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Introduction
Insects are important components in both natural and transformed 

landscapes. They play crucial roles in the maintenance of a healthy 
environment. They provide various ecosystem services which are 
important for some aspects of human livelihood such as agriculture, 
tourism and natural resource use.1,2 Butterflies are insects in the 
order Lepidoptera; they are found all the continents of the world 
and in almost all habitat types.3 Butterflies populations are strongly 
influenced by local weather and are highly sensitive to changes in 
vegetation composition and structure. This among many other 
attributes makes them good bio-indicators of environmental health.4 

Therefore, their population trends over time are frequently used as 
indices of ecosystem health and as surrogates for whole biodiversity 
in different landscapes.5 Studies have shown that increased urban 
features such as roads, buildings and mowed lawns correlates with 
decrease in butterfly species richness, diversity and abundance. As 
might be predicted, butterfly species that specialized on particular 
plant species for oviposition and disturbance sensitive species are more 
affected by urbanization than generalist species.6 Human population 
and society has made a very great impact on mass distribution and 
global extinction of existing species.3 

Today, butterflies (Rhopalocera) are one of the planet’s most 
diverse, abundant and successful insects. The roles insects play in 

nature require us to understand how insects and other organisms 
living in a biological community interact with living and non-living 
environment. Drivers of biodiversity loss act at local, regional and 
global scales,7 hence the need for a holistic approach in conservation 
research and practice, especially for highly mobile groups such as 
insects which move across local, regional and in some cases across 
national boundaries. Though insect loss is a global challenge, 
inventories assessments and development of conservation strategies 
may be better targeted at local or regional scales.

In West Africa, over one thousand species of butterfly (about 50% 
of the region’s butterflies’ population) abound in Nigeria.8 Recently, 
studies have suggested a range of factors that affects the pattern of 
distribution of butterflies, these includes competition, predation, 
numerical abundance of species, food web structure, genetic factors, 
short and long term aspects of evolutionary rate and size of the 
insect.9,10 More works have attempted to specifically pin down the 
factors that affect the biodiversity of butterflies.5 However, rising 
human influence and associated degrees of pressure and shocks on 
the ecosystem have resulted into changes, which many creatures 
(including butterflies) cannot adapt to. When the change involves 
the composition of species and major structuring processes of the 
ecosystem which could have negative implications on the ability 
of such ecosystem to provide economically valued ecological 
services.11 Therefore, this necessitates the need to develop sustainable 
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Abstract

Butterflies are among the most widely spread taxa whose distribution cut across all the 
continents of the world except the Antarctica. Many butterfly species are comparatively 
easy to sample and recognize both as individuals and as species than many other insect 
groups. They are extremely sensitive to changes in vegetation composition and structure in 
the environment. As a result of this; butterflies have widely been used as a model species 
to evaluate the health of the environment and changes in the environment. We investigated 
and compared the butterfly abundance and diversity within a newly established tertiary 
institution in Central Nigeria in April, 2016 using transects with the aid of sweep nets. Four 
transects were laid in each of the disturbed and undisturbed habitats of Federal University 
of Lafia (FULafia). Transects were visited in the morning and evening. An overall total of 
three hundred and one butterflies were seen. However, only 160 were caught which spread 
across 5 families, 21 genera and 25 species. The most abundant family of butterflies caught 
was Pieridae 49 (30.63%) followed by Lycaenidae 42 (26.25%), Nymphalidae 34 (21.25%), 
Papilionidae 34 (21.25%), while Hesperiidae 1 (0.63%) was the least and scarce in the study 
area. The most abundant genera of butterflies recorded were Eurema 29 (18.13%), Papilio 
27 (16.88%) and Hypolycaena 23 (14.38%). The mean abundance of butterflies seen in 
relation to disturbed and undisturbed habitats showed a very high significant difference (t = 
-4.1952, df = 94.682, P < 0.0001). Time of day showed a very high significant difference (t 
= 6.2208, df = 82.469, P < 0.0001) in the mean abundance of butterflies. The undisturbed 
habitat was more diversified (H´ = 2.6) in butterfly diversity than the disturbed habitat (H´ 
= 2.5). This study being the first effort in exploring the butterfly wealth of FULafia clearly 
shows that the ongoing building construction in the Permanent Site of the University may 
have some impact on the abundance and diversity of butterflies. Hence, the Management 
of the Institution should ensure that the area designated for Zoological Garden is well safe 
guarded for biodiversity conservation amidst ongoing sustainable development. 

Keywords: butterflies, abundance, diversity, disturbed and undisturbed habitats, time of 
day
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resource management policies for these ecosystems based on an 
understanding and appreciation of the ecological processes involved. 
In Madagascar, disturbed forest habitat and edges were found to 
be richer in butterfly species than undistributed area.12 Also, higher 
butterfly diversities were recorded in unprotected tropical forest by 
Thomas,13 Hill, Kramer, Lace and Banham,14 Brown15 and Hammer 
and Hill.16 The above records show that butterfly diversity varies from 
one location to another and provide the rationale for locating specific 
analysis to inform biodiversity status/control measures (or policies). 
Further investigation is necessary based on the fact that habitat type 
determines richness and kinds of butterfly.17

Habitats loss can take many forms including conversion of natural 
habitats to agricultural lands, logging or fragmentation. Habitat 
loss due to agricultural activities greatly threatens lepidopterans.18,19 

