites dropped dramati­
cally. On June 10, insects were found only in sites 1 (1 insect per 5 

sweeps) and 4 (8 insects per 5 sweeps). A small population of diop­
sids remained in site 4 after June 10 until June 28, but all other 
sites were abandoned, even though the water level remained high in 
all. 

Those diopsids, therefore, left the refugia well in advance 
(l ate May/early June) of the avail abil i ty of the wet season ri ce crop 
(1 ate July/August). land preparat i on and rice seeding began in earl y 
July, but transplanting was sometimes postponed until mid-August. 
Farmers delayed planting in 1988 because the heavy rains were also 
del ayed. 

Sex ratio within the populations at each refugia remained con­
stant throughout the dry period (Table 19). As man y as 1720 i nsects 
were sexed from a total of 2305 ; ndividuals collected throughout the 
season. Of the 1720 insects, 968 (56%) were female, and only 8 of 
those were gravid. S;x of the 1 atter were coll ected on January 15; 
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Table 19. Sex ratio of Q. longicornis in six refuge sites adjacent 
to the riee fields l . Dr) Season 1988 

SITE LOCATION 

1 2 3 4 5 6 
DATE 

d ~ tJ 9 tJ 9 d 9 d 9 d 9 
15-01-88 7 11 51 130 22 54 8 19 9 34 - -
22-01-88 5 7 31 44 29 49 15 29 8 14 --

5-02-88 5 5 21 40 20 25 0 4 17 25 --
19-02-88 28 36 19 25 18 24 18 27 14 32 --
18-03-88 20 12 0 10 14 8 8 5 9 4 - -
31-03-88 9 9 13 7 35 30 11 11 4 6 ne 

15-04-88 101 79 0 0 ne ne 0 0 108 69 

29-04-88 ne 0 0 0 0 0 0 0 0 ne 

14-05-88 28 47 14 15 2 5 0 0 * ne 

27-05-88 7 5 0 0 0 0 0 0 -- 3 4 

10-06-88 1 0 0 0 0 0 8 0 -- 0 0 

17-06-88 0 0 0 0 0 0 6 10 -- 0 0 

21-06-88 0 1 0 0 0 0 5 3 -- 1 0 

28-06-88 0 0 0 0 0 0 1 0 -- 0 0 

TOTAlS 211 206 149 271 140 195 80 108 61 115 111 73 

l based on w •• kly aamplinq ot 5 aw.~p. per aite 

not sampled 

ne not calculated 

* site 5 was destroyed by farmers on ~'ay 14. 
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all other females collected after this date were non-gravid until 
June 17, when 2 gravid females were collected from site 4. By this 
time, most of the insects had left the refugia. Dissection of females 
throughout the dr.Y season, showed an absence of the fat body that was 
present at the end of the wet season. This was noted in all dissected 
insects collected in the subsequent season as well. 

The high proportion of males is important if one considers that 
aggregation is likely to not only protect D. longicornis from preda­
tion, but also improves the chances of females finding a mate; 
however, this remains to be proven. J.A. Downes (personal 
communication), on the other hand, presumes that mating occurs with 
non-gravid females prior to aggregation in the refugia. 

Dry Season 1989. Diopsids began aggregating between November 
11 and 18 (end of wet season). No insects were found in the refugia 
on the first sampling date, and close to 30 were counted in each of 
two sites on the second date. The canals on both sides of the field 
were surveyed to an extent of 1 km. On November 18, insects were con­
centrated in site 4 and in a site 30 m east of site 1 (site 7; Figure 
3lb). Rice in most fields were beyond the flowering stage at this 
time. Before diopsids entered the refuge sites, aggregation behaviour 
was observed in shaded and humi d areas borderi ng the ri ce fi el d as 
early as the beginning of November. The humidity within these areas 
derived from water accumulated in puddles, ditches or the canal that 
bordered the rice field. By January l, 1989, D. longicornis had moved 
from these areas, since rice had been harvested and the humidity had 
decreased with the beginning of the dry season. These sites of early 

aggregation were seen again in the following year and were then iden­
tified as 'pre-aggregation' sites. 
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Time of dispersal from the refugia was similar in 1989 and 

1988. On June 2, 1989, 141 D. longicornis were collected. By June 9 

(beginning ot the wet season) numbers were down ta 51, and they con­

tinued to drop until June 23 when no D. longicornis was found in any 

of the sites. Gravid females were first collected on June 16. 

Dry season 1990. Aggregation of a smal i group of D. longicor­

nis (4 insects collected in 15 sweeps) was noted in a humid and par­

tially shaded area bordering the rice field ('pre-aggregation' site) 

on October 18, 1989 (end of wet season) . Al though numbers i ncreased 

gradually in this area, diopsids were not detected in the previously 

located refugia until December 7. Nevertheless, by December 17, all 

of these sites had an important population of diopsids, averaging 55 

insects per 5 sweeps until the end of the sampling period on February 

3, 1990. D. longicorni s seem to fi rst form groups in areas where 

ri ce i s st i 11 present and where the requi red cond i tians of humi d i ty 

and shade are met. Aggregat ion behav i our May then be in i t iated as 

earlyas the middle of October in these temporary sites. Movement ta 

more permanent refugi a appears ta occur when the temporary sites dry 

up (generally in December) . 
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General Discussion. Whereas timing of movement to refugia at the end 
of the wet period coincided with the time of flowering of the rice 
crop (late October to mld-November), time of dispersal after the 
quiescent period occured at least one month before the land was 
prepared for the ri ce croppi ng season. The seasona l movement of D. 

7ongicornis is illustrated in Figure 33. Although the absence of 
suitable rice may affect movement of D. 7ongicornis ta refugla, 
presence or absence of rice had no influence on the insect's disper­
sal from the refugia or on female fecundity. 

Pre-aggregation sites appear to form a 1 ink between the wet 
season habitat (the rice field) and the dry season habitat (a shaded, 
humid area close to or in the forest). Whatever the cues that in­
itiate aggregation may be (biotic and/or abiotic factors), the choice 
of aggregation sites may involve visual cues. Prokopy and Owens 
(1983) claim that insects can detect objects by their dimensions, by 
contrast against a background, by the optical properties of the 
medium and the intensity of illumination; furthermore, insects will 
respond to objects that match a spec i fi c, predetermi ned temp 1 ate of 
stimulus perception. In the case of D. 7ongicornis, the flies may be 
attracted to a species-specific landmark once the cues for aggrega­

t i on are i ni ti ated. These landmarks are probably associ ated with 
sites where conditions are favourable for diopsid survival over the 
dry period. 

Comparison between the sites observed in these studies (regular 
aggregation or refuge sites and pre-aggregation sites) indicate con­
sistency in the sites chosen by the flies. Since humidity is of great 
importance in the cholce of a site, the reflection of a pond or pool 

of water may indicate to the flies that a site can provide the humid 
conditions that they require. Shade is also necessary during the dry 
season to stabilise and maintain humidity. These conditions would be 
provided if diopsids selected for landmarks that consisted of a 
refl ect ion from a body of water that was broken i nto manj sma 11 sec-
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tions, as created by either tall rice plants (as in pre-aggl~egation 

sites) or overhanging trees and bushes (as in the dry season 

refugia) . 

Prokopy and Owens (1983) further point out that an organism 

with an eye with the complexity of the insect c.ompound eye must also 

possess a sophisticated visual system. D. longicornis with a compound 

eye reaching nearly 3600 in all directions, most likel.v has very 

acute vision. 

1.2. Uniformity of the delay period in D. longicornis reproduc­

tive activity in the presence of cultivated rice. 

The previous observations showed that maturation of the rice plant at 

the end of the wet season coi nc i ded with D. 7 ongi corni s departure 

from the fi eld ta the forest refugi a. Thi s experiment was set up ta 

further determine the relationship between rice phenology and D. lon­

gicornis quiescence. Initial results (Chapter 3. Results. Ory season 

1987) suggested that, in the dry season, rice in the experimental 

plots was damaged only by f1 i es carri ed over from the wet season 

crop. Later in the experiments, il appeared that diopsids not only 

came from the wet season crop, but al sa from the dry season refugi a, 

generally during the mid and late dry period. The objective of this 

experiment was ta show whether D. longicornis, taken from the refuge 

sites and introduced to a rice crop, would maintain their arrested 

state of reproductive development until the end of the dry period. If 

D. longicornis readily terminated their quiescent state, it would 

seem that the species could invade dry season crops at ail t imes and 

present a problem if a double-cropping system was ta be establ ished. 
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Materials and Methods. Four cages, (1.5 m X 1.0 m X 1.0 m) were 
pl aced at the peri phery of the experi menta l plots, each over fi ve 
rows of seven hi 11 s of ri ce seedl i ngs. These ri ce seedl i ngs were 
carefully inspected for D. 7ongicornis eggs or larvae that might have 
been present in the seed bed. 

