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A B S T R A C T

Lepidoptera, butterflies and moths, are significant pollinators and ecosystem health indicators. Therefore,
monitoring their diversity, distribution, and extinction risks are of critical importance. We aim to understand
drivers of local extinction risks of the butterflies in Bangladesh. We conducted a systematic review to extract local
extinction risks of the butterflies of Bangladesh, and possible drivers (e.g., body size and diet breadth) of their
extinction. We tested whether body size, larval host plants and adult nectar plants contribute to the local
extinction risks of butterflies. We predicted butterflies with larger body size and fewer host and nectar plants
would be in greater extinction risk. We showed extinction risk is higher in larger butterflies than smaller but-
terflies, and in butterflies with fewer number of host and nectar plants than the butterflies with higher number
host and nectar plants. Our study identifies body size and diet breadth as a potential driver of the local extinction
of butterflies thereby suggesting larger conservation urgency for the larger butterflies with narrow diet breadth.
1. Introduction

Biodiversity— the variety of life, including variation among genes,
species, and functional traits— is crucial for a balance ecosystem [1, 2].
Despite continuous conservation efforts, most indicators of the state of
biodiversity (covering species’ population trends, habitat extent and
condition, and community composition) are on the decline. On the other
hand, indicators of pressures on biodiversity (including resource con-
sumption, invasive alien species, nitrogen pollution, overexploitation,
and climate change impacts) are on the rise [1]. Sustaining biodiversity is
a fundamental process to maintain a functional ecosystem, hence, the
biodiversity loss which might affect the dynamics and functioning of
ecosystems [3]. Continuous monitoring of extinction risks and under-
standing roles its drivers are essential to conserve species and to maintain
ecological balance.

The regional distribution of a species is a combined outcome of
colonization and extinction of a set of local populations [4]. Extinction of
species and the reduction of species’ distribution areas are primarily
caused by anthropogenic activities and because of climate change [5].
Recent studies have shown non-random extinctions across the world
[6, 7, 8], with some species are more prone to extinction than others [9].
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However, there is a lack of data on species distributions, abundance and
associated ecological factors which affects key ecological events
including species extinction risk [10].

Butterflies have been a significant focus for ecologists because of their
role as pollinators and ecosystem health indicators [11, 12]. Butterflies
are a widely distributed insect order that evolved from the early Jurassic
period. A total of 180,000 species are distributed worldwide excluding
Antarctica [13]. They are found in all global territory and populate in
desert land even in tropical forests too [14]. However, many species of
this insect group are in risk of extinction because of habitat loss and
under the influence of changing climatic condition [15]. Extinction risks
of butterflies have been conducted in regional scales as well global scale.
Assessing the regional extinction risks and its contributing factors can
assist in protecting butterflies in a particular ecogeographic region.
Physiological conditions (body size, sexual dimorphism), behaviour
(migration), diet breadth (host plants and nectar plants) are some factors
that contribute to the extinction risks of butterflies [9]. However, studies
resulted in conflicting outcomes: some studies suggested a correlation of
body size, the number of host and nectar plants with extinction risks
whereas other studies indicated otherwise [9, 16, 17, 18, 19], indicating
the demand of further studies.
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Here, we aim identify to possible driver of the local extinction risks of
butterflies using the butterflies of Bangladesh. Bangladesh, despite its
small geographical area, has a high insect diversity [20]. Currently over
400 butterflies are known to occur in Bangladesh [21, 22, 23, 24, 25, 26,
27]. We extracted local extinction risks of the butterflies from IUCN Red
List of Bangladesh 2015. We then collated data on the body size, larval
host plants, and adult nectar plants of the butterflies of Bangladesh from
published literature to determine if these factors contribute to local
extinct risks. We predicted that extinction risks of the butterflies with
larger body size, fewer host plants, and fewer nectar plants would be
greater than that of butterflies with smaller body size, higher host plants,
and nectar plants.

2. Methods

2.1. Literature review

We conducted a systematic literature search in the Web of Science
database to identify studies on the butterflies of Bangladesh to extract
body size, host plant and nectar plant data. The search was conducted on
December 01, 2019, using the keywords “butterfly” and “Bangladesh”
and articles published since 1971 were extracted. The search was later
updated on May 31, 2020, and then the updated findings were merged
with the initial search. We further cross-checked retrieved articles to
identify further relevant articles that we might have missed during the
Web of Science search.

