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Abstract Habitat degradation poses a great threat to
biodiversity conservation. Abundance and diversity of
butterflies is an indicator of good environmental health.
Understanding how different butterfly species respond to
habitat degradation is a necessary step towards the devel-
opment of effective measures to enhance environmental
protection. This study investigated the impact of land use
patterns on the diversity, abundance, and conservation
status of butterflies in the Kisii highlands; a densely-pop-
ulated region in Kenya that has received little attention in
ecological studies. Sampling was done through a line
transect of 300 m. A total of 2799 individual butterflies
comprising 67 species were recorded across seven land
cover types; secondary forest, grasslands, riverine, human
settlement, mixed farmlands, monoculture, and mining
areas. The secondary forest, riverine and mixed farmlands
recorded more butterflies (37.0, 26.0, and 15.5 %, respec-
tively), followed by grasslands (12.5 %), while monocul-
ture, human settlements, and mines had the least number of
butterflies (3.0 % each). Moreover, the secondary forest,
riverine and mixed farmland land cover types were the
most species rich. Nymphalidae were the most abundant
(38 species) whereas, Papilionidae the least (3 species) in
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the region. Junonia sophia was the dominant species.
Butterflies were most diverse in the secondary forest
(Shannon-Weaver diversity index, H' = 2.89), while the
human settlement had the least (H = 1.25). One-way
ANOVA analysis indicated a higher species similarity
between secondary forest, mixed farming and riverine land
cover types compared to a low species similarity between
secondary forest and mining, grassland, monoculture and
human settlement. Butterfly abundance and distribution
was different between the dry and wet season among the
land cover types. Therefore, land use patterns had effects
on butterfly abundance and diversity and their conservation
is threatened if proper management practices are not put in
place. Planning of land use activities should thus encourage
agro-forests/secondary forests interspaced with other land
use activities to enhance environmental health and improve
on biodiversity conservation.

Keywords Butterfly conservation - Biodiversity -
Land use patterns - Kisii highlands

Introduction

The combined effect of landscape degradation caused by
agricultural development, urbanization, forestry practices
together with accelerated climate change is the greatest
current threat to biodiversity (Hole et al. 2011; Millennium
Ecosystem Assessment 2005; Lee and Jetz 2008). Fur-
thermore, these landscape modifications have been con-
sidered as a leading cause of species endangerment (Pimm
and Raven 2000; Sala et al. 2000). In particular,
Afrotropical forests, which host some of the world’s richest
biodiversity hotspots, are rapidly diminishing due to
anthropogenic disturbances resulting in loss of many
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unique habitats, as well as the extinction of many species,
native biodiversity, and habitats needed to support unique
or valued biodiversity (Laurance et al. 2012; Raina et al.
2011). Therefore, understanding the way various land uses
affect biodiversity is key in identifying effective and effi-
cient conservation strategies. However, the disturbed
Afrotropical habitats are largely unknown in terms of their
contribution to biodiversity conservation (Waltert et al.
2004), yet, these can be crucial for conserving tropical
biodiversity including insects (Hughes et al. 2002; Waltert
et al. 2005).

In Kenya, forest habitats have already been drastically
altered by human activities and most of the natural forests
have disappeared. The Kisii highlands in particular, are one
of the most densely populated regions in Kenya with
ecosystems highly threatened by human activities includ-
ing small-scale farming, monoculture, urbanization, and
mining. However, the consequences of land use patterns on
the diversity and conservation of various species in the
Kisii highlands are not well understood, yet the ability of
different species to survive and reproduce in dis-
turbed/modified areas is of great importance (Namu et al.
2008; Akite 2008). Recent studies have demonstrated the
importance of conservation outside protected areas
including agricultural regions and secondary forests,
helping sustain important ecosystem services such as pol-
lination, pest control, and water purification (Milder et al.
2010; Chazdon et al. 2009). It has been shown that if
agriculture is conducted with moderate intensity and
emphasis put on management of biodiversity and agro-
biodiversity, it can play a substantial role in conservation
efforts (Scherr and McNeely 2008). Moreover, the sec-
ondary forests have also been demonstrated to be important
for the persistence of forest species in tropical, human-
modified landscapes (Chazdon et al. 2009), hence their
importance in biodiversity conservation need to be
characterized.

