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ABSTRACT
Host specificity has been a major factor in generating the tremendous diversity of phytophagous
arthropods. Studies of adaptation to introduced or invasive plant species provide an opportunity to
investigate incipient evolutionary changes in host specificity. We investigated the cryptic ability of the Asian
tropical herbivorous ladybird beetle Henosepilachna diffinis to feed on the fabaceous weed "centro",
Centrosema molle, which was introduced to Southeast Asia about 200 years ago. In laboratory choice tests
using this plant and the normal host plant, Solanum torvum, adults preferred S. torvum to centro, but over
half the beetles tested ate leaves of both plants. Furthermore, most first-instar larvae accepted centro during a
rearing experiment, and a few of them grew to the third-instar stage, though none reached the final (fourth)
instar. Henosepilachna diffinis likely acquired this incomplete acceptability of centro without any direct host
-grazer interaction with centro, probably before this weed was introduced to Southeast Asia. Our results
further suggest that another Henosepilachna species, H. vigintioctopunctata, might similarly have already
acquired an incomplete ability to use centro when this beetle encountered it for the first time, and this
triggered a subsequent host-range expansion from solanaceous plants to include centro in various parts of
Southeast Asia.
Key words: adult feeding preference, Centrosema molle, Henosepilachna, host plant specificity, solanaceous hosts

INTRODUCTION
All phytophagous arthropods are more-or-less restricted in the plant species they utilise (e.g.,
Bernays & Chapman 1994). This host specificity is thought to have been a major factor in the
tremendous radiation of phytophagous arthropods (e.g. Janz et al. 2006, Futuyma & Agrawal 2009).
The adaptation of phytophagous arthropods to introduced or invasive plant species can provide an
opportunity to investigate incipient evolutionary changes in host specificity, and dozens of
empirical studies have dealt with host shifts or expansion by phytophagous arthropods to such
plants (e.g., Singer et al. 1993, Andow & Imura 1994, Feder 1998, Denno et al. 2008). For
example, the nymphalid butterfly Euphydryas editha (Boisduval) rapidly adapted to an exotic host
in North America; it began to utilise the Eurasian plant Plantago lanceolata L. (Plantaginaceae) at
Carson, Nevada (USA) in less than 100 years after the plant’s first arrival there (Singer et al. 2008).