Though such definitive claims about the impact of habitat disturbance 
effects on butterfly species diversity is difficult to establish given 
the variety of responses butterflies’ exhibit to disturbance.20 Koh20 
reviewed 20 studies that examined the impacts of land use changes 
and habitat loss on butterfly communities in South-east Asia. Seven 
of the studies showed decreased diversity in anthropogenic disturbed 
sites as compared to protected forests, but interestingly, some studies 
have shown the opposite trend. Bonebrake et al.21 also reviewed 20 
more studies from the neotropics and afrotropics and found similarly 
that six of the studies reported decreased in diversity with disturbance, 
but four found increased. Much of the confusion stems from 
methodological differences among studies, which make comparisons 
difficult.20 Spatial scale (extent and grain) and regional differences can 
have important consequences for species richness relationships22 and 
likely further obscure habitat loss effects on butterfly diversity. One 
of the consistent patterns found in most of these studies, however, 
is that species with narrow ranges tend to be the most vulnerable 
to the impacts of habitat loss and usually require natural forest to 
persist.13,23,24 Spatial and temporal scales are complicating factors 
that must be considered when comparing effects of habitat loss on 
butterflies. For example, studies at small spatial scales are more 
likely to report increases in diversity when comparing disturbed and 
undisturbed sites than are studies at larger spatial scales.25

Nigeria is an afro-tropical country endowed with rich flora and 
fauna biodiversity, typical of most tropical countries of the world. 
The tropics which has been reported to be home to about 70% of 
global biodiversity is also a treasure trove of insect diversity which 
is estimated to parallel the extent of plant diversity of this region.26 

Nigeria’s tropical rainforest and savannah vegetation zones lie within 
the Guinea Forests of West African Biodiversity Hotspots (27). This 
region is identified as one of the most severely threatened forests in 
the world, being left with just 15% of its original forest cover.28

Human activities have caused drastic global increase in extinction 
rate.29 Species populations are disappearing even more quickly and at 
a faster pace than ever.30 The Permanent Site of Federal University of 
Lafia (FULafia) is undergoing rapid construction without necessarily 
taking into account the impact on butterfly species composition and 
distribution which are good indicators of habitat biodiversity. Also, 
some butterflies are endemic to the guinea savanna area. Butterflies 
respond quickly to environmental changes and are highly diverse 
taxon, which has proven as a vital group for developing the conceptual 
framework of terrestrial biodiversity.31 Studies on butterflies have 
been particularly important for understanding tropical insect 
diversification, ecology, evolution and conservation.17,21,31 To this end, 
this study generated the first checklist of butterflies in the Permanent 
Site of Federal University of Lafia, which will help in the sustainable 
development of the area. 

Materials and methods
Study Area

The study was carried out in Federal University of Lafia (FULafia) 
Permanent Site, Nasarawa State, Nigeria as shown in Figure 1. 
The school is located in latitude 8°28´N and longitude 8°32´E and 
elevation of 158 metres above sea level. The average temperature of 
Lafia is 26.8-27.0° and the annual rainfall is 165 mm. The Permanent 
Site is characterized by grassland savannah, scrub woodland and 
interspersed by gallery forest. 

Two sites were selected for survey. The sites were categorized as:

i. The undisturbed site: This was defined as the area characterized 
with tall trees, minimal anthropogenic activities such as grazing 
activities, construction, farming etc.

ii. The disturbed site: These are sites that are fast changing due to 
construction activities. The site is characterized by grassland with 
space shrubs.

Figure 1 Aerial Photo Map of Federal University of Lafia, Nasarawa State 
showing the habitats and infrastructure.

Data collection

Butterflies survey was carried out between 15th and 30th April, 
2016. Four 700 metres transects were marked using a geographic 
positioning system (GPS) etrex GARMIN-12. Transects were placed 
at least 100 metres apart. Yellow ribbons were used to define the 
start and end of each transect. Two line transects were walked on the 
disturbed as well as undisturbed site twice (morning [0600 to 1000 
hours] and evening time [1500 to 1800 hour]) in every sampling day. 
Each transect was visited a total of 28 times and a total of 56 visitations 
in each of the habitat types in fourteen rounds (days). Butterflies 
were collected using a sweep net.14,32,33 The Pollard Transect Walking 
Technique (PTWT) was modified to include captures with a sweep 
net. Butterflies seen or caught that fell within 25 metres on either side 
of the transect route were counted, described and recorded. 

All the captured butterflies were immobilized in two separate 
specimen bottles (one for disturbed site and the other undisturbed 
site), containing cotton wool with chloroform soaked, to prevent 
random movement and displacement of wings. Butterflies were 
identified using identification key by Larsen.34 The samples were 
preserved by injecting 75% ethanol into the abdomen to prevent other 
insect infestations and then allowed to air dry and were pooled from 
both the disturbed and undisturbed site respectively to avoid mix up.
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Data analysis

Data was analyzed using R Console software version 3.2.2. Two 
sample t-test were used to compare the abundance of butterflies seen 
as well as those collected between disturbed and undisturbed sites in 
the Permanent Site of Federal University of Lafia. Also, it was used 
to compare the abundance of butterflies in relation to time of day. 
Pearson’s Chi-square test was used to compare diversity index in 
relation to the two sites. Level of significance was set at P < 0.05.

Results
Butterfly species checklist generated at the end of this study is 

shown in Table 1. An overall total of three hundred and one (301) 
individuals of butterflies were seen. Of the 301 butterflies seen, only 
one hundred and sixty (160) were caught and they spread across five 
(5) families, twenty-one (21) genera’s and twenty-five (25) species 
were seen, caught and identified from both disturbed and undisturbed 
site of Federal University of Lafia (Table 1). The highest number 

of individuals were recorded in the family Pieridae 49 (30.63%); 
Lycaenidae 42 (26.25%); Nymphalidae 34 (21.25%) and Papilionidae 
34(21.25%) while family Hesperidae recorded the lowest number of 
individuals with 1 (0.63%).

Three genera from three different families were found to be more 
abundant in both disturbed and undisturbed sites of the study, and they 
are as follows: Eurema (Pieridae) 29 (18.13%); Papilo (Papilionidae) 
27 (16.88%) and Hypolycaena (Lycaenidae) 23 (14.38%) followed 
by Catopsilia (Pieridae) 10 (6.25%) whilein the remaining nineteen 
genera from the total recorded in this study had low occurrence 
with less than ten individuals. A genus in the family Hesperidae 
(Abantis) was only seen in the undisturbed sites while the disturbed 
site had greater number in the family Lycaenidae 24 (15%). In the 
family Pieridae, there was no much difference as undisturbed site 
had 29 (18.13%) while the disturbed site had 20 (12.5%). Most of 
the captured butterflies were identified to species level. However, a 
lycaenid and some few species were not identified beyond the genus 
levels (Table 1).