In assessing the threats of land use patterns on biodi-
versity, butterflies have emerged as model organisms to
indicate the ecological integrity of habitats due to their
sensitive nature to environmental changes (Kremen 1992).
Butterflies are the most studied group of insects that play a
significant ecological role in agricultural landscapes, in
particular, recycling of nutrients as well as components of
the food chain and they are suspected to play a role in wild
and cultivated food crops. In Kenya, many researchers
have contributed to the understanding of butterfly diversity
and abundance of aspects such as effects of plant structure
on butterfly diversity, the butterflies of Kenya and their
natural history, butterfly species composition and abun-
dance in an old, middle-age, and young secondary forest
(Nyamweya and Gichuki 2010; Larsen 1996; Namu et al.
2008). In addition, some studies have examined the effect
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of forest disturbance on butterfly diversity (Namu 2005).
However, the red list status on butterflies in Kenya is lar-
gely underdeveloped (Critical Ecosystem Partnership Fund
2005). This is mainly because the invertebrate taxa have
not been subjected to rigorous International Union for
Conservation of Nature (IUCN) evaluation and as such,
most species are still data-deficient. Further comprehensive
conservation assessments have been made on three verte-
brate groups only (mammals, birds, and amphibians)
(Borghesio 2008; Rodriguez et al. 2010; Western et al.
2009) although invertebrates face extinction risk (Dunn
2005). Moreover, previous studies on butterflies showed
that much of the research has been done in the temperate
regions and data in sub-Saharan Africa is deficient yet the
tropics account for approximately 90 % of butterfly species
in the world (Fox 2013; Munyuli 2012). Thus, most regions
in the sub-Saharan Africa including the Kisii highlands are
data-deficient.

Therefore in understanding the threat of land use pat-
terns on biodiversity in the Kisii highlands, Kenya, the
assessment of butterfly diversity and abundance is crucial.
This could contribute to their conservation and protection.
Pursuant to that, this study examined the effects of land use
patterns on the diversity and abundance of butterflies in the
Kisii highlands, Kenya. Herein, the relationship between
land use patterns and butterfly diversity and the conserva-
tion status in the Kisii highlands and the effect of seasons
on the abundance and diversity of butterfly species in the
Kisii highlands are reported.

Materials and methods
Study area

This study was conducted in the Kisii highlands, South
Western Kenya (0°41'N, 34°46'E), covering an area of 2
230 km? and lies at an altitude of 1280-2100 m above sea
level (Fig. 1). The Kisii highlands have a humid climate
and the local average annual rainfall is 1500 mm/year. The
dry season occurs between December and February and the
rainy season between March and May. The average daily
temperature is approximately 20 °C. The area is densely
populated (800 persons/km?) with a human population of
2.2 million (Kenya National Bureau of Statistics 2009).
The economy of the area is based on commerce and agri-
culture. Farm sizes are small (average is 0.5 ha), accom-
modating an average of six persons (Kisii County
Government 2013). Most of the original vegetation in these
highlands has been cleared and the area is under intensive
cultivation with no nationally/internationally recognized
protected areas. The largest patch of forest is the Nyang-
weta forest, a secondary forest, which is approximately
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Fig. 1 Study site; the Kisii highlands in Kenya. The Kisii highlands
are enlarged on the right side map and the sampling sites are
highlighted; Manga (grasslands), Kisii town (human settlement/

2.58 km?. Its secondary growth is relatively young (8 years
old) and is often heavily affected by farming.

Habitat characterization

In the study area, there were seven distinct land cover types
that are described in Table 1.

Sampling methods

Our field sampling was conducted in 35 sampling plots
stratified across seven land covers; secondary forest,
human settlement, riverine, grasslands, mining areas,
mixed farmlands, and monoculture (tea estates). Five plots
were thus sampled for each of the land cover types.
Transects were used as the basic units for all butterflies and
land cover types. In each sampling period, the sampling
was conducted by two surveyors. All the sampling was
done in both seasons, that is, the dry season (November,
2012-March, 2013) and the rainy (wet) season (March—
July, 2013). Sampling was done under good weather con-
ditions during sunny and calm days from 08.00 to 12.00
and 14.00-17.00 hours. All sites were sampled for ten
consecutive days in each of the seasons.

