
Abstract  
Thrips are among the important pests infecting banana pro-

duction systems because they have a direct effect on the banana 
fingers. A prerequisite to the development of any pest manage-
ment strategy is the correct identification and determination of the 
pest species attacking crops. A field study was carried out to deter-
mine the diversity and abundance of thrips on banana plantations 
in Embu County, Kenya. The study was conducted in three agroe-
cological zones, namely, Upper Highland UM1, Mid Highland 

UM2, and Lower Highland UM3 in two seasons in 2015. A total 
of 878 individual thrips belonging to two families (Thripidae, 12 
species, and Phlaeothripidae, one species) were collected and 
identified. Frankliniella schultzei (Trybom) was the most abun-
dant species, with 392 of the total individuals recorded (species 
dominance = 44.65%) followed by Megalurothrips sjostedti 
(Trybom) with 250 individuals (species dominance = 28.47%), 
while Dendrothrips sp. was the least abundant with only one indi-
vidual recorded (0.11%). F. schultzei, M. sjostedti, F. occidentalis 
(Pergande), and Haplothrips godweyi (Franklin) were well distrib-
uted across the different zones during the two seasons. Overall 
species diversity was highest in the lower zone Shannon-Weiner 
(H’=1.654) and Simpson’s diversity index (1-D=0.740) followed 
by the middle zone with Hʹ=1.620 and 1-D=0.730 while the upper 
zone had the lowest diversity (H’=1.332) and (1-D=0.623). A high 
similarity of 0.8-0.82 and 0.67-0.69, according to Jaccard’s and 
Sørensen’s similarity index, respectively, was reported between all 
the sites, indicating that all the sites had the same level of similar-
ity in the number of shared species. In conclusion, we report that 
bananas are infested by a wider array of thrips species than previ-
ously thought. F. schultzei and M. sjostedti are the major thrips 
species infesting bananas in the study area across all seasons and 
agroecological zones and should be the main targets for pest man-
agement interventions. 

 
 

Introduction 
Thrips (order Thysanoptera) comprise 5500 species in 750 

genera (Moritz et al., 2004). They are more common in warmer 
tropical parts of the world than in temperate regions. About 50% 
of them are fungal feeders, while 40% feed on living tissues of 
dicotyledonous plants and grasses, and 10% exploit primitive 
plants or are predatory (Morse & Hoddle, 2006). Thrips have 
emerged as a significant biotic constraint affecting banana produc-
tion in Kenya (Wachira et al., 2013) as they cause silvery scarifi-
cations on fingers thus lowering their quality. Morse and Hoddle 
(2006) described thrips as small, opportunistic, and ubiquitous 
insects, often only a few millimeters in length and generally yel-
low, brown, or black in color. They are significant pests of virtu-
ally all crops, including fruiting vegetables, leafy vegetables, 
ornamentals, tree fruits, small fruits, and cotton (Lewis, 1997). 

According to Salifu (1992), Megalurothips sjostedti, the bean 
flower thrips, development from egg to adult takes about 19 days 
at 29°C and 58% relative humidity and adults live for about 23 
days. Rapid breeding, laying eggs on leaf petioles, peduncles, 
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inflorescences, and pods was also reported in bean flower thrips by 
Tamò et al. (1993).  

Direct crop damage by thrips results from both feeding and 
oviposition (Childers, 1997). Because of their thigmotactic behav-
ior, feeding damage is often inflicted on developing tissues, which 
then goes undetected until flowers or fruit mature (Ghidiu et al., 
2006). The feeding damage can be confused with damage caused 
by other pests or diseases (Steiner & Goodwin, 2005).  

Thrips feed by piercing and sucking resulting in scarification, 
thus reducing the photosynthetic capacity of leaves and causing 
blemishes on fruits. By feeding on pericarp, these thrips extract 
chlorophyll and cause a bronzing of the surface of the fruit, while 
the skin of severely damaged fruit may crack (Dennil & Erasmus, 
1992). The direct injury results in the discoloration of fruits, which 
lowers the quality of the fruits.  