2.2. Study selection criteria

We included publications for this study if 1) studies were conducted
inside the geographical distribution of Bangladesh 2) articles reported
body size data of butterflies 3) publications focused on host plants of the
larval stage of butterflies and food sources of adult butterflies, 4) articles,
written in English, 5) studies published between 1971 to 2020, and 7)
publications available in full-text. We retrieved the full-text of the articles
and selected articles based on the inclusion criteria. Furthermore, we also
used full-text for cross-referencing and extracted relevant articles.

2.3. Body size, food plants, and extinction risk

We extracted the wingspan of the butterflies as a proxy of body size
from the published sources (S1). We took the middle value when wing
size was provided in a range. All values were recorded in millimeters
(mm). Values were converted to the millimeter when they were pre-
sented in other units. We extracted data for butterflies’ host plants —

plants in which, butterflies lay eggs and butterflies larva complete their
life cycle. We also extracted data on nectar plants – plants from which
adult butterflies collect nectar. We collected the threat status of the
butterflies of Bangladesh from the IUCN Red List of Bangladesh (2015)
[28]. The IUCN Red List of Threatened Species categorizes extinction risk
with the following categories: least concern, near threatened, vulnerable,
endangered, and critically endangered. We converted the risk categories
to a numeric index from least concern (1) to critically endangered (5).

2.4. Statistical analysis

We tested the relation between body size, host plant numbers and
nectar plant numbers of the butterflies with the extinction risk categories
(response variable) using Cumulative LinkedMixedModels (CLMM). Our
response variable, extinction risk categories, is a categorical variable
which is also ordered (extinction risks increase from least concern to
critically endangered). These type of ordered categorical data are best
analysed using models with “ordinal” family [29, 30]. We build cumu-
lative linked mixed model with extinction risk as response variable, body
size, host plant numbers, and nectar plants number as fixed effects, and
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butterfly families as random factor. Family of the butterflies were
considered as a random effect in the model to account for any broad scale
phylogenetic effects as the phylogenetic relationships among the but-
terflies of Bangladesh are not apparent. We applied family ¼ “ordinal”
and used clmm function of the R package ‘ordinal’ for building the model.
Body sizes of the butterflies may influence host plant and nectar plant
diversity. To determine the effect of body size on host plant, and nectar
plants numbers, we applied (GLMs) with host plant, and nectar plants
numbers as response variables and body size, and family as fixed effects
(model: glm (log (host_plant_number) ~ body_size þ family, family ¼
gaussian), and glm (log (nectar_plant_number) ~ body_size þ family,
family¼ gaussian). Model assumptions of GLMs were tested and R square
values of the models were determined by using r.squaredGLMM and r2
function of MuMIn and performance packages [31, 32]. All the Data were
analyzed and visualized in RStudio ver 3.6.2 (R Core Team, 2019) [33]
using dplyr package [34].

3. Results

3.1. Study selection

The systematic search returned a total of 92 publications
(Figure 1). After an initial review of the titles and abstracts, 18 pub-
lications were excluded because they did not meet the selection
criteria (studies did not focus on butterflies or conducted outside of
the geographical distribution of Bangladesh) (Figure 1). The full text
of the 74 publications was obtained and screened for the selection
criteria (Figure 1). Of these, 36 publications were excluded because
those studies did not provide data for the wing size, host plants, and
food plants of the butterflies of Bangladesh (Figure 1). Finally, 38
publications fulfilled the selection criteria (Figure 1). A full list of all
publications included in this study is provided in the supplementary
data (Supplementary file S1).

3.2. Extinction risks

The extinction risk of the butterflies was correlated with their size;
larger butterflies were in higher extinction risk than smaller butterflies
(CLMM: estimate: 0.045 � 0.01, Z ¼ 2.9, P < 0.005, Figure 2a). Butter-
flies with lower number of host plants were in greater extinction risks
than butterflies with higher host plants (CLMM: estimate: -0.42� 0.09, Z
¼ -4.36, P< 0.0001, Figure 2b). Similarly, butterflies with lower number
of nectar plants were in greater extinction risks than butterflies with
higher host plants (CLMM: estimate: -0.46 � 0.13, Z ¼ -3.46, P < 0.001,
Figure 2b). Body size of the butterflies did not have a significant effect on
the number host plant (GLM: χ2 ¼ 0.12, df ¼ 1, p ¼ 0.91, R2 ¼ 0.30) and
the number nectar plant (GLM: χ2 ¼ 0.27, df ¼ 1, p ¼ 0.60, R2 ¼ 0.29).