From October 18, 1988 until June 23, 1989, at two-weekly 
periods, rice was transplanted into one cage at a time. Prior to 
mid-June, individuals of D. longicornis, introduced into the cages, 
were collected from the refugia; after that time, when they were no 
longer available there, thPj were collected from the rice field. 

On March 13, to determine if behaviour of D. longicornis taken 
from the rice field differed from the behaviour of those from the 
refugia, a para11el set of cages was prepa;'gd in which D. longicornis 

taken from the field was introduced to compare results from the first 
set of cages. A population of about 40 insects was maintained in bath 
sets of cages, unt il the ri ce wi thi n the cage reached the fl oweri ng 
stage, at which time the crop was removed and a new one planted. 

On day 20, 35 (maximum ti11ering: MT) and 55 (flowering: FL) 
days after transplanting, percentage infestation was calculated by 
counting nu,nbers of ~ead hearts and of white panicles, and by using 
Onate's formula described in Chapter 3 (Materials and Methods). 

Results and discussion. Percent age infestation results are shown in 
Figures 34a and b. Infestat ion at MT wi 11 be dhcussed here as thi s 
is the time when infestation has reached its peak. 

Results from the fi rst part of the experiment showed that D. 

longicornis females break their reproduct;ve quiescence and begin 
egg-laying in the presence of rice. Infestation was nevertheless low 
(Figure 34a). From Cage 1 (MT on November 18) ta Cage 7 (Ml on 
February 14) infestation varied between 1% and 7%, w;th a mean of 4%. 
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Fig. 34. Percentage infestation at maximum tillering of caged 
rice plants by diopsid larvae - Dry Season 1989 
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This level of infestation was similar ta infestation in the 
transplanted rice in the neighbouring experimental plots, which had a 
mean of 4% damage at MT. 

In the second part of the experiment, infestation at first 
remained low (5%: MT on March 28), but th en rose significantly to as 
high as 35% (MT on July 27) (Figure 33b). The rise in infestation was 

first seen on the plants reaching MT on May 19. This suggests that 

more females were gravid at this time than previously. 

Infestation at MT did not differ greatly whether insects were 

taken from the refugia or from the field. Since there is infestation 

by D. longicornis taken From the refugia thro!.!~hout the dry period, 

it is apparent that the insect can avoid dormancy and reproduce on 
available rice. There is nevertheless a restraint on reproductive ac­

tivity during the dry period for both groups that is not related to 

presence of rice. Reproductive quiescence may be equally regulated by 

abiotic factors, such as rainfall, relative humidity, and tempera­

ture, as well as biotic factors. Andrewartha and Birch (1984) under­

line the importance of relative humidity (R.H.) in maintaining suffi­

cient metabolic water for egg maturation. In the dry season, the 

flies in the rice field may contain less metabolic water th an in the 
wet season; from 1986 to 1988 records, R.H. is on average 71% during 

the dry season (December to May) and 84% during the wet season (June 

to November). As mentioned previously, dissected flies collected in 

the dry period had dried viscera within their abdomen, but in the wet 

period, flies had regular internal organs and even a conspicuous fat 

body towards the end of the wet season. 

It i s important to note that i nfestat i on occured soon after 
~;C)psid introduction, even in cages where D. longicornis taken from 

the refugld .. ""I~p introduced. Only one week after introduction, dead 

hearts were seen on the ~Qged plants. Such a short time may indicate 

that mating had occured earlier in the refugia or sooner and that D. 

longicornis females are ready for oviposition when favourable condi-
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tions oeeur. This f1exibil ity and variabil ity in ehoosing oviposition 
time wou1d improve the species chances for survival by permitting its 
distribution over a longer time period. 
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BIOlIC FACTORS 

II. SECONDARY HOSTS 

Some plant species found in the D. longicornis refugia, have been 

found to be alternate hosts of D. apica7is, e.g., Cyperus sp., 

Paspalum sp., Oryza barthii, Echinochloa sp. (Deeming, 1982; Morgan 

and Abu, 1972). There is no record in the 1iterature of these plant 

species as secondary hosts of D. longicornis, except for wild rice, 

Oryza barthii and O. longistaminata; even then records are few. Jor­

dan (1966) did not find any infestation in these plants, even though 

the species was p1entifu1 around fields of cultivated rice in Sierra 

Leone. No record of D. 7ongicornis infestation of wild rice has been 

made in Guinée (L. Traoré, entomo1ogist, Institut des Sciences Agro­

Zootechniques de Foulayah, Kindia). Cochereau (persona1 communica­

tion) c1aims that O. barthii, O. longistaminata, and c1ose1y related 

Leersia sp., have been found to be hosts to D. 7ongicornis in Côte 

d Ivoire. 

The fo 11 owi ng experi ments were des; gned to ; dent i fy whether 

there is a relationship between plants found in the refugia during 

the dry period (as a food source for the adu1t f1 ies or as oviposi­

tion sites for fema1es and hosts of ensuing 1arvae). As discussed in 

the experiment on the re1ationship between availability of rice and 

D. 7ongicornis presence in the refugia, dissection of plants found in 

the refuge sites yie1ded no eggs, 1arvae or pupae. Thus, D. longicor­

nis does not use these plants as oviposition sites. Furthermore, dis­

section of females showed that D. longicornis maintained its period 

of reproductive arrest whi1e in the refugia. 
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The following experiment was designed to determine wh ether 
these plants would be accepted as alternate hosts under controlled 
conditions when female D. 7ongicornjs are fecund. Based on results 
from the 1988 dry period di scussed below, Panicum nr. 1 aetum was 
selected for further studies in 1989. 

Even though wild rice species, Oryza brevUigulata (=0. bar­

thii) and O. 7ongistamjnata, and a related genus, Leersia, should 
ideally have been included in these experiments, they had not been 
found in the vicinity of the experimental field. The Dubreka area was 
searched regulary for these plants and local botanists and farmers 

had been consulted, but these searches prcved to be unsuccessful un­
t il the end of the research programme. On November 18, 1989, O. lon­

gistaminata was found and specimens were pl aced under cages wi th D. 

7ongicornis for closer observation. 

Materials and Methods. Cage experiment with plants tak.en from the 
refug;a. On April 1, 1988, two cages (1.5 m X 1.0 m X 1.0 m) were 
placed over sites that had been previously planted with Echinochloa 

sp., Panj cum nr. 7 aetum, Paspa 1 um conjugatum and Cyperus sp. 1 nto 
these cages, 50 D. longicornis adults, taken from the experimental 
field, were introduced. Numbers were kept constant by means of 
regular introductions of insects. On April 8, and every week there­
after until October 15, 1988, all plant parts were observed for D. 

7ongicornis eggs, and every two weeks, two plants per species were 
dissected in search of larvae and pupae. Plants were reintroduced 

when needed, to maintain their variety and abundance throughout the 

study peri ad. 

Panicum nr. 7aetum. During the following dry season (1989), 

concurrent with cage experiments designed to relate D. longicornis 

reproductive activity and presence of riee (cf. uniformlty of the 
delay period in O. 7ongicornj s reproductive aet i vit y) , an experiment 
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was set up to verify O. longicornis affinity to Panicum nr. laetum. 

ln Hareh, 1989, two plants of P. nr. laetum were plaeed in eaeh of 
two cages where rice and O. longicornis had been introduced. In one 
cage, the introdueed diopsids had been taken from the refugia (until 
June 16 when refugia were empty and insects had to be taken from the 
field) and in the other, the flies had come from the experimental 
field. The P. nr. laetum plants were observed weekly from their in­
troduction in mid-Harch to mid-August. 

To further test the relationship between O. longicornis and the 
weed, P. nr. laetum, a refugium was selected where both the diop­
sid and the plant were plentiful. The hypothesis that initiated this 
experiment, maintained that if the weed played a role in attracting 
O. longicornis ta a particular site, its removal from a site would 
induee departure of the inseets. On Harch 25, 1989, all P. nr. laetum 

plants were pulled out of site 2. Beyond this 8 m2 area, this species 
of plant was absent for a radius of more th an 20 m. The site was 
visited 3 days later and weekly thereafter until the beginning of the 
wet season (mid-June) to denote possible displaeement of the O. lon­

gicornis population. 

