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Summary

Introduction - Mango (Mangifera indica L.) is a
fruit species with high potential for reduction of hun-
ger and poverty in Mozambique. However, the pro-
duction of this crop is currently threatened by various
fruit fly species, including Bactrocera dorsalis (Hen-
del) and Ceratitis cosyra (Walker). Their occurrence
in Mozambique needed to be assessed. Materials and
methods - Fruit flies (B. dorsalis and C. cosyra) were
monitored over two consecutive mango cropping sea-
sons from September 2014 to August 2016 on 10 ha
of a commercial mango orchard in Vanduzi district,
Mozambique. Trapping activities were conducted us-
ing Chempac Bucket traps baited with food attractant
(torula yeast). Temperature data and host phenology
data were recorded at the orchard, while rainfall data
were obtained from a meteorological station located
10 km away. Results and discussion - Fruit fly popu-
lations were present in the orchard over the entire
trapping period (for B. dorsalis); or absent at some
periods during vegetative stages of the mango (for
C. cosyra). For both cropping seasons, the population
of B. dorsalis peaked in January. For C. cosyra, the peak
was observed in January of the first cropping season,
while it was observed in November of the second sea-
son. The population of both species varied between
the seasons, butin general B. dorsalis was more abun-
dant than C. cosyra (average relative abundance index
RAI = 0.814). The B. dorsalis population density had
a positive relationship with minimum temperatures
and mango phenology stages and a negative relation-
ship with average temperatures, while the population
of C. cosyra had a positive relationship with minimum
temperatures. Conclusion - The populations of B. dor-
salis and C. cosyra in Mozambique fluctuated through-
out the cropping year, B. dorsalis was more abundant
than C. cosyra with some periods of exclusive pres-
ence. This fluctuation seems well-related to biotic
and abiotic factors.
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K Significance of this study

What is already known on this subject?

* Bactrocera dorsalis is an invasive species of fruit fly in
Africa and the most important, attacking a large num-
ber of hosts including mango.

« Ceratitis cosyra is a native species with mango as one
of the most important hosts.

 After invasion, B. dorsalis is displacing C. cosyra in
many East and West African countries.

What are the new findings?

 Bactrocera dorsalis still coexists with Ceratitis cosyra
in Mozambique after its invasion, but more abundant
than the native species.

» Both populations fluctuate throughout the year, re-
lated to biotic and abiotic factors.

What is the expected impact on horticulture?

e Understanding the relationship between population
fluctuations and biotic and abiotic factors will allow
anticipating the build-up of pest populations; and

« [t can assist the growers in predicting population
growth and taking precautionary measures.

/

Résumé

Abondance saisonniére des mouches des fruits
(Diptera: Tephritidae) et relations avec les
facteurs biotiques et abiotiques en verger de
manguiers dans la province de Manica au
Mozambique.

Introduction - Le manguier (Mangifera indica L.)
est une espece fruitiére ayant un fort potentiel de ré-
duction de la faim et de la pauvreté au Mozambique.
Cependant, la production de mangues est actuelle-
ment menacée par diverses espéeces de mouches des
fruits, dont Bactrocera dorsalis (Hendel) et Ceratitis
cosyra (Walker). Leur apparition au Mozambique doit
étre évaluée. Matériels et méthodes - Les populations
de mouches des fruits (B. dorsalis et C. cosyra) ont été
suivies pendant deux saisons de culture consécutives
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de septembre 2014 a aofit 2016, dans un verger
de 10 ha de manguiers commerciaux dans le district
Vanduzi, au Mozambique. Les activités de piégeage
ont été menées a 'aide de pieges Chempac Bucket
avec un attractif alimentaire (levure de torula). Les
données de températures et les données phénolo-
giques de I’hdte ont été enregistrées au verger, tandis
que les données de précipitations ont été obtenues a
partir d’'une station météorologique située a 10 km.
Résultats et discussion - Les mouches des fruits étaient
présentes dans le verger pendant toute la période de
piégeage (cas de B. dorsalis); ou absentes a certaines
périodes pendant les étapes végétatives du manguier
(cas de C. cosyra). Sur les deux saisons de culture, la
population de B. dorsalis a atteint un sommet en jan-
vier. Pour C. cosyra, le pic de population a été observé
en janvier de la premiére saison de culture, alors qu’il
a été observé en novembre de la deuxiéme saison. Les
populations de chaque espéce ont présenté des varia-
tions selon les saisons, mais en général, B. dorsalis a
été plus abondante que C. cosyra (indice d’abondance
relative moyenne RAI = 0,814). La densité de popula-
tion de B. dorsalis est en corrélation positive avec les
stades phénologiques de la mangue et la température
minimale, et en corrélation négative avec la tempé-
rature moyenne, tandis que la population de C. co-
syra est en corrélation positive avec la température
minimale au verger. Conclusion - Les populations de
B. dorsalis et de C. cosyra au Mozambique ont fluctué
tout au long de I'année de culture, B. dorsalis était
plus abondante que C. cosyra avec quelques périodes
de présence exclusive. Cette fluctuation semble liée a
des facteurs biotiques et abiotiques.