The aim of this study was to determine the species composi-
tion, abundance, and diversity of thrips infesting bananas in Embu 
County. This information would support thrips management on 
bananas by identifying the damage-causing species and improving 
the knowledge of their bionomics. 

 
 

Materials and Methods 
Study area 

The study was undertaken in the Runyenjes sub-county of 
Embu County on the Upper Eastern side of Kenya, which lies 
between 1200-2070 m above sea level. The area receives bimodal 
rainfall patterns from March to May and October to December that 
range between 1000-2000 mm. To study the area, stratification was 
done into three agroecological zones (AEZ), namely, Upper 
Highland (UM1), Mid Highland (UM2) and Lower Highland 
(UM3) (Jaetzold et al., 2006).  

 
Sample collection 

Thrips were collected from 30 farms, 10 each for the three 
AEZ of the sub-county, during two seasons in 2015. The first sam-
pling was done in March, during the hot and dry season before the 
onset of long rains, and the sampling was repeated, as described 
above, during the cool and dry season (in June) after the long rains. 
In each farm, 10 male buds were randomly picked and opened to 
collect the thrips. The insects were swept with a bristle brush into 
a sample bottle and then quickly transferred into a universal bottle 
containing 70% ethanol. All the thrips collected from the 10 male 
buds were pooled together to make one composite sample, then 
labeled per farm and zone. A total of 60 samples were collected (30 
for each season). Samples were then safely transported to the 
National Museums of Kenya for expert identification of thrips to 
species level. 

 
Sample preparation  

Specimens were carefully macerated to remove the body con-
tents. They were then put in an AGA mixture (10 parts 60 % ethyl 
alcohol, 1 part glycerin, and 1 part acetic acid) and stored for 24 
hours. 60% alcohol was then replaced with 5% sodium hydroxide 
(NaOH) and left for 30 minutes. The abdomens were then punc-
tured between the coxae of the hind legs using a fine needle and 
gently squeezed to expel most of the body contents. Legs and 
antennae were then spread. NaOH was replaced with distilled 
water, and 50% alcohol was gradually added for 20 minutes. The 
mixture was then replaced with fresh 60 % alcohol and stored for 
24 hours. 60% alcohol was replaced with 70% alcohol and stored 

for 1 hour. After an hour, 70% alcohol was replaced with 80% alco-
hol for 30 minutes. 80% alcohol was replaced with 95% alcohol 
for 10 minutes. 95% alcohol was replaced with absolute alcohol 
for 5 minutes. Absolute alcohol was then replaced with fresh 
absolute alcohol for 5 minutes and then replaced with clove oil and 
stored for 30 minutes.  

The specimens were each mounted according to Mound and 
Kibby (1998) as follows: a drop of Canada balsam was put at the 
center of a glass microscope slide ensuring that the drop was suf-
ficient to avoid crushing the thrips. A single thrip specimen was 
transferred in the drop, dorsal side up. Legs, wings and antennae 
were straightened by pressing on the basal segments with a fine 
needle. A clean 13 mm square cover slip was placed on the balsam 
drop, over the thrip, and gently pressed on so that the balsam 
spread over the whole cover slip surface. Each slide was labeled as 
per farmer, zone, date, and collector then dried in an oven at 40°C 
for 48 hours before identification. Identification was done accord-
ing to Moritz et al. (2004), Mound and Marullo (1996), and Mound 
(1999), using morphological techniques for adult thrips. 

 
Data analyses  

An overall measure of thrips abundance at each site was esti-
mated by summing the counts of the adults of all species. Species 
dominance (D) was determined according to a method by Buschini 
and Woiski (2008): D = (abundance of a species/total abundances 
recorded) × 100. If D>5%, the species was considered dominant, if 
2.5%<D<5%, the species was considered an accessory 
species/species of intermediate abundance, and if D<2.5%, the 
species was considered an incidental species. Rare species were 
the ones that had less than 5 individual thrips and/or sampled from 
only one ecological zone. Shannon-Wiener Diversity Index (Hʹ) 
and Simpson’s Index of Diversity (1-D) were used to determine 
species diversity and were calculated using PAST software. The 
equations used are as follows [Eqs. 1 and 2]: 

 
Shannon Index (Hʹ) = –∑s

i                  =1 pi * ln(pi)                                 [Eq. 1] 
 
where pi is the proportion of individuals that belong to species i, 
and s is the number of species.  
 