All the butterflies were recorded using complementary
methods (Pollard walks, sweep nets, and bait traps) (Liley
et al. 2004; Pollard and Yates 1993), both along permanent
300 m transects in each study plot. Six traps were exposed
at 50 m intervals along the 300 m transect, 10-15 cm
above the ground. Sweep nets were also used on each

Kaplelwo

ima Lime

Kosele
{owuor

Olare Awach Tende

]
Kegogi

z

Nyamira

Manga @,
Nyabera 21 Kebirigo

Litein

Rangwe
Rodi Kopany
Marindi

@ Tombe
Suneka  Kisii~ Kemera il
oti

3

Rongo Tabaka .
[ ] Keroka NyansiongQ

Ogembo

Ndanai
Mogunga Masimba

Siongiro
. Nyangweta

onyo

Stelah Kilgoris

urban), Kemera (mixed farming), Tabaka (mining), Ogembo (river-
ine), Nyansiongo (monoculture), Nyangweta forest (forest)

sampling day to collect butterflies along the transects
during the Pollard walks. Each transect was surveyed by
walking its length at a slow, constant pace for 30 min and
recording all the butterflies and land cover characteristics.
All the recording was conducted about 5 m either side of
the transect line. Voucher specimens were kept when it was
found necessary for further classification analysis (Caldas
and Robbins 2003; Ramesh et al. 2010). Butterflies were
then identified up to the species level using various taxo-
nomic treatises (D’ Abrera 2001; Hecq 2002; Larsen 2005).

Data analysis

For the basic biodiversity analysis, the data from the three
sampling methods were pooled to obtain total butterfly and
species per land cover. Species dominance (D) was cal-
culated according to Buschini and Woiski (2008):
D = (abundance of a species/total abundances recor-
ded) x 100. If D was >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 butterflies and/or sampled from only one land
cover type. The unique species were the ones occurring
with one individual: singleton, or with two individuals:
doubleton).

To compare diversity among different land use patterns
and seasons, ANOVA (one way) was done using the gen-
eral linear model in SAS version 9.1.3 (SAS Institute, Inc.;
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Table 1 The land cover types in the Kisii highlands, Kenya and their respective characteristics

S.  Habitat Coordinates ~ Characteristics Anthropogenic activities (Level of
no. destruction)
1 Secondary forest 0°44'9"S, Dominated with Eucalyptus spp., Grevillea robusta, Lantana ~ Grazing, firewood collection (low)
(Nyangweta) 34°39'17"E ~ camara, Cupressus spp., and Acacia mearnsii trees. The
forest covers 0.1 % of the total land area
2 Semi-natural 0°37'59"S, Is dominated by grass and have less than 5 % vegetation of Fires, grazing and cutting grass for
grasslands 34°49'59"E  scattered trees and shrubs roof thatching (medium)
(Manga)
3 Mixed farmlands 0°39'55"S, It is the dominant land cover type (>80 % of total land Overgrazing, soil erosion,
(Kemera) 34°50/ cover). It has little natural vegetation. The crops grown are deforestation, constructions, poor
40"E maize, legumes, bananas, sweet potatoes, finger millet, farming practices (medium)
fruits and vegetables, among others. The common garden
tree species comprise both the natural and ornamental flora
including Ricinus communis, Striga lutea, Carica papaya,
Chamaesesyce hirta, Tithonia diverifolia, Solanum
aculeastrum, Thunbergia alata, and Acacia mearnsii
4  Monoculture (Tea  0°45'0"S, Some few weeds like Commelina spp. The ground storey Deforestation (high)
plantations in 35°1'0"E vegetation is very poor in diversity
Nyansiongo)
5 Mining (Tabaka) 0°44'0"S, This occupies less than 1 % of the Kisii highlands and is Deforestation, soil erosion (high)
34°39'0"E dominated with quarries consisting of soapstone, which is
a metamorphic rock with less than 5 % vegetation. The
common vegetation in the area is Lantana camara and
several species of grass
6  Riverine (River 0°48'0"S, This is a narrow strip of vegetation present along the course River bank farming and soil erosion
Gucha in 34°43'0"E of the river; the width is approximately 5 m from the river.  (low)
Ogembo) The vegetation comprises mainly evergreen species such as
Eucalyptus saligna, Acacia mearnsii, Sesbania sesban,
Erythrina abyssinica. The under storey contained Lantana
camara, Glycosmis pentaphylia, Justicia betonica, and
ferns. The habitat remains green throughout the year
7  Human settlement  0°41'0"S, The town is densely populated and is dominated by buildings Deforestation, construction and
(Kisii town) 34°46'0"E and pavements with no vegetation cover. Only the human settlement (high)