Mots-clés
Mozambique, manguier, Mangifera indica, Bactrocera
dorsalis, Ceratitis cosyra, dynamique des populations

Introduction

Horticulture is one of the most important agricultural
subsectors in Africa, providing income, creating employment
opportunities, and enhancing food and nutritional security
(Ekesi et al., 2016; Vayssieres et al.,, 2008). In Mozambique,
fruit trade generated more than $ 20 M year-! in Manica and
Maputo provinces (Cugala, 2011). Mango (Mangifera indica
L.) is considered the second fruit crop with highest produc-
tion in the country, after banana (Musa spp.), with an aver-
age production of about 35.000 t year-! (FAOSTAT, 2015). The
crop is produced across various regions around the country
by smallholder farmers on small family plots for subsistence.
Manica province is the only region where mango is produced
in large commercial plantations for export mainly for South
Africa (Bota, 2016). Mango exports generated to the country
more than $ 758 thousand from 2006 to 2009 (José et al.,
2013).

The occurrence of fruit flies, including Bactrocera dorsa-
lis Hendel and Ceratitis cosyra WalKker, is the most important
factor hampering the production of mango in Africa in gen-
eral and Mozambique in particular (Ekesi et al, 2009; Mwa-
tawala et al.,, 2006; Cugala, 2011). Ceratitis cosyra is an Afri-
can native species and, prior to the arrival of B. dorsalis, it was
considered as the most important pest on mango in sub-Sa-
haran Africa (Virgilio et al., 2017). Bactrocera dorsalis is an
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invasive species, native from Sri Lanka, reported for the first
time in Africa in 2003, and is now largely distributed over
the entire continent, infesting several fruit species including
mango (Goergen et al, 2011). Studies conducted in Kenya
and Tanzania indicated that after the invasion of B. dorsa-
lis the populations of C. cosyra have been largely displaced
by the former (Ekesi et al, 2009; Mwatawala et al, 2006).
In Mozambique, B. dorsalis was first detected in 2007 in the
northern region (Correia et al., 2008), and now the pest is
established all over the country. Direct losses on mango due
to native fruit flies are around 40% in Africa, however, with
the invasion of B. dorsalis the impact increased to more than
50% (Vayssieres et al., 2014). Indirect losses attributed to
quarantine restrictions are also high. For example, following
the B. dorsalis invasion in 2003, Kenya lost its entire avocado
(Persea americana) export market in South Africa, resulting
in revenue losses of $ 1.9 million in 2007 (Ekesi et al., 2016).
The temporary closure of the South African market for three
weeks in October 2008 resulted in the loss of about $ 2.5 M
in Mozambique (Cugala, 2011).

