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Abstract 

Although the stalk-eyed fly (Diopsis sp.) has been observed in Ugandan rice fields, there is limited 

information on the fly’s population and its potential threat to rice production. This study assessed the stalk-

eyed fly (Diopsis longicornis and Diopsis apicalis) population dynamics under varying temperature and 

relative humidity in rice ecosystems of Uganda. It was conducted in purposively selected small scale rice 

farming sub-counties in low land rain fed and irrigated rice agro-ecologies (Lake Victoria Crescent, Kasese 

transition zone and Northern moist farmlands). Diopsis sp. populations were monitored by sampling rice 

fields every 40 days for a period of 17 months. Weather parameters including air temperature and humidity 

were recorded by use of data loggers throughout the study period. R-statistical tool and MS Excel were used 

to assess the population dynamics and interactions of the diopsids. D. longicornis fly was dominantly 

abundant in rice fields of Lake Victoria Crescent and Northern Moist zones while D. apicalis was dominant 

in Kasese transition zone. There was significant mean count variations per survey for both species in all the 

agro-ecological zones with P-values of 0.000958 (D. longicornis) and 1.12e-12 (D. apicalis) in Lake Victoria 

crescent, 0.000473 (D. apicalis) and 0.0173 (D. longicornis) in Northern moist farmlands, 0.0188 (D. 

apicalis) and 0.0353 (D. longicornis) in Kasese transition zone. Temperature and relative humidity had a 

direct effect on the population of both species in Northern moist zone and only on D. apicalis in Kasese 

transition zone. The optimum/favorable temperatures for abundance were between 27oC and 29oC.  

Interpretation of the results? Integrated pest management strategies and introduction of improved Diopsis pest 

resistant rice varieties are some of the recommendations for managing the stalk-eyed fly populations in these 

rice ecosystems. 
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1.0 Introduction 

Climatic and weather conditions during cropping seasons are the major factors influencing the intensity and 

the occurrence of pests. Climatic factors such as temperature, precipitation and relative humidity directly or 

indirectly influence pest distribution and growth. These factors affect insect rate of development, 

reproduction, distribution, migration and adaption. Among all the abiotic factors, temperature is the most 

important one affecting insect distribution and abundance in time and space, since these are cold-blooded 

animals. 

Insect pests, diseases and weeds are the major biotic stresses that inflict enormous losses to rice production 

in Africa (Nwilene et al., 2013).  Amongst the insect pests, the stalk-eyed fly (Diopsis sp.) is a significant 

threat to rice production in tropical regions where warm and humid rice field conditions favors its 

multiplication. In Uganda’s rice fields, the stalk-eyed fly is the most abundant insect pest attacking rice 

(Weelar et al., 2016).This pest attacks rice plants early in the crop growth stage (usually under 10cm), 

shortly after emergence in direct-seeded fields or shortly after transplanting. Damage from stalk-eyed fly 
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larvae usually affects the central meristem of the plant, which is bored, resulting in a condition known as 

dead heart (Togola et al., 2011). Uganda’s rice cultivation is mainly paddy rice, grown in different agro-

ecological zones which provide favorable temperature, precipitation and humid conditions. The pest 

occurrence in these zones challenges its control/ management where the majority of farmers are resource 

constrained in terms of obtaining the expensive pesticides, agricultural extension services and pest resistant 

varieties. The acclaimed sporadic nature of the diopsids damage implies that they have not benefitted much 

from research attention (Bocco et al., 2017). There is limited information on the fly population and its 

potential threat to rice production in Uganda.  Currently, it is estimated that some 400,000 farmers mostly on 

small scale are involved in rice production throughout the country. Small scale farming communities 

cultivate rice in low land and rain fed rice agro-ecologies in Uganda. Except weeds and diseases, pests are 

the most serious threats to rice cultivation amongst small scale rice farming communities. This research 

provides information on changes in the pest populations and effects of temperature and relative humidity on 

diopsids populations in low land and rain fed rice agro-ecologies in Uganda. 

