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Abstract

Roughly 90% of butterfly species live in the tropics. Despite this, we know very little about

tropical butterfly ecology particularly when compared to temperate butterfly systems. The

relative scarcity of data on tropical butterfly populations hampers our ability to effectively

conserve them. In this review we summarize recurring themes from ecological research on

tropical butterflies to serve as a framework for understanding their conservation. Key

themes include: (1) the tropics represent the evolutionary origins of butterfly diversity, (2)

while some tropical butterflies exhibit relatively stable population dynamics, longer-lived

adult stages, and more continuous age-specific reproduction compared to temperate zone

species, the generality of these patterns is debatable, and (3) complex species interactions

(e.g. mimicry, parasitism and predation) can have significantly greater influences on

ecological and evolutionary processes in tropical butterflies than in temperate ones. This

state of ecological knowledge, combined with scarce resources, has traditionally

constrained tropical butterfly conservation efforts to habitat level approaches, unlike the

species- and population-specific approaches familiar in North America and Europe.

Consequently, much conservation research on butterflies in the tropics has focused on the
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relationship between habitat quality (e.g. forest fragmentation) and butterfly diversity,

though predictive patterns even in this regard remain elusive. We argue that with the

increasing threats of habitat destruction, fragmentation and climate change, it is necessary

to move beyond this diversity and habitat relationship if we are to improve predictive

capabilities when evaluating anthropogenic impacts on tropical butterfly communities.

Tropical butterflies are more than just useful indicator species. They represent some of the

most spectacular and visually appealing organisms in the world and play many vital roles in

tropical ecosystems. We hope that this synthesis will lay the groundwork for future

ecological studies of tropical butterfly populations, species, communities and conservation.

Introduction

The biodiversity crisis is expected to severely impact insect species (Pimm and Raven,

2000). Yet, of the approximately 40 000 insect species already estimated to have gone

extinct over the past 600 years, only 70 have been documented, half of which were

Lepidoptera (Dunn, 2005). The likely more serious issue of insect population extinctions is

even less well known. Considering that less than one million insect species have been

described out of 5–10 million believed to exist (Gaston, 1991), all of these observations

indicate that many insect species likely to go extinct as a result of human impacts have not

even yet been named or described (Samways, 2007) and that these insect populations are

disappearing daily in large numbers, unheralded.

If we are to have any chance of effectively conserving insect populations globally, we must

understand their ecologies. This puts a spotlight on butterflies, because of all insects,

butterflies are probably the best known taxonomically and ecologically (Thomas, 2005).

Indeed, the study of butterfly biology has a long history and has contributed greatly to our

understanding generally of ecology, evolution, biogeography and conservation (Bates, 1862,

Müller, 1879, Wallace, 1865, Wallace, 1879, Fisher et al., 1943, Gilbert and Singer, 1975,

Boggs et al., 2003, Mallet, 2004).

However, our knowledge of tropical butterflies is deficient when compared to their

temperate counterparts. Consider the following rough, but telling, exercise. We conducted a

BIOSIS search for papers from 1990 to 2000 for “Lepidoptera” and “England” and found

there were 1287 papers. That same search for “Lepidoptera” and “Brazil” however only

results in 679 papers. Brazil is over 30 times as large as England, has over 50 times as many

butterfly species (58 species in England cf. Pollard and Yates, 1993 vs. 3300 in Brazil cf.

Brown, 1996), but has half the studies of England. When you also consider that Brazil is

comparatively one of the best studied tropical regions in the world (Stocks et al., 2008;
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though to be fair England is one of the best-studied temperate countries), you can get a feel

for the problem.

The difference in butterfly knowledge between tropical and temperate regions has

consequences for their conservation. While US and UK butterfly conservation efforts are

mainly species-specific, in the tropics knowledge and resource limitations dictate “habitat

protection” approaches with little regard to inclusion of information or tools from butterfly

population-level or species-specific conservation (New et al., 1995, New, 2009).

