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Abstract
Background and Objective: Assessments of insect diversity in human landscapes often focus on local scale (alpha) diversity with little
attention given to species turnover (beta diversity) of these organisms at the landscape scale. This is particularly crucial for highly mobile
insects such as flower visiting insects. This study, therefore, assessed the effects of four land use types (agricultural land, grazed grassland,
mown grassland and secondary forest) on the alpha and beta diversity of flower-visiting insects in Ile-Ife, Nigeria.
Materials and Methods: Three replicates of each land use type were selected. Flower-visiting insects were sampled using coloured pan
traps and aerial netting along 100 m transects on each study site. Additive partitioning was used to derive alpha and beta diversity of
flower-visiting insects. Results: About 40, 57, 54 and 51 species of flower-visiting insects were obtained from agricultural land, grazed
grassland, mown grassland and secondary forest habitats, respectively. Beta diversity had significantly higher percentage contribution
to the total diversity compared to alpha diversity. Furthermore, while land use had no significant effect on alpha diversity, there was a
marginally significant effect on beta diversity. This underscores the very crucial place of beta diversity in holistic assessments
of flower-visiting insect diversity. Conclusion: Species turnover of flower-visiting insects provides information on the sensitivity of these
organisms to disturbance such as land use change.
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This region like most other biodiversity hotspots is enriched

INTRODUCTION

with high flora and fauna diversity but faced with enormous
Local scale (alpha diversity) assessments does not

threats and is, therefore, of high priority for conservation11.

sufficiently account for turnover in species diversity at both

The major seasons in the study area are the rainy season

spatial and temporal scales1,2. Beyond alpha diversity

characterised by heavy rains and dry season with little or no

(average within plot diversity) of species, additive partitioning

rain and dry environmental conditions.

of diversity has shown that there are different components

Four land use types comprising of three replicates of each

that make up the diversity of flora and fauna communities1,3.

land use type were selected for the study within the study

These components may be spatial, γ-diversity: Total diversity

area. These include; agricultural lands which were managed by

across plots and $-diversity: The difference between (γ) total

local peasant farmers. The dominant plants on these sites

and (") local diversity, which measures variation in species

were Manihot esculenta, Aspilia africana, Chromolaena

composition between plots1,4 or temporal: $-diversity based

odorata, Sida acuta, Mangifera indica etc. The main

on temporal turnover of species richness3.

anthropogenic disturbances on these sites were from the

A comprehensive approach that accounts for all these

activities of the farmers such as tillage, weeding and use of

components of diversity is particularly important for highly

agrochemicals. The second land use type was grazed

mobile groups like insects which utilize several habitats in

grasslands which had the following plant species Tridax

both natural and modified landscapes5. However, much of the

a relatively restricted set of taxa, with little known for other

procumbens, Sida acuta, Corchorus sp., Mimosa pudica,
Talinum triangulare, Aspilia africana, Indigofera sp.,
Chromolaena odorata, Stachytarpheta cayennensis, Ageratum
conyzoides, Ipomoea sp. and Vernonia cinerea. The

groups such as insects6. Increased attention is, therefore,

grasslands in these study sites were sparingly grazed by a few

required for insects especially functionally important insect

cattle which resulted in minimal level of disturbances to the

taxa such as flower-visiting insects which play crucial role in

grasses and flowering plants on the sites. The third land use

growing literature on the spatial and temporal patterns and
consequences of taxonomic homogenization has focused on

7

pollination in both agricultural and natural ecosystems . More

type was the mown grasslands which had similar flowering

importantly due attention is required for insects in tropical

plants as the grazed grassland. The plants on these sites were

ecosystems which continue to face escalating threats for a

frequently mown and trampled by human movement. Lastly,

synergy of anthropogenic disturbances8,9. The turnover of

secondary forest sites were also sampled during this study.

flower-visiting insects is particularly crucial in tropical

The

ecosystems due to long flowering season of many flowering
plants in the tropics which sometimes overlap between the

Hildegardia barteri, Leucaena leucocephala, Chromolaena
odorata and Aspilia africana. These sites were mainly disturbed

seasons. While local scale alpha diversity of flower-visiting

from deforestation and occasional bush burning.