2.0 Study area and Methods 

2.1 Location and description of Study sites 

The study took place among small scale rice farming sub-counties in low land and rain fed rice agro-

ecologies in Uganda. Four rice farming communities in Uganda were purposively selected with the help of 

respective local area agricultural offices and farming groups. In the Lake Victoria Crescent agro-ecological 

zone, Muwayo farming area in Bulesa Sub-county, Bugiri District (33o51’32.33”E 0o31’57.42”N Elev. 

3548m a.s.l) was selected.  In the Northern moist farmlands, Barr farming area in Barr Sub-county, Lira 

District (33o01’50.56”E 2o11’05.04”N Elev. 3524m a.s.l) and in the west, Mubuku irrigation Resettlement 

scheme found in Kasese Town Council, Kasese District (30o15’01.25”E 0o21’48.23”N Elev.3389m a.s.l) of 

the Kasese transition agro-ecological zone were selected. These rice farms were chosen depending on their 

agro-ecological zones and the type of rice cultivation systems which include irrigated, rainfed lowland, 

upland, and flood-prone (Seck et al., 2013). The stalk-eyed fly pest populations and weather parameters 

(temperature and relative humidity) were monitored within these farming communities. 

 

Figure 1: Map of Uganda showing the areas representing the three rice growing agro-ecological zones 

considered i.e Bugiri district (Lake Victoria Crescent), Lira district (Northern moist farmlands) and Kasese 

district (Kasese transition zone). 
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2.2 Methods 

2.2.1 Stalk-eyed fly populations monitoring 

The Diopsis species has been reported across farmers' rice fields in Uganda (Weelar et al., 2016).To 

determine incidence, abundance and variability of Diopsis species insects within the rice fields in a given 

agro-ecological system, rice fields in each sub-county were sampled every 40 day beginning June 2014 for a 

period of 17 months. The time interval selected was based on the fact that most insects mature within a 

period of 3-5 weeks. In each rice field and nearby bush were selected for sampling and 10 sampling points 

were considered Sampling was carried out using a sweep net (Singh and Sharma, 2014) between 9:00 – 

11:00 am in the morning when the morning dew had evaporated. The sweep net had a diameter of 28 cm and 

length of 45 cm which allowed the net to be swept through dense vegetation, dislodging the insects. The 

net’s ring was attached to a metal- handle of 90 cm long. Ten (10) sweeps representing a sample were taken 

with a step forward equivalent to 1 meter while moving diagonally through the rice fields from one corner of 

the field. Sweeping was done from the plant canopy level including the interspaces between plants as well as 

close to the plant basal region as far as possible (Magunmder et al., 2013). The net was swung at an angle of 

270o (NICRA, 2011) as hard as possible after the last sweep to allow the insects to be deposited at the funnel 

end of the net. It was closed by gripping the midsection by the palm inverted. Collected insects were placed 

in plastic bags labeled with tags and later transferred into labeled vials with 70% ethanol alcohol for 

identifications. Diopsis species (D. longicornis and D. apicalis) insects were identified sorted out and 

counted by an entomologist. The sampling effort was done consistently. 

2.2.2 Weather parameters (temperature and relative humidity) monitoring 

To determine the influence of weather parameters on population of Stalk-eyed fly (Diopsis sp.), weather 

parameters affecting behavior, development, survival, reproduction of insects in rice fields including air 

temperature and humidity (Bale et al., 2002) were recorded each throughout the study period using data 

loggers(model AZ 8829) positioned at each of the three sites. Temperature and relative humidity data 

loggers were positioned under a shelter roof to minimize water damages and solar radiation heating. These 

data loggers recorded temperature every half an hour with an accuracy of ±0.21 K over the 0–50oC range 

together with a resolution of 0.02 K at 25oC (Faye et al., 2014). 

2.3 Data Analysis 

Graphical presentation for the rate of occurrence (incidence), and abundance of the Diopsids in each location 

for a period of 17 months was done. The variability per survey of the stalk-eyed fly during peak rice sowing 

seasons in a year was analyzed using bar graphs, boxplots and the Analysis Of Variance (ANOVA) tables 

performed in R-statistical tool. 

Bar and line graphs were plotted to represent the relationship between key climate variables (temperature 

and relative humidity) and the incidence and abundance of the Diopsis species in each agro-ecological zone. 

