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Local habitat characteristics determine 
butterfly diversity and community structure 
in a threatened Kihansi gorge forest, Southern 
Udzungwa Mountains, Tanzania
Alfan Abeid Rija*  

Abstract 

Background: Many species inhabiting Kihansi gorge ecosystem in Southern Udzungwa Mountains, Tanzania are 
threatened with extinction due to habitat loss caused by constructed hydropower plant that diverted over 90% the 
water off the Kihansi River. Understanding ecological correlates and structure of an animal community in perturbed 
ecosystems is an important way to enhancing species conservation particularly in this system, where several species 
are already threatened with extinction. This study assessed influences of local habitat characteristics on the butterfly 
abundance, species richness and diversity and examined how the butterfly community structures across three struc-
turally heterogeneous habitats in the Kihansi gorge forest. Butterfly abundance data were collected using baited traps 
and measured environmental variables in the field, where trapping occurred. To understand the diversity and butterfly 
richness, these parameters were computed under Primer software. Non-metric multidimensional scaling and analysis 
of community similarity were used to analyse the butterfly community structure. Furthermore, the generalized linear 
models (GLM) were used to assess how the measured variables explained observed species diversity, abundance, and 
richness.

Results: In total, 72 species of butterfly in five families were recorded. Butterfly species diversity and richness did not 
vary across the habitat types or elevation gradient but showed strong correlation with some habitat characteristics. In 
addition, there was evidence of butterfly communities structuring into distinct groups that showed greater separation 
associated with the habitat characteristics they utilise. Furthermore, across the study area, butterfly species diversity 
increased significantly in high canopy and in trees with smaller DBH and at lower ground cover. Similarly, abundance 
significantly increased in the woodland and wooded grassland habitats, where there was high canopy and where tree 
density was high. Furthermore, butterfly species richness was strongly positively associated with high canopy cover 
and mostly increased in sites closer to water source.

Conclusion: First, this study shows strong positive correlation between the habitat characteristics and butterfly spe-
cies and community structure, suggesting strongly that maintaining habitat quality should be a priority in conserving 
the butterfly communities in Kihansi. Second, conservation of environmental disturbance indicator butterfly taxa 
which are also endemic and rare is worthy of concern under the ongoing human-induced threats in the area. It is 
appropriate time that the Tanzania government should declare the Kihansi gorge forest among existing protected 
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Introduction
Human development process is one among factors that 
are widely known to affect biodiversity in many regions. 
Construction activities such as opening up of new roads, 
erection of power transmission lines, energy develop-
ment and river excavation and impoundment conducted 
for development have been documented to affect land 
cover and several species (Gasparatos et  al. 2017; Jones 
et  al. 2015; Preston and Kim 2016). For example, the 
construction of new roads in central African rainfor-
est increased access to remote forests by illegal hunters, 
increasing poaching and threatening forest elephants 
with extinction (Maisels et al. 2013). In addition, human 
population increase in newly established industrial sites 
such as hydropower plants (e.g., Bayo and Rija 2021) and 
wildlife parks (Pickering and Hill 2007) has been increas-
ingly reported to affect local animal and plant biodiver-
sity. Assessing how local biodiversity fairs under such 
development-related threats is important for detect-
ing any future deleterious impacts on the species and to 
enable the designing of potential mitigative measures to 
improve biodiversity conservation.

Disturbance in natural areas resulting from con-
struction activities directly removes important species 
requirements, such as food, cover and nesting sites. This 
can greatly reduce ability of the species to reproduce due 
to diminished suitable conditions for growth and repro-
duction (Decker 1994; Kocher and Williams 2000). The 
effect of such disturbances may be particularly severe for 
smaller organisms such as invertebrates due to their large 
surface area to body ratio which increases their vulner-
ability to even subtle changes in habitat conditions such 
as light penetration (Öckinger and Smith 2006). For but-
terfly, the loss of quality to their habitats such as removal 
of host larval plants, reduced nectars and nectar plants 
that provide source of energy to adult butterflies and veg-
etation structure may have significant severe impact on 
their populations (Pywell et al. 2004). Biodiversity assess-
ment in perturbed systems conducted post-disturbance, 
thus can ensure habitat qualities through improved habi-
tat management strategies informed by research.

Butterflies are considered among indicator species and 
have been used to track environmental changes and sys-
tems recovery following disturbance regimes (Thomas 
2005). For example, butterflies have widely been used to 

detect climate change impacts through range shift pole-
wards due to elevated global temperatures (Hickling 
et al. 2006; Mason et al. 2015). In Kihansi gorge forest in 
southern Udzungwa Mountains Tanzania, the habitats 
inhabited by butterfly and other taxa such as amphib-
ian, birds and plant were greatly perturbed following a 
major hydropower plant constructed in the 1990s. The 
project caused significant changes in animal (Channing 
et al. 2006; Rija et al. 2010) and plant populations (Quinn 
et al. 2005; Rija et al. 2011) residing the gorge ecosystem. 
Assessment of arthropods in 1997 prior to the com-
mencement of the hydropower production found high 
arthropod diversity in spray dominated forest and riv-
erine habitats and low diversity in open grassland areas 
away from the riverine habitats (Zilihona et  al. 1998). 
Subsequent studies following commencement of the 
power production revealed varied impacts on the biodi-
versity. For instance, there was remarkable decrease in 
the forest specialist birds such as greenbuls (Cordeiro 
et  al. 2006) and decline in coleopteran diversity in sites 
closer to the river Kihansi (Zilihona et al. 2004). However, 
recent bird assessment reported no significant changes 
in bird community structures between pre- and post-
hydropower construction periods (Werema and Msuya 
2019), suggesting that impacts were probably only asso-
ciated with some species. Furthermore, some amphibian 
species such as the critically endangered Kihansi spray 
toad was severed, leading to  its declaration as extinct 
in the wild species by IUCN (Rija et  al. 2010), although 
reintroduction of the species into the gorge is ongoing 
(Rija et  al. 2014). In addition, some plant species, such 
as Coffea kihansiensis and Cupea jonii, remain critically 
endangered or threatened as their habitats have not fully 
recovered following the habitat disturbance (Vollesen 
2000; Rija et al. 2011).