Simpson’s Index of Diversity (1-D) = 1 – ∑(ni/N)2              [Eq. 2] 
 
where ni = number of individuals of each species, N is the total 
number of individuals found and Σ is the sum of the calculations. 

The Sørensen, Jaccard, and Gauch percentage similarity 
indices were used to compare similarities among the zones and 
were calculated according to Kiernan (2014) which was done 
using Microsoft excel, 2010. The equations of the similarity 
indices used are as follows [Eqs. 3 and 4]: 

 
Jaccard’s Index = c / (a + b + c)                                           [Eq. 3]  
 
Sørensen’s Index = 2c/ (a + b + 2c)                                      [Eq. 4] 

 
Where c is the number of common species among the study 

sites; a and b are the unique species in each site (i.e., the number 
of species present in site a but absent in site b and vice versa). 

 
Gauch Percentage Similarity Index was calculated as follows 

[Eq. 5]: 
 

PSij = 200 Σ min (yki, ykj)                                                       [Eq. 5] 
                Σ yki + ykj 
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Where yki and ykj are the abundances of the kth species at sites 
I and j respectively (sites i and j are compared), i is site 1 while j 
is site 2. Σki and Σkj is the total abundance of the species in each 
study site (e.g., total abundance in the upper zone plus lower zone). 

For the diversity indices, the higher the value, the higher the 
species diversity in a given zone. Similarly, for the similarity 
indices, the higher the value, the more ecologically similar two 
sites are. 

 
 

Results 
Species composition of thrips communities  
on bananas in farmers’ fields 

A total of 13 thrips species were recorded on bananas belong-
ing to two families (Table 1). A total of 12 species belong to the 
Thripidae family, while one species belongs to Phlaeothripidae. M. 
sjostedti was recorded with almost a uniform distribution across all 
the zones during both sampling seasons. Other thrip species that 
were well distributed across the zones during both seasons include: 
Frankliniella schultzei, F. occidentalis and Haplothrips gowdeyi 
(Table 1). 

Dendrothrips spp. was found in the second season only, and in 
the upper zone only, while Hydatothrips adolfifriderici (Karny) 

was also found in the second season and in the lower zone only 
making these species the least distributed in the study area. 
Microcephalothrips abdominalis (Crawford) were found during 
the second season only, in the upper and lower zones. Chirothrips 
frontalis (Williams) was also poorly distributed in that, although it 
was collected during both seasons, they were found in one zone in 
each season: the middle zone in the first season and the lower zone 
in the second season.  

Out of the 878 individuals examined, F. schultzei had the most 
members, with 392 of the total individuals recorded, and with the 
highest overall dominance of 44.65% while Dendrothrips spp. had 
the least members with only one out of the total individuals record-
ed, and the least dominant at 0.11% (Table 2). 

Based on the pooled data, 5 dominant species were recorded 
which included M. sjostedti (D=28.47), F. schultzei (D=44.65), F. 
occidentalis (D=5.7), Thrips sp. (D=6.0) and H. gowdeyi 
(D=6.38). A total of 2 species categorized as accessory species 
with intermediate abundance are Ceratothripoides brunneus 
(Bagnall) and Thrips florum (Shmutz). Within the different AEZ, 
F. shultzei was dominant in the middle and upper zones, whereas 
in the lower zone, M. sjostedti was the most dominant. 
Furthermore, the number of dominant species varied across the 
AEZ, with the upper zone having 3 dominant species: F. shultzei, 
M. sjostedti and Haplothrips godweyi in that order. In the middle 
zone, there were 5 dominant species namely F. schultzei, M. sjost-
edti, Thrips sp., F. occidentalis and H. gowdeyi in that order, and 

                 Article

Table 1. Distribution of thrip species in different agroecological zones in two seasons. 