Table 1 Checklist of butterflies in Federal University of Lafia Permanent Site across disturbed and undisturbed habitats

Family Species
Habitats

Total (%)
Disturbed (%) Undisturbed (%)

Hesperidae Abantis nigeriana 0(0.00) 1(0.63) 1(0.63)

0(0.00) 1(0.63) 1(0.63)

Lycaenidae Azanus jesous 3(1.88) 2(1.25) 5(3.13)

Deudorix dinochares 2(1.25) 0(0.00) 2(1.23)

Hypolycaena anara 14(8.75) 9(5.63) 23(14.38)

Cupidopsis cissus 5(3.13) 4(2.5) 9(5.63)

Lolaus sp. 0(0.00) 3(1.88) 3(1.88)

24(18.14) 18(11.25) 42(26.25)

Nymphalidae Acraea serena 3(1.88) 0(0.00) 3(1.88)

Bicyclus campa 3(1.88) 1(0.63) 4(2.5)

Byblia anvatara crameri 1(0.63) 1(0.63) 2(1.25)

Charaxes sp. 0(0.00) 2(1.25) 2(1.25)

Danaus chrysippus 3(1.88) 6(3.75) 9(5.63)

Hamanumida daedalus 0(0.00) 5(3.13) 5(3.13)

Hypolimnas misippus 1(0.63) 0(0.00) 1(0.63)

Junonia chorimene 0(0.00) 1(0.63) 1(0.63)

Ypthima spp. 2(1.25) 0(0.00) 2(1.25)

Ypthima sp. 0(0.00) 5(3.13) 5(3.13)

13(8.15) 21(13.15) 34(21.25)

Papilionidae Graphium angolarus baronis 2(1.25) 5(3.13) 7(4.38)

Papilio demodocus 7(4.38) 20(12.5) 27(16.88)

9(5.63) 25(15.63) 34(21.25)

Pieridae Belenois creona creona 2(1.25) 1(0.63) 3(1.88)

Catopsilia florella 1(0.63) 9(5.63) 10(6.25)

Colitis spp. 3(1.88) 0(0.00) 3(1.88)

Eurema brigitta brigitta 9(5.63) 11(6.88) 20(12.50)

Eurema hecabe solifera 5(3.13) 4(2.5) 9(5.63)

Mylothris aburi 0(0.00) 3(1.88) 3(1.88)

Mylothris chloris 0(0.00) 1(0.63) 1(0.63)

20(12.5) 29(18.13) 49(30.63)

Total  66(41.25) 94(58.75) 160(100)
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The distribution of butterflies between the disturbed and 
undisturbed habitats shows that there are more butterflies in the 
undisturbed site 94 (58.75%) than the disturbed site 66 (41.25%). 
Therefore, the mean abundance of butterflies in relation to disturbed 
and undisturbed habitats showed a very high significant difference (t 
= -4.1952, df = 94.682, P = 0.00006143, Figure 2). Butterflies were 
more abundant in the morning session over the evening session. Thus, 
there was a very high significant difference in butterfly abundance in 
relation to time of day (t = 6.2208, df = 82.469, P< 0.0001, Figure 3).

Figure 2 Butterfly abundance in relation to the level of disturbance.

Figure 3 Butterfly abundance in relation to the time of day.

The diversity index recorded in Table 2 and Table 3 clearly shows 
that butterfly diversity in the disturbed and undisturbed sites was 
relatively high. Though diversity was higher in undisturbed site (H´ = 
2.615) than the disturbed site (H´ = 2.547). However, diversity index 
variation between the two sites showed no significant difference (χ2 = 
0.00089578, df = 1, P = 0.9761).

Discussion
The analysis of the results obtained clearly showed that butterflies 

composition from both the undisturbed and disturbed habitats of the 
Federal University of Lafia (FULafia) Permanent Site, Nasarawa 
State, Nigeria spreads across five families, twenty-five genera and 
twenty-seven species which is a good indicator that the area would 
be of interest for a well-planned ex-situ biodiversity conservation 
programme, most especially in the Zoological Garden area of the 
Institution. The higher number of Pieridae and Lycaenidae is supported 
by the studies of Bernard35 who reported the two families as the 
largest of the order Lepidoptera that can be seen almost everywhere. 
The genera Eurema (pieridae) and Hypolycaena (Lycaenidae) were 
found to be more abundant in both the undisturbed and disturbed 
site, while the genera Papilio (Papilionidae) was far more abundant 
in the undisturbed site of FULafia. Abantis, a member of the family 
Hesperidae minimally occurred, and were seen on rare occasions in 
the undisturbed site, but were not found at all in the disturbed site at 
the time of this study. Most butterfly species found in the undisturbed 
site were having shaper and more attractive colours and were not high 
flyers though very energetic and hence making them more difficult to 
catch using the sweep net as when compared to the disturbed site, of 
which reasons could be as a result of more food component such as 
plant nectar for the nectar-sucking butterflies, and fruits, for the fruit-
feeding butterflies.