Regular assessment of biodiversity in threatened 
ecosystems is important for several reasons. First, 
it can provide information on the population status 
and important species interactions; second, assess-
ment can detect changes in the target populations or 
habitats towards a desired state especially in restored 
systems, such as the Kihansi gorge forests. Third, the 
assessment can provide information to improve future 
management actions, particularly protecting the for-
est from future anthropogenic threats, such as fire and 

areas to secure effective conservation of biological diversity in this threatened ecosystem. Third, the ants–butterfly 
symbionts and their links to the potential lichen depletion are still unclear, and thus future research should explore 
the trophic cascades of depleting habitat quality on the endemic and rare butterfly species in the Kihansi gorge.

Keywords: Butterfly assemblage, Biodiversity monitoring, Elevation gradient, Lepidoptera conservation, Habitat 
characteristics, Montane forest, Similarity profile, Threatened ecosystem
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logging (Mwasapi and Rija 2021). Although butterfly is 
an ideal taxon to monitor and track changes in habitat 
quality in threatened ecosystems, very scarce informa-
tion exists on the butterfly communities of the Kihansi 
gorge forest after disturbance. Furthermore, with the 
exception of Kielland (1990) describing comprehensive 
butterfly collections from several parts of Tanzania, 
other existing studies so far have concentrated on spe-
cific localities and mostly biased in protected areas. For 
example, several studies have described the butterflies 
of Mount Kilimanjaro National Park in northern Tan-
zania (Liseki and Vane-Wright 2013, 2014, 2016, 2018), 
Katavi National Park in western Tanzania (Fitzherbert 
et  al. 2006), Manyara National Park in northern Tan-
zania (Cordeiro 1990, 1995), Serengeti National Park 
in northern Tanzania (Sinclair et  al. 2015), and Wild-
life Management Areas in southern Tanzania (Nkwabi 
et al. 2017). Others have investigated into how butter-
flies respond to a gradient of utilization of the miombo 
forest products in western Tanzania (Jew et  al. 2015). 
These studies are useful in improving our understand-
ing of the butterfly communities and their responses to 
human utilization of biological resources thereby shed-
ding light into how humans can better interact with the 
natural landscapes (Bossart et al. 2006; Jew et al. 2015). 
However, such studies can hardly be used to inform the 
conservation decisions for threatened and yet unpro-
tected system, such as the Kihansi gorge forest of 
southern Tanzania.

To date, only one study has provided a checklist of but-
terflies of Kihansi based on field assessment conducted 
between 2005 and 2007 immediately after commencing the 
power production (Mtui et  al. 2019). Although the study 
provides baseline, but detailed assessment of how impor-
tant local habitat and environmental characteristics interact 
with species and how this influences the butterfly commu-
nity structure in this perturbed ecosystem is still lacking. 
Such information could improve conservation manage-
ment actions in the area. The current study was conducted 
to fill this gap and to provide information on how butter-
fly abundance and diversity is influenced by local habitat 
characteristics, habitat types and how the two vary spatially 
along an altitudinal gradient. The aims of this study were to:

 i. Assess butterfly diversity and species richness in 
three structurally heterogeneous habitats and ele-
vation gradients in the Kihansi gorge forest.

 ii. Assess how the butterfly community structures in 
the Kihansi gorge forest.

 iii. Examine effects of local habitat characteristics on 
the butterfly diversity, abundance, and species rich-
ness as well as to describe their conservation status 
based on the IUCN red list.

It was hypothesised that butterfly diversity and rich-
ness would be different across various habitat types and 
elevation gradients due to potentially heterogeneous 
resources for the butterflies, such as food and cover in 
these patches. In addition, the characters of the assessed 
habitats would positively predict butterfly species diver-
sity, abundance and richness and the effect of these 
would be variable within individual habitat types.

Materials and methods
Study site
The study was conducted in 2014 in Kihansi gorge forests 
located at 8° 35′ S, 35° 51′ E along the eastern escarpment 
of the southern Udzungwa Mountains (Fig. 1). The area is 
distanced about 600 km East–south from Dar es Salaam 
city with an elevation of 340 m.a.s.l. to 1240 m.a.s.l. (this 
study). The annual rainfall ranges between 1000 and 
3200  mm (LKEMP 2004) and the mean daily minimum 
and maximum temperatures is 13  °C and 25  °C, respec-
tively (Cordeiro et  al. 2006). The vegetation types com-
prise montane forest, miombo woodland and wetland 
spray meadow with various species composing each type 
(Lovett et al. 1997; Quinn et al. 2005).