Several studies were conducted to assess the season-
al fluctuation of fruit flies in mango orchards in Uganda
(Mayamba et al.,, 2014), Mexico (Aluja et al, 1996), India
(Sarada et al., 2001), Malaysia (Tans and Serit, 1994), China
(Chenetal, 2006), Tanzania (Mwatawala et al., 2006), Benin,
Burkina Faso, Ivory Coast, Ghana, Guinea, Mali, Senegal and
Togo (Vayssieres et al., 2014). In general, adult population
shows fluctuations throughout the year, however, the fac-
tors behind the fly seasonality are not fully understood since
they may vary from one to another region. In Mozambique,
a study on B. dorsalis dynamics were conducted but a pher-
omone lure methyl eugenol was used (Majacunene, 2014),
not allowing to describe the changes at farm level since it can
attract flies from more than 2 km distance from the orchard.
On this study we provide, for the first time in Mozambique,
data on fluctuation of both fruit flies species (B. dorsalis and
C. cosyra) on a mango orchard in a long-term monitoring
(24 months, covering two mango seasons), and its relation
with biotic and abiotic factors at a farm level. Due to the im-
portance of Manica Province as a mango producing area and
also to the need for knowledge on the population dynam-
ics of fruit flies as a prerequisite for development of an ap-
propriate control program, the present study was conduct-
ed along the following objectives: to assess (i) the seasonal
fluctuation of B. dorsalis and C. cosyra over two consecutive
mango seasons in one of the main mango production areas,
(ii) the relative abundance index between the two species,
and (iii) the relation of the seasonal fluctuation of the flies
with biotic and abiotic factors.

Materials and methods

Study sites

Data were collected in a 10-ha commercial mango (Man-
gifera indica L.) orchard in Mozambique, Manica Province,
Vanduzi District (18°94’S latitude, 33°18’E longitude, 700 m)
(Figure 1). Two varieties of mango were produced in the
orchard: ‘Tommy Atkins’ (occupying more than 80%) and
‘Keitt’ (less than 20%). The orchard is surrounded by per-
manent pastures, maize (Zea mays L.) fields, and scattered
trees of wild mango variety and guava (Psidium guajava L.)
(Figure 2). Mango was the only crop produced in the orchard
and the main cultural activities were pruning after harvest,
and mechanical weed control.
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The study area has a tropical climate, with an annual
average temperature of 21.2 °C, and rainfall from 1,000 to
1,020 mm. The rainy season starts around October-Novem-
ber and ends in February-March. The soils are mainly red ox-
ides, deep and well drained, with a rolling topography (MAE,
2005).

Trapping

Trapping was done according to IAEA guidelines (IAEA,
2013) with modifications. Twenty-six plots were demar-
cated in the orchard. Each plot was composed of six labeled
trees. Two replicate traps were placed within each plot on
different trees (Figure 2). In total 52 Chempac Bucket traps
(Insect Science®) baited with torula yeast (Insect Science®)
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FIGURE 1. Geographic location of the Vanduzi District, Mozambique.
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FIGURE 2. Physical location of the plots in the studied mango orchard (Source: Google Earth, 2016).
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(250 mL per trap) were placed in the orchard. Torula yeast
was diluted in water at the proportion of 3 tablets L-1 water.
Chempac Bucket traps is a modification of McPhail trap and
it is recommended for liquid attractants such as torula yeast
(Manrakhan, 2017, Uchida et al.,, 1996). The torula solution
was replaced weekly, after cleaning the traps. All used torula
yeast was removed from the orchard to avoid contamination.
The position of each trap was determined with a GPS Garmin
etrex 30.

The data were collected over two years, with weekly
trapping during mango season (September 2014 till Febru-
ary 2015 and August 2015 till February 2016) and monthly
trapping during off-mango season (March 2015 till July 2015
and March 2016 till August 2016) due to the low number of
fruit fly catches.

Species identification

All fruit flies captured in the traps were preserved in
70% ethanol, taken to the National Fruit Fly Laboratory of
Chimoio and identified to genus and species level, using the
electronic key developed by Virgilio et al. (2014). After iden-
tification to species level, only B. dorsalis and C. cosyra speci-
mens were considered for further study because of their sig-
nificance and importance as mango pests (Ekesi et al., 2009;
Vayssiéres et al., 2015).

Biotic and abiotic factors

Host phenology was recorded during the entire period
covered by the study, recognizing four stages as defined by
Vayssiéres et al. (2015): (1) Vegetative growth; (2) Flower-
ing; (3) Fruit formation and development; and (4) Maturity
stage. The phenology of alternative hosts like guava and lo-
cal varieties of mango were also recorded. Temperature data
were collected using 26 data loggers or thermochron (iBut-
tons Dalsemi®) placed at each plot within the orchard. The
data logger resolution used was 0.50 °C. Rainfall data were
obtained from Vanduzi Company meteorological station lo-
cated 10 km from the orchard.