The undisturbed site was found to be more abundant and diverse 
probably due to low level of anthropogenic activities such as the effect 
of construction, habitat loss and disturbance in the environment. The 
site had more species of the family Papilionidae (Papilio demodocus) 
which is commonly known as the citrus swallow tail, and are 
considered very scarce and difficult to find as a result of harvest by 
individuals but were found in reasonable and well flourishing amount 
in FULafia’s site. The findings of this study is further supported by Hill 
et al.;14 Brown,14 Bonebrake et al.21 and Akwashiki et al.33 who reported 
great abundance of butterfly species in less disturbed habitats. Higher 
abundance and diversity in the undisturbed site could be because the 
site provides wider resources for the butterflies to utilize compared to 
the disturbed area where both vegetation and activities of other taxa are 
minimal because of both destruction of microhabitats and depletion of 
necessary resources needed for the daily activities of all living things. 
Many butterfly larval stage depends on specific plant or sort of host 
plants, a little disturbance to the abundance of such plants could have 
a resultant negative effects on the population. Also, Koh20 reviewed 
20 studies that examined the impacts of land use changes and habitat 
loss on butterfly communities in South-east Asia in which seven of 
the studies showed decreased diversity in anthropogenic disturbed 
sites as compared to protected forests, but interestingly, nine studies 
showed the opposite trend. Bonebrake et al.21 also reviewed 20 more 
studies from the neotopics and afrotropics and found similarly that 
six of the studies reported decreases in diversity with disturbance, but 
four found increased abundance. The other ten studies were equivocal 
on this point.

Butterflies population in relation to time of day was more abundant 
in the morning session over the evening, and the observed result was 
supported by the study of Koh20 who found butterflies to be more 
energetic during the day as the sun rises. Abundance of butterflies in 
relation to time of day showed a high significant difference as more 
species were increasing as sun rises, to the peak of the afternoon and 
abundance drops drastically as evening falls. The occurrence of these 
species at the early hours of the afternoon could possibly be as a result 
of the role they play in the ecosystem, as plant pollinators, and hence 
requires sunlight to make them energetic in order to carry out their 
daily activities. 
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Table 2 Butterfly species diversity index for the disturbed site in Federal University of Lafia Permanent Site

Family Species No. in disturbed area Pi Ln(Pi) Pi*Ln(Pi)
Lycaenidae Azanus jesous 3 0.0455 -3.09 -0.1406

Deudorix dinochares 2 0.0303 -3.4966 -0.1059
Hypolycaena anara 14 0.2121 -1.5507 -0.3289
Lepidochrysops vera 5 0.0758 -2.5797 -0.1955

Nymphalidae Acraea serena 3 0.0455 -3.09 -0.1406
Bicyclus campa 3 0.0455 -3.09 -0.1406
Byblia anvatara crameri 1 0.0152 -4.1865 -0.0636
Danaus chrysippus 3 0.0455 -3.09 -0.1406
Hypolimnas misippus 1 0.0152 -4.1865 -0.0636
Ypthima albida 2 0.0303 -3.4966 -0.1059

Papilionidae Graphium angolanus baronis 2 0.0303 -3.4966 -0.1059
Papilo demodocus 7 0.1061 -2.2433 -0.238

Pieridae Belenois creona 2 0.0303 -3.4966 -0.1059
Catopsilia florella 1 0.0152 -4.1865 -0.0636
Colotis spp 3 0.0455 -3.09 -0.1406
Eurema brigittabrigitta 9 0.1364 -1.9922 -0.2717
Eurema hecabesolifera 5 0.0758 -2.5797 -0.1955

Total 66 -2.547
∴ H´ = -(-2.547) = +2.547

Table 3 Butterfly species diversity index for the undisturbed habitat in Federal University of Lafia Permanent Site

Family Species No. in undisturbed area Pi Ln(Pi) Pi*Ln(Pi)
Hesperidae Abantis nigeriana 1 0.0106 -4.5469 -0.0482
Lycaenidae Azanus jesous 2 0.0213 -3.849 -0.0819

Hypolycaena anara 9 0.0957 -2.3465 -0.2246
Lepidochrysops vera 4 0.0426 -3.1559 -0.1344
Lolaus spp 3 0.0319 -3.4451 -0.1099

Nymphalidae Bicyclus campa 1 0.0106 -4.5469 -0.0482
Byblia anvatara crameri 1 0.0106 -4.5469 -0.0482
Charaxes spp 2 0.0213 -3.849 -0.0819
Danaus chrysippus 6 0.0638 -2.752 -0.1756
Hamanumida Daedalus 5 0.0532 -2.9337 -0.1561
Junonia chorimene 1 0.0106 -4.5469 -0.0482
Ypthima Spp 5 0.0532 -2.9337 -0.1561

Papilionidae Graphium angolanus angolanus 5 0.0532 -2.9337 -0.1561
Papilo demodocus 20 0.2128 -1.5474 -0.3293

Pieridae Belenois creona 1 0.0106 -4.5469 -0.0482
Catopsilia florella 9 0.0957 -2.3465 -0.2246
Eurema brigitta brigitta 11 0.117 -2.1456 -0.251
Eurema hecabe solifera 4 0.0426 -3.1559 -0.1344
Mylothris aburi 3 0.0319 -3.4451 0.1099
Mylothris chloris 1 0.0106 -4.5469 -0.0482

Total 94 -2.615
∴ H´ = -(-2.615) = +2.615     

Conclusion
The findings of the present study underline the importance of 

Federal University of Lafia undisturbed site as a preferred habitat 
for butterflies. Also, a high number of butterflies were recorded in 
the morning period than in the evening hours. If the landscaping 
and maintenance of gardens are carefully planned, the diversity of 
butterflies may increase in the University campus providing a rich 
ground for butterfly conservation as well as for research. This study 
will also add to our future attempts in understanding the complex 
nature of mutualistic interaction between butterflies and flowering 
plants that is essential for continuity of ecosystem services. This is 
the first effort in exploring the butterfly wealth of Federal University 
of Lafia. The present list of butterfly species is not conclusive and 

exhaustive and future exploration will be continued to update this 
checklist.

Acknowledgments
The Management of Federal University of Lafia for granting us the 

opportunity to carry out the research.

Funding 
None.

Conflicts of interest 
All author listed here declare no conflict of interest exists.

https://doi.org/10.15406/mojes.2021.06.00233


A comparative study on the abundance and diversity of butterflies in disturbed and undisturbed habitats 
in a tertiary institution in central Nigeria

199
Copyright:

©2021 Ombugadu et al.