Sampling of butterfly community
Butterfly species were surveyed using cylindrical butter-
fly traps of 90 cm height and 30 cm diameter fitted with 
a round 30 cm diameter plastic bait plate placed at 3 cm 
below the net (Austin and Riley 1995). In total, 41 traps 
were set at 600 m interval along nine transects of various 
sizes (0.9–5 km) measuring a total of 25 km long. Due to 
limited accessibility to some parts of the Kihansi gorge 
(Poynton et al. 1998) available paths and trails were used 
to establish transects for this study. The survey transects 
intercepted three habitat types: woodland, montane for-
est and bushed grassland in the Kihansi gorge ecosystem. 
The habitat types were used as strata for later comparison 
of the butterfly distribution and abundance. Three tran-
sects (each of 3–5 km long) were laid along the woodland 
habitat, two transects (each of 3 km long) in the bushed 
grassland and four transects (0.9–3 km long) were used 
in the montane forest cutting through the gorge spray 
wetlands (Rija et  al. 2011). Each trap was placed on a 
randomly selected tree c. 3–4 m (depending on the local 
terrain) above the ground (Bouyer et  al. 2007) and on 
alternate sides of the transects at each trapping point. 
Depending on the length of transect, a total of 18, 13 and 
10 traps were placed in the woodland, montane forest 
and the wooded grassland, respectively.

To attract fruit feeding butterflies, traps were baited 
with fermented banana prepared 48 h prior to the trap-
ping (Alexander and DeVries 2012). This technique is 
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very effective in surveying tropical butterflies and can 
greatly minimize errors of identification than when spe-
cies are identified in flight (Sparrow et al. 1994; Walpole 
and Sheldon 1999). Traps were left for fourteen succes-
sive days, thereafter checked and emptied between 12:00 
and 14:00 local time every day. Each time checking of 
traps started from the other end of the transect to avoid 
potential bias and to ensure independence of the data col-
lected at individual trap level, allowing data pooling dur-
ing analysis. The bait was inspected and replaced every 
day to prevent the bait from over-drying and replacing 
consumed or rain-washed bait (Houlihan et  al. 2013). 
Trapped butterflies were removed, identified and marked 
with non-toxic silver markers, allowing identification of 
subsequent recaptures which were later excluded during 
analysis. After recording all captures released in the wild, 
where species were not identifiable in the field, voucher 
specimens were collected and later identified in the lab-
oratory. Voucher specimens of all trapped species are 
stored in the Zoology laboratory at Sokoine University of 
Agriculture.

To understand species distribution across the habitats 
and altitudes, GPS coordinates of each trapping point 
were recorded using hand-held GPS, Garmin eTrex 20. 
Two butterfly trapping events were conducted during 
late dry season (September–October 2014) and during 

mid-rain season (April 2015) and measured habitat cover 
at trap location to assess the influence of these generic 
variables on the butterfly richness and diversity. Veg-
etation cover (%) at ground, low (2  m above ground), 
and understorey and canopy cover were estimated and 
recorded. Other variables measured included tree diam-
eter at breast height (DBH), plot tree density, distance to 
nearby water source (measured using GPS, Garmin eTrex 
10), trap elevation above sea level and habitat type, where 
a trap was set. The habitat characteristics were used to 
find out their influence on the abundance, species rich-
ness and diversity of butterfly in the study area.

Data analyses
Prior to analysis, butterfly abundance data were pooled 
from individually sampled days for each trap and habitat 
characteristics recorded for each sampling station. First, 
to understand how species-rich and diverse the study 
area was, butterfly richness and diversity were analysed 
using Chao1 estimator and Shannon diversity index, 
respectively, under program Estimate (Colwell 2013). To 
evaluate species richness and diversity indices, the num-
bers of runs were set to 100 to get smoothed curves at all 
levels of species accumulation (Gotelli and Colwell 2001). 
At this stage, randomization with sample replacement 
was checked, ensuring a target diversity index is selected 

Fig. 1 Map of Tanzania (left) showing location of the Kihansi gorge forest study site (right) and where butterfly trapping (coloured bullets) was 
conducted
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to obtain richness and diversity estimates. Species rich-
ness and diversity data were further compared between 
habitat types and altitudinal gradients using Kruskal-
Wallis tests after confirming non-normal distribution 
(Shapiro test, p > 0.05).

Second, to understand how butterfly populations 
organize across the surveyed habitat types, a cluster anal-
ysis was performed on a Bray–Curtis similarity matrix of 
grouped butterfly samples under program Primer ver.6 
(Gorley and Clarke 2006). To do this, butterfly abun-
dance data were first square root transformed for nor-
mality, reducing the effect of high abundance species 
(Clarke et  al. 2014). Furthermore, non-metric multidi-
mensional scaling (NMDS) and cluster plots were used to 
understand similarity in butterfly communities between 
habitat types. When clustering was evident a similar-
ity profile (SIMPROF) test was used to examine if there 
was statistically significant clustering in the habitat sites 
(Gorley and Clarke 2006). To find out significant differ-
ences in butterfly communities collected from the sur-
veyed habitat types, analysis of similarity (ANOSIM) test 
(i.e., ANOSIM is similar to classical ANOVA test) was 
used between pairs of the butterfly communities (Clarke 
et al. 2014). This test produces a global R-statistic which 
ranges from 0 to 1, indicating relative significant differ-
ence between the butterfly community groups being 
compared (Clarke 1993).