Data analysis
For each species, flies captures were expressed as FTD

(average number of adult flies trap-t day-!) calculated by plot
and trapping date (IAEA, 2013). One-way Analysis of Vari-
ance (ANOVA) and a posteriori SNK tests were used to verify
the effects of host phenology (fixed factor, 4 levels) on the
target species density, which was [log (x+1)] transformed be-
fore submitted to ANOVA.

Non-parametric Mann Whitney test was used to compare
the abundances between the two species and mango seasons.
Log-linear regression with Poisson distribution was used to
evaluate relationships between abundance of the flies and
covariates including mango phenology, temperatures (mini-
mum, maximum and average) and rainfall (Nene et al,, 2016).
Relative Abundance Index (RAI) was used to describe rela-
tionships between the abundance of B. dorsalis and C. cosyra
in the orchard over time calculated for each trapping date,
and plotted for each phenology stage of mango according to
the formula proposed by Segura et al. (2006):

Bd

RALxy =Ba + ¢o

where Bd is the number of adult of B. dorsalis and Cc the
number of adult C. cosyra captured on the trap x and trapping
date y. RAI ranges from 0 to 1 and grouped in five categories:
exclusive presence of B. dorsalis (RAI = 1); exclusive pres-
ence of C. cosyra (RAI = 0); both species present but B. dor-
salis in high abundance (1<RAI<0.66), intermediate cases
(0.66<RAI<0.33) and both species present but C. cosyra in
high abundance (0.33 <RAI<0). All statistical analysis were
conducted using STATA 13 (StataCorp©).

Results

Records for abiotic factors

The monthly minimum temperature on the orchard
during the study period varied between 8.00 °C (June 2016)
and 21.02 °C (December 2014). The monthly average and
maximum temperatures varied between 17.48 °C (June
2016) and 27.52 °C (December 2015) and between 24.71 °C
(August 2015) and 40.5 °C (February 2016), respectively. The
total rainfall was 903.00 mm and 835.00 mm during the first
mango season and the second mango season, respectively.
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Mango phenology

Study results showed that the vegetative growth stage of
mango began in March and extended until May. The flower-
ing stage started in June and ended in July-August. In August
began the fruit growing stage, which extended till October.
In November the fruit entered the maturity stage, lasting till
February. The peak of maturity of mango was observed in
December and January (Figure 3). No differences were ob-
served between the two mango seasons.

Fluctuation of fruit flies population in the orchard

Bactrocera dorsalis was present in the orchard during the
whole trapping period (Figure 3). Ceratitis cosyra was pres-
ent throughout most of the trapping period, being absent
only in October 2014, April 2015 and March 2016 (Figure
3). Trap catches of both species varied throughout the years.
Two peaks of abundance were observed during the trap-
ping period for each species. For B. dorsalis, the peaks were
observed in January 2015 (FTD = 20.9) and January 2016
(FTD = 3.9). Ceratitis cosyra reached the peak of abundances
in January 2015 (FTD = 7.77) and November 2015 (FTD =
1.27). In the first mango season, both species peaked at the
same month (January 2015), while during the second man-
go season C. cosyra peaked two months before B. dorsalis. In
general, low densities of flies were observed from March to
June (B. dorsalis) and from March to September (C. cosyra).

When analyzing the abundance of flies over the phenolo-
gy stages of mango in the orchard, for B. dorsalis, the maturi-
ty stage of the host coincided with higher fruit fly abundance
(FTD = 6.90+0.62) and was statistically different from other
stages namely vegetative growth (FTD = 0.3+2.19), flower-
ing (FTD = 0.725%2.69) and fruit formation and develop-
ment stages (FTD = 2.00+1.12), which had lower abundanc-
es and not significantly different from each other, based on
the SNK test (Table 1).
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FIGURE 4. Fluctuation of the populations of Bactrocera

dorsalis and Ceratitis cosyra over two mango seasons 2014-
2015 and 2015-2016. Values are means # standard errors
(error bars).