Citation: Ombugadu A Ugwu AR, Ibrahim JI, et al. A comparative study on the abundance and diversity of butterflies in disturbed and undisturbed habitats in a 
tertiary institution in central Nigeria. MOJ Eco Environ Sci. 2021;6(6):194‒199. DOI: 10.15406/mojes.2021.06.00233

References
1. Samways MJ. Insect conservation biology. London: Chapman and Hall; 

1994.

2. Tscharntke T, Klein AM, Kruess A, et al. Landscape perspectives 
on agricultural intensification and biodiversity ecosytem service 
management. Ecology Letters. 2005;8:857–874.

3. Thomas J, Telfer M, Roy D, et al. Comparative losses of british 
butterflies, birds and plants and the global extinction crisis. Science. 
2004;303:1879-1881.

4. Sawchik J, Dufrene M, Lebrun P. Distribution patterns and indicator 
species of butterfly assemblage of wet meadows in Southern Belgium. 
2005:43–52.

5. Bonebrake T, Sorto R. Butterfly (papilionoidea and hespenoidea) rapid 
assessment of a coastal countryside in el-salvador. Tropical Conservation 
Science. 2009;2(1):34–51.

6. Clark P, Reed M, Chew F. Effects of Urbanization on Butterfly species 
Richness, Guild Structure and Rarity. Urban Ecosystems. 2007;10:321–
337.

7. Green Facts. Scientific facts on biodiversity and human wellbeing. 2016.

8. Viejo P, Paul L, Curie N. Conservation biology. 2000.

9. Thomas C, James A, Warren M. Distribution of occupied and vacant 
butterfly habitats in fragmented landscapes. Ecology. 1992;62:563–567.

10. Charles J. Ecology. 5th edn. 2001.

11. Schindler DW. Experimental pertubation of whole lakes as test of 
hypothesis concerning ecosystem structure and function. Proceedings of 
1987 Crafoard Symposium. Oikos. 1990;57:25–41.

12. Kremen C. Biological inventory using target taxa: A case study of the 
butterflies of Madagascar. Ecological Applications. 1994;4(3):407–422.

13. Thomas CD. Habitat use and geographic ranges of butterflies from the 
wet lowlands of Costa Rica. Biological Conservation. 1991;35:269–281.

14. Hill JK, Kramer KC, Lace LA, et al. Effects of selective logging on 
tropical forest butterflies on Buru, Indonesia. Journal of Applied 
Ecology. 1995;32:754–760.

15. Brown Jr. KS. Diversity, distance and sustainable use of Neotropical 
Forest: Insects as bioindications for conservation monitoring. Journal of 
Insects Conservation. 1997;1:25–42.

16. Hammer KC, Hill JK. Scale-dependent effects of habitats disturbance 
on species richness in tropical forests. Conservation Biology. 
2000;14:1435–1440.

17. Nwosu LC, Iwu CJ. A Comparative study of diversity of species of 
butterflies in protected and unprotected habitats of OKwu Ogbaku forest 
reserve in Mbaitoli LGA, Imo state Nigeria. Journal of Environmental 
Issues and Agriculture in Developing Countries. 2011;3(1):129–136.

18. Dunn RR. Managing the tropical landscape: a comparison of the effects 
of logging and forewst conversion to agriculture on ants, birds, and 
lepidoptera. Forest Ecology and Management. 2004;191:215–224.

19. Sodhi NS, Lee TM, Koh LP, et al. A meta-analysis of the impact of 
anthropogenic forest disturbance on Southeast Asia’s biotas. Biotropica. 
2009;41:103–109.

20. Koh LP. Impacts of land use change on South-east Asian forest 
butterflies: a review. Journal of Applied Ecology. 2007;44:703–713. 

21. Bonebrake TC, Ponisio LC, Boggs CL, et al. More than just indicators: 
A review of tropical butterfly ecology and conservation. Biological 
Conservation. 2010;143:1831–1841.

22. Hess GR, Bartel RA, Leidner AK, et al. Effectiveness of biodiversity 
indicators varies with extent, grain, and region. Biological Conservation. 
2006;132:448–457.

23. Spitzer K, Novotyny V, Tonner M, et al. Habitat preferences, 
distribution and seasonality of the butterflies (Lepidoptera, 
Papilionoidea) in a montane tropical rain forest, Vietnam. Journal of 
Biogeography.1993;20:109–121.

24. Horner-Devine MC, Daily GC, Ehrlich PR, et al. Countryside 
biogeography of tropical butterflies. Conservation Biology. 
2003;17:168–177.

25. Hill JK, Hammer KC. Determining impacts of habitats modification on 
diversity of tropical fauna: the importance of spatial scale. Journal of 
Applied Ecology. 2004;41:744–754. 

26. Bradshaw C, Sohdi NS, Brook BW. Tropical turmoil; a biodiversity 
tragedy in progress. Frontiers in Ecology and the Environment. 
2009;7:78–79.

27. Myer N, Mittermeier RA, Groombridge MC, et al. Biodiversity hotspot 
for conservatiom priorities. Nature. 2000;403:853–858.

28. Conservation International. Guinea Forests of West Africa. 2010.

29. May RM, Tregonning K. Global conservation and UK government 
policy. In: Mac GM, Balmford A, Ginsberg JR, editors. Conservation 
in a Changing World. Cambridge (United Kingdom), Cambridge 
University Press; 1998:287–301. 

30. Ehrlich GR, Daily GC. Population extinction and saving biodiversity. 
Ambio. 1993;22(2/3):64–68.

31. Rodder D, Schmitt T, Gros P, et al. Climate change drives mountain 
butterflies towards the summits. Sci Rep. 2021;11:14382.

32. Pollard E. A method for assessing changes in the abundance of of 
butterflies. Biological Conservation. 1997;12:16–134.

33. Akwashiki BA, Amuga GA, Mwansat GS, et al. Assessment of butterfly 
diversity in eagle owl gully of Amurum forest reserve, Jos East Local 
Government Area, Plateau State, Nigeria. The Zoologist. 2007;5:33–38.