39

Treubia 40: 39–46, December 2013

In this case, genetic variation in female butterfly oviposition preference and the ability of the larvae
to develop on the exotic host appear to have been present before the butterfly encountered the novel
host species (Singer et al. 2008).
The fabaceous weed centro Centrosema molle Benth. (formerly referred to as C. pubescens;
see Fantz 1996, Schultze-Kraft 2003) was introduced to Indonesia from South America in the 19th
Century as a source of green manure, and it has since spread to most Indonesian islands and to other
countries in Southeast Asia and Oceania (Teitzel & Chen 1992, N. Fujiyama et al. unpublished
data). The phytophagous ladybird beetle Henosepilachna vigintioctopunctata (Fabricius), a
voracious feeder on solanaceous crops and weeds, ranges from South and Southeast Asia to Oceania
(Richards 1983, Schaefer 1983, Katakura et al. 1988, 2001, Jadwiszczak & Węgrzynowics 2003).
In several parts of Southeast Asia, it occurs on centro in addition to its usual solanaceous hosts
(Nishida et al. 1997, Shirai & Katakura 2000). Schultze-Kraft & Clements (1990) noted that another
Solanum-feeding Henosepilachna species, H. indica (Mulsant), utilises centro in Malaysia, although
this record needs confirmation because it can be very difficult to identify Asian Henosepilachna
species by their external morphology. In any case, except for H. vigintioctopunctata and H. indica,
there is no record of Henosepilachna feeding on centro in the wild, and information is lacking on
whether other Asian Henosepilachna species can utilise centro. Here we report the cryptic, incipient
ability of a population of Henosepilachna diffinis (Eydoux be Souleyet) to use centro. This beetle
also uses solanaceous plants as major hosts and occasionally co-occurs with H. vigintioctopunctata.
MATERIALS AND METHODS
Henosepilachna diffinis is supposedly distributed in the Philippines, Borneo and Java
(Jadwiszczak & Węgrzynowics 2003), although we have not found this species in Java in our
intensive studies on epilachnine ladybird beetles. Adult beetles used in our study were collected on
Solanum sp. (Solanaceae) in early August 2007 at Taman Wisata Alam Bukit Bangkirai, East
Kalimantan, Indonesia (01º01'42"S, 116º52'01"E). All rearing experiments were carried out at the
Research Center for Biology, Cibinong, West Java. The rearing conditions were not controlled but
were relatively constant, approximately 30°C (ranging from 27 to 33°C), 54% RH (38 to 71%), and
12L:12D (because of the location near the equator). Host plant leaves used for experiments were
collected at Cibinong.
Feeding choice tests
Feeding choice tests using adult beetles were carried out to evaluate feeding preference for
centro relative to the solanaceous plant Solanum torvum Sw., one of the common hosts of
Henosepilachna beetles feeding on solanaceous plants in Indonesia (Kalshoven et al. 1981,
Katakura et al. 1988, 2001).
40
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Two pieces of leaves (each about 12 cm2), one from centro and one from S. torvum, were
placed in a transparent polystyrene container (5.5 × 6.0 × 2.0 cm), the bottom of which was lined
with moist filter paper. A beetle was released into the container and allowed to feed freely on leaves
for 24 hours. Each beetle was tested twice, on each of two successive days. Seven females and eight
males were examined.
After the test, the leaves were photocopied and scanned into a computer. The areas of leaves
consumed by each beetle were measured with the image processing software NIH Image, ver. 1.63
(National Institute of Health, Bethesda, MD, USA) and Photoshop CS4 Extended (Adobe Systems
Incorporated, San Jose, CA, USA). Because feeding scars by herbivorous ladybird beetles have an
unique lace-like appearance (cf. Howard 1941), the measurement of consumed area was possible
without a pre-measurement of area of leaves provided to respective beetles. Area consumed was
converted to wet weight (mg) to minimize possible bias due to differences in leaf thickness or water
content between the plant species.
The mean amounts consumed during per day were calculated for each beetle and host plant.
Differences in preference for the two plant species were analyzed separately for each sex by t-tests
for paired comparisons.
Rearing of larvae
Female beetles used in the feeding tests described above were checked daily for oviposition,
and egg masses were collected. Six egg masses produced by six different females were collected,
and four to 20 newly hatched larvae were obtained from each mass (85 larvae in total). The larvae
from each egg mass were divided equally into two groups, and each group was reared on leaves of
either centro or S. torvum; in total, 42 larvae were reared on centro and 43 on S. torvum. Larvae
were reared individually in transparent polystyrene containers identical to those used in the feeding
choice tests. Fresh leaves were provided ad libitum throughout the experiment. Individuals were
reared until they reached adulthood or died. Larvae were checked daily for survival and molting up
to the 4th (final) instar, pupation, and subsequent adult emergence. The feeding response of each
larva was also recorded, i.e., whether or not it fed on the leaves offered.
Differences in the feeding response to the two plants offered were analysed by logistic
regression analysis. Survival curves during larval development on the two plants were drawn with
the Kaplan-Meier method and compared by using the generalised Wilcoxon test. These analyses
were conducted using the statistical software JMP ver. 6.0 (SAS Institute Inc., Cary, NC, USA).
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RESULTS
Feeding choice tests
Adult beetles of both sexes significantly preferred S. torvum to centro (Fig. 1). All 15 beetles
ate S. torvum, and eight of them (six females and two males) also fed on centro. All beetles that ate
both plants consumed more S. torvum than centro (Fig. 1).

Figure 1. Amounts of Centrosema molle and Solanum torvum leaves consumed when offered simultaneously to Henosepilachna
diffinis adults. Symbols indicate whether C. molle was consumed, by males and females. The t-test for paired comparisons was used
to evaluate the preference for either plant, separately for each sex. Both males and females ate significantly more S. torvum than
centro.

Rearing of larvae
Approximately 80% of the first instar larvae fed on centro (Fig. 2), but only about 20% of
them survived to the second instar and none reached the pupal stage on centro (Fig. 3). By contrast,
mortality on S. torvum was very low throughout all developmental stages; nearly all first-instar
larvae ate S. torvum and approximately 90% of larvae survived to adulthood (Fig. 3). Significantly
fewer first-instar larvae ate centro than S. torvum (d.f.=1, χ2=5.107, P=0.024), and their survival
was significantly lower on centro compared with S. torvum (Fig. 3; d.f.=1, χ2=67.791, P<0.001).
DISCUSSION
Both the preference of adult beetles and larval developmental performance indicated that
centro is not suitable as a host for H. diffinis; adults never preferred centro to S. torvum, and no
larvae reached the pupal stage on centro. These results are consistent with our field experience that
H. diffinis has never been collected on centro. However, the results also indicated that H. diffinis
has a very low but detectable potential to utilise centro; more than half of H. diffinis adults ate small
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amounts of centro leaves even in the presence of the solanaceous host (Fig. 1); approximately 80%
of the hatched larvae showed a positive feeding response on centro (Fig. 2); and some larvae
survived to the 2nd or 3rd instar (Fig. 3). It is unknown whether the observed cryptic ability to use
centro is restricted to the local population we studied, or a more or less common across H. diffinis
populations. In any case, because H. diffinis does not leave offspring on centro and has not been
observed to occur on centro in the wild, the incipient ability of H. diffinis to utilise centro is not
known in nature. These results suggest that H. diffinis already had this ability before the
introduction of centro into Southeast Asia.