Similar results were observed for C. cosyra, where the
maturity stage of the host has the highest abundance (FTD =
2.12+0.35) compared to other stages namely vegetative
growth (FTD =0.00£0.85), flowering (FTD =7.16e-17+1.05)
and fruit formation and development (FTD = 0.19+0.45)
(Table 2).

The target species showed significant variability between
the years (Figure 4) with higher abundances of both B. dor-
salis (Mann-Whitney P=0.000) and C. cosyra (Mann-Whitney

TABLE 1. Number of fruit flies per trap and per day (FTD) of
the population of B. dorsalis according to the phenology stage
of mango in the orchard. Values are means and standard
€errors.

TABLE 2. Number of fruit flies per trap and per day (FTD) of
the population of C. cosyra according to the phenology stage
of mango in the orchard. Values are means and standard
erTors.

Phenology stages FTD Phenology stages FTD

Vegetative growth 030+£2.19a Vegetative growth 0.00+£0.85a
Flowering 0.725+£2.69 a Flowering 7.16e-17 £1.05a
Fruit formation and development 200£1.12a Fruit formation and development 019+£045a
Fruit maturity 6.90+0.92b Fruit maturity 212+0.35b

P<0.0015; F=5.02

P<0.0015; F=5.75

Mean values followed by the same letter on the column are not
significantly different by the Student Newman Keuls (SNK) test at 0.05
level.

Mean values followed by the same letter on the column are not
significantly different by the Student Newman Keuls (SNK) test at 0.05
level.

TABLE 3. Comparison of the populations (number of fruit flies per trap and per day) of Bactrocera dorsalis and Ceratitis cosyra

over two mango seasons (2014-2016).

Cropping seasons B. dorsalis C. cosyra
2014-2015 453a 1.18a
2015-2016 1.08 b 0.28b
z=4.335; P<0.0000 z=2.640; P<0.0083
Average 2.85A 0.68 B

z=4.146; P<0.000

Mean values followed by the same lower case letter over the column and capital letter along the line are not statistically different from each other

by the Mann-Whitney test at 0.05 level.
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TABLE 4. Relations of the population dynamics of Bactrocera dorsalis and Ceratitis cosyra with several biotic and abiotic

factors, using a Poisson log-linear regression.

Variables B. dorsalis C. cosyra
Coef. SE. P>z Coef. SE. P>z

Minimum temperature 0.45 0.09 0.000% 0.68 0.33 0.0370*
Maximum temperature -0.13 0.07 0.058 ns 0.22 0.25 0.382 ns
Average temperature -0.37 0.13 0.005* -0.56 0.35 0.102 ns
Mango phenology 0.56 0.18 0.001* 1.67 1.08 0.122 ns
Rainfall -0.001 0.001 0.721 ns -0.001 0.002 0.644 ns
Constant 4.95 2.08 0.017* -11.26 10.46 0.282 ns

N=24; LR chi2(5)=99.03;
Pseudo R2=0.59; P> chi2=0.000

N=24; LR chiz(5)=39.62;
Pseudo R2=0.58; P> chi2=0.000

* Significant; ns: Not significant.

TABLE 5. Relative abundance index (RAI) of Bactrocera dorsalis and Ceratitis cosyra over the phenology stages of mango.

Phenology stages RAI=1 0.66<RAI<1 0.33<RAI<0.66 0<RAI<0.33 RAI=0 n
Maturity 0 24 9 1 0 34
Vegetative 2 4 0 0 0 6
Flowering 0 4 0 0 0 4
Fruit formation and development 1 21 1 0 0 23

* Significant; ns: Not significant.

P=0.0083) during the first cycle. When comparing the aver-
age density of the two species using SNK test we observed
that B. dorsalis (FTD = 2.85) was significantly higher than
C. cosyra (FTD = 0.68) (Table 3).

Correlation with biotic and abiotic factors

The peak of fruit flies population observed in January
coincided with the peak of mango maturity in the orchard,
while the peak observed in November coincided with the
maturity of wild mango outside the orchard.