34. Larsen TB. Butterflies of West Africa. Apollo Books; 2005. 596 p.

35. Bernard DFR. Butterflies of afro-tropical region. Land-wone edition. 
1982.

https://doi.org/10.15406/mojes.2021.06.00233
https://www.cabi.org/bookshop/book/9781845932541/
https://www.cabi.org/bookshop/book/9781845932541/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi54detmo30AhXPwjgGHRi7BycQFnoECAMQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.1461-0248.2005.00782.x&usg=AOvVaw0IuV-cwRTo8xwm2ivgVnH2
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi54detmo30AhXPwjgGHRi7BycQFnoECAMQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.1461-0248.2005.00782.x&usg=AOvVaw0IuV-cwRTo8xwm2ivgVnH2
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi54detmo30AhXPwjgGHRi7BycQFnoECAMQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.1461-0248.2005.00782.x&usg=AOvVaw0IuV-cwRTo8xwm2ivgVnH2
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiV3urMmo30AhVqxTgGHRk0DRcQFnoECAMQAw&url=https%3A%2F%2Fwww.science.org%2Fdoi%2F10.1126%2Fscience.1095046&usg=AOvVaw2X-s3cwdAsYrA-V2mGxh5g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiV3urMmo30AhVqxTgGHRk0DRcQFnoECAMQAw&url=https%3A%2F%2Fwww.science.org%2Fdoi%2F10.1126%2Fscience.1095046&usg=AOvVaw2X-s3cwdAsYrA-V2mGxh5g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiV3urMmo30AhVqxTgGHRk0DRcQFnoECAMQAw&url=https%3A%2F%2Fwww.science.org%2Fdoi%2F10.1126%2Fscience.1095046&usg=AOvVaw2X-s3cwdAsYrA-V2mGxh5g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjgh6Dxmo30AhXbzTgGHYD1ABEQFnoECAUQAQ&url=https%3A%2F%2Fbiblio.naturalsciences.be%2Fassociated_publications%2Fbjz%2F135-1%2Fvolume-135-1-pp-43-52.pdf&usg=AOvVaw2P_Wq232
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjgh6Dxmo30AhXbzTgGHYD1ABEQFnoECAUQAQ&url=https%3A%2F%2Fbiblio.naturalsciences.be%2Fassociated_publications%2Fbjz%2F135-1%2Fvolume-135-1-pp-43-52.pdf&usg=AOvVaw2P_Wq232
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjgh6Dxmo30AhXbzTgGHYD1ABEQFnoECAUQAQ&url=https%3A%2F%2Fbiblio.naturalsciences.be%2Fassociated_publications%2Fbjz%2F135-1%2Fvolume-135-1-pp-43-52.pdf&usg=AOvVaw2P_Wq232
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjk4rSGm430AhWm3jgGHejmBG4QFnoECAMQAQ&url=https%3A%2F%2Ftropicalconservationscience.mongabay.com%2Fcontent%2Fv2%2F09-03-23_bonebrake-sorto_34-51.pdf&usg=AOvVaw0uhuj5cry
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjk4rSGm430AhWm3jgGHejmBG4QFnoECAMQAQ&url=https%3A%2F%2Ftropicalconservationscience.mongabay.com%2Fcontent%2Fv2%2F09-03-23_bonebrake-sorto_34-51.pdf&usg=AOvVaw0uhuj5cry
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjk4rSGm430AhWm3jgGHejmBG4QFnoECAMQAQ&url=https%3A%2F%2Ftropicalconservationscience.mongabay.com%2Fcontent%2Fv2%2F09-03-23_bonebrake-sorto_34-51.pdf&usg=AOvVaw0uhuj5cry
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiF_4OYm430AhWyzzgGHeTWAh0QFnoECAMQAQ&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs11252-007-0029-4&usg=AOvVaw0zOHg2liquhMgp-Wr8rMOF
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiF_4OYm430AhWyzzgGHeTWAh0QFnoECAMQAQ&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs11252-007-0029-4&usg=AOvVaw0zOHg2liquhMgp-Wr8rMOF
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiF_4OYm430AhWyzzgGHeTWAh0QFnoECAMQAQ&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs11252-007-0029-4&usg=AOvVaw0zOHg2liquhMgp-Wr8rMOF
http://www.greenfacts.org/en/biodiversity/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiawKzRm430AhVmyzgGHU5IBXMQFnoECAYQAQ&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF00317850&usg=AOvVaw3SBEDQUt069c4sHfa8Vblf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiawKzRm430AhVmyzgGHU5IBXMQFnoECAYQAQ&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF00317850&usg=AOvVaw3SBEDQUt069c4sHfa8Vblf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwizn-_xm430AhU0zDgGHUJYAI0QFnoECAIQAQ&url=https%3A%2F%2Feurekamag.com%2Fresearch%2F007%2F331%2F007331933.php&usg=AOvVaw0UMtl9rVnbaWSo_gI6vTIb
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwizn-_xm430AhU0zDgGHUJYAI0QFnoECAIQAQ&url=https%3A%2F%2Feurekamag.com%2Fresearch%2F007%2F331%2F007331933.php&usg=AOvVaw0UMtl9rVnbaWSo_gI6vTIb
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwizn-_xm430AhU0zDgGHUJYAI0QFnoECAIQAQ&url=https%3A%2F%2Feurekamag.com%2Fresearch%2F007%2F331%2F007331933.php&usg=AOvVaw0UMtl9rVnbaWSo_gI6vTIb
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjC6-qfnI30AhWJyzgGHWS6CBkQFnoECAUQAQ&url=https%3A%2F%2Fesajournals.onlinelibrary.wiley.com%2Fdoi%2Fabs%2F10.2307%2F1941946&usg=AOvVaw0dxvMhmvnoS0EvQigOnzzt
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjC6-qfnI30AhWJyzgGHWS6CBkQFnoECAUQAQ&url=https%3A%2F%2Fesajournals.onlinelibrary.wiley.com%2Fdoi%2Fabs%2F10.2307%2F1941946&usg=AOvVaw0dxvMhmvnoS0EvQigOnzzt
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOtOOvnI30AhXxwTgGHadeDZEQFnoECAMQAQ&url=https%3A%2F%2Fagris.fao.org%2Fagris-search%2Fsearch.do%3FrecordID%3DUS201302665048&usg=AOvVaw0BUAzOFaR18xYW0Xs_ZfFp