Third, to investigate how local habitat and environ-
mental characteristics (henceforth termed as variables) 
affect butterfly diversity, abundance and species rich-
ness in the Kihansi gorge forest, the data were analysed 
using generalised linear models (GLM) under R-soft-
ware ver. 4.0.5 (R  Core Team 2021). Prior to model 
fitting, correlation analysis was conducted to check 
potential collinearity between independent variables. 
For the highly correlated variables (r > 0.5), only one 
was included in the model due to redundancy. Three 
models, one for each dependent variable (i.e., species 
diversity, abundance and species richness) were built 
incorporating eight explanatory variables: habitat type, 
tree density, tree DBH, distance to water point, ground 
cover, and herbaceous cover at 2 m height, canopy cover 
and elevation. The GLM model with Poisson family and 
log link function was used to fit the species diversity 
data, while abundance and species richness data were 
fitted with quasipoisson family and log link functions 
after confirming model overdispersion (theta ≥ 1.4). 
Model validation was conducted through examin-
ing deviance residuals distribution which looked fine. 
To evaluate the relative effect of each variable on the 
dependent variable, a backwards stepwise single dele-
tion of non-significant terms was performed. For each 

deletion, model significance was tested using F test for 
the model assessing diversity and Chi-test for models on 
abundance and richness (Kamil 2018). For any two com-
peting models observed during the stepwise deletion of 
non-significant terms, analysis of variance (ANOVA) 
test was used to select the most parsimonious model 
based on the model showing the smallest residual devi-
ance. Furthermore, prediction models were built for the 
final significant model terms using the “predict func-
tion” in the package “ggplot2” to understand how well 
the independent variables predicted the dependent vari-
ables. Explained deviance for each model was calculated 
as pseudo R2. Finally, to understand the conservation 
status, each taxon was crosschecked against the cur-
rent IUCN red list (IUCN 2021) and available literature 
in Africa and globally (New 1993; Edge and Mecenero 
2015) to discuss their threat level based on observed 
abundance data. Endemism of some taxa were obtained 
from available literature (Congdon and Bampton 2001; 
Collins and Larsen 2008).

Results
Description of butterfly biodiversity
In total, 1271 individuals representing 72 species of 
the order Lepidoptera, belonging to 5 families were 
recorded in the study area (Additional file 1: Table S1). 
Of the species, 23 were common, eight uncommon and 
forty-one rare species (Additional file  1: Fig. S1). But-
terfly abundance was on average relatively higher in 
montane forest than other habitat types (Additional 
file  1: Fig. S2) but showed no significant difference 
(χ2 = 0.858, df = 2, p = 0.651). Similarly, there was no 
significant variation in the median diversity across the 
elevation (χ2 = 3.437, df = 2, p = 0.179 and habitat types 
(χ2 = 2.115, df = 2, p = 0.347) nor richness at elevation 
gradient (χ2 = 4.541, df = 2, p = 0.103) or habitat types 
(χ2 = 0.858, df = 2, p = 0.651; Fig. 2).

Among the butterfly families, Nymphalidae showed 
highest contribution (65.28%, n = 47) to the total 
observed species, while Hesperiidae was the least dom-
inant. On another hand, family Nymphalidae ranked 
first in terms of species richness (Woodland, 26 spe-
cies; Montane forest, 28 species; Wooded grassland, 
26 species) when study sites were considered indepen-
dently (Additional file 1: Fig. S3). Considering the num-
ber of individuals across the entire study area, family 
Nymphalidae scored the highest with 72.46% (n = 921), 
followed by Pieridae 13.14% (n = 167), Papilionidae 
(10.62%, n = 135), Lycaenidae (2.28%, n = 29) and last 
Hesperiidae (1.49%, n = 19).
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Influence of habitat characteristics on abundance, species 
richness and diversity
Butterfly species diversity, abundance and species rich-
ness were significantly influenced by the measured local 
habitat variables (Table  1). Butterfly species diversity 
showed contrasting response to canopy cover, tree DBH 
and ground cover, where the diversity increased sig-
nificantly at high canopy cover and decreased mostly in 
sites with high ground cover and trees with larger DBH 
(Fig. 3). Furthermore, the abundance of butterfly was sig-
nificantly positively associated with increasing canopy 
cover and tree density and in the woodland and wooded 
grassland vegetation types but was lower in the moist 
forest habitat (Fig.  4). Species richness was significantly 
positively associated with the canopy cover and tended to 
increase in sites closer to water than further away (Fig. 5).

Butterfly community structure
The sampled butterflies were grouped into three distinct 
butterfly communities that showed significant structuring 

within (Pi = 3.367, p = 0.2%, Fig.  6) and greater separa-
tion across the communities (Global R = 0.102, p = 1.1%). 
Furthermore, examining the pattern of group separation 
showed that only the butterfly samples collected from 
the woodland and montane forest habitats contributed 
significantly to the observed group separation (ANOSIM 
test, Global R = 0.156, p = 0.5%). The samples from the 
woodland and wooded grassland or from montane forest 
and wooded grassland were closely similar.