The fluctuation followed the same pattern as tempera-
ture and rainfall. Low densities of flies were observed when
rainfall, minimal medium and maximum temperatures were
also low. High densities of both species in January coincided
with high rainfall and high minimum and average tempera-
tures. The peak of C. cosyra in November coincided with low
rainfall. However, the statistic relation of each factor with the
fluctuation of the flies was different for each species.

Bactrocera dorsalis

The Poisson log-linear regression showed significant
positive effect of minimum temperature and mango phenol-
ogy stages on fluctuation of population of B. dorsalis and a
negative effect of average temperature (df = 23, chiz = 99.03;
P<0.000) (Table 4). These results suggests that the abun-
dance of B. dorsalis increases when minimum temperature
increases, the host phenology changes from vegetative stage
to mango maturity, and the average temperature decreases.

Ceratitis cosyra

Significant and positive relationships were observed
between the fluctuation of population of C. cosyra and mini-
mum temperature (df = 23, chiz = 39.62; P<0.000). These re-
sults indicate that the population of C. cosyra increases only
when the minimum temperature increases, but that it is not
being affected neither by the maximum temperature, mango
temperature, rainfall or host phenology.

Number of cases
w B W [}
(=) o o o

=]
(=]

FIGURE 5. Number of cases that each
category (see text for delimitation of the RAI
categories) of the relative abundance index

- ]
0
Exclusive  Dominance of B.  Intermediate  Dominance of C.  Exclusive
presence of B. dorsalis cases cosyra presence of C.
dorsalis cosyra
RAI categories
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(RAI) was observed in the mango orchard.
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Relative abundance index (RAI) of B. dorsalis and
C. cosyra

The RAI showed relationships between the two target
species, and the results are presented in Table 5 and Figure
5. Bactrocera dorsalis was the most abundant species in the
orchard (average RAI = 0.814). From a total of 67 trapping
dates, 3 cases of exclusive presence of B. dorsalis were ob-
served, 53 cases of coexistence of B. dorsalis and C. cosyra
but with B. dorsalis more abundant, 10 cases of intermedi-
ate cases (similar population level) and 1 case of coexistence
with C. cosyra more abundant. There were no cases of exclu-
sive presence of C. cosyra. The cases of exclusive presence of
B. dorsalis were observed during the vegetative growth and
fruit formation and development stages.

Discussion

Results of the study showed presence of fruit flies
throughout the study period, with high abundances from No-
vember to February for both seasons. Similar results were
reported by Majacunene (2014), when monitoring popula-
tion of B. dorsalis by methyl eugenol in Manica Province, Mo-
zambique. She observed high abundance of B. dorsalis from
November to March, with peak in January. The peak reported
coincided with host maturity, high average temperature and
relative humidity. The main factor described by the author
as responsible for the fluctuation of the population was the
availability of mango, the main host of the fly. These results
are consistent with Tan and Serit (1994), who concluded that
the availability of preferred hosts is the variable that most
influences the size of the population of adults of B. dorsalis
in Malaysia. Similar results for Anastrepha species were ob-
served by Aluja et al. (1996), who showed that the availabil-
ity of hosts influenced the population abundances, where
the peaks of three most important fruit fly species coincided
with the period of greatest main host fruit production. Mwa-
tawala et al. (2006) has reported that the population growth
of B. dorsalis at SUA (Sokoine University of Agriculture) or-
chards in Tanzania, was directly related with the presence
of mango and guava. Coledonio-Hurtado et al. (1995), Tan
and Serit (1994) and Vayssieres et al. (2005), have also not-
ed and concluded that the availability of hosts, combined
with climatic factors such as temperature and rainfall, play
an important role in the fluctuation of population of fruit
flies. However, Vayssiéres et al. (2015), had a different con-
clusion, reporting that the fluctuation of population of fruit
flies is primarily related to the rainfall, and secondly to host
availability. According to these authors, the first rainfalls is
the most important factor for the increase of fruit flies abun-
dance, which coincides with the pre-ripening stage of mango,
which as secondary factor leads to the population explosion.
Rainfall also affects the population of fruit flies by making
the soil moist, providing favorable conditions for adults to
hatch from the puparia (Pedigo, 1996). In Mozambique, the
availability of the host plants (cultivated and non-cultivated),
contributes to the continuous multiplication and prevalence
of B. dorsalis throughout the year. The populations of B. dor-
salis and C. cosyra show a decline when the temperature is
low and adult flies become scarce in cold and dry periods.
During hot and rainy season, the population increases until
the end of the mango season (Cugala, 2011). Ceratitis cosyra
was not captured for three trapping dates over vegetative
stages of mango and the population peaked in different times
during the two seasons of mango covered by the study. Cer-
atitis cosyra has not been detected during most of the vege-
tative stage of mango in Benin over five years of observations