Dryza longistaminata. On November 8, 1989, the perennial 
speeies of wild rice, Oryza longistaminata, was found bordering a 
banana plantation 1.5 km south of the experimental site. Dead hearts 
were apparent among the plants and, upon dissection of 10 of these 
damaged stems, one larva and two pupae of O. longicornis were found. 
To further observe O. longicornis infestation of these plants, an 
area within the experimental site was prepared for that purpose. On 
November 15, seven rows of six plants each were transplanted, and the 
fol10wing week a cage (1.5 m X 1.0 m X 1.0 m) was placed over these 
plants and 40 O. longicornis were introduced. This population was 
maintained throughout the experiment. Weekly visits to the site where 
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O. 70ngistaminata was first found, and of the caged plants, commenced 
on November 18 and continued unti1 February 3, 1990. D. longicornis 

activity and infestation were recorded. 

Results and Discussion. Cage experiment with plants taken from the 
refugia. From April 8, 1988 to October 15, 1988, the four selected 
species of plants taken from the refugia were observed weekly for 
presence of eggs; these observations, as well as two-weekly dissec­
tions of plant parts, revealed that the plant species were not used 
as secondary hosts under the conditions of th;s experiment. No eggs, 
larvae nor pupae were found. Regular checking of D. 7ongicornis in­
dividuals revealed that few gravid females were present (5% of total 
diopsid population). Results from m;d-Ju1y to the end of August are 
subject to error because, at this t;me, D. 7ongicornis was difficult 
to collect. Heavy rainfal1 had significant1y reduced the number of 
individuals availab1e for the experiment. These results show that D. 
7ongicornis females do not choose to oViposit, ev en during their 
period of fecundity, on the four species of refugia plants. 

After a few weeks, on April 29, 1eaf damage was noted on 
Panicum nr. 7aetum. Damage was characterised by a series of minute 
and c1ear patches on the 1eaves of the pl ants, as if the contents of 
individua1 plant cells had been extracted. Since D. longicorms was 
by far the most abundant spec; es of ; nsect present (a 11 other i nvad­
ing insects were regularly removed), it was presumed to have caused 
the damage. At one point, four fresh plants of P. nr. laetum were in­
troduced into the cages and D. 7ongicornis was observed constantly to 
check its feed;ng behaviour. Individua1s of D. longicornis were seen 
continually passing their proboscis over the leaves, and within a few 
days al1 1eaves of the newly introduced plants had the characteristic 
feeding marks. Upon observation of P. nr. laetum plants in the 
refugia, the damage was seen here as we11. None of the other plants 

chosen for the experiment showed similar damage. 
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Throughout this study period, however, damage was found to be 
inconsistent. It was common from April 1 to June 15, but then 
diminished, and by the end of Ju1y no new damage was seen on the 
plants. 

This first experiment demonstrated that P. nr. 1aetum is a 
source of food for O. 7ongicornis adu1ts. O. 1ongicornis affinity 
for this plant appears to be seasonal, however, since damage was not 
observed during the wet season. During the reproductive period, diop­
sids may either cease feeding or use anothe~ source of food. 

As discussed in the wet season experiments (Chapter 3), the fat 
body present in O. 7 ongi corni s at the end of the wet peri od may be 
used as an energy reserve for either egg development in non-feeding 
adults, for surviva1 during quiescence or for migration over 10ng­
distances (Chapman 1982). Since we have seen that O. 1ongicornis is 
without a fat body from the beginning of the dry season (cf. Chapter 
3. General discussion. Dry season experiments), we1l before usua1 
time of egg development (end of dry and beginning of wet season), 
and, in this experiment, that adults feed on plant juices during 
their period of quiescence, the fat body is most 1ikely used for 
migration or dispersal. 

Panicum nr. 1aetum under cages. On March 31, two weeks after P. 

near 1 aetum pl ants had been transp1 anted under cages, two 1 eaves of 
one plant were damaged in the cage containing individuals of D. 1on­

gicornis coming from the field and five leaves of one plant were 
damaged in the cage containing O. 7ongicornis collected in the 
refugia. Marks were few on all leaves (2 to 3 damaged areas measuring 
2 cm2 each). In April, a few additonal marks were seen on the plants 
in the cage where insects were taken from the refugia, but marks were 
not observed on plants in the other cage wi th fi el d coll ected di op­
sids. From May onwards, no damage was noted on P. nr. 1aetum unti1 
August 21, when the experiment was terminated. 
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Wh en P. nr. 7aetum plants were placed under cages with rice, a 
small amount of feeding occured saon after introducing the plants, 
but completely stopped after six weeks. It appeared that the presence 
of rice had initiated egg-laying; it may be that this activity had in 
turn stopped D. 1 ongicorni s feedi ng on the weed. Further work coul d 
verify this assumption. 

Towards the end of the research period, another plant was found 
as a food source for D. longicornis. Comme7ina diffusa Burm. grew in 
abundance along the bunds of the experimental fields. It showed the 

characteristic feeding marks, and when introduced into a cage with D. 
7ongicornis, the insects were seen feeding on the plant in the same 
manner as on P. nr. 7aetum. 

Pani cum nr. 1 aetum in the refugi a. Three days a fter remov i ng 
all P. nr. laetum from site 2, diopsids were still abundant. However, 

no other plant in the site had the eharactaristic feeding marks. A 

week after removal, D. longicornis was still present (35 insects per 
5 sweeps) and one month 1 ater, on April 21, D. longicornis was col­

lected again ( 46 insects per 5 sweeps). Oiopsids were present until 
May 19 (5 insects per 5 sweeps), when numbers of flies were decreas­

ing in other sites as well. No other plants within the area showed D. 
longicornis feeding damage throughout this study period. It is pos­
sible that P. nr. laetum had first attracted D. longicornis to the 
refugia; however, the diopsids apparently were not kept there by this 

plant once they had established themselves. Other eues or attrac­
tants, such as relative humidity, may have been present ta keep the 

population there. Also, once there the diopsids may no longer have 

the ability to move or make other choices. 

Oryza longistaminata. On November 18, D. 7ongicornis adults 

were in large numbers in the area where O. 70ngistaminata had been 

transplanted (the cage had not yet been placed on the plants). Ten D. 
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longicornis were counted on one leaf and several leaves held from 2 
to 5 flies. Three sweeps over the plants collectp.d 40 insects. Then 
the cage was placed over the plants. 

The fo 11 owi ng week, one dead heart was found on a caged plant 
and during the following weeks new dead hearts occurre,j at a fre­
quency of three to fi ve dead hearts (over a 11 the plants) per week 
until February 3 when the study ended. 

Infestation of O. longistaminata in the site where it was 
originally found, was observed until the end of December. 

O. longistaminata, being a perennhl species of wild rice, it 

propagates by rh i zomes rather than by seeds. Li ke most wi l d spec i es 
of rice, it is photoperiod sensitive and starts developing wh en 
daylength increases and returns to dormancy when daylength decreases 
(Oka, 1988). Increasing daylength and renewed growth of O. longis­

taminata coin,:ide with the onset of the rainy season. At this point, 
D. longicornis enters its reproductive cycle. Wild species of rice f 

such as O. longistaminata (and possibly the annual species of wild 
rice, O. breviligt.llata ("'0. barthii), and the stalk-eyed fly, D. 

longicornis are endemic to Africa. D. longicornis reproductive be­
haviour may have evolved with wild rice phenol ogy, that, in turn, was 
regulated by changes in photoperiod and precipitation. 
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ABIOTIC FACTORS AS REGULATORS IN D. LONGICORNIS BEHAVIOUR AND ECOLOGY 

Results from a previous experiment (cf. Uniformity of the delay 
period in D. longicornis reproductive activity in the presence of 
cultivated rice), suggest that even though the presence of cultivated 
rice can initiate egg-laying in otherwise quiescent females, infesta­
tion remained low during the dry period, ta rise only with the begin­
ning of the wet season. Furthermore, monitoring of D. longicornis 

di spersal ta and from refugi a showed that these i nsects l eft the 
refugia well before the period of rice planting. 

Thi s suggests that factors other than the presence of cul­
tivated rice control the diopsids' dispersal behaviour. The studies 
of O. longistaminata also suggest that cultivated rice may not be the 
only major hast of D. longicornis. Deeming (1982) was puzzled to find 
a sizeable population of this insect in an area where cultivated rice 
was not present. 

The relationship between D. longicornis, cu1tivated rice and 
wild rice cannot be fully understood without examining the influence 
of abiotic factors such as rainfall, relative humidity, temperature 
and photoperiod on bath the insect and its hasts. 

Seasonal movement of D. longicornis in relation to temperature, 
rainfall, relative humidity and photoperiod are given in Figures 35a 
to d. Data used for the fi rst three factors came from the weather 
station (CERESCOR) near Conakry, 25 km south of Dubreka. These 
figures do not fully represent the situation in Dubreka since in this 
locality, which lies in the rainshadow of Mount Kakoulima, rainfall 
is known to be slightly more intense than nearer to Conakry. 