Butterfly taxa of conservation concerns in Kihansi
Of the species collected, 20.8% (n = 15) are listed as Least 
Concern, while the rest have not been assessed, thus una-
vailable in the IUCN red list. Three species from the Fam-
ily Hesperiidae (one species) and Family Nymphalidae 
(two species) in the genera Celaenorrhinus and Charaxes, 
respectively, are endemic to the study area (Table 2). Fur-
thermore, based on the conservation assessment of but-
terfly elsewhere is Southern Africa, the genus Athene 
contains species that are either critically endangered or 

Fig. 2 Pattern of butterfly diversity (lower) and species richness (upper) at elevation gradient and between habitat types in the Kihansi gorge forest. 
No significant difference was found in these butterfly parameters across the elevation and habitat types (see text for statistic)
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vulnerable, while the genera Papilio, Colotis and Cha-
raxes have species considered to be extremely rare.

Discussion
This study aimed to understand how butterfly biodiver-
sity varies across a heterogeneous habitat, elevation gra-
dient and the effect of local habitat characteristics on the 
butterfly species diversity, abundance and richness in the 
Kihansi gorge forest. The butterfly diversity and richness 
were not significantly different across the habitat types 
and elevation gradient. There was evidence of butterfly 
community groups showing greater separation associ-
ated with the habitats they utilise. Furthermore, species 
diversity increased in areas with high canopy cover, in 
trees with smaller DBH and at low ground cover. The 
butterfly abundance, on another hand, increased in sites 
with high tree density and high canopy cover within the 
woodland and wooded grassland habitats. Furthermore, 
species richness tended to increase at high canopy cover 
and in sites closer to the water source.

The butterfly records observed in the current study 
are lower than previously published for this area. In 
their study, Mtui et al. (2019) used Malaise traps to col-
lect butterflies over a 2-year period between 2005 and 
2007, just 5  years after commencing power production 
in the Kihansi gorge forest. They recorded > 200 but-
terfly species distributed in six families. These species 
are almost three times more than recorded in the pre-
sent study, 14  years after hydropower production. The 

difference in the species records between these stud-
ies could partly be attributed to the sampling methods 
used and the time spent collecting data but also more 
so on the possible changes in the conditions that favour 
survival and reproduction of the butterflies in this eco-
system. For instance, several studies on various plant 
and animal taxa conducted within 5 years of commenc-
ing power production in the gorge reported significant 
changes in biological species (e.g., specialist birds and 
Coleopterans) associating the changes to the reduced 
river flow particularly in areas closer to the river water-
fall (Zilihona et  al. 2004; Cordeiro et  al. 2006). In addi-
tion, increased weed encroachment in the Kihansi gorge 
wetlands (Quinn et al. 2005), increased exposure to new 
disease infestation in the critically endangered Coffea 
kihansiensis (Rija et  al. 2011) and extinction in the wild 
of the critically endangered amphibian Nectophrynoides 
asperginis after 7 years of commencing power production 
(Rija et  al. 2010) are some impacts of the environmen-
tal change previously recorded in the gorge forest eco-
system. Based on the impacts on these species, it is fair 
to suggest that the difference in the butterfly records is 
due to the disturbances and temporal changes of condi-
tions in their habitats which may have influenced decline 
in their abundance and species richness. Although 
there is no study done to date specifically to quantify 
the impact of the reduced river flow on the abundance 
of food resources (e.g., nectars) and availability of suit-
able breeding cover (e.g., presence of larval host plants) 

Table 1 Effect of various ecological variables on the butterfly diversity, abundance and species richness as estimated by GLM showing 
significant effect on the final best fitting models

*, **, and *** Indicate significant at p < 0.05, 0.01, and 0.001 respetively

Model type Parameter Mean ± SE z value P (z)

Butterfly diversity Intercept 0.904 ± 0.248 3.644 0.0002***

Canopy cover 0.009 ± 003 2.491 0.012*

Ground cover − 0.004 ± 0.003 − 2.271 0.203

Tree DBH − 0.005 ± 0.002 − 1.895 0.058

Pseudo R2 23.503

Parameter Mean ± SE t value P (t)

Butterfly abundance Intercept 0.241 ± 0.477 0.506 0.616

Habitat-WG 0.798 ± 0.388 2.056 0.047*

Habitat-WL 0.878 ± 0.282 3.124 0.003**

Canopy cover 0.03 ± 0.007 3.69 0.0001***

Tree density 4.697 ± 4.261 1.102 0.277

Pseudo R2 386.33

Species richness Intercept 0.569 ± 0.27 2.109 0.041*

Distance to water − 0.071 ± 0.060 − 1.181 0.244

Canopy cover 0.016 ± 0.005 3.208 0.002**

Pseudo R2 85.68
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for the butterflies in the Kihansi gorge forest ecosystem, 
such impacts have been observed in other ecosystems 
elsewhere (Kocher and Williams 2000; Pywell et al. 2004), 
highlighting the importance of carrying out biodiversity 
monitoring especially in perturbed systems, such as the 
Kihansi gorge forest.