(Vayssieres et al., 2015), and in West Africa (Vayssieres et al.,
2014). According to Lewenigila (1997), low population den-
sities of fruit flies can be attributed to the drought condition
through its effect on fruiting of plant species. During the first
season, the peak of C. cosyra coincided with B. dorsalis peaks
in January but during the second season, the peak of the spe-
cies was observed in November, two months before B. dorsa-
lis peaks. This observation is consistent with Vayssiéres et al.
(2014, 2015) who reported peaks of C. cosyra weeks before
B. dorsalis in all study locations namely Benin, Burkina Faso,
Ivory Coast, Ghana, Guinea, Mali, Senegal and Togo, and trap-
ping years. Ceratitis cosyra shows high abundances during
the pre-maturity and maturity periods of early varieties of
mangoes differently with B. dorsalis (Vayssieres et al., 2014).
In the present study, local varieties of mango in the neighbor-
hood had their maturation from October to December.

In the present study, the first season (2014/15) showed
higher abundance of fruit flies of both species B. dorsalis and
C. cosyra compared to the second season (2015/16). The dif-
ferences of the fruit fly population in mango orchards from
year to year may be linked to alternation in fruit bearing as
described by Litz (1997) and Mwatawala et al. (2006), hav-
ing years with high production and other years with low
production (Vayssiéres et al., 2015). Vayssiéres et al. (2015),
consider that the fluctuation of population of tephritids year
to year can also be attributed to the likely impact of intensive
monitoring of the species. For good perception of fluctuation
of fruit fly population from one year to another, four years
of data collection are recommended in order to adapt to the
wide variation in the trapping data, and also to take into ac-
count the direct impact of the hosts.

In relation to the differences of abundance of the flies
over the mango phenology stages, the two species B. dorsalis
and C. cosyra were present in the orchard during all phenol-
ogy stages, with the highest abundances observed during
the maturity stage. Vayssieres et al. (2015) reported similar
results with higher abundance of flies during the maturity
stage (FTD =408 + 29.5), which were statistically higher com-
paring to other phenology stages namely fruit development
(FTD = 154.6+11.2), vegetative growth (FTD = 112.3+7.7)
which were not different between them and the flowering
stage (FTD = 20.9+5.6) with the lowest abundance. Previ-
ously, Vayssieres et al. (2014) reported significant differenc-
es between the abundances of B. dorsalis and C. cosyra in dif-
ferent mango orchards in Benin, Burkina Faso, Ivory Coast,
Ghana, Guinea, Mali, Senegal and Togo, with the host matu-
rity stage with the highest abundance of B. dorsalis (FTD =
84.76+10.79), followed by vegetative growth stage (FTD =
31.12+04.02), and pre-maturity stage (FTD = 3.76+0.68)
which were not different among themselves, and the growth
stages of fruit (FTD = 0.83 +12.22) which were not different
with flowering stages (FTD = 0.77 £12.11). For C. cosyra, the
maturity stage (FTD = 37.25+5.64) and pre-maturity stage
(FTD = 34.49+8.41) had the highest abundances, followed
by fruit growth stage (FTD = 21.33+3.77), flowering stage
(FTD = 5.67+1.64) and vegetative growth stage (FTD =
0.65+0.16). The abundance or presence of B. dorsalis and
C. cosyra in all phenology stages of the host can be related to
the existence of a low abundance population in the orchard
during the period without fruit production, which restores
the population during the favorable conditions, due to the
high fecundity of tephritid females (Malavasi and Morgante,
1980). Another factor that this phenomenon can be related
with is the existence of alternative hosts like guava outside of
the orchard which act as a reservoir host during the period
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that there is no host in the main orchard (Mwatawala et al.,
2009Db).