4. Discussion

Monitoring regional extinction risks and understanding the ecological
factors that contribute to such extinctions are essential to develop con-
servation strategies for the protection of a species. We tested contribu-
tions of the body size and food plants of the butterflies to their extinction
risks. We found that body size and larval host plants are significant
contributors of the extinction of butterflies.

We showed that larger butterflies were in greater extinction risk
compared to the smaller butterflies, a pattern also found in butterflies
[35] and other insects i.e., damselflies [30], and ground beetles [36].
Larger insects require more resources for growth and development,
have lower reproduction rates, and smaller population sizes [37, 38];
all of which contribute to the extinction risk. A few previous studies,
on the other hand, did not find significant effect of body sizes on
extinction risks of butterflies [9, 39]. Larger body size of insects are
often associated larger geographical distribution and greater



Figure 1. Schematic overview of the systematic literature search.
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dispersion capacity which can provide larger insects to access greater
number of food resources, thereby reducing extinction risks [40]. We,
however, did not find any evidence in support that larger butterflies
can access greater number of nectar plant and host plants which
probably further justify our findings. Overall, our study support global
and regional extinction risks in the trend that invertebrates [41, 42,
43, 44] and vertebrates [45, 46] that larger species are usually more
vulnerable to extinction.

Our findings showed that extinction risks of butterflies with fewer
host plants are greater than butterflies with higher host plants. The di-
versity of butterflies, like many other insects, depends on the abundance
of food sources and habitats [47, 48]. Butterfly larvae depend on host
plants for their growth, development and therefore higher plant richness
promotes greater butterfly diversity [49]. Butterflies that can use re-
sources from greater number of host plants are expected to have a greater
likelihood of fulfilling their resource requirements in a greater number of
habitat patches [50]. Therefore, highly host-specific butterflies are more
likely to be vulnerable to localized fragmentation of resources [9]. Our
study corroborated previous findings that larval host plant richness are
the most important determinant regional extinction of butterflies [9, 51].
Butterflies with very limited and threatened host plants are also likely to
co-extinction their host plants [19, 52]. Furthermore, this greater
extinction risks of herbivore insects with fewer host plants are also
applicable to other insects such as moths [39], aphids [53], leaf beetles
[54], and weevils [55].

Nectar feeding of adult butterflies plays a critically important role for
somatic maintenance and reproduction, and population persistence [56,
3

57], especially for the species that emerge with unyoked eggs [58].
Butterfly morphology such as proboscis length, and flower morphology
such as corolla depth restrict butterflies to extract nectar from a limited
number of plant species [59], therefore nectar plant resources are pre-
dicted to contribute to the extinction of butterflies. Similarly, nectar
plants diversity have been found as a significant contributor of extinction
risk in butterflies [60]. Our result corroborates previous findings that
nectar plants breadth may contribute to the extinction risk of butterflies
[61, 62]. The impact of the nectar plants on butterfly extinction risks is
strong as host plants probably because adults butterflies, like the but-
terflies larva, adults use only limited number of plants for feeding
because of the length of proboscis, and specific nutritional requirements
for egg maturation [63]. In comparison to host plants, nectar plants of
Bangladeshi butterflies are less studied. Our study indicates the impor-
tance of nectar plants for butterflies and thereby suggesting further
studies are required to understand requirements of specific nectar plants
to develop conservation strategies to protect the vulnerable butterflies of
Bangladesh.

Understanding extinction risks and identifying its potential drivers
are essential step to determine the conservation demand for the protec-
tion insects. In this study, we showed that butterflies of Bangladesh with
larger wingspan, and fewer host and nectar plants are in greater extinc-
tion risk. Our study highlights the drivers of local extinction risks of the
butterflies. Recent studies showed that the butterflies of Bangladesh are
weekly protected [64]. Our study will provide resources for conservation
biologists to develop conservation strategies to protect the butterflies of
Bangladesh.



Figure 2. Relation between body size, and diet
breadth to local extinction risk of butterflies. A) wing
size and local extinction risks of butterflies, B) host
plant number and local extinction risk of butterflies,
C) nectar plant number and local extinction risk of
butterflies. Violin plots show the kernel probability
density of the data, squares indicate mean of data;
vertical lines connecting squares indicate standard
deviation of data; circles indicate data point of each
species. LC ¼ least concern, VU ¼ vulnerable, and EN
¼ endangered.
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