The butterfly communities were broadly grouped into 
three distinct groups but no single habitat type alone 
appears to better explain these broad structures as most 
butterfly populations from various habitat types seem to 
group together. This may suggest the characters within 
these habitats are more important in supporting the utili-
zation of a particular habitat by the butterfly species than 
the habitat types themselves. This supports results from 
the GLM that identified important local habitat charac-
ters on the butterfly assemblage in a particular habitat. 
The implications of these results on broader conservation 
of the butterfly communities and perhaps other threat-
ened species in the Kihansi ecosystem is that these habi-
tats require greater conservation attention in preventing 

more anthropogenic threats that will lead to erosion of 
the habitat qualities that have shown to influence but-
terfly populations in the area. Although the main conser-
vation threat to the various taxa inhabiting the Kihansi 
gorge forest ecosystem has been the reduced river flow, 
several other threats, such as sporadic logging, tree 
pole cutting and agricultural encroachment have been 
reported in Kihansi (Rija et al. 2010) and nearby forests 
(Mwasapi and Rija 2021). Such threats have severe poten-
tial effects on the butterfly communities as they directly 
influence the quality of the habitats through reducing 
suitable larval host plants and reducing shade that influ-
ences butterfly breeding. These threats if not checked, 
will compound the situation of this fragile ecosystem 
thereby sever the biological diversity in the area.

Local habitat characteristics variously influenced spe-
cies diversity, abundance and species richness in the 
study area. The high butterfly diversity deduced in sites 
with high canopy cover and in tree vegetation with 
smaller DBH could be due to the presence of more shade 

Fig. 3 Effect of canopy cover, tree DBH and ground cover on the diversity of butterfly in the Kihansi gorge forest. Butterfly diversity increased 
with increasing canopy cover and in trees with lower DBH and at lower ground cover. The shaded part indicates 95% confidence interval of the 
estimated effect size. Grey dots are raw data points
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that is associated with high canopy that predicts high 
species diversity. Shade availability is known to favour 
egg ovipositioning and larval development during but-
terfly breeding (Warren 1985; Grundel et  al. 1998). 
Although shade was not directly measured in the current 
study, it is not clear yet what proportion of the shade is 
most suitable for attaining maximum species diversity 
in Kihansi. In a study conducted elsewhere, for example, 
slight than dense shade was reported to be more impor-
tant for some butterfly species (Greatorex-Davies et  al. 
1993). In addition, it appears that various species have 
differing requirements for survival and breeding due to 
possessing various traits, e.g., feeding niche, dispersal 

propensity, egg number, number of generations per year, 
shade requirement etc. (Börschig et  al. 2013). Linking 
these traits to explain the population and community 
structure of the Kihansi butterflies would be prudent as 
future research gaps in this threatened ecosystem.

The strong positive association between high canopy 
cover and butterfly abundance and species richness par-
ticularly in the woodland and wooded grassland suggests 
that these habitats possess unique resources on which the 
butterfly species  depend. High canopy is associated 
with more light penetration—an important resource 
that favours foraging especially for forest canopy forag-
ing species (Hill et  al. 2001; Houlihan et  al. 2013). This 

Fig. 4 Effect of habitat type, canopy cover and tree density on the abundance of butterfly in Kihansi gorge forest indicating butterfly abundance 
increasing with increasing canopy cover, tree density and at woodland and wooded grassland habitats. The habitat type plot (right) shows median 
estimates with standard errors, while the shaded part (left) indicates 95% confidence interval of the estimated effect size. Grey dots are raw data 
points
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Fig. 5 Effect of canopy cover and distance to water points on the species richness of butterfly in the Kihansi gorge forest. Canopy cover and 
distance to water were positive and negative predictors of species richness, respectively. The shaded part indicates 95% confidence interval of the 
estimated effect size. Grey dots are raw data points

Fig. 6 Dendrogram of butterfly samples collected in three habitats Woodland (W), Montane forest (MF) and Wooded grassland (WG) within the 
Kihansi gorge forest ecosystem showing three broad butterfly communities A–C. There was some evidence of internal structuring within individual 
community groups but also greater separation between the distinct butterfly communities (see text for more statistics)
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Table 2 IUCN conservation status of butterfly taxon recorded in the Kihansi gorge forest ecosystem

Taxon Family Subfamily Tribe Genus taxon 
IUCN 
Status

Threat level 
in Southern 
Africa

Celaenorrhinus sanjeensis (Kielland, 1990)* Hesperiidae Pyrginae Celaenorrhinini Celaenorrhinus NE

Eretis lugens (Rogenhofer, 1891) Hesperiidae Tagiadinae Celaenorrhinini Eretis NE

Leptotes pirithous (Linnaeus, 1767) Lycaenidae Polyommatinae Polyommatini Leptotes LC

Zizeeria knysna (Trimen, 1862) Lycaenidae Polyommatinae Polyommatini Zizeeria NE

Anthene lunulata (Trimen, 1894) Lycaenidae Polyommatinae Lycaenesthini Anthene NE CRVu

Euchrysops osiris (Hopffer, 1855) Lycaenidae Polyommatinae Polyommatini Euchrysops LC

Acraea anemosa (Hewitson, 1865) Nymphalidae Heliconiinae Acraeni Acraea LC

Acraea cabira (Hopffer, 1855) Nymphalidae Heliconiinae Acraeni Acraea LC

Acraea insignis (Distant, 1880) Nymphalidae Heliconiinae Acraeni Acraea NE

Acraea servona (Godart) Nymphalidae Heliconiinae Acraeni Acraea NE

Amauris niavius (Linnaeus, 1758) Nymphalidae Danainae Danaini Amauris NE

Bebearia orientis (Karsch, 1895) Nymphalidae Limenitidinae Adoliadini Bebearia NE