Family             Species                                                      Season one (March)                                              Season two (June) 
                                                                          Upper zone    Middle zone    Lower zone         Upper zone    Middle zone     Lower zone 

Thripidae             Ceratothripoides brunneus                     5                         11                         4                              3                          0                           0 
                            Chirothrips frontalis                                0                          2                          0                              0                          0                           2 
                            Dendrothrips sp.                                      0                          0                          0                              1                          0                           0 
                            Frankliniella occidentalis                       3                          3                          5                              4                         23                         12 
                            Frankliniella schultzei                           151                      109                       45                            33                        23                         31 
                            Megalurothrips sjostedti                        43                        63                        34                            38                        25                         47 
                            Microcephalothrips abdominalis            0                          0                          0                              1                          0                           2 
                            Hydatothrips adolfifriderici                    0                          0                          0                              0                          0                           4 
                            Stenchaetothrips sp.                                3                          1                          0                              0                          2                           4 
                            Thrips australis                                        3                          0                          3                              0                          0                           3 
                            Thrips florum                                           9                          1                          1                              0                         11                          1 
                            Thrips sp.                                                 0                         41                        11                             1                          0                           0 
Phlaeothripidae   Haplothrips gowdeyi                              23                         6                          8                              5                         12                          2 

 
Table 2. Dominance of thrip species in banana across different agroecological zones. 

Family             Species                                                               Total individuals                                              Dominance % 
                                                                                    Overall      Upper         Mid         Lower      Overall      Upper         Mid         Lower 

Thripidae             Megalurothrips sjostedti                               250                81                 88                 81              28.47            24.40            26.91             37.0 
                            Frankliniella schultzei                                  392               184               132                76              44.65            55.42            40.37             34.7 
                            Thrips florum                                                 23                  9                  12                  2                2.62              2.71              3.67               0.9 
                            Stenchaetothrips sp                                         6                   3                   3                   0                 0.7               0.90              0.92               0.0 
                            Ceratothripoides brunneus                            23                  8                  11                  4                2.62              2.41              3.36               1.8 
                            Frankliniella occidentalis                              50                 13                 20                 17                5.7               3.92              6.12               7.8 
                            Thrips australis                                               9                   3                   0                   6                1.03              0.90              0.00               2.7 
                            Chirothrips frontalis                                       4                   0                   2                   2                0.46              0.00              0.61               0.9 
                            Thrips sp                                                        53                  1                  41                 11                6.0               0.30             12.54              5.0 
                            Microcephalothrips abdominalis                   7                   1                   0                   6                 0.8               0.30              0.00               2.7 
                            Dendrothrips sp                                              1                   1                   0                   0                0.11              0.30              0.00               0.0 
                            Hydatothrips adolfifriderici                            4                   0                   0                   4                0.46              0.00              0.00               1.8 
Phlaeothripidae   Haplothrips gowdeyi                                     56                 28                 18                 10               6.38              8.43              5.50               4.6 
                            Total                                                               878               332               327               219               100             100.0            100.0            100.0



in the lower zone, there were 4 dorminant species namely M. sjost-
edti, F. schultzei, F. occidentalis and Thrips sp. A total of 6 species 
were recorded as incidental species, which included 
Stenchaetothrips sp., Thrips australis (Bagnall), C. frontalis, M. 
abdominalis, Dendrothrips sp. and H. adolfifriderici. Additionally, 
Dendrothrips sp., and H. adolfifriderici are further categorized as 
rare species. 

 
Diversity of thrips species across the ecological 
zones and seasons 

Overall, H’ was found to be 1.593 while 1-D was 0.707. There 
was higher species diversity in the June (cool and dry) season at 
H’=1.664 and 1-D=0.741 and the lower zone had the highest over-
all diversity with H’=1.654, closely followed by the middle zone 
with H’=1.620 while the upper zone had the lowest diversity 
H’=1.332. (Table 3).  