D. 7ongicornis dispersal from the refugia (at the end of the 
dry period) coincided with an increase in R. H., the beginning of the 
rains, and an increase in daylength. Dispersal from the rice crop at 
the end of the rainy season occurs when these parameters are decreas-
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Fig. 35. a) Seosonol movemenl of Q IOl191cornis ln relation ta temperoture 
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ing. Because changes in temperature are more gradua1 and seem to fo1-

low seasonal rhythms rather than initiate them, they do not seem to 

be of major importance. 

Several possibi1ities emerge as initiators of D. longicornis movement 

From the refugia at the end of the dry period: 

1. It may be that the first rainfalls trigger seasonal changes in D. 
longicornis physiology resulting in sexual development and recep­

tivity, and the initiation of dispersal behaviour. The first rainfall 

may not have a direct i nfl uence on these changes (except to signal 

that changes are imminent) since the first rains often arrive three 

ta four weeks before a more regular pattern of precipitation sets in. 

Such effects of rainfall on insect dispersal have been documented by 

Tanaka, Wolda and Oenlinger (1987). Concurrently, rainfall and in­

creased humidity brings on a flush in vegetation that include the 

wild species of rice, O. longistaminata and O. brevOigulata (=0. 

barthii). As fecund females leave the refugia they may infest wild 

rice as early as May, since both are at favourable stages in their 

development. Egg-laying and infestation of wild rice can begin well 

in advance of the cultivated rice season. 

2. It may also be th~t the rainfall permits growth of dormant wild 

rice prior to the availability of cultivated rice. If diopsids ex­

hi bit searchi ng behavi our throughout the dry peri ad, they wi 11 even­

tually encounter and subsequently infest this wild rice. 

3. Photoperi od may al so have a tri ggeri ng effect on growth of wi 1 d 

rice (Oka, 1988) and on subsequent diopsid movement. 

eues responsible for induction of quiescence in D. longicornis, and 

movement ta the refugia, are more difficult ta interpret. As rain and 

R.H. arE. decreasing, this may reduce the moisture content of tlll:~ food 
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source (Denlinger, 1986), and this, in turn, would be a signal to D. 

longicornis females for dispersal. Furthermore, a decrease in 

daylength could also act as a due for diopsid dispersal . 
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DISPERSAL OF O. LONGICORNIS 

Since O. longicornis individuals readily changed from a state of 
reproductive inactivity to one of egg-laying (cf. Uniformity of the 
delay period in D. longicornis reproductive activity in the presence 
of cultivated rice), the uniformity and permanency of the aggregation 
of individuals in the refugia was questioned. Is there group cohesion 
once an aggregation has been formed? If there is dispersal from the 
refugi a throughout the dry season, what i s the purpose of the move­
ment at a time when conditions are unfavourable outside of these 
sites? Whereas the first part of the chapter examined factors that 
regul ate D. longicorni s abundance during the dry period, thi s 1 atter 
part will focus on D. 7ongicornis dispersal behaviour from the end of 
one wet season to the beginning of the next to identify peak disper­
sa l peri ods and to further determi ne the i nfl uence of the regul ators 
on diopsid behaviour. 

If D. longicornis has a physiologically and behaviourally dis­
tinct dry season form, it is likely that time of dispersal, whether 
at the beginning or at the end of the dry period, will occur during a 
fixed time period. A mark, release and recapture experiment was es­
tablished ta test this. The following three sites were chosen for 
marking: a) early or pre-aggregation sites found close to and in 
fields of a late rice crop; b) D. longicornis refuge sites; and c) 
the experimental field. These sites, as well as surrounding areas, 
were monitored every 14 days to determine whether D. longicornis in­
div i dua 1 s disperse du ri ng the dry season, and if so, whether there 
are specifie periods of dispersal, and whether there is a direction 
ta the movement. The experiment also generated data on the age of in­
dividual flies d\.lring the dry periad. 

Material and Methods. 
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Mark1ng Techniques. Marking of Scutellar Spines. A prel iminary 

marking experiment employing only locally available materials was 
conducted in the 1988 dry peri od, to obta in qu i ck informa t i on on 
diopsid dispersal behaviour. Marking consisted of cutting either the 
left, right or both scutellar spines of adult D. longicornis (Figure 
36a). With on1y three possible combinations, f1 ies From on1y three 
sites cou1d be marked. Eventually, insects From on1y two sites were 

marked since on1y two had a large enough population to samp1e from at 

the time of the experiment. 
On March 2S and April l, 1988, 619 and 101 f1ies respectively 

were marked in site 3, by having the right thoracic spine removed. On 

April 8, 1988, 1033 individua1s collected From site 1, had the left 
spine removed. During a marking session, D. longicornis was captured 

with a sweep net and placed in a plastic bag. Fl ies were let out one 

by one, he1d between the fingers and the insect's spine was cut with 

a nail clipper. The f1ies were then immediate1y released. All 

manipulation occured within the collection site. On1y a few dozen 

f1 i es were captured at a time to avoid any risk of death From over­

heat ing. 
From April 15 until June 28, 1988, refuge sites 1 to 6 were 

monitored week1y (la sweeps per site) for the presence of marked 

flies. After June 28 (at the end of the dry season) no more flies 

were found in these sites, and unti1 August 19, 1988 the surrounding 

fields were samp1ed weekly for marked individual s. Both marked and 

unmarked insects in the samples were counted and were immediate1y 

re1eased. Marked and unmarked f1ies were very difficult to differen­

ciate, a process that required handling and close examination. 

Marking with paint. The second marking scheme used during 

the 1989 dry season consisted of pl acing a small drop of paint on the 

dorsum of the insect's thorax (Figure 36b). Several types of paints 

were tested (Sears Finishing Touch Ename~ Château Ferro-Plastiqut®, 
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Fiq. 36. Marking techniques. 

a) spine-clippinq. Dry Season 1988 

( b) with paint. Dry Season 1989 
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Sears Plastique LiquidP, Motomaster Laqu~ by applying a drop of 

paint on the thorax of two groups of five freshly collected D. 10n­

gicornis specimens. Bath groups were killed and pinned to a piece of 

styrofoam; one group was 1 eft in the open air, the other was i nverted 

in a container of water so that the i nsects were i mmersed with the 

styrofoam on top. The adhesion of the paint was checked after one 

week. In the open air, all paints remained fixed, whereas in the 

water, all had washed off except for Château Ferro-Pl ast iquPI. Thi s 

latter paint after being immersed could be removed by rubbing, but it 

was neverthel ess chosen for the study. Château Ferro- Plast i que® al $0 

had a selection of colours that were bright and attractive. A small 

drop on the thorax, applied with the end of an entomalogical pin, 

coul d eas ily ident if y the i nsect. Marki ng began an November 24, 1988 

with the silver paint and ended on April 25 with the silver green 

paint. The marking schedu1e is reported in Table 20. Marking and 

releasing was done at the capture sites, as with the spine clipping 

technique. 

The importance of choosing a marking technique that does nat 

interfere with the activity and well-being of the insect was em­

phasized by Southwood (1978). Both marking techniques were therefore 

tested for their effect on D. 7ongicorni s. 

Test on the effect of marking on D. longicornis adults. For 

both marking techniques, an equal number (30) of unmarked and 

marked D. longicornis adults were placed in each of two small 

screened cages (40 cm X 40 cm X 50 cm). The cages contai ned 4 

petri dishes 1ined with a fi1ter paper to which one of the f01-

lowing was added: pond water, a 70% rnethyl alcoha1, an agar 

sol ution and crushed pineapple. These sol utions were 

1. Les Peintures Château Inc., 6833 ave. du Parc, Montréal, Qué. H3N 

lW8 
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Table 20. Marking schedule of Q. lonqicornis adults. 
Dry Season 1989 

COLOUR OF MARK DATE OF MARKING NUMBERS OF INSECTS 
MARKED 

Silver 24/11 to 9/12/88 142 

Green 29/11 ta 16/12/88 307 

Orange 30/11 ta 22/12/88 409 

White 1/12/88 125 

Yell aw 1/01 ta 5/01/89 671 

Blue 1/01 to 5/01/89 1725 

Gold 15/03/89 1035 

S il ver-green 11/04 te 25/04/89 2345 

( 

( 
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replenished when necessary. In the test on marking with paint, 
an additional dhh contained rice seedlings. The filter paper 
was kept moist until the end of the experiment. These materials 
normally should attract (water, rice, pineapple), repel 
(alcohol) or are neutral (agar) to D. longicornis; the se sub­
stances were offered to the flies to see if marking would 
change thei r response towards these substances. The i nsects 
were kept in the cages until all had died. Longevity was noted 
for both groups. Insects were checked on 6, 12, 18, 24, 30, 36, 
48, 60, and 72 hours after introduction and daily after this. 
The cages were left outdoors (in the shade) for the duration of 
the experiment. 
Results. In both tests, neither unmarked or marked diopsids 
were either attracted to or repelled by the substances offered 
in the petri dishes except that the flies were attracted to the 
rice plants in the second test. Most insects c1ung to the top 
of the screen in the direction of the sun {positive 
phototropism}. In the first test, the insects died quickly. All 
were dead after 72 hours, dying at a rate of 2 to 3 per 6 
hours. In the second test, some insects survived 22 days; 
deaths occured at a rate of 1 ta 2 per day in bath cages. The 
presence of the rice plants seems to have extended the life of 
the flies. However, the main point to note about these tests is 
that deaths occured at the same rate wi th both unmarked and 
marked insects, and for both tests, indicating that marking had 
no detectable effect on the longevity of the insects. 