Bicyclus ena (Hewitson, 1877) Nymphalidae Satyrinae Elymniini Bicyclus NE

Bicyclus danckelmani (Rogenhofer, 1891) Nymphalidae Satyrinae Satyrini Bicyclus NE

Catuna sikorana (Rogenhofer, 1889) Nymphalidae Limenitidinae Adoliadini Catuna NE

Charaxes acuminatus (Thurau, 1903) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes brutus alcyone (Stoneham) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes candiope (Godart, 1824) Nymphalidae Charaxinae Charaxini Charaxes LC ER

Charaxes castor (Cramer, 1775) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes cithaeron (C. & R. Felder, 1859) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes congdoni (Collins, 1989)* Nymphalidae Charaxinae Charaxini Charaxes NE EdER

Charaxes druceanus (Butler, 1869)* Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes lucyae (van Someren, 1975) Nymphalidae Charaxinae Charaxini Charaxes NE EdER

Charaxes macclounii (Butler, 1895) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes pollux (Cramer) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes protoclea azota (Hewitson, 1877) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes jahlusa (Trimen) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes varanes (Cramer, 1764) Nymphalidae Charaxinae Charaxini Charaxes NE ER

Charaxes zoolina (Westwood,1850) Nymphalidae Charaxinae Charaxini Charaxes LC ER

Danaus chrysippus alcippus (Cramer) Nymphalidae Danainae Danaini Danaus NE

Euphaedra neophron violacea (Butler) Nymphalidae Limenitidinae Adoliadini Euphaedra NE

Euphaedra zaddachi (Dewitz, 1879) Nymphalidae Limenitidinae Adoliadini Euphaedra NE

Euptera kinugnana (Grose-Smith) Nymphalidae Limenitidinae Adoliadini Euptera NE

Euryphura concordia (Hopffer) Nymphalidae Limenitidinae Adoliadini Euryphura NE

Eurytela dryope (Cramer, 1775) Nymphalidae Biblidinae Eurytelini Eurytela NE

Eurytela hiarbas (Drury, 1770) Nymphalidae Biblidinae Eurytelini Eurytela NE

Euxanthe tiberius (Grose-Smith, 1889) Nymphalidae Charaxinae Euxanthini Euxanthe NE

Gnophodes betsimena (Boisduval, 1833) Nymphalidae Satyrinae Melanitini Gnaphodes NE

Hamanumida daedalus (Hubner) Nymphalidae Limenitidinae Alonidini Hamanumida NE

Henotesia perspicua (Trimen, 1873) Nymphalidae Satyrinae Satyrini Henotesia NE

Hypolimnas misippus (Linnaeus, 1764) Nymphalidae Nympalinae Junoniini Hypolimnas LC

Junonia orithya (Linnaeus, 1758) Nymphalidae Nympalinae Junoniini Junonia NE

Junonia natalica (C. & R. Felder) Nymphalidae Nympalinae Junoniini Junonia NE

Junonia terea (Druce, 1773) Nymphalidae Nympalinae Junoniini Junonia NE

Melanitis leda (Linnaeus, 1758) Nymphalidae Satyrinae Melanitini Melanitis LC

Melanitis libya (Distant, 1882) Nymphalidae Satyrinae Melanitini Melanitis NE

Neptis laeta (Overlaet, 1955) Nymphalidae Limenitidinae Neptini Neptis NE

Phalanta (Drury, 1773) Nymphalidae Heliconiinae Vagrantini Phalanta NE
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result suggests also that a large proportion of the butter-
fly records observed in this study was canopy specialists. 
This may further suggest that the woodlands and wooded 
grassland habitat qualities were probably not affected by 
the environmental change caused by the reduction of the 
river flow or that suitable conditions may have recovered 
in these habitats 14 years after disturbance. While these 
speculations may be valid, there is no existing ecological 
study to date upon which to benchmark these observa-
tions. Elsewhere in the rainforest of Manu Biosphere 
Reserve in Peruvian Amazon, Whitworth et  al. (2016) 
reported fewer canopy forest than the terrestrial species 
suggesting that the forest disturbance had more impact 
on the canopy species or that they recovered relatively 
slower than their terrestrial counterparts. Despite this, 
our system has had no history of intensive logging as 
that in Peru, thus, the development-induced disturbance 
could still hold water. Furthermore, the importance of 
forest canopy in the Kihansi gorge forest is further sup-
ported by the observed butterfly community structuring 
with high abundant butterflies in the two habitat types. 

The distinct separation among the community groups 
inhabiting the woodland and wooded grasslands suggests 
presence of important subtle conditions that are neces-
sary for the butterfly survival and reproduction, such as 
availability of larval host plants and food resources in 
such habitats (Hellmann 2002; Curtis et  al. 2015). Fur-
thermore, an alternative explanation to the low abun-
dance and species richness recorded in the montane 
forest could be related to the habitat disturbance caused 
by illegal logging and tree cutting for poles happening in 
the montane forest patch (Rija et al. 2010). Such habitat 
disturbances directly remove habitat conditions required 
for butterfly breeding thereby affecting their overall 
abundance and richness (Hellmann 2002).