ornamental plants like Bougainvillea spp. and hibiscus dot

the streets of the town

Cary, NC). Comparison of means were done using least
significant differences (LSD) at the 95 % confidence level.
The correlation (Pearson’s correlation) between species
richness and abundance of butterflies in the different land
cover types was calculated using Microsoft Excel 2010.
The collected data were also analyzed using the ‘Biodi-
versity Pro’ software to calculate the Shannon—Weaver
Diversity Index (H) (Shannon and Weaver 1949) and the
Simpson Diversity Index (D) (Simpson 1949) of the land
cover types. The two indices were used since any single
diversity index may not provide sufficient information. The
Shannon diversity index, which combines the number of
species within a site with the relative abundance of each
species, was used to calculate diversity between various
habitats (Clarke and Warwick 2001). Differences in the
distribution of butterfly species between the dry and wet
seasons were tested using Levene’s test for homogeneity of
variances (Palmer 1994).
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Results
Butterfly abundance and diversity

A total of 2799 butterfly individuals belonging to 5 families
and 67 species were sampled across the seven land cover
types in the Kisii highlands, Kenya (Tables 2 and 3). There
were 5 unique species (Fig. 2), 8 rare species (Fig. 2), 42
incidental species, 6 species with intermediate dominance,
and 6 dominant species from all the land cover types
(Table S1). The Nymphalidae family was dominant (66 %
of the individuals recorded), whereas Papilionidae had the
least number of individuals (1 % of the individuals recor-
ded) (Table 2). Across the land cover types, a large number
of individuals were abundant in the secondary forest and
riverine land cover types (37 and 26 % of total individuals,
respectively), followed by mixed farming and grasslands
whereas human settlement, monoculture, and mining land
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Table 2 Total families, number of species, and individual butterflies
recorded in the Kisii highlands, Kenya

Family Number of species (%) Number of individuals (%)
Nymphalidae 41 (61) 1852 (66)

Papilionidae 4 (6) 26 (1)

Hesperiidae 6 (9) 369 (13)

Pieridae 5(@8) 438 (16)

Lycaenidae 11 (16) 114 (4)

Total 67 2799

Table 3 One-way ANOVA for the pairwise comparison of diversity
among the seven land use patterns

MF MN RI GL MC HS

FO (P value) 0.0001 0.021 0.998 0.0001 0.0001 0.010
F value 2427 2.04 0.145 5.66 4.57 2.26
df (b, w) 25,41 25,41 25,41 25,41 25,41 25,41

MF (P value) 0.0001 0.999 0.0001 0.0001 0.0001
F value 7.45 0.04 12.00 1946 0.04
df (b, w) 14,52 14,52 14,52 14,52 14,52

MN (P value) 0.998 0.0001 0.0001 0.0001
F value 0.052 25474 11.74 19.05
df (b, w) 7,59 17,59 7,59 7,59

RI (P value) 0.257  0.092 0.640
F value 1.26 2.82 1.73
df (b, w) 19,47 19,47 19,47

GL (P value) 0.0001 0.0001
F value 2241 1442
df (b, w) 10, 56 10, 56

MC (P value) 0.0001
F value 70.04
df (b, w) 6, 60

FO forest, MF mixed farming, MN mining, R/ riverine, GL grassland,
MC monoculture, HS human settlement, df degrees of freedom,
b between groups, w within groups

P > 0.05; no significant difference between the habitats. The P value
numbers shown in bold indicates that there are no significant differ-
ences in species distribution between the land cover types

The P values are shown in the Table (95 % confidence level)

cover types had the least number of butterflies (3 % each)
(Table S1).