Results and discussion. 

Marking of Scutellar Sp;nes. April ta August, 1988. Recaptures 
revealed that D. 7ongicornis dispersed from one refugia to anather 
and that there was no dominant direction of movement (Figure 37). 8y 
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June 17, when few insects could be found in the refugia, neighbouring 

fields that were then in preparation for the planting of the rice 

crop, were sampled for detection of marked D. 7ongicornis. No marked 

individua1 was collected and very few unmarked diopsids were found. 

Two hundred sweeps caught only 5 D. 7ongicornis. Thus, the diopsids 

were very dispersed. 

Marking with Paints. November, 1988 to June, 1989 Number of 

recaptures for each colour code is i1lustrated in Figure 38a to h. 

Very few i nsects from the sma 11 er rel eases were recaptu red, i. e . , 

wh i te (one recapture), green (one recapture) and s il ver (no 

recapture). These diopsid populations came from a 'pre-aggregation 

site' (from a humid and shaded area bordering a late crop of rice). 

The popul ation density of the fl ies was small here, so marking could 

not be done as intensively as il1 the refuge sites. 

The orange and yellow release sites were also 'pre-aggregation 

sites' but, since a larger number of insects were collected and 

marked (409 and 671 respectively) from these sites, the chances of 

recapture were higher. Insects marked in orange were collected as far 

as site 9, 57C m away, and were captured as long as 142 days after 

release (Table 21). Yellow-marked individuals were recaptured from 

two directions, sorne to the west towards and beyond the experimental 

field as far as site 4, and others to the east to site 5. Yellow in­

dividuals were also long lived, with 139 days between date of release 

and 1 ast date of recapture. 

Diopsids marked in blue and in gold (both from permanent refuge 

si tes) al so travelled far; bl ue and gold i nsects were coll ected in 

site 11, 480 and 405 m dway respectively. Blue-marked specimens were 

captured as long as 11;2 days after release. Although many silver­

green specimens were recaptured (149 out a total of 2345 marked), 

only 2 were found at a sit~ (site 1) other than the release site, the 

Experimental field. 
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Fiq. 38.Recapture of marked D. longicornis. Dry Season 1989 

Each section represents one colour code of marked 
and recaptured individuals. 
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Fig. 38.Recapture of marked p. longicornis. Dry Season 1989 

Each se~tion represents one col our code ot rnarked 
and recaptured individuals. 
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Fiq. 38.Recapture of marked D. longicornis. Dry Season 1989 

Each section represents one col our code of rnarked 
and recaptured individuals. 

175 



( Table 21. Survival time of marked D. longicornis individuals 
Dry Season 1989 -

c 010UR OF MARK DATE MARKED LAST DATE SURVIVAL TI~~E 
RECAPTURED (days; . 

Silver 24 -11-88 nd nd 

Green 29-11-88 31-03-89 122 

Orange 30-11-88 21-04-89 142 

White 1-12-88 24-01-89 54 

Vell ow 1-01-89 19-05-89 139 

Bl ue 1-01-89 9-06-i39 159 

Gold 15-03-89 16-06-89 93 

S ~ l ver- Green 11-04-89 7 ·-07 -89 87 

( nd = no data 

( ... 176 . 
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These results show that D. longicornis continually dispersed 

throughout the dry period. They also indicate that there was no car­

dinal direction of movement, but that movement seemed to be in rela­

tion to neighbouring refugia. Movement was slow from week to week. 

Because of the precarious environmental conditions of the dry 

season, dispersing D. long;corn;s (possibly scouts) most likely are 

searching for other humid refugia in the event that their former 

sites dry up. Further study of D. longicornis dispersal within 

refugia, with sex determination of recaptured individuals, could 

provide valuable insights concerning this subject. 
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CONCLUSIONS 

Pest status of D. longicornis and D. apica7is in coastal Guinée has 
now been defined. As with findings in other regions of West Africa, 
D. apica7is was proven to be a minor pest damaging a low percentage 
of rice stems during both the wet and dry seasons. D. 7ongicornis, 
bel ieved to be a major pest in neighbouring countrii:!s, was found to 
have a negl igible effect on rice in Guinée, regardless of the cul­
tural practices or the ~~ason. 

During the wet season, rain appears to be the main controlling 
factor of diopsid activity; choosing a later date of planting 
(generally after July 20) when rains have become well establ i shed 
will avoid or greatly reduce diops id infestati on. 

Tile dry season crops also suffered little damage (5 % average), 
although transplanted rice was significantly more damaged than direct 

seeded rice probably because during the unfavourable clil:latic condi­
tions of the dry period, both D. 7ongicornis and D. apica7is are 
known ta enter a quiescent period, moving to forested aggregation 

sites, here referred to as refugia. Again, by choosing a date of 
planting in the dry sec:son well after diopsid dispersal from the wet 
season crop and to the refugi a (genera lly 45 days after the l ast 
rainfall), infestation will be checked. In addition, later planting 
will not constitute an economic penalty. 

Intensification of the rice rrop by double- or triple-cropping 

may increase damage by D. 7ongicornis, since this insect can readil~' 

forego its quiescent period and invade and infest a dry season rice 
crop. !f multiple cropping became general practice, the G. 7ongicor­
nis population that had developped on one crop would remain in the 
field and continue to multiply on the next crop. Under present farm­
ing practices, diopsid populations are controlled by the dry season 
fallow and by pl anting of crops other than rice during the dry 
period. This break in rice plal,ting limits the diopsids' chances of 
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survival during unfavourable periods. If intensification i s neces-
sary, increasing rice acreage may be a better solution th an increas­
ing number of crops in the same field!' This has been previausly 
recommended by Loevinsohn et al. (1988) to avo id brown pl ant happer 
damage to ri ce in the Ph il i pp; nes. 

eues that determi n~~ D. 1 ongicorni s qui escence are vay; ous and i nter­
dependent. 

Presence cf (:ultivated rice proved ta be sigrdficant. D. lon­

gicornis immature females taken fram forested refugla and placed un­

der caged rice plants readPy broke the .. r re~roductive inactivity and 

started laying eggs. Thel'efore gravid females found on the dry season 

crop may have come from the refugia as well a~ from the prev;ous wet 

season rice crop. 

Although absence of rice at tl1e vegetative stage seemed to 

trigger diopsid dispersal from the wet seasan rice crop (at the end 
of the wet period), movement from the forested refugi a (at the end of 

the dry period) had no relationship with avaPability of r;ce 5ince 

this latter time of dispersal occured several months befare the next 

wet season rice crop was planted. Therefore regulators, other than 
presence of cultivated rice, must influence D. longicorms quies­

cence. For example, even though gravid D. longicornis femal~s were 

present on the dry season ricE:. tl1eir proportion was low. Reasons for 

this low level of fecundity are still unclear, b'Jt lt is possible 

that abiotic factors such as low relative humidity indicate ta D. 

7ongicornis that conditions are unfavourabe fJr egg maturation. 

Other biotic factors such as presence of secondary hasts \~ere 

found to pl ay major roles in D. longicornis ecology and behaviour. 

Wild speci es of rice, such as Oryza longistaminata and O. 

brevi1igu7ata = O •• barthii, may serve as alternativE! hosts at the 
beginning and end of the wet season (before and after the cultivated 

rice crop is available). This would extend D. longicornis' period of 

rl:productive activity and therefore increase the species' chances of 
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survival. Panicum nr. laetum and Commelina diffusa were identifled 

as the main food source of quiescent D. longicornis adults. Impor­

tance of these weeds as a food source, and of wi 1 d ri ce as al terna­

tive o .... iposition sites, could explain why D. longicornis populations 

have been found in areas where cul t i vated ri ce i s absent (Deemi ng 

1982) . 

Abiotic factors such as photoperiod, relative humidity and 

rainfall have an important impact on D. longicornis behaviour by ac­

ting as signals and initiators of seasonal changes in physiology and 

behaviour. 