Consequently, appropriations of recent advances in ecological theory have been slow for

tropical conservation. For example, in a survey of 27 butterfly biologists, over 80% named

“metapopulation theory” as an important concept guiding butterfly conservation; tellingly,

none of the examples they gave to illustrate the utility of metapopulation or any other

ecological theories were tropical (Schultz and Crone, 2008).

The habitat level conservation approach for butterflies practiced throughout much of the

tropics has lead to a proliferation of studies examining butterflies’ indicator potential for

assessing processes such as habitat degradation and land use (e.g. Daily and Ehrlich, 1995,

Hill, 1995, Brown and Freitas, 2000, Bobo et al., 2006, Akite, 2008, Bonebrake and Sorto,

2009, Uehara-Prado and Freitas, 2009). Fleishman and Murphy (2009), among many others

(e.g. Kremen, 1992, Lawton et al., 1998), suggest that only under limited circumstances may

butterfly species be reliable indicators of environmental change and that the widespread

usage of the indicator concept in butterflies can be and has been problematic. However, the

use or misuse of butterflies as indicators of environmental change in the tropics is not our

main concern here. Instead, we argue that even if butterflies are good indicators they are

also much more than that. They play a diversity of ecological roles, interest lay people in

biology and conservation in general and insects in particular, and should be valued beyond

their utility as indicators.

To that end, we review the literature on tropical butterfly ecology and conservation in hopes

that we might advance beyond “habitat protection” as essentially the sole conservation tool

in the tropics. We summarize research on tropical butterfly biogeography, life history,

demography and species interactions to highlight the differences and similarities between

temperate and tropical butterfly ecology. Then, we look at the threats to diversity in the

tropics and end with directions for future research and recommendations on how to

improve our ability to conserve tropical butterflies, and through them tropical biodiversity.

Taxonomically we focus on “true butterflies” (Papilionoidea) but recognize the role of all

Lepidoptera, including in particular large moths (e.g. Bombycoidea) and skippers

(Hesperioidae), to conservation and ecology. Geographically we focus on the tropics, or



butterfly populations that reside between the tropics of Capricorn and Cancer, but also

discuss temperate butterfly biology for comparative uses.

Section snippets

Global distribution and evolutionary origins

The world contains roughly 18 000–20 000 species of butterflies and there is a clear

latitudinal gradient in butterfly species diversity, with numbers highest in the tropics

(Shields, 1989, Larsen, 2005). How many butterfly species are tropical? It is difficult to give a

precise estimate given the continual updating of checklists and splitting and lumping of

species worldwide, the difficulties of defining “tropical,” and the “tropical” species that

extend into largely temperate zones and the…

Demography and life history

While the population biology of butterflies has been well studied in some systems, there

has been a comparative dearth of tropical butterfly population biology studies (Ehrlich,

1984). Studying Heliconius ethilla, Ehrlich and Gilbert (1973) conducted the first explicitly

comparative long-term study between a tropical butterfly population and temperate

populations. The relatively constant population size, delayed reproduction, and high adult

survivorship of the H. ethilla population led Ehrlich…

Species interactions

The complex array of species interactions, or the “biotic environment”, may be the most

defining characteristic of tropical environments (Dobzhansky, 1950). In particular, the close

relationship between butterflies and their host plants has been a recent focus as one

explanation for tropical “megadiversity”, though patterns globally remain unclear (see for

discussion and examples: Stork, 2007, Lewinsohn and Roslin, 2008). Beyond larval host

plant and adult resource interactions, predatory,…

Monitoring

As defined by Yoccoz et al. (2001), monitoring efforts seek to gather information “at

different points in time for the purpose of assessing system state and drawing inferences

about changes in state over time”. The goals and objectives of specific monitoring programs



are critical in devising monitoring methodology. That is “unfocused” or “omnibus”

surveillance monitoring can be an inefficient use of conservation resources (New, 2006,