The simple and multiple regression analysis using R-statistical tool was done to obtain the R-square values 

for these relationships. 
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3.0 Results 

3.1 The incidence, abundance and variability of stalk-eyed fly populations in rice fields for a period of 

seventeen months 

Generally, both species occurred in all the three agro-ecological zones (Lake Victoria Crescent, Northern 

moist farmlands and Kasese transition zone) surveyed over the study period (17 months). In Bugiri, no 

incidents were observed in all months except March 2015 and September 2015.  Also April 2015 had no D. 

apicalis individual observed. Analysis done on incidence of Diopsis sp. in Buwayo rice fields (Bugiri 

district) from Lake Victoria Crescent zone showed that both  D. longicornis and D. apicalis were observed 

in all the months the surveys done (figure 2a).  The highest counts of D. longicornis (over 100 individuals) 

and D. apicalis (about 60 individuals) were observed in the month of November 2015 followed by June 

2014 with 56 counts of D. longicornis and 8 counts of D. apicalis respectively. Equal counts of 5 individuals 

belonging to each Diopsis species were observed in the months of November and December 2014.  

Surveys done in Barr village Rice fields (Lira district) of Northern moist farmlands showed both species 

occurred in hundreds in all the months surveyed except in February, March and April 2015 where few or no 

individual species was counted. D. longicornis always occurred in more numbers than D. apicalis 

throughout the months surveys were conducted. Almost equal counts of D. longicornis and D. apicalis were 

recorded in the month of January 2015. The incidence of these species in the area showed bimodal peaks 

throughout the months surveyed (figure 2b). 

In Mubuku irrigation and resettlement scheme rice fields (Kasese district) of Kasese transition zone, only D. 

apicalis occurred throughout the months surveyed except April 2015 with the highest number of 8 

individuals counted in February 2015.  D. longicornis occurred only in the months of July with 2 individuals 

and September with 3 individuals counted respectively (figure 2c). Highest incidences of both diopsids were 

in Bugiri and Lira and the least was in Kasese where only D. apicalis was observed. 

a)                                                                        (b) 
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(c) 

   

Figure 2: Incidence of Diopsis species in; (a): Bugiri district (b): Lira district; and (c): Kasese district rice 

fields throughout the months surveyed. 

Throughout the surveys done, a total of 819 D. longicornis and 337 D. apicalis insect pests were obtained in 

the three rice growing agro-ecological zones. In both the Lake Victoria crescent zone and Northern moist 

zone D. longicornis had the highest number of individuals with 228 and 586 insects recorded respectively 

(figure 3). However, few D. longicornis insects were recorded in Kasese transitional agro-ecological zone 

numbering only 5 individuals over the entire study period. D. apicalis only dominated in Kasese transitional 

zone with a record range of 32 insects recorded. 

 

 

Figure 3: Abundance of Diopsis species in the three districts representing the agro-ecological zones. 

Both D. longicornis and D. apicalis species had P-values of 0.000958 and 1.12e-12 respectively hence 

having  a very high level of statistical significance in the mean count variations per survey as represented in 

box plots figure (4a) and 4(b). November 2015 survey had the highest number of Diopsids counted. March 

2015, April 2015 and September 2015 had the least number of Diopsids counted in those surveys done 

Bugiri (Lake Victoria crescent agro-ecological zone) as shown in figures 5 (a).  

D. apicalis was statistical significant (p0.000473 ) in the mean count variations per survey of individuals 

from Lira (Northern moist agro-ecological zone) with November 2014 having the highest count and 

February 2015, March 2015 and April 2015 having the least counts (figure 5 a). However, D. longicornis 

had a p-value of 0.0173 statistical significance in the mean count variation where August 2014 had the 

highest counts and Feb 2015, March 2015 and April 2015 had the least counts (figure 5b). 

Both D. apicalis and D. longicornis species had p-values of 0.0188 and 0.0353 statistical significance in the 

mean count variations per survey respectively from Kasese agro-ecological zone with as represented in box 

plots figures (6 a) and (6b). 
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(a)                                                                                   (b)  

    

Figure 4: Mean count variations of; (a) D. longicornis, and (b) D. apicalis per survey in Bugiri district. 