The recorded butterfly taxa have great conserva-
tion significance in the Kihansi gorge because of being 
endemic and potentially rare in this area. In addition, 
several genera including Eurema (from Subfamily Colia-
dinae), Belenois (Subfamily Pierinae), Bycyclus (Sub-
family Satyrinae), Charaxes (Subfamily Charaxini) and 
Neptis (Subfamily Limenitidinae) are known to be good 

Table 2 (continued)

Taxon Family Subfamily Tribe Genus taxon 
IUCN 
Status

Threat level 
in Southern 
Africa

Physcaeneura jacksoni (Carcasson, 1961) Nymphalidae Satyrinae Satyrini Physcaeneura NE

Protogoniomorpha temora (Fedler) Nymphalidae Nympalinae Junoniini Protogoniomorpha NE

Protogoniomorpha parhassus (Druce, 1782) Nymphalidae Nympalinae Junoniini Protogoniomorpha LC

Pseudacraea boisduvali trimenii (Butler) Nymphalidae Limenitidinae Limenitidini Pseudacraea NE

Pseudacraea eurytus (Linnaeus) Nymphalidae Limenitidinae Limenitidini Pseudacraea NE

Graphium angolanus (Goeze, 1779) Papilionidae Papilioninae Leptocircini Graphium NE

Graphium colonna (Ward, 1873) Papilionidae Papilioninae Leptocircini Graphium LC

Graphium policenes (Cramer, 1775) Papilionidae Papilioninae Leptocircini Graphium NE

Graphium polistratus(Grose-Smith) Papilionidae Papilioninae Leptocircini Graphium NE

Papilio ophidicephalus (Oberthur) Papilionidae Papilioninae Papilionini Papilio NE ER

Papilio dardanus (Brown, 1776) Papilionidae Papilioninae Papilionini Papilio NE ER

Papilio echerioides (Trimen, 1868) Papilionidae Papilioninae Papilionini Papilio LC

Papilio demodocus (Esper) Papilionidae Papilioninae Papilionini Papilio NE ER

Papilio nireus (Linnaeus) Papilionidae Papilioninae Papilionini Papilio NE ER

Graphium antheus (Cramer) Papilionidae Papilioninae Papilionini Graphium LC

Catopsilia florella (Fabricius, 1775) Pieridae Coliadinae Coliadini Catopsilia LC

Colotis evenina (Wallengren) Pieridae Pierinae Teracolini Colotis NE ER

Eurema brigitta (Stoll, 1780) Pieridae Coliadinae Eurema Eurema LC

Eurema desjardinsii (Boisduval, 1833) Pieridae Coliadinae Eurema Eurema NE

Eurema hapale (Mabille, 1882) Pieridae Coliadinae Eurema Eurema NE

Nepheronia argia (Fabricius) Pieridae Pierinae Nepheroniini Nepheronia NE

Belenois aurota (Fabricius) Pieridae Pierinae Pierini Belenois LC

Mylothris agathina (Cramer, 1779) Pieridae Pierinae Pierini Mylothris NE

Belenois thysa (Hopffer, 1855) Pieridae Pierinae Pierini Belenois NE

LC least concern, NE not assessed by IUCN, CRVu critically/vulnerable, EdER endemic and extremely rare, ER extremely rare
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indicators of environmental disturbances associated with 
the human impacts in the miombo woodlands in western 
Tanzania (Jew et al. 2015). The finding of these genera in 
the current study suggests that the Kihansi gorge is fac-
ing habitat disturbances ranging from low to high levels. 
The impact of these disturbances is far reaching, both 
on the endemic taxa and other species whose conserva-
tion statuses are yet to be established. Furthermore, these 
disturbances, coupled with the declining microclimatic 
conditions (i.e., reduced relative humidity) may deplete 
favourable conditions for the survival of ants which are 
known to be host for many other insects including but-
terflies (Edge et  al. 2008). Although there has been no 
study conducted on the ant–butterfly symbiotic relations 
in the Kihansi gorge, if such symbionts do exist and as 
many as 84% of butterflies elsewhere are myrmecophil-
ous (Edge and Macenero 2015), then the Kihansi butter-
flies will be no exception. The decline of microclimates in 
the Kihansi gorge (Rija et al. 2011; Quinn et al. 2005) may 
directly reduce lichen, thereby further threatens the but-
terfly communities that are dependent on them for food. 
The existing disturbances and their cascades are likely to 
sever the endemic and those seemingly rare taxa. These 
results call for immediate conservation measures to 
effectively protect the whole Kihansi ecosystem.

Finally, this study has painted the first ecological pic-
ture on the butterfly communities in relation to the 
habitat characteristics in the threatened Kihansi gorge 
forest—an area that has already recorded extinction 
of one amphibian species in the recent decade due to 
the human development activities. To date, it is still 
unknown how the existing threats in this ecosystem 
have affected the butterfly taxa that were originally 
there as there is no effective population monitoring 
system available to track changes in the butterfly com-
munities inhabiting this ecosystem. As is shown in the 
present study and from others elsewhere that subtle 
qualities of the habitat are necessary for the butter-
fly population, but the influences of these on the indi-
vidual butterfly species in the study area have not  yet 
been quantified. Future studies looking into how vari-
ous individual butterfly species are influenced by the 
available qualities of the habitats will be necessary in 
generating information that will be useful in identify-
ing species-specific needs for improving conserva-
tion of the butterfly community in the Kihansi gorge 
ecosystem.
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