Nichols and Williams, 2006). Extensive and exemplary…

Habitat loss

Habitat loss in the tropics can take many forms including conversion to agriculture, logging

or fragmentation. For Lepidoptera, conversion to agriculture might be the most destructive

form of habitat loss (Dunn, 2004, Sodhi et al., 2009). However, making definitive claims

about habitat disturbance effects on butterfly species diversity is difficult given the variety

of responses butterflies exhibit to disturbance (Koh, 2007; Table 1). Koh (2007) reviewed 20

studies that examined the impacts of…

Future research

Studies of butterflies as indicators of disturbance and environmental change have been

useful for conservation efforts that focus on reserve design (Kremen, 2003) and landscape

connectivity or corridor establishment (Hill, 1995, Brown and Freitas, 2000). However, the

difficulty in reaching generalizations about the effects of anthropogenic development or

habitat loss on butterfly diversity (e.g. Koh et al., 2004) stems from a poor understanding of

basic tropical butterfly ecology. If we are to…

Acknowledgments

This review would not be possible of course without the many tropical butterfly biologists

around the world who have inspired and laid the foundations for present and future

research. We are very grateful to Jan Beck, Larry Gilbert, Lian Pin Koh, Krushnamegh Kunte

and one anonymous reviewer for extensive comments on previous drafts. We also thank

members of the Boggs, Daily and Ehrlich labs for helpful input.…

Recommended articles

References (192)

G.W. Beccaloni et al.



Predicting the species richness of neotropical forest butterflies – Ithomiinae

(Lepidoptera, Nymphalidae) as indicators
Biological Conservation (1995)

A. Caldas et al.

Modified Pollard transects for assessing tropical butterfly abundance and

diversity
Biological Conservation (2003)

P.J. DeVries et al.

Species diversity and community structure in neotropical fruit-feeding butterflies
Biological Journal of the Linnean Society (2001)

P.J. DeVries et al.

Species diversity in vertical, horizontal, and temporal dimensions of a fruit-

feeding butterfly community in an Ecuadorian rainforest
Biological Journal of the Linnean Society (1997)

R.K. Didham et al.

Interactive effects of habitat modification and species invasion on native species

decline
Trends in Ecology and Evolution (2007)

R.R. Dunn

Managing the tropical landscape: a comparison of the effects of logging and forest

conversion to agriculture on ants, birds, and lepidoptera
Forest Ecology and Management (2004)

G.R. Hess et al.

Effectiveness of biodiversity indicators varies with extent, grain, and region
Biological Conservation (2006)

P. Akite

Effects of anthropogenic disturbances on the diversity and composition of the

butterfly fauna of sites in the Sango Bay and Iriiri areas, Uganda: implications for

conservation
African Journal of Ecology (2008)

D.A. Andow et al.

Assessing environmental risks of transgenic plants

https://www.sciencedirect.com/science/article/pii/000632079400023J
https://www.sciencedirect.com/science/article/pii/S0006320702001908
https://www.sciencedirect.com/science/article/pii/S0024406601905711
https://www.sciencedirect.com/science/article/pii/S0024406697901553
https://www.sciencedirect.com/science/article/pii/S0169534707002054
https://www.sciencedirect.com/science/article/pii/S0378112703005693
https://www.sciencedirect.com/science/article/pii/S0006320706001960


Ecology Letters (2006)

F. Azerefegne et al.

Environmental forcing and high amplitude fluctuations in the population

dynamics of the tropical butterfly Acraea acerata (Lepidoptera: Nymphalidae)
Journal of Animal Ecology (2001)

J. Barlow et al.

The value of primary, secondary and plantation forests for fruit-feeding

butterflies in the Brazilian Amazon
Journal of Applied Ecology (2007)

J. Barlow et al.

Diversity and composition of fruit-feeding butterflies in tropical Eucalyptus

plantations
Biodiversity and Conservation (2008)

H.W. Bates

Contributions to an insect fauna of the Amazon valley. Lepidoptera: Heliconidea
Transactions of the Linnean Society of London (1862)

J. Beck

The importance of amino acids in the adult diet of male tropical butterflies
Oecologia (2007)