Figure 2. Frequency of Henosepilachna diffinis larvae showing a feeding response to Centrosema molle and Solanum torvum. The
difference between the treatments was tested by logistic regression analysis.

As

mentioned

earlier,

another

Solanum-feeding

Henosepilachna

species,

H.

vigintioctopunctata, now frequently utilises centro in various parts of Southeast Asia (Nishida et al.
1997, Shirai & Katakura 2000, Katakura et al. 2001, N. Fujiyama et al. unpublished). Previous
studies indicated that the ability of H. vigintioctopunctata to utilise centro has a genetic basis, and
populations from localities where centro is more frequently utilised usually have a higher ability to
feed and develop on centro (N. Fujiyama et al. unpublished). However, how H. vigintioctopunctata
achieved the ability to utilise centro remains unclear. Our present results suggest that H.
vigintioctopunctata might have already had a partial ability to use centro, similarly to H. diffinis,
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Figure 3. Survival of Henosepilachna diffinis on Centrosema molle and Solanum torvum across developmental stages.
The survival curves were drawn with the Kaplan-Meier method and compared by the generalised Wilcoxon test.

when this beetle species encountered centro for the first time, and that this triggered a subsequent
host-range expansion of H. vigintioctopunctata from solanaceous plants to include centro in various
parts of Southeast Asia. Since at least some ability to utilise centro seems shared by H.
vigintioctopunctata and H. diffinis (and H. indica as well, according to Schultze-Kraft & Clements
1990), this ability may have originated in the common ancestor of these species. Our results further
suggest that other Henosepilachna species may also be able to use centro. To understand the
adaptation of H. vigintioctopunctata to centro, further analyses of the feeding ability of various
Henosepilachna species would be fruitful, along with molecular a phylogenetic analysis of these
species (cf. Kobayashi et al. 1998, 2009).
ACKNOWLEDGEMENTS
We thank the Head of the Research Center for Biology and the Head of the Zoology
Division, RC Biology-LIPI, for supporting us to conduct this study in Indonesia. LIPI granted
research permit No. 6200/SU/KS/2007 and No. 6312/SU/KS/2007. Sarino and Giyanto (LIPI)
helped with laboratory work. M.H. Dick edited the manuscript. This study was funded partly by
Grants-in-Aid for Scientific Research (KAKENHI) from the Japan Society for the Promotion of
Science (JSPS) (Nos. 21770012 to NF; 18207005 and 23405012 to HK; 17405011 to M. Ôhara).

44

Kikuta et al.: Potential ability of the solanum-feeding ladybird beetle Henosepilachna diffinis…..