Observations therefore indicate that D. longicornis exhibits 

characteristic seasonal behaviour probably paralle1t!:! by differences 
in phys i 01 ogy. 

During the dry season O. longicornis are known to be: 

- generally reproductively inactive; 

- feed on plant juices of common weeds such as Panicum nr. 

laetum and Commelina diffusa; 

- l ong- 1 i ved (up to 6 months and apparent 1 y longer); 

- found in aggregatit'ns in shaded and humid forested refugia; 

- have no fat body. 

During the wet season, D. longicornis have the following characteris­
tics: 

- reproduct i ve l y act ive; 

- adults may not be feeding on plant juices; 

- individuals are well ~ispersed over a large open territory; 

- dcvelop an important fat body later in the wet season. 
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These characteristics are, however, very flexible and factors or eues 
that determine the beginning and end of quiescence seem to de pend on 
a selection of choices rather than a fixed sequence or combinat ion of 
determining events. 
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FUTURE RESEARCH 

The study (jf traditional agricultural systems, like the one found in 
Dubreka, can generate very valuable information on the ecological 
principles that maintain minimum pest presence in a diversified croo­
p~ng system. We need to understand the ecological requirements of the 
pests and of their natural enemies, including factors, such as the 

social and agronomie context of local rice farming practices, that 

all contrihute tt. the patterns of distribution and abundance of rice 

pests. 

Priority areas to investigate: 

1. identification of regulators of female fecundity to determine 

whether fecundity would increase with continuous, intensive dry 
season planting. 

2. studies on the impact of natural enemies as important regul ators 
of diopsid populations, especially of immatures. Identification of 

these beneficials, including predators, parasites and pathogens. 

Studies of their impact on the diopsid pests and of their ecology 
have only been ~lightly addressed so far. 

3. further work on D. 7ongicornis quiescence and dispersal ta \-efugia 

would provide fundamental knowledge on tropical insect dormancy. 
4. sLudies on D. 7ongicorris and D. apica7is mating habits, of which 

nothing is presently known, e.g., time and place of mating. 

5. studies on real diopsid damage and impact on Guinean farmers' rice 
crops. 
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Appendix I.A. Incidence of parasitism of 9. longicornis during the study 
period. Ory season data. 

DRY SEASON 1987 

Stage of the Total in Numbers % Type of 
i nsect sample para. para. parasiti sm 

Adult 4694 157 * 3 fungus, Conidiobolus 
near giganteus + 

Larva 58 13 22 pathogen: larvae are dull 
grey to black or swoll en, 
fluid-filled 

t the 157 mentioned here were collected out of a total of 206 during a one 
month peri od. The fungus was not found duri ng the rest of the study. 

+ identified by Or. Tadeus Poprawski, European Parasite laboratory, 
13-17 rue de la Masse,Orgerus-Behoust 78910, France 

DRY SEASON 1988 

Adult 735 34 4 -4 by fungus:Laboulbeniales! 
-30 by pathogen: decomposed 
internal organs 

Larva 21 3 14 -2 by pathogen 
-1 by two diptera larvae 

all Laboulbeniales found in this study were identified by Dr. Hans Feijen 

DRY SEASON 1989 

Adult 1138 19 

Larva 30 4 

Pupa 20 2 

2 

13 

10 

-4 by ~ungius:Laboulbeniales 
-15 by pathogens: 14 with 
decomposed internal organs; 
1 with abdominal scar tissue 

pathogen: larvae are sticky 

-1 filled with several 
cylindrical eggs 

-1 parasitized by 
Aprostocc~~ sp.:Eulophidae@ 

@ identified by Dr. J. Huber, Biosystematics Research Centre, Ottawa,Canada 
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Appendix LB. Incidence of parasitism of Q. lungicornis during the study 

WET SEASON 1987 

Stage of the 
i nsect 

Adult 

Larva 

Pupa 

WET SEASON 1988 

Adult 

Larva 

peri od. Wet Season data. 

Total i nsects Numbers 
sampled para. 

558 3 

66 10 

11 1 

16Z 6 

8 3 

% 
para. 

0.5 

15 

9 

4 

38 

Type of 
parasitism 

fungus: Laboulbeniales 

- 6 by pathogen: l arv ae 
dull grey ta black 
- 4 by microhymenopter-a 

covered by pupae 
of mi crohymenoptera 

pathogen: decomposed 
internal organs or eggs 

pathogen: l arvae dull 
grey to black 
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( Appendix I.e. Incidence of parasitism of g. apicali~ during the study period 

DRY SEASON 1987 

Stage of the Total in Numbers % Type of 
insect sampl e para. para. parasi t ism 

Adult 2368 86 * 4 fungus: Conidiobolus 
near 9 i ganteu s 

Larva 34 3 9 pathogen: larvae are dull 
grey ta black or swo 11 en, 
f1 uid-fi 11 ed 

* out of 156 collected at same time (one month period) 
DRY SEASON 1988 

Adult 97 2 2 -1 by fungus:Labou1benia1es 
-1 by pathogen: decompo~ed 
interna 1 organs 

DRY SEASON 1989 

Adult 241 1 0.4 pathogen: decomposed 
internal organs 

( Larva 44 7 16 6 wi th pathogen: larv ae are 
sticky; 1 parasitized with 
Dipteran larva 

( 
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Appendix 2.A. Weekly sampling data for 
D. longicornjs adults.! 
Ory Season 1987 

SAMPLING ~. l ongicorni s 
DATE 

Total No. per dd 9~ coll. 40 sweeps 

31-12-86 0 - -- --
7 -01-87 0 - -- --

14-01-87 4 4 -- --
2.1-01-87 4 1 -- --
24-01-87 11 4 -- --
28-01-87 29 7 - - --

3-02-87 185 37 -- --
10-02-87 641 107 -- --
17 -02-87 512 73 276 236 
24-02-87 788 113 -- --

3-03-87 277 35 165 112 
10-03-87 404 SI 291 113 
17-03-87 455 57 343 107 
24-03-87 243 41 144 93 
31-03-87 393 98 222 137 

7 -04-87 309 77 105 67 
14-04-81 309 103 193 116 
21-04-87 89 45 38 51 
28-04-87 41 41 23 18 

TOTALS 4694 1800 1050 

based on weekly sweep net sampling 
(l0 sweeps per plot on 32 plots) 

% 99 

--
--
--
--
--
--
----
46 
--
40 
28 
24 
38 
35 
--
38 
57 
44 

37 

missing data, before February 17, insects 
were not sexed 
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Appendix 2.B. Weekly sweep net sampling of 
Q.. apicalis adults.! 
Dry Season 1987 

SAMPLING !!. apicalis 
DATE 

Total No. per tjtJ 99 coll. 40 sweeps 

31-12-86 0 -
7-01-87 0 -

14-01-87 8 4 -- --
21-01-87 14 5 -- --
24-01-87 34 11 -- --
28-01-87 120 30 - - --
3-02-87 253 51 -- --

10-02-87 500 83 -- --
17-02-87 388 55 206 182 
24-02-87 305 44 -- --
3-03-87 141 18 82 55 

10-03-87 157 20 109 48 
17-03-87 172 22 120 52 
24-03-87 52 9 26 26 
31-03-87 58 15 26 32 
7-04-87 99 25 56 43 

14-04-87 37 12 17 20 
21-04-87 26 13 10 16 
28-04-87 4 4 1 3 

TOTALS 2368 653 477 

% 99 

--
--
--
--
--
--
47 
--
39 
31 
30 
50 
55 
43 
54 
62 
75 

42 

based on weekly sweep net sampling (10 sweeps 
per plot on 32 plots) 
mi ssing data, before February 17, insects were 
not sexed 
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Appendix 2.C. Weekly sampl ing data for Q. longicornis and Q. aplca1 js. 
l arvae and dead hearts. l Dry Season 1987 

SAMPLING y. longicornis larvae D. apjcal js l arvap. Oead hearts 
DATE 

Total No. per Total No. per Total No. per 
coll. 40 plants coll . 40 plants co 11 . 40 plants 

14-01-87 1 0.3 0 - - 0 .. 