J. Beck

Phylogenetic and ecological correlates with male adult life span of rainforest

butterflies
Evolutionary Ecology (2008)

J. Beck et al.

Adult life spans of butterflies (Lepidoptera: Papilionoidea + Hesperioidea):

broadscale contingencies with adult and larval traits in multi-species

comparisons
Biological Journal of the Linnean Society (2009)

J. Beck et al.

Wallace’s line revisited: has vicariance or dispersal shaped the distribution of

Malesian hawkmoths (Lepidoptera: Sphingidae)?
Biological Journal of the Linnean Society (2006)



P. Beldade et al.

Generating phenotypic variation: prospects from “evo-devo” research on Bicyclus

anynana wing patterns
Evolution and Development (2005)

W.W. Benson

Resource partitioning in passion vine butterflies
Evolution (1978)

M. Bigger

Oscillations of tropical insect populations
Nature (1976)

K.S. Bobo et al.

From forest to farmland: butterfly diversity and habitat associations along a

gradient of forest conversion in Southwestern Cameroon
Journal of Insect Conservation (2006)

C.L. Boggs

Reproductive strategies of female butterflies: variation in and constraints on

fecundity
Ecological Entomology (1986)

C.L. Boggs

Reproductive allocation from reserves and income in butterfly species with

differing adult diets
Ecology (1997)

C.L. Boggs

Understanding insect life histories and senescence through a resource allocation

lens
Functional Ecology (2009)

C.L. Boggs et al.

Resource specialization in puddling Lepidoptera
Environmental Entomology (2004)

C.L. Boggs et al.

Butterflies: Ecology and Evolution Taking Flight
(2003)



T.C. Bonebrake et al.

Butterfly (Papilionoidea and Hesperioidea) rapid assessment of a coastal

countryside in El Salvador
Tropical Conservation Science (2009)

J.L. Bossart et al.

Richness, abundance, and complementarity of fruit-feeding butterfly species in

relict sacred forests and forest reserves of Ghana
Biodiversity and Conservation (2006)

M.F. Braby

Reproductive seasonality in tropical satyrine butterflies – strategies for the dry

season
Ecological Entomology (1995)

P.M. Brakefield et al.

Phenotypic plasticity, seasonal climate and population biology of Bicyclus

butterflies
Ecological Entomology (1991)

P.M. Brakefield et al.

Developmental plasticity and acclimation both contribute to adaptive responses

to alternating seasons of plenty and of stress in Bicyclus butterflies
Journal of Biosciences (2007)

B.W. Brook et al.

Catastrophic extinctions follow deforestation in Singapore
Nature (2003)

L.P. Brower

Understanding and misunderstanding the migration of the monarch butterfly

(Nymphalidae) in North America (1857–1995)
Journal of the Lepidopterists’ Society (1995)

K.S. Brown

The biology of Heliconius and related genera
Annual Review of Entomology (1981)

K.S. Brown



Diversity of Brazilian Lepidoptera: history of study, methods for measurement,

and use as indicator for genetic, specific and system richness

K.S. Brown

Diversity, disturbance and sustainable use of Neotropical forests: insects as

indicators for conservation monitoring
Journal of Insect Conservation (1997)

K.S. Brown et al.

Adaptive polymorphism associated with multiple Mullerian mimicry in Heliconius

numata
Biotropica (1974)

K.S. Brown et al.

Atlantic forest butterflies: indicators for landscape conservation
Biotropica (2000)

K.S. Brown et al.

Disturbance, fragmentation, and the dynamics of diversity in Amazonian forest

butterflies

K.S. Brown et al.

Quaternary refugia in tropical America: evidence from race formation in

Heliconius butterflies
Proceedings of the Royal Society of London Series B – Biological Sciences (1974)

P. Chai et al.

Predation and the flight, morphology, and temperature of neotropical rain-forest

butterflies
American Naturalist (1990)

N.L. Chamberlain et al.

Polymorphic butterfly reveals the missing link in ecological speciation
Science (2009)

I.-C. Chen et al.