plants

on

these

sites were Azadirachta indica,

insects have been monitored across different land use types
in the tropics5,10, little is known about other ecologically

Sampling of flower-visiting insects: Sampling was carried out

important components of the diversity of these groups such

on the agricultural lands, mown grasslands and secondary

as their beta diversity across land use types. Additive

forest habitats between May, 2014 and April, 2015 and on the

partitioning (summation of within and among communities

grazed grass lands between July, 2016 and February, 2017.

diversity) was used to determine the effect of land use on the

Sampling was carried out on a monthly basis covering both

alpha and beta diversity of flower-visiting insects in four land

the rainy and dry seasons. Two sampling methods were

use types (agricultural land, grazed grassland, mown grassland

combined in the sampling. The first sampling method was

and secondary forest habitats).

observation along two 100 m×5 m transects on each of the
study sites. Flower-visiting insects foraging on flowering

MATERIALS AND METHODS

plants along the transects were recorded and collected with
aerial nets. Nine coloured pan traps of 1.5 L capacity made up

Study area: The study was carried out in Ile-Ife, Southwest

of three each of colours yellow, white and blue were placed

Nigeria with the following coordinates latitudes 6E57ʼ05”N

randomly on each study sites. The pan traps were filled with

to 7E35'19"N and longitudes 4E20'41"E to 4E46'21"E (Fig. 1).

water to half of their capacity and a few drops of detergent

Ile-Ife lies within the tropical rainforest vegetation of Nigeria

added to the water to break the surface tension and enhance

which lies within the West African Forest biodiversity hotspot.

insect trapping. Pan traps were left active on the sites for 48 h
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Fig. 1: Study sites and land use types in Ile-Ife, Nigeria (Inset map of Osun State showing Ile-Ife, Nigeria). AG1: Agricultural land
1, AG2: Agricultural land 2, AG3: Agricultural land 3, GRG1: Grazed grassland 1, GRG2: Grazed grassland 2, GRG 3: Grazed
grassland 3, GR1: Mown grassland 1, GR2: Mown grassland 2, GR 3: Mown grassland 3, FF1: Secondary forest 1,
FF2: Secondary forest 2, FF3: Secondary forest 3
after which they were removed and the trapped insects were
stored in 75% ethanol. Reference collection specimens were
deposited in the Entomology Collections of Department of
Zoology, Obafemi Awolowo University, Ile-Ife and the
Entomology Museum of the Agricultural Research Council,
Roodeplaat, Pretoria, South Africa. Insects collected were
sorted under a dissecting microscope (Model-ZEISS Steimi,
2000) and identified with the assistance of expert taxonomists
and with the use of the following keys, Bees of the world12,
Common Butterflies of IITA13, Butterfly of West Africa14,
Reference collection in Entomology Laboratory of Zoology
Department and Museum of Natural History, Obafemi
Awolowo University, Ile-Ife were also used.

approach of Kehinde and Samways2 and Tylianakis et al.3 was
followed in defining partitions of diversity for flower-visiting
insects. Alpha diversity was defined as the mean species
richness of flower-visiting insects per site. Beta diversity was
defined as the mean of total species richness in a land use
type over the entire sampling period minus the mean species
richness per site of that land use type. Generalized linear
model (GLM) was used for statistical analyses of the effect of
land use on the alpha and beta diversity of flower-visiting
insects. All statistical analyses were performed in R
(version 3.3.3, R development core team)18. Data were
expressed in the form of Mean±SE. Statistical significance was
determined at 5% probability level.