(a)                                                                               (b) 

    

Figure 5: Mean count variations of; (a) D. longicornis and, (b) D. apicalis per survey in Lira district 

(a)                                                                         (b) 

    

Figure 6: Mean count variations of; (a) D. longicornis, and (b) D. apicalis per survey in Kasese district. 
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3.2 Influence of temperature and humidity on Diopsis species growth and development and their 

variation in a year 

Temperatures in Bugiri district (Lake Victoria crescent) decreased slightly during June 2014 up to December 

2014 but increased drastically from January until March 2015 which showed the highest temperature 

recorded (35oC). The temperatures started dropping gradually during April 2015 until December 2015 which 

had the lowest recorded temperature of 23oC (figure 7a). The relative humidity in this district increased 

during June 2014 upto November 2014 where it reduced towards December 2014. Relative humidity further 

reduced until March 2015 where it recorded the lowest of 55%. However, there was a drastic increase in 

relative humidity during April 2015 to August 2015 where it recorded the highest peak in (78%) and started 

dropping towards November 2015).There was no clear relationship (> 0.05) between the temperature and 

relative humidity with the incidence and abundance of Diopsis sp. in Bugiri district. However, the 

favorable/optimum temperature and relative humidity for the abundance of these flies were 25oC and 68% 

respectively (figure 7a).  These weather parameters had no statistical significant relationship with both 

species. 

In Lira district, there was a gradual rise in temperature during August 2014 until March 2015 having the 

highest of 26oC. After March 2015, temperatures started dropping until November 2015 having lowest 

temperature of 24oC (figure 7b). However, the relative humidity recorded in this area followed drastic falls 

and risings throughout the period with the lowest percentage of 36% recorded in January 2015 and the 

highest (75%) recorded during April 2015. Both D. longicornis and D. apicalis occurred in abundance 

during months with high relative humidity and few during months with low relative humidity in Northern 

moist farmlands agro-ecological zone (figure 7b).  During months with high temperatures, both Diopsis 

species were very few in numbers and months with low temperature had large numbers (hundreds) of the 

species. The optimum/favorable temperature for the abundance of D. longicornis and D. apicalis was 27oC. 

Likewise, the favorable relative humidity for the abundance of D. longicornis and D. apicalis was 75% and 

70% respectively. The weather parameters had no statistical significant relationship with D. apicalis (p-

value > 0.05). However, temperature had a very low level of statistical significance (p-value=0.0453) with 

D. longicornis and relative humidity had no statistical significance (p-value>0.05) in the incidence and 

abundance of this species. 

Temperatures recorded from Kasese district of Kasese transition zone showed a gradual rise during 

November 2014 until February 2015 which had the highest (29oC) heat recorded. April 2015 had the lowest 

temperature (25oC) recorded (figure 7c). Meanwhile, the relative humidity records showed drastic increase 

and decreases throughout the period where January 2015 had the lowest percentage (41%) and April 2015 

with the highest percentage (65%) recorded. Since D. longicornis occurred only twice (July and September) 

in the area, there was no clear graphical relationship between this species and these weather variables in 

Kasese transition agro-ecological zone. While for D. apicalis which occurred almost every month surveyed 

showed significant relationships of p= 0.137 (temperature) and 0.225 (relative humidity) with these weather 

variables (figure 7c). This species (D. apicalis) did not occur at the highest relative humidity and lowest 

temperatures of 65% and 26oC respectively. However, this species occurred in abundance within 

temperatures and relative humidity of 29oC and 48 % respectively.  D. apicalis showed no significant 

relationship (temperature p-value=0.137 and relative humidity p-value=0.225) in occurrence and abundance 

with the weather parameters. 
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(a)                                                                            (b) 

    

 (c) 

 

Figures 7:  Climate variables against incidence and abundance of Diopsis species in; (a) Bugiri district 

(Lake Victoria crescent, (b) Lira district (North moist zone); and (c) Kasese district (Kasese transition zone).  

4.0 Discussion 

4.1 The incidence, abundance and variability per survey of stalk-eyed fly populations in rice fields for 

a period twelve months. 