28-01-87 0 -- 0 - - 4 0.8 

10-02-87 9 1.5 13 2.2 73 12.2 

24-02-87 9 1.5 6 1.0 101 16.8 

10-03-87 26 5.2 7 1.4 113 22.6 

24-03-87 7 1.8 . 3 0.8 83 20.8 

7-04-87 5 2.5 5 2.5 57 28.5 

21-04-87 1 1.0 0 -- 10 10.0 

TOTALS 58 34 441 

data based on weekly plant dissections (10 plants per plot on 32 plots) 
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Appendix 2.0. Weekly sampl ing data for Q. longicorni s adults.! 
Dry Season 1988 

SAMPLING Total No. per % Grav. 9 
DATE co 11 . 40 sweeps rj tj 9 9 %9 Gravid 9 of total 9 
25-01-88 0 - 0 0 - - -
2-02-88 5 2.5 2 3 60 0 0 
9-02-88 31 15.5 12 19 61 1 5 

16-02-88 32 10.7 23 9 28 6 67 
23-02-88 52 17.3 29' 16' 31 0 0 
1-03-88 47 8.5 25 22 47 2 9 
8-03-88 84 21.0 41' 42' 50 17 41 

15-03-88 57 Il. 4 23 34 60 14 41 
2(-03-88 59 11.8 35 ' 21' 36 6 27 
29-03-88 104 26.0 45 59 57 38 64 
6-04-88 106 25.0 56' 46' 43 28 61 

12-04-88 74 18.5 46' 26' 35 13 50 
20-04-88 40 20.0 20 20 50 4 20 
26-04-88 15 7.5 7 8 53 7 88 
3-05-88 29 14.5 10 19 66 9 47 

TOTALS 735 374 344 47 145 42 

! based on weekly sweep net sampling (10 sweeps per plot on 24 plots) 
, missing data due to damaged insects 
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Appendix 2.E. Week1y samp1ing of D. apica1is adu1ts.! 
Dry Season 1988 -

SAMPLING Total No.per %Grav.~ 
DATE Coll . 40 sweeps d d 9 9 %9 Gravid 9 of total 

25-01-88 0 - 0 0 - 0 -
2-02-88 5 2.5 2 3 60 0 0 
9-02-88 12 6.0 4 8 67 0 0 

16-02-88 7 1.8 3 4 57 0 0 
23-02-88 9 2.3 6 3 33 0 0 

1-03-88 7 1.8 6 1 17 0 0 
8-03-88 18 3.0 8 10 56 1 10 

15-03-88 12 2.0 6 6 50 3 50 
22-03-88 4 0.7 1 3 75 1 33 
29-03-88 6 1.5 3 3 50 1 33 
6-04-88 14 3.5 4 10 75 2 20 

12-04-88 3 0.8 1 2 67 0 -
20-04-88 0 - 0 0 - 0 -
26-04-88 0 - 0 0 - 0 -
3-05-88 0 - 0 0 - 0 -

TOTALS 97 44 53 55 8 15 

based on weekly sweep net samp1ing (10 sweeps per plot on 24 plots) 
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Appendix 2.G. Weekly sampling data for D. longicornis adults.\ 
Dry Season 1989 -

SAMPLING Total No. per % Grav. ~ 
DATE coll . 40 sweeps 

" tj ~ 9 %~ Gravid ~ of Total ~ 

27-12-88 0 - 0 0 - 0 -
3-01-89 0 - 0 0 - 0 -

J 0-01-89 0 - 0 0 - 0 -
17-01-89 29 14.5 18 11 38 5 46 
24-01-89 45 11.0 29 16 36 2 13 
31-01-89 59 14.8 41 17 29 5 29 
7-02-89 79 19.8 38 41 52 10 24 

14-02-89 83 13.8 43 40 48 5 13 
21-02-89 122 20.3 68 52 43 8 15 
28-02-89 110 27.5 62 48 44 19 40 
7-03-89 37 9.3 18 19 51 6 32 

14-03-89 56 14.0 31 25 45 13 52 
21-03-89 174 43.5 106 68 39 14 21 
28-03-89 162 81.0 88 74 46 12 16 
4-04-89 128 64.0 70 56 44 14 25 

11-04-89 54 27.0 31 23 43 8 35 

TOTAlS 1138 643 490 43 121 25 

based on weekly sweep net sampling (10 sweeps per plot on 24 plots) 

.... 
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Appendix 2.H. Weekly sampling data for.Q. apicalis adults.! 
Dry Season 1989 

SAMPLING Total No. per % Grav 
DATE coll. 40 sweeps d d ~ ~ %~ Gravid ~ of Tot 

27-12-88 0 - 0 0 - 0 -
3-01-89 0 - 0 0 - 0 -

10-01-89 0 - 0 0 - 0 -
17-01-89 15 7.5 6 9 60 1 11 
24-01-89 19 4.8 11 8 42 2 25 
31-01-89 44 11.0 24 20 46 2 10 
7-02-89 24 6.0 8 16 67 0 0 

14-02-89 23 3.8 9 14 61 0 0 
21-02-89 22 3.7 12 10 46 1 10 
28-02-89 13 3.3 5 8 62 2 25 
7-03-89 4 1.0 3 1 25 0 0 

14-03-89 2 0.5 1 1 50 0 0 
21-03-89 15 3.8 5 7 47 2 29 
28-03-89 17 8.5 9 8 47 0 0 
4-04-89 40 10.0 21 19 48 1 5 

11-04-89 3 1.5 1 2 67 0 0 
-

TOTAlS 241 15 123 51 11 9 

( . based on weekly sweep net sampling (10 sweeps per plot on 24 plots) 
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Appendix 2.1. Weekly sampling data for D. longicornis and D. apicalis 
1 arvae and for dead heartS.! Dry Season -1989 

SAMPLING Q. longicornis larvae 
DATE 

Q. apicalis larvae Dead he arts 

Total No. per Total No. per Total No. per 
coll. 40 plants coll. 40 plants coll. 40 plants 

27-12-88 0 - 0 - 0 -
3-01-98 0 - 0 - 0 . 

10-01-89 0 - 0 - 0 -
17-01-89 2 0.7 1 0.3 4 1.3 
24-01-89 2 0.5 2 0.5 4 1.0 
31-01-89 1 0.3 2 0.5 8 2.0 
7-02-89 0 - 0 - 8 1.6 

14-02-89 0 - 0 - 7 1.2 
21-02-89 1 0.2 5 0.8 10 1.7 
28-02-89 a - 3 0.8 6 1.5 
7-03-89 5 1.3 la 2.5 17 4.3 

14-03-89 la 2.5 0 - Il 2.8 
21-03-89 6 1.5 3 0.8 19 4.8 
28-03-89 5 2.5 11 5.5 28 14.0 
4-04-89 4 2.0 3 1.5 13 6.5 

11-04-89 4 2.0 4 2.0 27 13.5 

TOTAlS 40 - 44 - 162 -

based on weekly plant dissections (10 plants per plot on 24 plots) 
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Appendix 2.J. Weekly sampling data for D. langicarnis adults.! 

Wet Seasan 1987 -

SAMPLING Total No. per % Grav. ~ 
DATE coll. 40 sweeps d d 9 9 %9 Gravid 9 of Total 

7-07-87 0 - 0 0 - 0 -
14-07 -87 17 17 .0 4 13 77 3 23 
21-07-87 67 33.5 25 42 63 10 24 
28-07-87 45 15.0 12 33 73 8 24 
4-08-87 46 11.5 14 32 70 16 50 

11-08-87 36 7.2 10 26 72 14 54 
18-08-87 50 8.3 18 32 64 12 38 
25-08-87 26 3.3 9 17 65 7 41 
1-09-87 57 7.4 18 39 66 10* * 
9-09-87 41 5.9 8* 25* 61 * * 

16-09-87 17 3.4 6 11 65 1* * 
23-09-87 no sampling due ta excessive rain 
29-09-87 12 l.5 4 8 80 2* * 
6-10-87 27 6.8 8 21 78 12 57 

13-10-87 62 15.5 27 35 57 * * 
20-10-87 55 27.5 28 27 49 10 37 

TOTALS 558 191 361 65 105* 29* 

! Based on weekly sweep net sampling (10 sweeps per plot on 32 plots) 
* missing data due ta damaged insects 
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Appendix 2.K. Weekly sampling data for D. apicalis adults.! 
Wet Season 1987 -

SAMPLING Total No. per % Grav. 9 
DATE coll. 40 sweeps rj d 9 9 %9 Gravid 9 of Total 9 

7-07 -87 0 - 0 0 - 0 -
14-07-87 0 - 0 0 - 0 -
21-07 -87 0 - 0 0 - 0 -
28-07-87 4 1.3 2 2 50 0 -
4-08-87 4 1.0 3 1 25 1 100 

11-08-87 11 2.2 5* 5* 46 3 60 
18-08-87 26 4.3 11 15 58 7 47 
25-08-87 1 0.1 1 0 0 0 0 
1-09-87 2 0.3 1 1 50 1 100 
9-09-87 2 0.3 1 1 50 0 0 

16-09-87 4 0.7 2 2 50 1 50 
23-09-87 no sampling due to excessive rain 
29-09-87 0 - 0 0 - 0 0 
6-10-87 0 - 0 0 - 0 0 