REFERENCES
Andow, D.A. & O. Imura 1994. Specialization of phytophagous arthropod communities on introduced
plants. Ecology 75: 296–300.
Bernays, E.A. & R.F. Chapman 1994. Host-Plant Selection by Phytophagous Insects. Chapman and Hall,
New York, 312 pp.
Denno, R.F., M.A. Peterson, M.R. Weaver & D.J. Hawthorne 2008. Life-history evolution in native and
introduced populations. In: Tilmon, K.J. (ed.), Specialization, Speciation, and Radiation: The
Evolutionary Biology of Herbivorous Insects. University of California Press, Berkeley, pp. 203–215.
Fantz, P.R. 1996. Taxonomic notes on the Centrosema pubescens Bentham complex in Central America
(Leguminosae: Phaseoleae: Clitoriinae). Sida, Contributions to Botany 17: 321–332.
Feder, J.L. 1998. The apple maggot fly, Rhagoletis pomonella: flies in the face of conventional wisdom
about speciation? In: Howard, D.J. & S.H. Berlocher (eds.), Endless Forms: Species and Speciation.
Oxford University Press, New York, pp. 130–144.
Futuyma, D.J. & A.A. Agrawal 2009. Macroevolution and the biological diversity of plants and herbivores.
Proceedings of the National Academy of Sciences of the United States of America 106: 18054–18061.
Jadwiszczak, A.S. & P. Węgrzynowicz 2003. World Catalogue of Coccinellidae. Part I - Epilachninae.
Mantis, Olsztyn, 264 pp.
Janz N., S. Nylin & N. Wahlberg 2006. Diversity begets diversity: host expansions and the diversification of
plant-feeding insects. BMC Evolutionary Biology 6: 4.
Kalshoven, L.G.E., P.A. van der Laan & G.H.L. Rothschild 1981. Pests of Crops in Indonesia. Van Hoeve,
Jakarta, 701 pp.
Katakura, H., I. Abbas, K. Nakamura & H. Sasaji 1988. Records of epilachnine crop pests (Coleoptera,
Coccinellidae) in Sumatera Barat, Sumatra, Indonesia. Kontyû, Tokyo 56: 281–297.
Katakura, H., S. Nakano, S. Kahono, I. Abbas & K. Nakamura 2001. Epilachnine ladybird beetles
(Coleoptera, Coccinellidae) of Sumatra and Java. Tropics 10: 325–352.
Kobayashi, N., K. Tamura, T. Aotsuka & H. Katakura 1998. Molecular phylogeny of twelve Asian species
of epilachnine ladybird beetles (Coleoptera, Coccinellidae) with notes on the direction of host shifts.
Zoological Science 15: 147–151.
Kobayashi, N., Y. Ohta, T. Katoh, S. Kahono, S. Hartini & H. Katakura 2009. Molecular phylogenetic
analysis of three groups of Asian epilachnine ladybird beetles recognized by the female internal
reproductive organs and modes of sperm transfer. Journal of Natural History 43: 1637–1649.
Nishida, T., L.E. Pudjiastuti, S. Nakano, I. Abbas, S. Kahono, K. Nakamura & H. Katakura 1997. The
eggplant beetle on a leguminous weed: Host race formation in progress? Tropics 7: 115–121.
Richards, A.M. 1983. The Epilachna vigintioctopunctata complex (Coleoptera: Coccinellidae). International
Journal of Entomology 25: 11–41.
Schaefer, P.W. 1983. Natural enemies and host plants of species in the Epilachninae (Coleoptera:
Coccinellidae) - A world list. Agricultural Experiment Station, University of Delaware, Bulletin 445:
1–42.
Schultze-Kraft, R. 2003. Centrosema pubescens se llama ahora Centrosema molle. Pasturas Tropicales 25:
54–55 (In Spanish).
Schultze-Kraft, R. & R.J. Clements. 1990. Centrosema: Biology, Agronomy, and Utilization. CIAT (Centro
Internacional de Agricultura Tropical), Cali, Colombia, 668pp.
Shirai, Y. & H. Katakura 2000. Adaptation to a new host plant, Centrosema pubescens (Fabales:
Leguminosae), by the phytophagous ladybird beetle, Epilachna vigintioctopunctata (Coleoptera:
Coccinellidae), in tropical Asia. Population Ecology 42: 129–134.

45

Treubia 40: 39–46, December 2013

Singer, M.C., C.D. Thomas & C. Parmesan 1993. Rapid human-induced evolution of insect–host
associations. Nature 366: 681–683.
Singer, M.C., B. Wee, S. Hawkins & M. Butcher 2008. Rapid natural and anthropogenic diet evolution: three
examples from checkerspot butterflies. In: Tilmon, K.J. (ed.), Specialization, Speciation, and
Radiation: The Evolutionary Biology of Herbivorous Insects. University of California Press, Berkeley,
pp.311–324.
Teitzel, J.K. & C.P. Chen 1992. Centrosema pubescens Benth. In: Mannetje, L. & R.M. Jones (eds.), Plant
Resources of South-East Asia No. 4. Forages. Prosea, Bogor, pp. 86–88.