Elevation increases in moth assemblages over 42 years on a tropical mountain
Proceedings of the National Academy of Sciences of the United States of America (2009)

D.F.R. Cleary



An examination of scale assessment, logging and ENSO-induced fires on butterfly

diversity in Borneo
Oecologia (2003)

N.M. Collins et al.

Threatened Swallowtail Butterflies of the World: The IUCN Red Data Book
(1985)

G.C. Daily et al.

Preservation of biodiversity in small rain-forest patches – rapid evaluations using

butterfly trapping
Biodiversity and Conservation (1995)

R.B. de-Andrade et al.

Population biology of two species of Heliconius (Nymphalidae: Heliconiinae) in a

semi-deciduous forest in southeastern Brazil
Journal of the Lepidopterists’ Society (2005)

C.A. Deutsch et al.

Impacts of climate warming on terrestrial ectotherms across latitude
Proceedings of the National Academy of Sciences of the United States of America (2008)

P.J. DeVries

The butterflies of Costa Rica and their natural history. Vol 1. Papilionidae, Pieridae,

and Nymphalidae
(1987)

P.J. DeVries et al.

Estimating species diversity in a guild of Neotropical skippers (Lepidoptera:

Hesperiidae) with artificial lures is a sampling problem
Insect Conservation and Diversity (2009)

There are more references available in the full text version of this article.

Cited by (239)

Enhancing scientific and community capacity to conserve Central African

Lepidoptera
2023, Biological Conservation

https://www.sciencedirect.com/science/article/pii/S0006320723000381


Show abstract

Threatened species could be more vulnerable to climate change in tropical

countries
2023, Science of the Total Environment

Citation Excerpt :

…Despite their apparent importance, insects are often neglected in studies on ecosystem function and

conservation assessments (Chowdhury et al., 2022a; Di Marco et al., 2017; Dunn, 2005; Geyle et al.,

2021; Samways, 2007; Taylor et al., 2018); however, butterflies, to some extent, are an exception

because the taxonomy, geographic distribution and status of many species are relatively well known

(Schultz et al., 2019; Schulze et al., 2004). Butterflies are good indicators of habitat quality as well as

general environmental health (Bonebrake et al., 2010; Dennis et al., 2003; Kunte et al., 2012), are

sensitive to disturbance and changes in their habitat, and can severely be affected by environmental

changes, including abiotic factors - such as temperature, light intensity, soil composition, radiation,

humidity, photoperiod, and changes in the forest structure (Aich et al., 2016; Whitworth et al., 2018;

Shahriar et al., 2020). Even minor changes in their habitat can lead to either migration or local

extinction (Bonebrake et al., 2014; Chowdhury et al., 2017; Thomas et al., 2006; Chowdhury et al.,

2021c,d).…

Show abstract

Temperature seasonality drives taxonomic and functional homogenization of

tropical butterflies
2024, Diversity and Distributions

Hoist the colours: silviculture impacts fruit-feeding butterfly assemblage

colouration in the Atlantic Forest
2024, Biodiversity and Conservation

The Diversity of Butterflies (Insecta Lepidoptera) and Floral Resources of District

Haridwar, Uttarakhand, India: A Systematic Checklist
2024, Biology Bulletin

Assessing the existence of pantropical butterflies: A review of accurate taxonomy,

biogeography and life history traits
2024, Ecological Entomology

https://www.sciencedirect.com/science/article/pii/S0048969722070899
https://doi.org/10.1111/ddi.13814
https://doi.org/10.1007/s10531-024-02854-5
https://doi.org/10.1134/S1062359023602112
https://doi.org/10.1111/een.13306


View all citing articles on Scopus

View full text

Copyright © 2010 Elsevier Ltd. All rights reserved.

All content on this site: Copyright © 2024 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI

training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-77954815397&md5=a94d8d6556c671beaadb51bdfbdf4735
https://www.sciencedirect.com/science/article/pii/S0006320710001904
https://www.elsevier.com/
https://www.relx.com/