Diversity within the seasons varied between the March and 
June seasons (Table 4). During the March season, species diversity 
was highest in the lower zone at H’=1.546 and 1-D=0.723; where-
as in the June season, diversity was highest in the middle zone at 
H’=1.624 and 1-D=0.789. Diversity was lowest in the upper zone 
in both seasons. 

A total of 8 species were shared between upper and mid zones, 
9 among upper and lower zones, and 8 species between lower and 
mid zones. Jaccard’s Index was 0.67 between upper and mid 
zones; 0.69 between upper and lower zones and 0.67 between mid 
and lower zones. Sørensen’s similarity index was 0.8 between 

upper and mid zones, 0.82 between upper and lower zones and 0.8 
between mid and lower zones. The highest similarity is observed 
between the upper and the mid zones (80.42%), indicating that 
these two regions have more overlapping species whereas the 
lower had the lowest similarity scores; 69.33% with upper and 
74.36% with mid (Table 5). 

Based on Jaccard’s and Sørensen’s similarity indices, all the 
zones have the same level of similarity in the numbers of shared 
species. The percent similarity index, however, suggests that simi-
larity is highest between the upper and the middle zones and lowest 
between the upper and the lower zones. 

 
 

Discussion and Conclusions 
Studies conducted on various crops have established a combi-

nation of thrip species occurring on the same crop (Okwakpam, 
1967; Higgins, 1992). The number of thrips species infesting a 
crop at a time varies according to the type of crop as reported by 
Higgins (1992) who found 2 species on tomatoes and 29 species 
infesting barley. In Kenya, 4 thrip species have been established 
to infest snap beans M. sjostedti, F. schultzei, H. aldolfifriderici, 
and F. occidentalis (Nyasani et al., 2012; Moritz et al., 2013) 
which is an indicator that several species infest the crops. 
Additionally, a study by Ssemwogerere et al. (2013) in Uganda 
reported 6 thrip species infesting tomatoes and 5 species infesting 
pepper in the same localities. The results of this study show that 
banana is infested by several species with a total of 13 species 
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Table 3. Overall bio-diversity indices for thrips in banana. 

Statistic                               Overall                        Season                                                                     Zone 
                                                                        March                June                              Upper              Middle              Lower 

Taxa_S                                            13                         10                         13                                        11                           9                           11 
Individuals                                     878                       588                       290                                      332                       327                       219 
1-D                                               0.707                    0.660                    0.741                                   0.623                    0.730                    0.740 
H’                                                 1.593                    1.437                    1.664                                   1.332                    1.620                    1.654 
1-D, Simpson’s Index of Diversity; H’, Shannon-Wiener Diversity Index. 

 
Table 4. Diversity characteristics of thrips in different ecological zones within different seasons. 

Statistic                                               Season one (March)                                                           Season two (June) 
                                              Upper              Middle              Lower                            Upper              Middle              Lower 

Taxa_S                                             8                            9                            8                                          8                            6                           10 
Individuals                                     240                       237                        111                                       86                         96                        108 
1-D                                               0.561                    0.685                    0.723                                    0.65                     0.789                    0.711 
H’                                                 1.192                    1.390                    1.546                                   1.309                    1.624                    1.573 
1-D, Simpson’s Index of Diversity; H’, Shannon-Wiener Diversity Index. 

 
Table 5. Shared species, Jaccard’s Index and Sørensen’s Index and similarity percentage index. 

Zones                                                                Mid                                           Lower 