Data from RAI index and Mann-Whitney tests suggest
that the invasive species B. dorsalis was dominant in the or-
chard compared to the native species C. cosyra. RAl index has
been used by Segura et al. (2006), when studying the abun-
dance relation of C. capitata and Anastrepha fraterculus in
Argentina, where they reported a dominance of the invasive
species over the native one (RAI = 0.98). The dominance of
B. dorsalis over the native species C. cosyra was also been
reported in Benin (Vayssieres et al, 2015), West African
countries (Vayssieres et al. 2014), Tanzania (Mwatawala et
al, 2009a) and Kenya (Ekesi et al, 2009). The latter study
provided evidence for the mechanism of actual displacement
of the native species by the invasive one. Even though RAI re-
sults indicate that B. dorsalis has dominated C. cosyra, further
studies are necessary to understand the process and factors
underlying the species displacement. However at this stage it
can be stated that B. dorsalis has the potential to displace the
native C. cosyra in the study area.

The relationship between the seasonal fluctuation of fruit
flies with abiotic and biotic factors can be analyzed through
correlation or regression analysis (Nene et al.,, 2016). Studies
show that this relationship varies throughout the region. In
Benin, a positive relationship of B. dorsalis abundance with
the minimum and maximum temperature, relative humidity
and rainfall was reported by Vayssiéres et al. (2009). Studies
carried out in China showed that the rainfall was the abiot-
ic factor with stronger positive relationship with population
abundance of B. dorsalis (Chen et al., 2006). In India, a pos-
itive relationship of relative humidity and rainfall with the
abundance of B. dorsalis, B. zonata, and B. corecta was re-
ported by Sarada et al. (2001). Similarly, Shukla and Prasad
(1985) showed a positive relationship of the population of
B. dorsalis with maximum temperature and relative humid-
ity. Agarwal and Kumar (1999) showed a strong positive
relationship between the population of B. zonata and tem-
perature and rainfall. Regarding C. cosyra, Vayssieres et al.
(2009) reported a positive relationship between the popu-
lation of the species and minimum temperature and rainfall.
Vayssiéres et al. (2005) showed a positive relationship of the
population of C. cosyra and maximum temperature, relative
humidity and rainfall. However, with all these variations in
the relationship between the populations of fruit flies with
climatic factors, rainfall shows to be the abiotic factor to have
more consistently a positive relationship with fruit flies, al-
though it can sometimes be a negative one (Vayssiéres et al.,
2009).

Temperature is also an important factor for fruit fly pop-
ulation since it may influence direct or indirectly to the rate
of development, mortality and fecundity (Corsato, 2004).
The absence of positive relationship between the population
of C. cosyra and rainfall reported in the present study may be
justified based on studies showing that C. cosyra has a pref-
erence for dry or low humidity periods. Although the relative
humidity has not been studied, this has a direct relationship
with rainfall. According to Vargas et al. (1993), the abun-
dance of species of the genus Ceratitis in Hawaii, seemed to
be negatively related with rainfall. In drier areas the number
of individuals collected by traps was higher. However, the
absence of soil moisture may cause mortality of pupae and
the newly emerged adults, who have difficulty crossing the
dry soils (Baker et al.,, 1944). The positive relationship be-
tween B. dorsalis and C. cosyra with the phenology of mango
observed in this study is obvious, because the dependence of
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fruit for reproduction and feeding (Mwatawala et al., 2006;
Diatta et al,, 2013).

Conclusion

The population of Bactrocera dorsalis and Ceratitis cosyra
in Mozambique fluctuated throughout the year and B. dorsa-
lis was more abundant than C. cosyra with some periods of
exclusive presence of B. dorsalis. This fluctuation was related
to biotic and abiotic factors. Understanding the relationship
between population fluctuations and biotic and abiotic fac-
tors is important for anticipating the build-up of pest pop-
ulations at the start of the season. As such it can assist the
growers in predicting population growth and taking precau-
tionary measures.
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