46

INSTRUCTIONS FOR AUTHORS
TREUBIA is a peer-reviewed, scientific zoological journal with focus on biosystematic aspects of terrestrial
and aquatic fauna in the Indo-Australian region. TREUBIA is published yearly and accepts manuscripts
within the scope of the journal. It is accessible online at http: // e-journal.biologi.lipi.go.id/index.php/treubia.
The missions of TREUBIA are to: (1) promote sciences and disseminate information in animal systematics
and on the biodiversity of the region; (2) participate in the effort of educating public through good quality of
scientific media and available professional researchers; (3) establish linkages among zoologists particularly
in the field of systematics.
TREUBIA accepts manuscripts based on original research, taxonomic review or short communication. The
manuscript should not be offered for prior or simultaneous publication elsewhere. It must be written in
English and must use the British spelling. Manuscripts should be prepared double-spaced in Microsoft Word,
using Times New Roman font 12, A4 paper size. To facilitate the reviewing and editing processes, please
apply continuous line numbered option. An electronic file of the manuscript along with a formal cover
letter – indicating the importance, stating its originality and its approval by all co-authors – should submitted
to the editors of TREUBIA through email address: treubia@gmail.com or submitted directly to the editors at
Division of Zoology, Research Center for Biology – LIPI, Widyasatwaloka, Jl. Raya Jakarta Bogor Km. 46,
Cibinong, Bogor 16911, Indonesia.
Concise writing and omission of unessential material are recommended. All numbers under 10 and any
number forming the first word of a sentence must be spelled out, except in the Materials and Methods section
of taxonomic papers. Year should be completely written. Names of genera and species should be in italic
type. It is recommended to use metric measurements in abbreviation (e.g. kg, cm, ml). Please consult and
refer to a recent issue of TREUBIA for an acceptable format.
Manuscripts should be presented in the following order (Appendices can be added if necessary):
Title section. This includes the title of the paper (all capitalised), author’s full name, author’s
institution and address (all with first letters capitalised), and e-mail address of the corresponding author. The
title should be short, informative and without abbreviation.
Abstract. Except for short communications, articles should be accompanied by an abstract. The abstract consists of no more than 250 words in one paragraph which should clearly state the essence of the paper, with no references cited.
Key words. Following the abstract, list up to 5 key words, all typed in lowercase except a proper noun,
separated by commas, presented in alphabetical order.
Introduction. The introduction must briefly justify the research and give the objectives. References
related to the justification of the research should be cited in the introduction but extensive and elaborate
discussion of relevant literature should be addressed in the Discussion section. References are to be cited in
the text by the author’s surname and year of publication. When citing multiple sources, place them in
chronological order, e.g. (Somadikarta 1986, Calder 1996, Carpenter 2005). For two authors, both names
should be cited: e.g. (Ackery & Vane-Wright 1984). For three authors or more, only the first author is given
followed by et al., e.g. (Foster et al. 2002).

Materials and Methods. Provide a clear explanation of materials and methods used in the research.
The place of specimen depository must be mentioned here.
Results. The results can be presented in the form of tables and figures when appropriate. The text
should explain and elaborate the data presented. Captions of tables, figures, and plates should be inserted
where you want them to be inserted. All line drawings, photographs and other figures may be submitted in
JPEG format and the image size should be at least 1024 by 768 pixels.
Discussion. The discussion should interpret the results clearly and concisely, and should discuss the
findings in relation with previous publications.
Acknowledgements. Acknowledgements of grants, assistance and other matters can be written here in
one paragraph.
References. List of references should be in alphabetical order by the first or sole author’s surname.
Journal references should include author’s surname and initials, year of publication, title of the paper, full
title of the journal (typed in italic), volume number (typed in bold) and inclusive page numbers. Book
references should include author’s surname and initials, year of publication, title of the book (typed in italic)
or/and title of the chapter and editor (if part of a book), publisher, city of publication, and page numbers.
For example:
LaSalle, J. & M.E. Schauff 1994. Systematics of the tribe Euderomphalini (Hymenoptera: Eulophidae):
parasitoids of whiteflies (Homoptera: Aleyrodidae). Systematic Entomology 19: 235-258.
MacKinnon, J. & K. Phillips 1993. Field Guide to the Birds of Borneo, Sumatra, Java and Bali. Oxford
Unversity Press, Oxford, 491 pp.
Natural History Museum 2013. Wallace100 - celebrating Alfred Russel Wallace's life and legacy. [Online]
<http://www.nhm.ac.uk/nature-online/science-of-natural-history/wallace/index.html> [Accessed 11
October 2013].
Stork, N.E. 1994. Inventories of biodiversity: more than a question of numbers. In: Forey, P.L., C.J.
Humphries & R.I. Vane-Wright (eds.), Systematics and Conservation Evaluation. Clarendon Press (for
the Systematics Association), Oxford, pp. 81-100.
Upon receiving a manuscript, a Treubia editor will check the compliance with these instructions and will
send the manuscript to two reviewers. Based on comments from the reviewers and the suitability of the
manuscript, Treubia editors will decide the acceptance or rejection of the manuscript. The author will be
notified of the decision and will receive the manuscript with reviewers’ comments.
Following the process of reviewing and revising, a final proof will be sent to the first or sole author for
correction and approval. Five reprints are supplied free of charge but delivery cost will be charged. Joint
authors will have to divide these copies among them at their discretion. Additional reprints can be provided
at cost, the order should be placed before the final printing.