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOtOOvnI30AhXxwTgGHadeDZEQFnoECAMQAQ&url=https%3A%2F%2Fagris.fao.org%2Fagris-search%2Fsearch.do%3FrecordID%3DUS201302665048&usg=AOvVaw0BUAzOFaR18xYW0Xs_ZfFp
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiustPCnI30AhXmwzgGHWMHDTIQFnoECAIQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F2404815&usg=AOvVaw0HR1K7eemShtsNZD4ZORAf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiustPCnI30AhXmwzgGHWMHDTIQFnoECAIQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F2404815&usg=AOvVaw0HR1K7eemShtsNZD4ZORAf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiustPCnI30AhXmwzgGHWMHDTIQFnoECAIQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F2404815&usg=AOvVaw0HR1K7eemShtsNZD4ZORAf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiVioPqnI30AhVdyjgGHTVCCokQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F2641796&usg=AOvVaw2gLpzkmgpBCBdWr5Yr1CTu
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiVioPqnI30AhVdyjgGHTVCCokQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F2641796&usg=AOvVaw2gLpzkmgpBCBdWr5Yr1CTu
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiVioPqnI30AhVdyjgGHTVCCokQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F2641796&usg=AOvVaw2gLpzkmgpBCBdWr5Yr1CTu
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiD0ML-nI30AhUBxjgGHaUQBxsQFnoECAoQAQ&url=https%3A%2F%2Fwww.icidr.org%2Fjeiadc_vol3no1%2FA%2520Comparative%2520Study%2520of%2520Diversity%2520of%2520Species%2520of%2520
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiD0ML-nI30AhUBxjgGHaUQBxsQFnoECAoQAQ&url=https%3A%2F%2Fwww.icidr.org%2Fjeiadc_vol3no1%2FA%2520Comparative%2520Study%2520of%2520Diversity%2520of%2520Species%2520of%2520
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiD0ML-nI30AhUBxjgGHaUQBxsQFnoECAoQAQ&url=https%3A%2F%2Fwww.icidr.org%2Fjeiadc_vol3no1%2FA%2520Comparative%2520Study%2520of%2520Diversity%2520of%2520Species%2520of%2520
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiD0ML-nI30AhUBxjgGHaUQBxsQFnoECAoQAQ&url=https%3A%2F%2Fwww.icidr.org%2Fjeiadc_vol3no1%2FA%2520Comparative%2520Study%2520of%2520Diversity%2520of%2520Species%2520of%2520
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiK1NSNnY30AhUTyzgGHWjmAr8QFnoECAIQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0378112703005693&usg=AOvVaw3R5LZSqJwffFPl5NkHoixk
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiK1NSNnY30AhUTyzgGHWjmAr8QFnoECAIQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0378112703005693&usg=AOvVaw3R5LZSqJwffFPl5NkHoixk
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiK1NSNnY30AhUTyzgGHWjmAr8QFnoECAIQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0378112703005693&usg=AOvVaw3R5LZSqJwffFPl5NkHoixk
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiW1PPLnY30AhW-wjgGHU-pAFAQFnoECAMQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2Fabs%2F10.1111%2Fj.1744-7429.2008.00460.x&usg=AOvVaw2Nt48yDQsBoZJA0bqZV0FO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiW1PPLnY30AhW-wjgGHU-pAFAQFnoECAMQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2Fabs%2F10.1111%2Fj.1744-7429.2008.00460.x&usg=AOvVaw2Nt48yDQsBoZJA0bqZV0FO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiW1PPLnY30AhW-wjgGHU-pAFAQFnoECAMQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2Fabs%2F10.1111%2Fj.1744-7429.2008.00460.x&usg=AOvVaw2Nt48yDQsBoZJA0bqZV0FO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi2xc7hnY30AhU7wjgGHZErC1MQFnoECAQQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.1365-2664.2007.01324.x&usg=AOvVaw2oBEGOEzLHEY4j-2zmak6h
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi2xc7hnY30AhU7wjgGHZErC1MQFnoECAQQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.1365-2664.2007.01324.x&usg=AOvVaw2oBEGOEzLHEY4j-2zmak6h
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiI4dDznY30AhVGzjgGHRziARAQFnoECAMQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0006320710001904&usg=AOvVaw1CiXRpgiKodaDK6PjZuBp1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiI4dDznY30AhVGzjgGHRziARAQFnoECAMQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0006320710001904&usg=AOvVaw1CiXRpgiKodaDK6PjZuBp1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiI4dDznY30AhVGzjgGHRziARAQFnoECAMQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0006320710001904&usg=AOvVaw1CiXRpgiKodaDK6PjZuBp1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj1upuAno30AhWa3jgGHRZPBLoQFnoECAUQAQ&url=https%3A%2F%2Fwww.uvm.edu%2Fgiee%2Fpubpdfs%2FHess_2006_Biological_Conservation.pdf&usg=AOvVaw0NiQF74qOoomTA_84l0t4a
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj1upuAno30AhWa3jgGHRZPBLoQFnoECAUQAQ&url=https%3A%2F%2Fwww.uvm.edu%2Fgiee%2Fpubpdfs%2FHess_2006_Biological_Conservation.pdf&usg=AOvVaw0NiQF74qOoomTA_84l0t4a
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj1upuAno30AhWa3jgGHRZPBLoQFnoECAUQAQ&url=https%3A%2F%2Fwww.uvm.edu%2Fgiee%2Fpubpdfs%2FHess_2006_Biological_Conservation.pdf&usg=AOvVaw0NiQF74qOoomTA_84l0t4a
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwimxbOSno30AhXawzgGHbivBCIQFnoECAYQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2Fpdf%2F2845744.pdf&usg=AOvVaw2KKY67IWVyIA_JBbjX_bxX