Different butterfly species showed variation in abundance
among the land cover types. Overall, the most abun-
dant/dominant species was Junonia sophia (D = 12.08 %)
followed by Metisella orientalis (D = 11.50 %), Amauris
albimaculata (D = 11.04 %), Eurema brigitta (D =
8.11 %), Catopsilia florella (D = 5.32 %) and Junonia
terea (D = 5.22 %) (Table S1). For the forest land cover
type, Amauris albimaculata (22.51 %), Junonia sophia

(9.56 %) and Amauris tartarea (9.47 %), were the dominant
species (Table S1). The most abundant species in the mixed
farming land cover type were Junonia sophia (34.10 %) and
Junonia terea (20.51 %). In the riverine land cover, Me-
tisella orientalis (44.17 %) followed by Ypthima asterope
(9.33 %) and Bicyclus vulgaris (7.82 %), were the abundant
species. The grasslands had Eurema brigitta (37.82 %) fol-
lowed by Junonia oenone (21.20 %), and Amauris albi-
maculata (11.75 %) as the dominant species. The mining
land cover was dominated by Junonia sophia (18.42 %),
Danaus chrysippus (18.42 %) and Junonia oenone
(17.10 %) whereas human settlement land cover type was
dominated by Catopsilia florella (29.67 %), Danaus
chrysippus (27.47 %) and Junonia sophia (25.27 %). The
most abundant species in the monoculture land cover type
was Junonia sophia (35.29 %) followed by Catopsilia flo-
rella (22.35 %) and Ypthima asterope (15.29 %) (Table S1).

In general, butterfly species diversity and abundance
were well correlated (r = 0.98, df = 6, P < 0.05). There
were no unique species in disturbed areas compared to
those of less-disturbed areas (forests and riverine)
(Table S1). To determine species distribution among the
seven land cover types, the data was analyzed by one-way
ANOVA. It was found that there was no significant dif-
ference in butterfly species distribution between forest and
riverine (F,5, 41 = 0.145, P > 0.05), mixed farming and
riverine (Fp4, sp = 0.04, P > 0.05), mining and riverine
(F7, so = 0.05, P > 0.05), and riverine and human settle-
ment (Fig, 47 = 1.73, P > 0.05) at 95 % confidence level
(Table 3). However, there were significant differences in
the distribution of butterfly species between the other land
cover types as shown in Table 3.

Regarding species diversity, the secondary forest land
cover had the most number of species/were most diverse
(Shannon diversity index (H’) of 2.89), followed by
riverine and mixed farmlands (Table 4). On the contrary,
monoculture and human settlement habitats had the least
number of species/were least diverse (Table 4). The
Simpson diversity index showed the same pattern as the H’
with minor variations (Table 4). These indices revealed
that individuals were not evenly distributed, indicating that
some species were more abundant than others in particular
land cover types. This reflects the difference in the effi-
ciency of different butterfly species to adapt to a particular
habitat. The abundance of individuals of a species at any
given point on a temporal scale is, again dependent on
various biotic and abiotic environmental factors (Ramesh
et al. 2010).

Seasonal variation of butterflies

In the study, butterfly abundance and species distribution
significantly varied seasonally, with more species and
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Fig. 2 Photos of some rare (a) and unique (b and c¢) butterfly species collected from the Kisii highlands, Kenya. a Papilio dardanus, b Neptis

saclava, ¢ Leptotes pirithous

Table 4 The Shannon and Simpsons indices of butterfly diversity
across the seven habitats analysed in Kisii highlands, Kenya

Table 5 Butterfly abundance and number of species between the dry
and wet seasons

Habitat Shannon indices Simpson indices
Forest 2.89 0.91
Farmland 2.07 0.81
Mining 1.93 0.86
Riverine 2.12 0.76
Grassland 1.58 0.72
Monoculture 1.48 0.76
Human settlement 1.25 0.71