In all the agro-ecological zones surveyed, the Diopsis sp. mean counts of the population varied per survey. 

Insect populations are very dynamic where the number of individuals in a population may change from day 

to day, season to season, or year to year due to their interactions with the environment (Pedigo and Rice, 

2006; and Young, 2012). Generally, D. apicalis and D. longicornis occurred in large numbers in all the three 

agro-ecological zones with both rainfed low land and irrigated rice ecosystems surveyed. The stalk-eyed fly 

is most abundant in lowland (irrigated and rainfed) rice ecosystems (Nwilene et al., 2013 and Koudamiloro 

et al., 2015). 

Occurrence with a statistical difference in mean counts per survey of diopsids throughout the twelve months 

in Lake Victoria Crescent agro-ecological zone (Bugiri district) was attributed to the presence of rice as its 

host and other alternative hosts. Rice (Oryza sativa) seedlings, rice crops cultivated in wet season, rice 

ratoons left after harvests, wild rice (Oryza longistaminata) belonging to the rice family during dry seasons 

are all hosts to the Diopsis sp. (Nwilene et al., 2013). Presence of Diospsis sp. in large populations during 

November and June was due to the intensive rice cropping seasons of these months. Studies carried out 

elsewhere have shown that availability of host plant greatly influences stem borer’s population dynamics 

(Price et al., 2011). In the wet season, stem borer incidence is intense during October-November resulting in 

white ear head damage at the flowering stage in rice. Occurrence of the insect pest populations in the non-

rice cropping season (for dry month of February 2015) was due to availability of other substitute hosts such 
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as wild rice and ratoons. In the dry season, the pest incidence occurs from February to April infesting the 

crop at vegetative stages. In the absence of cultivated rice crop, a host plant such as O. longistaminata (wild 

rice) can serve as a substitute host, especially where it is in abundance (Ba et al., 2008).  Absence of the 

insect pest in Bugiri during the months of March 2015, April 2015 and September 2015 was due to limited 

availability of host plants since activities such as land preparation activities by farmers were ongoing. These 

activities involve clearing all vegetation including rations. Diopsis sp. is not known to attack other crop 

plants other than cultivated rice (Heinrichs, 2002). 

Surveys done in Northern moist agro-ecological zone Rice fields (Lira district) with a statistical significant 

difference in mean counts showed both species occurred in hundreds in all the months surveyed except in 

February, March and April (2015) where few or no individual species was counted. Absence of Diopsis sp. 

in February, March and April was attributed to a long dry season without host crop (rice) cultivated where it 

looked for alternative host wild rice plants in the nearby bushes. The rice plant is an ideal host for a large 

number of insect pests including Diopsis sp. (Heinrichs, 2002). D. longicornis always occurred in large 

numbers more than D. apicalis throughout the months a survey was done. The dominance in abundance of 

D. longicornis in rice fields of both Lake Victoria Crescent and Northern Moist agro-ecological zones could 

be explained by geographic range temperatures. These zones experience range temperatures between 24°C 

and 28°C. Geographical ranges of insects are not directly limited by vegetation, but instead are restricted by 

temperature (Gaston, 2003). Furthermore, this dominance was due to the rainfed lowland rice ecosystem 

which has stream water flowing through the rice fields throughout the year. Many insect species of D. 

longicornis are found in areas with water throughout the year and occur in swarms in shady areas near 

streams and canals and on weeds along levees in fallow lowlands during the dry season (Heinrichs and 

Barrion, 2004). 

The high occurrence and abundance of D. apicalis population in Kasese transition agro-ecological zone 

(Kasese district) could be due to high temperatures experienced by the zone where the rice fields are located 

favoring their occurrences.  A high population of D. apicalis in February 2015 was due to presence of a host 

insect (D.longicornis) in which eggs are laid during reproduction. D. apicalis oviposits exclusively on stems 

infested with D. longicornis (Bocco et al., 2017). Also availability of host cultivated rice and infestation 

from neighboring bushes increased D.apicalis populations. Insect pests abandon rice fields left without 

cultivated crops for nearby bushes and later return during intensive cropping seasons (Chasen et al., 2014).  