Statistical analysis: Additive partitioning was used to

RESULTS

determine the alpha and beta diversity of flower-visiting
insects15,16, γ = "+$. This technique shows no sensitivity to
differences in sampling effort among replicates and therefore
does not require rarefaction of data prior to analyses16,17. The

At the end of the sampling, the secondary forest,
agricultural land, the grazed grassland and the mown
grassland had 51, 40, 57 and 54 species of flower-visiting
230
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Appendix 1: Species list of flower-visiting insects sampled
Common name
Family
Species
Apis mellifera
Bee
Apidae
Xylocopa sp. 1
Xylocopa sp. 2

Halictidae

Beetle

Chrysomelidae

Butterfly

Scarabaeidae
Cerambycidae
Limnichidae
Nymphalidae

Pieridae

True fly

Papilionidae
Danainae
Oestridae
Muscidae
Tachinidae
Rhagionidae
Sarcophagidae

Wasp

Calliphoridae
Fanniidae
Sphecidae

Scoliidae
Pompolidae

Eumenidae
Mutillidae
Formicidae
Vespidae

Percentage of total diversity

Xylocopa olivacea
Xylocopa imitator
Tetralonia penicillata
Amegilla kaimosica
Meliponula bocandei
Tetraloniella junodi
Amegilla kaimosica
Braunsapis foveata
Lithurgus sp.
Megachile sp.
Pseudoanthidium sp. 1
Halictus sp.
Lasioglossum sp. 1
Lassioglossum sp. 2
Lasioglossum sp. 3
Pseudapis (Pachynomia) sp. 1
Pseudapis sp. 2
Cryptocephalus sexpunctatus
Cucujus sp.
Apteropeda globosa
Xylotrupes gideon
Saperda populnea
Limnichus australis
Acraea sp. 1
Acraea sp. 2
Acraea sp. 3
Acraeae ponina
Acraea lycoa
Junonia oenone
Hypolimnas salmacis
Junonia sophia
Acraea alciope
Acraea serena
Ladoga camilla
Nepheronia sp.
Leptidae sinapsis
Pieris napi
Papilio anchisiades
Danaus chrysippus
Hypoderma lineatum
Musca domestica
Muscina stabulans
Bombyliopsis abrupta
Spoggosia claripennis
Rhagio scolopaceus
Sarcophaga argyrostoma
Sarcophaga haemorhoidalis
Chrysomya sp.
Fannia scalaris

70
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Fig. 2: Percentage contribution of alpha and beta diversity to
total diversity of flower-visiting plants
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Fig. 3: Mean (±SE) beta diversity in the different land use
types sampled
insects, respectively (appendix 1 species list). Alpha and beta
partitions of diversity contributed meaningfully to the
total diversity of flower-visiting insects with percentage
contributions ranged from 15.4-69.2% for alpha diversity and
30.8-84.6% for beta diversity (Fig. 2). Beta diversity had a
significantly higher percentage contribution to total diversity
compare to alpha diversity (p = 0.004, t = -3.24, df = 22, Fig. 2).
Results of generalized linear model showed that alpha
diversity was not significantly different between the land use
types (p>0.05) however beta diversity showed marginal
significant difference when compare among the land use
types (p = 0.05, z = 1.93, df = 3). The grasslands had higher
beta diversity of flower-visiting insects compared to secondary
forest and agricultural land (Fig. 3).

sp. 1
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
sp. 1
sp. 2
sp. 1
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6

Eumenidae sp.
Mutillidae sp.
Formicidae sp.
Vespidae sp.
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scale (alpha) diversity in biodiversity assessments of
flower-visiting insects to promote conservation decisions from
holistic perspectives.

DISCUSSION
This study reports meaningful contribution of alpha and
beta diversity to the total diversity of flower-visiting insects

SIGNIFICANCE STATEMENT

across the land use types. Assessing the various partitions of
diversity provides a holistic perspective in biodiversity surveys

This study discovers the important role of alpha and beta
partitions of diversity in the biodiversity assessment of
flower-visiting insects in different land use types. This study
will help the researchers to uncover the critical area of using
holistic approaches in biodiversity assessments that many
researchers were not able to explore. Thus, a new theory on
effects of anthropogenic activities on species turnover of
flower-visiting insects and other organisms may be arrived at.

and assessments19. This ensures all important components of
diversity at local, landscape and regional scale are accounted
for in such surveys and the consequent conservation action or
decision to be taken2. Beta diversity had the highest
percentage contribution to total diversity showing a similar
pattern with previous studies that have reported higher beta
diversity compared to alpha diversity1,2,20. This implies that
species turnover on the landscape scale forms a critical part of
organismal biodiversity6. This is particularly so for highly
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