Overall Shannon diversity for the seven habitats (H' = 3.134), overall
Simpson’s diversity for the seven habitats as recorded during the
study (D = 0.934)

higher densities being recorded in the dry season compared
to the rainy season (Table 5). Regarding species distribu-
tion, the Levene’s test for equality of variances (equal
variances assumed) was significant at the 0.05 probability
level (Table 6). This means that the variance between the
land cover types was significantly different and thus the
values under ‘equal variances not assumed’ were used. The
t values were significant at 0.001 probability level hence
there was a significant difference in the distribution of
species in the two seasons in all the land cover types
(Table 6).

Discussion
Butterfly abundance and diversity
The abundance and diversity of butterflies in the Kisii high-

lands, Kenya for different land cover types was not similar.
The highest number of species and individuals were recorded
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Habitat Abundance Number of species

Dry Wet Dry Wet
Forest 531 504 46 46
Farmland (gardens) 277 157 21 20
Mining 33 43 8 9
Riverine 515 214 31 29
Grassland 129 220 12 10
Monoculture 32 53 6 6
Human settlement 42 49 4 4
Totals 1559 1240

in the forest and riverine land cover types. Moreover, it was
found that the secondary forest, riverine and mixed farming
habitats were the ones with the most unique and rare species.
This can be attributed to the land cover characteristics and
availability of diverse plants and access to host plants such as
Lantana camara, Ricinus communis, and ornamental flow-
ering plants that promote butterfly richness and density. Most
of these plants provide rich nectar sources for adult butterflies.
It has been demonstrated that plant species that act as a rich
source of nectar do influence the occurrence of butterfly
species (Tiple et al. 2007). Additionally, some studies have
shown that habitat heterogeneity plays a significant role in
insect diversity including butterflies (Ngongolo and Mtoko
2013; Fitzherbert et al. 2006). Therefore, the forest, riverine
and mixed farmland land cover types which had a variety of
plants could support a high number and diverse group of
butterflies. On the other hand, species diversity and abun-
dance were low in grasslands, human settlement, monocul-
ture, and mining. This could be attributed to the high
anthropogenic activities in the areas such as forest clearance,
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Table 6 Species distribution analysis during the dry and wet seasons using Levene’s test

Levene’s test for

T test for equality of means

equality of variances

F Sig. T df Mean Std. error 95 % Confidence
difference difference interval of the

difference
Lower Upper
Forest Equal variances assumed 1345.087  0.0001 —-50.02 132 0.0001 2.961 —5.857 5.857
Equal variances not assumed —74.00 132.000 0.0001 2.961 —5.857 5.857
Farmland (mixed) Equal variances assumed 1123.09 0.0001 —32.00 132 0.0001 1.342 —2.654 2.654
Equal variances not assumed —21.48 132.000 0.0001 1.342 —2.654 2.654
Mining Equal variances assumed 1211.99 0.0001 24.44 132 0.0001 .362 —.716 716
Equal variances not assumed —12.00 132.000 0.0001 362 —.716 716
Riverine Equal variances assumed 3212.5 0.0001 —33.76 132 0.0001 2.003 —3.962 3.962
Equal variances not assumed —29.89 132.000 0.0001 2.003 —3.962 3.962
Grassland Equal variances assumed 1221.00 0.0001 —43.44 132 0.0001 1.897 —-3.752  3.752
Equal variances not assumed —26.88 132.000 0.0001 1.897 —3.752  3.752
Monoculture Equal variances assumed 1122.00 0.0001 —2233 132 0.0001 .520 —1.028 1.028
Equal variances not assumed 55.44  132.000 0.0001 .520 —1.028 1.028
Human settlement Equal variances assumed 3233.43 0.0001 —67.02 132 0.0001 517 —1.023  1.023
Equal variances not assumed —19.01 132.000 0.0001 S17 —1.023  1.023