Upper 
  Shared species                                                            8                                                         9 
  Jaccard’s Index                                                         0.67                                                    0.69 
  Sørensen’s Index                                                       0.8                                                     0.82 
  % similarity index                                                   80.42                                                  69.33 
Mid 
  Shared species                                                             -                                                         8 
  Jaccard’s Index                                                            -                                                       0.67 
  Sørensen’s Index                                                         -                                                        0.8 
  % similarity index                                                       -                                                      74.36
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being reported from three AEZ in Embu. There are limited studies 
on banana thrips in Kenya, and even then, none has documented 
thrips species found on bananas. A study by Wachira et al. (2013) 
indicated that the incidence of banana thrips in Embu ranged from 
11% in the upper zone to 27% in the lower zone. This paper 
reported the overall incidence of thrips on bananas, without iden-
tifying the species found. A subsequent study by Muthee et al. 
(2019) only indicated that 24% of farmers in Embu mentioned 
thrips being among the factors constraining banana production. 
The major species identified in this study were F. schultzei (44.65 
%), M. sjostedti (28.47 %), H. gowdeyi (6.38 %), Thrips sp. 
(6.0%) and F. occidentalis (5.7 %) which were distributed in all 
zones where banana is grown in Embu County. These species are 
known to be polyphagous and are widespread. F. schultzei is a 
polyphagous species known to infest more than 83 plant species 
belonging to 35 plant families (Milne & Walter, 2000) and has 
been reported in various crops in Kenya (Gikonyo et al., 2017; 
Odanga et al., 2017). M. sjostedti is a common, polyphagous, and 
widespread pest in Africa (Karungi et al., 2000; Alabi et al., 2004; 
Ngakou et al., 2008, Ssemwogerere et al., 2013) and F. occiden-
talis which was reported for the first time in Kenya in 1989 
(Kedera & Kuria, 2005) is also polyphagous, feeding and breed-
ing on more than 240 host species belonging to 62 plant families. 
H. godweyi has previously been reported to be widespread in var-
ious tropical countries on a wide array of crops (Mound & 
Matsunaga, 2017; Hutasoit et al., 2019).  

There were fewer thrips in June compared to March and this 
could be attributed to weather conditions. In March, the weather 
was dry and hot whereas in June, the weather was cool and dry pre-
ceding the long rains. Temperature and relative humidity are 
known to have an effect on thrips activity, and they also influence 
the intrinsic rate of natural increase of the thrips (Murai, 2000). 
Studyies by Dobson et al. (2002) and Akemo et al. (1999), indicat-
ed that the drier the weather, the quicker the onset of thrips damage 
and the more severe the symptoms. This was in agreement with 
this study, as high thrips populations were observed in March, a 
season that was hot and dry. This was also in agreement with ear-
lier findings by Lewis (1997) that the distribution of a thrips pop-
ulation is strongly influenced by climatic conditions. Stacey and 
Fellowes (2002) and Pearsall and Myers (2001) also showed that 
temperature affects the development rate of thrips, and conse-
quently their population dynamics. Earlier research has shown that 
rainfall affects thrips populations both negatively and positively 
(Morsello et al., 2010). It can suppress populations by killing lar-
vae, and thrips populations so affected often recover slowly 
(Morsello & Kennedy, 2009). 

Species diversity was high in the middle and lower zones and 
low in the upper zone. This can be attributed to the warmer tem-
peratures in these zones which could be more favorable to a wider 
array of thrips species compared to the higher cooler zone. 
Although thrips diversity was lowest in the upper zone, the total 
thrip counts were almost similar between UM1 and UM2 and low-
est in UM3. This observation can be attributed to the large numbers 
of F. shultzei collected in the two zones. Studies have reported that 
this species prefers mild temperatures (Palmer et al., 1992; Milne 
et al., 1996; Kakkar et al., 2012). Furthermore, recent studies show 
that the abundance of F. shultzei was greater in higher altitude 
areas than in lower altitude areas of Kenya and Tanzania (Odanga 
et al., 2017). This could then point to Frankliniella sp. preferring 
milder temperatures hence the observation from this study. The 
implication of these findings is that management efforts should be 
targeted at F. shultzei in UM1 and UM2 with higher altitudes, and 
UM3, management should target M. sjostedti in addition to F. 
shultzei as these occur in almost identical numbers. The presence 

of few species in high abundance in the upper zone points to the 
possibility of pest outbreaks due to the absence of natural control 
as opposed to the middle and lower zones with higher species 
diversity and lower thrip populations. 

We can conclude based on this study that there are various 
thrips species infesting bananas in all AEZ in Embu County. The 
most abundant and widely distributed species were F. shultzei and 
Megalurothrips sjostedi and the high-altitude zone and these two 
species should be the focus of pest management efforts.  
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