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwimxbOSno30AhXawzgGHbivBCIQFnoECAYQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2Fpdf%2F2845744.pdf&usg=AOvVaw2KKY67IWVyIA_JBbjX_bxX
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwimxbOSno30AhXawzgGHbivBCIQFnoECAYQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2Fpdf%2F2845744.pdf&usg=AOvVaw2KKY67IWVyIA_JBbjX_bxX
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwimxbOSno30AhXawzgGHbivBCIQFnoECAYQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2Fpdf%2F2845744.pdf&usg=AOvVaw2KKY67IWVyIA_JBbjX_bxX
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjE2NWlno30AhVM3jgGHZUOCUQQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F3095283&usg=AOvVaw1wwj7tmSU2l9f7fnUnZgQW
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjE2NWlno30AhVM3jgGHZUOCUQQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F3095283&usg=AOvVaw1wwj7tmSU2l9f7fnUnZgQW
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjE2NWlno30AhVM3jgGHZUOCUQQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F3095283&usg=AOvVaw1wwj7tmSU2l9f7fnUnZgQW
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwia47K3no30AhXryDgGHZ_iBUwQFnoECAYQAQ&url=https%3A%2F%2Fbesjournals.onlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.0021-8901.2004.00926.x&usg=AOvVaw2zWbVmRg6q5SPpVOz22mQ5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwia47K3no30AhXryDgGHZ_iBUwQFnoECAYQAQ&url=https%3A%2F%2Fbesjournals.onlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.0021-8901.2004.00926.x&usg=AOvVaw2zWbVmRg6q5SPpVOz22mQ5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwia47K3no30AhXryDgGHZ_iBUwQFnoECAYQAQ&url=https%3A%2F%2Fbesjournals.onlinelibrary.wiley.com%2Fdoi%2F10.1111%2Fj.0021-8901.2004.00926.x&usg=AOvVaw2zWbVmRg6q5SPpVOz22mQ5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjYiYPbno30AhWnzTgGHYk4AsMQFnoECAgQAQ&url=https%3A%2F%2Fesajournals.onlinelibrary.wiley.com%2Fdoi%2F10.1890%2F070193&usg=AOvVaw0j1dPqqGYY00t7BFzPW7y1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjYiYPbno30AhWnzTgGHYk4AsMQFnoECAgQAQ&url=https%3A%2F%2Fesajournals.onlinelibrary.wiley.com%2Fdoi%2F10.1890%2F070193&usg=AOvVaw0j1dPqqGYY00t7BFzPW7y1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjYiYPbno30AhWnzTgGHYk4AsMQFnoECAgQAQ&url=https%3A%2F%2Fesajournals.onlinelibrary.wiley.com%2Fdoi%2F10.1890%2F070193&usg=AOvVaw0j1dPqqGYY00t7BFzPW7y1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwinlbXyno30AhXf3jgGHcGeDaIQFnoECAMQAQ&url=https%3A%2F%2Fwww.nature.com%2Farticles%2F35002501&usg=AOvVaw1VbnaegCF6YckcMqXnmP2j
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwinlbXyno30AhXf3jgGHcGeDaIQFnoECAMQAQ&url=https%3A%2F%2Fwww.nature.com%2Farticles%2F35002501&usg=AOvVaw1VbnaegCF6YckcMqXnmP2j
http://www.conservation.org/how/pages/hotspots.aspx
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjM1-etn430AhW14zgGHR2ZA-IQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F4314048&usg=AOvVaw141axQMHzWCbsssfda36S-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjM1-etn430AhW14zgGHR2ZA-IQFnoECAMQAQ&url=https%3A%2F%2Fwww.jstor.org%2Fstable%2F4314048&usg=AOvVaw141axQMHzWCbsssfda36S-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjtlsXbn430AhVuxDgGHeg8Bd8QFnoECAIQAQ&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41598-021-93826-0&usg=AOvVaw0dNMe0tUeHuHPHyXaxREb_
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjtlsXbn430AhVuxDgGHeg8Bd8QFnoECAIQAQ&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41598-021-93826-0&usg=AOvVaw0dNMe0tUeHuHPHyXaxREb_
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiakN-woI30AhXdwjgGHYFoC1MQFnoECAUQAQ&url=https%3A%2F%2Fwww.ajol.info%2Findex.php%2Ftzool%2Farticle%2Fview%2F41347&usg=AOvVaw2Omefjq15dgjoIzDif_ApF
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiakN-woI30AhXdwjgGHYFoC1MQFnoECAUQAQ&url=https%3A%2F%2Fwww.ajol.info%2Findex.php%2Ftzool%2Farticle%2Fview%2F41347&usg=AOvVaw2Omefjq15dgjoIzDif_ApF
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwintvftn430AhVtxzgGHUSqCV8QFnoECAIQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0006320777900659&usg=AOvVaw0xd11Tc6pkKrLDDw8rC1KO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwintvftn430AhVtxzgGHUSqCV8QFnoECAIQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0006320777900659&usg=AOvVaw0xd11Tc6pkKrLDDw8rC1KO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwintvftn430AhVtxzgGHUSqCV8QFnoECAIQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0006320777900659&usg=AOvVaw0xd11Tc6pkKrLDDw8rC1KO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiazOXCoI30AhWBxjgGHYudB1gQFnoECAQQAQ&url=https%3A%2F%2Fwww.cabdirect.org%2Fcabdirect%2Fabstract%2F20063028767&usg=AOvVaw0ManlrPbCt11j_T4fYSE2D

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Study Area 
	Data collection 
	Data analysis 

	Results
	Discussion 
	Conclusion
	Acknowledgments 
	Funding
	Conflicts of interest  
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