13-10-87 0 - 0 0 - 0 0 
20-10-87 1 0.5 1 0 0 0 a 

TOTALS 5S 27 27 49 13 48 

! based on weekly sweep net sampling (10 sweeps per plot on 32 plots) 
* m;ss;ng data due to damaged insects 
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( Appendix 2.lo Weekly sampling data for Q. longicornis and Q. apica1is 
immatures and for dead hearts.! Wet Season 1987 

SAMPlING Q. l ongicorni s Q. apicalis Oead hearts 
DATE 

Larvae Pupae larvae 

Total No. per Total Total No. per Total No. per 
coll . 40 plants coll. coll. 40 plants coll. 10 pl ants 

7-07-87 0 - 0 0 - 0 -
14-07-87 0 - 0 0 - 0 -
21-07-87 0 - 0 0 - 0 -
28-07-87 6 1.5 0 2 0.5 21 5.3 
4-08-87 3 0.8 1 0 - 23 5.8 

11-08-87 12 2.0 0 0 - 46 7.7 
18-08-87 19 3.2 4 1 0.2 42 7.0 
25-08-87 9 1.1 2 0 - 34 4.3 

1-09-87 9 1.1 1 0 - 33 4.1 
9-09-87 5 0.6 0 0 - 13 1.6 

15-09-87 1 0.1 2 0 - 4 0.7 
23-09-87 no sampllng due ta excessive rain 
29-09-87 1 0.2 0 0 - 1 0.2 
6-10-87 1 0.2 0 0 - 2 0.3 

13-10-87 0 - 1 0 - 0 -

( 
20-10-87 0 - 0 0 - 0 -
27 -10-87 0 - 0 0 - 0 -

TOTAlS 66 - 11 3 - 219 -

based on weekly plant dissections (10 plants per plot on 32 plots) 
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·' Appendix 2.M. Weekly sampling data for Q. longicornis adult~.! 
Wet Season 1988 

-
SAMPLING Total No. per % Gra 
DATE coll. 40 sweeps tJ d 9 9 %~ Gravid 9 of Tot 

12-07-88 0 - 0 0 . 0 -
19-07-88 0 - 0 0 - 0 -
26-07-88 2 1.0 1 1 50 0 0 
2-08-88 5 2.5 2 3 60 2 67 
9-08-88 8 4.0 3 5 63 5 100 

16-08-88 4 1.0 1 3 75 3 100 
23-08-88 no sampling due to excessive rain 
30-08-88 23 3.8 12 11 48 2 18 
6-09-88 5 0.8 3 2 40 1 50 

12-09-88 25 4.2 14 11 44 6 55 
20-09-88 20 3.3 11 9 45 3 33 
27-09-88 20 5.0 14 6 30 2 33 
3-10-88 7 3.5 4 3 43 1 33 

11-10-88 15 7.5 7 8 53 0 0 
18-10-88 28 14.0 13* 14* 50 0 0 

TOTAlS 162 85 76 47 25 33 

v. ~ 
al ~ 

! based on weekly sweep net sampling (10 sweeps per plot on 24 plots) 
* missing data due to damaged insects 
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( Appendix 2.N. Weekly sampling data for]. longicornis l arvae and for 
dead hearts.! Wet Season 1988 

SAMPlING Q. longicorni~ larvae Dead hearts 
DATE 

Total No. per Total No. per 
coll. 40 plants coll. 40 plants 

19-07-88 0 0 
26-07-88 1 0.5 4 2.0 
2-08-88 1 0.5 4 2.0 
9-08-88 3 0.8 6 1.5 

16-08-88 1 0.3 6 1.5 
23-08-88 0 5 1.3 
30-08-88 0 4 0.7 
6-09-88 0 1 0.2 

12-09-88 0 4 0.7 
20-09-88 1 0.3 1 0.3 
27-09-88 0 3 0.8 
3-10-88 1 0.5 2 1.0 

11-10-88 0 0 
18-10-88 0 7 3.5 

TOTAlS 8 47 

/' 

{ based on weekly plant dissections (la plants per plot on 24 plots) 

Tf ... 
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Appendix 2.0. Egg counts From visual observation of 50 plants samplesjplot 

DRY SEASON 1988 

DATE OF TOTAL EGGS TREATMENTS IN WHICH EGGS WERE FOUND' 
OBSERV. ON DATE OF 

OBSERVATION Seed bed lA lB 2A 2B 3A 

28-01-88 0 0 -- -- -- -- --
5-02-88 1 0 1 -- -- - - --

16-02-88 5 0 1 1 3 0 --
23-02-88 2 0 0 2 0 0 --
1-03-88 1 0 0 0 0 1 0 
8-03-88 8 -- 0 0 2 6 0 

15-03-88 1 -- 0 0 1 0 0 
22-03-88 2 -- -- -- 1 0 0 
29-03-88 5 -- -- -- 0 1 0 
6-04-88 1 -- -- -- 0 0 0 

12-04-88 0 -- -- -- -- - - 0 
29-04-88 0 -- -- -- -- - - 0 

TOTALS 26 0 2 3 7 8 0 

WH SEASON 1988 

DATE OF TOTAL EGGS TREATMENTS IN WHICH EGGS WERE FOuND' 
OBSERV. ON DATE OF 

OBSERVATION Seed bed lA lB 2A 2B 3A 

5-07-88 0 0 -- -- -- -- --
12-07-88 0 0 -- -- -- - - --
19-07-88 0 0 0 0 -- - - - -
26-07-88 0 0 0 0 -- -- - -
2-08-88 0 0 0 0 -- -- --
9-08-88 2 0 1 1 0 0 - -

16-08-88 3 1 2 0 0 0 - -
23-08-88 0 0 0 0 0 0 --
30-08-88 0 - - 0 0 0 0 0 
6-09-88 1 -- 0 0 0 1 0 

10-09-88 0 -- -- -- 0 0 0 
17-09-88 no sampling Que to excess 1 ve ra; n 
24-09-88 1 -- -- -- 0 0 0 
3-10-88 0 -- -- -- -- - - 0 

11-10-88 0 -- -- -- -- -- 0 
17-10-88 0 -- -- -- - - -- 0 

TOTALS 7 1 3 1 0 1 0 

, 1 treatment (e.g. lA) ~ 4 plots 
-- plots were not sampled, being either not yet planted or beyond 

the flowering stage 

3B 

--
--
- -
- . 
--
0 
0 
1 
4 
1 
0 
0 

6 

3B 

--
--
- -
--
--
--
--
--
0 
0 
0 

1 
0 
0 
0 

1 

222 



( .. 

Appendix 3. Weekly sampling data for D. longicornis adults in 
neighbouring farmers' fi eTds:r 

Wet Season 1987 

SAMPLING NUMBER TOTAL NUMBER %~ DATE OF PLOTS COllECTED PER 20 d d 9 9 OF 0 
SAMPlED SWEEPS 9 

TAl 

9-09-87 4 12 3.0 4 8 67 
15-09-87 4 15 3.8 9 3 25 
22-09-87 6 19 3.2 8 11 58 
6-10-87 6 6 1.0 3 3 50 

13-10-87 9 26 1.8 4 12 75 
20-10-87 8 9 1.2 4 4 50 
27 -10-87 6 10 1.6 3 7 70 
3-11-87 8 2 0.2 2 0 0 

10-11-87 2 -- -- -- -- --
TOTAlS 99 37 48 57 

Wet Season 1988 

SAMPLING NUMBER TOTAL NUMBER % % DATE OF PLOTS COllECTED PER 20 d d 9 9 OF T TAL 
SAMPlED SWEEPS 9 

30-07-88 4 0 - 0 0 -
19-08-88 4 5 1.2 3 2 40 
16-09-88 4 4 1.0 1 3 75 
27-09-88 4 2 0.6 1 1 50 
7-10-88 4 1 0.2 1 0 0 

14-10-88 4 10 2.6 3 7 70 
18-10-88 4 9 3.0 3 6 67 
21-10-88 4 12 3.0 6 6 50 
28-10-88 4 13 3.2 7 6 46 
4-11-88 4 10 2.4 5 5 50 

11-11-88 4 5 1.2 2 3 60 
18-11-88 4 2 0.6 1 1 50 

TOTAlS 73 33 40 55 

based on weekly sweep net sampling (20 sweeps per plot) 
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Appendix 4. Number of D. longicornis recaptured marked with paint. 
Dry Season - 1989 

COlOUR TOTAL MARKED TOTAL RECAPTURED % RECAPTURE 

Sil ver 142 0 0 

Green 307 1 0.3 

Orange 409 20 4.9 

White 125 1 0.8 

Yellow 671 25 3.7 

Blue 1725 585 33.9 

Gold 1035 144 13.9 

Silver- 2345 149 6.9 
Green 
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