D. longicornis occurred only in the months of July with 2 individuals and September with 3 individuals 

counted respectively. Low D.longicornis populations were due to high mortalities resulted from parasitoid 

attacks from D.apicalis (Heinrichs and Barrion, 2004; Feijen, 2012). July and September are months in dry 

season where these pests infest the crop both at vegetative and heading stages (Heinrichs, 2004; Alam, 

2016).  

Abundance of stalk-eyed fly, Diopsis sp. in large numbers in both Lake Victoria crescent and Northern 

moist zones where there is rainfed lowland rice system more than in Kasese transitional agro-ecological 

zone was due to the monoculture rice cultivation over a wider stretch of land and limited chemical use. 

Insect pest populations are compromised by irrigated rice production systems through cultivation practices 

such as, intensive use of chemical inputs (fertilizers and pesticides) and asynchronous planting (Heinrichs 

and Barrion, 2004). 

4.2 Variation of temperature and relative humidity in Diopsis species growth and development 

Temperature and relative humidity had a direct effect on the population of both D. longicornis and D. 

apicalis in Northern moist zone and only on D. apicalis in Kasese transition zone. Climatic and weather 

conditions during cropping seasons are the major factors influencing the intensity and the occurrence of 
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pests (Kocmankova et al., 2008) but temperature and humidity stand out as the most important ones 

constraining abundance and distribution of insects (savopoulou - soultani et al., 2012; and Khaliq et al., 

2014). A large population of Diopsids during months with high relative humidity was due to adult 

emergencies where higher humidity was important for egg hatching activity and development. Previous 

studies done on insect pests showed that the percentage of adult stage emergence increased with the increase 

of relative humidity (Akter, 2013). Months with high temperatures had a low population of both Diopsis sp. 

and months with low temperature had large population. Temperature causes the direct effects like survival, 

growth and development, voltinism and dispersal of insect pests (Karuppaiah and Sujayanad, 2012). Insects 

do not bear the challenge against high and low thresh hold temperatures.  High thermal thresh hold influence 

the insects trend stage, growth or some internal metabolic activities (Khaliq et al., 2014). The favorable 

optimal relative humidity for the abundance of D. longicornis and D. apicalis was between 48% -75%. 

Likewise, the favorable optimal temperature for the occurrence of D. longicornis and D. apicalis was 

between 25oC - 29oC for all the agro-ecological zones. Most insect activity and reproduction occurs at 

temperatures between 15oC - 35oC but each species usually has an optimum temperature (Reznik et al., 

2009).  

However, there was no clear effect of temperature and relative humidity on the population dynamics of 

D.longicornis in the Lake Victoria crescent and Kasese transition zones. Besides temperature and relative 

humidity, biotic (biological) factors such as natural enemies including predatory insects (Tahir and Butt, 

2008), parasitoids (Bonet, 2009) and nematodes (Denno et al., 2008) which also affect the populations of 

Diopsis sp. On addition to biotic factors, the Diopsis sp. population can also be suppressed chemical 

(insecticide) application (Sarwar et al., 2005; Ssemwogerere et al., 2013) and rice farming practices (Kumar, 

2012). 

5.0 Conclusion and Recommendations  

Stalk-eyed flies were abundant in Lake Victoria crescent and Northern moist zones where there is rainfed 

lowland rice system more than in Kasese transitional zone which has low land irrigated rice ecosystem. 

Large fly populations were mainly during the months of November and June when there is intensive rice 

cropping. However, D. apicalis was dominant in Kasese transition agro-ecological zone only. Temperature 

and relative humidity had a direct effect on the population of both species in Northern moist zone and only 

on D. apicalis in Kasese transition. Optimum/favorable temperature for their abundance was between 27oC 

to 29oC.  

Integrated pest management strategies such as use of non-hazardous pesticides early sowing, fertilizer 

adjustment and burning rice stubble should be emphasized in Lake Victoria crescent and Northern moist 

zones to control the high levels of Diopsis species populations. Also introduction of improved Diopsis 

resistant rice varieties to reduce on the losses inflicted by the diopsids in-order to improve food security in 

Uganda. 
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