farming, forest fires, and urbanization, which reduces the tree
density and habitat heterogeneity. This is in tandem with
results obtained by Akite (2008), where it was demonstrated
that there is a marked decrease in butterfly species and
abundance by anthropogenic disturbances including charcoal
burning, grazing, cultivation, and logging in Sango Bay and
Iriiri areas of Uganda. Differences in the butterfly diversity
and abundance in the seven land use cover types/habitat
indicates that the microhabitat conditions preferred by dif-
ferent species are not the same. This was demonstrated by
some butterflies occurring in only a specific habitat or being
abundant in a particular habitat such as Amauris albimaculata
in the secondary forest, Junonia sophia in mixed farms,
Metisella orientalis in the riverine, and Eurema brigitta in the
grassland land cover types. This could also be as a result of
some butterflies being diet specialists/generalists, which
could affect distribution and richness depending on the host
plants available (Franzén et al. 2013). Overall, butterfly
abundance and diversity varied inversely with the intensity of
habitat destruction, suggesting that insect conservation
efforts should be directed towards habitat restoration.

Seasonal variation of butterflies

Riverine and forest areas had the highest number of shared
species in both the wet and dry seasons. This can be due to
habitat similarity between the two land cover types, and
due to low anthropogenic activities. In all the seven land
use patterns/habitats, there were differences in the

distribution of species and abundance in the two seasons
(dry and wet). However, in the farmlands, the number of
butterflies declined during the wet season probably due to
cultivation of lands for planting crops. During this season,
the cleared weed species on which the butterflies depend on
as their source of nectar could affect butterfly numbers. In
the riverine land cover, the dry season differed significantly
with the wet season by having a higher number of butterfly
species, indicating that weather conditions may have
played a role in influencing the composition and abundance
of butterfly species. In the riverine land cover, the butterfly
abundance was also more, maybe due to the water sources
which extend the nectaring season. Secondly, butterfly
distribution is strongly influenced by temperature and
humidity levels; during the dry season, many species
retreat to river bottoms or other moist locations (DeVries
1987). This behavior could be the reason for the richer
butterfly fauna observed in the riverine strips during the dry
season.

Many researchers (Murphy et al. 1990; Spitzer et al.
1997; Dale and Beyler 2001) have suggested that butter-
flies are suited to serve as indirect measures of environ-
mental variation. The findings of this study support this
idea. The butterfly community was found to be sensitive to
anthropogenic changes, and demonstrated an increasing
loss of species from sites that were more intensively
developed/disturbed. The assemblage of species, as a
whole, demonstrated this with a reduction in total abun-
dance of butterflies across the seven land cover types.
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Conservation and management implications

From this study it can be concluded that, butterfly com-
munities varied significantly among different land cover
types. In a heterogeneous ecosystem like the Nyangweta
secondary forest and riverine land cover type along river
Gucha, vegetation type played a major role in diversity and
abundance of butterfly patterns. It was also shown that the
forest, riverine and mixed farming land covers should be
given high priority in future conservation plans and mon-
itoring schemes.

As discussed in the introduction, conservationists have
begun to focus more on disturbed areas especially on
agricultural landscapes in their effort to conserve the
remaining biodiversity at local, regional and global scales.
Forests and vegetation type play a significant role in the
diversity and abundance of butterflies. The small forest
patches are able to support butterfly populations but
intensification of small-scale farming due to the increasing
population pressure of people in Kisii highlands have
eliminated primary forests. There is also increased grazing
and resource extraction in the secondary forests, and
reduced tree cover. These practices are quite likely a major
reason why butterfly communities in most land cover types
in the study area are small relative to those of forests and
riverine, where anthropogenic activities were lower. Given
high rates of population increase and economic constraints
in the study area, it is evident that biodiversity conservation
is a low priority for most people. The conservation and
livelihood needs may make it difficult to increase sub-
stantially the quantity of forests in the Kisii highlands.
However, there are many other management practices that
can provide both conservation and livelihood benefits for
instance, re-forestation, agroforestry and sustainable con-
sumptive use.

Predicting how land-use changes affect biodiversity and
the vulnerability of biodiversity requires a good under-
standing of the dynamic human-environment interactions
associated with land-use change. For conservation planning
in the Kisii highlands, it is critical to evaluate the effec-
tiveness of different land use patterns in maintaining the
diversity of native species in a human dominated landscape.
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