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Research paper

The Influence of Plantation Growth
on the Butterfly Community Structure

Wenbe Hwang,”  Yi-Ju Yang,” Chao-Nien Koh™”

[ Summary ]

Based on an increase in productivity and an increase in diversity in the successional
process after reforestation, it was proven that the community structure of herbivores
would also change. This research represents an investigation of the community structure
of butterflies in the Danongdafu Flatplain Forest Park in Hualien County in 2009, 2012,
and 2019 to understand the influence of plantation succession and plant species richness
on butterfly species richness, abundance, and diversity. In the 3-yr survey of 44 plots,
2364 total individuals of 101 species in 5 butterfly families were observed, among which
the Nymphalidae, Lycaenidae, and Pieridae were more abundant. The seasonally domi-
nant species were Jamides celeno celeno, Neptis hylas luculenta, Ypthima baldus zodina,
and Pieris rapae crucivora. Since this area was reforested in 2002, the species richness
and abundance of butterflies have continued to increase after 7, 10, and 17 years, but the
diversity showed only slight seasonal fluctuations. Butterfly abundances were affected
by the species richness of plantation tree species, but the butterfly species richness was
less affected. Butterfly species richness and abundance were both affected by the species
richness of ground cover plants of the forest. A significant positive relationship was also
found between the species richness of ground cover plants and that of plantation tree spe-
cies. These results showed that the species richness of plantation tree species may have
less influence on the butterfly species richness than the species richness of ground cover
plants. Comparing a monoculture plantation with a multi-species mixed tree plantation,
the latter increased the associated plant species richness, and also increased the butterfly
species richness.

Key words: plantation, butterfly, dominant species, community structure, succession.
Hwang WB, Yang YJ, Koh CN. 2020. The influence of plantation growth on the butterfly commu-
nity structure. Taiwan J For Sci 35(3):217-38.
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Fig. 1. Map of butterfly survey sites and transects in Danongdafu Flatland Forest Park,

Guangfu Township, Hualien County.
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Fig. 2. (a) Species richness and (b) abundance of butterflies surveyed in 4 seasons of 2009,
2012, and 2019 in Danongdafu Flatland Forest Park, Hualien County (except for spring

2009).
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Fig. 3. (a) Shannon-Wiener diversity index (H’) and (b) species evenness of butterflies
surveyed in 4 seasons of 2009, 2012, and 2019 in Danongdafu Flatland Forest Park, Hualien

County (except for spring 2009).
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Fig. 4. (a) Abundances and (b) relative abundances of butterflies in S families observed in
2009, 2012, and 2019 in Danongdafu Flatland Forest Park, Hualien County.
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Table 1. Results of a correlation analysis among species richness and abundance of

butterflies in study plots in Danongdafu Flatland Forest Park, Hualien County in 2019 and
the plantation species richness, woody plant species richness, ground cover plant species
richness, and total plant species richness in 2020 (n = 44)

Butterfly species richness Butterfly abundance
Spearman test p rho p rtho
Plantation species richness 0.185 0.204 0.020 0.350
Woody plant species richness 0.067 0.279 0.061 0.285
Ground cover plant species richness 0.000 0.528 0.000 0.607

Total plant species richness 0.001 0.490 0.000 0.550
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Fig. 5. Distributions and trends of the number of ground cover plant species along the
number of plantation species in Danongdafu Flatland Forest Park, Hualien County in 2020
(n =44, data in some plots were the same, so some points overlap in the figure).
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Appendix 1. Ground cover plant species surveyed in the Danongdafu Flatland Forest Park
of Hualien County in 2020. The Chinese names and scientific names are ordered based on
Huang (1993-2003)

Family Species
Cyatheaceae Cyathea lepifera (J. Sm. ex Hook.) Copel. (ZEfEif5)
Oleandraceae Nephrolepis auriculata (L.) Trimen (B&)
Equisetaceae Equisetum ramosissimum Desf. (R)
Schizaeaceae Lygodium japonicum (Thunb.) Sw. (JE<7)
Pteridaceae Pteris sp. (EVEFRE)
Pteridaceae Pteris vittata L. (52 EEHR)
Amaranthaceae Achyranthes aspera var. rubrofusca Hook. f. (Z1E-1§)
Compositae Ageratum houstonianum Mill. ((E{CEET#I))
Compositae Artemisia capillaris Thunb. (FRIBRE)
Compositae Bidens alba var: radiata (Sch. Bip.) R.E. Ballard ex Melchert (K AEJE 5L
Compositae Chromolaena odorata (L.) RM. King & H. Rob. (FEER)
Compositae Crassocephalum crepidioides (Benth.) S. Moore (FHF1EE)
Compositae Mikania micrantha (/)M EEEERE)
Compositae Wedelia trilobata (L.) Hitchc. (FS2lZ I %S)
Caryophyllaceae Drymaria diandra Blume (%75 5%)
Convolvulaceae Ipomoea wrightii A. Gray (BiEE/ N
Leguminosae Cajanus cajan (L.) Huth (K5)
Leguminosae Chamaecrista mimosoides (L.) Greene (& Z25%)
Leguminosae Crotalaria pallida var. obovata (G. Don) Polhill (5557 5 5)
Leguminosae Desmodium sequax Wall. (JZZE i)
Leguminosae Lespedeza cuneata (Dum. Cours.) G. Don (5
Leguminosae Mimosa pudica L. (& Z555)
Leguminosae Pueraria montana (Lour.) Merr. ([L[%)
Malvaceae Sida rhombifolia L. (GFHAE)
Melastomataceae Melastoma candidum D. Don (¥4 FF)
Moraceae Humulus scandens (Lour.) Merr. (FEE)
Polygonaceae Polygonum chinense L. (‘K R RFEL)
Polygonaceae Polygonum perfoliatum L. (FTHER)
Ranunculaceae Clematis grata Wall. (Ff =25E)
Rosaceae Rubus sp. (R8T &)
Rosaceae Rubus croceacanthus H. Lév. (FZZEHI)
Rosaceae Rubus swinhoei Hance (8 FS&#71)
Rubiaceae Paederia foetida L. (FEERTEE)
Solanaceae Solanum americanum Mill. GEIRFEZE)
Solanaceae Solanum capsicoides All. (FI7h)
Urticaceae Boehmeria nivea var. tenacissima (Gaudich.) Miq. (F i)
Urticaceae Gonostegia hirta (Blume ex Hassk.) Miq. (f&K[H])
Vitaceae Ampelopsis brevipedunculata var. hancei (Planch.) Rehder (%G| g5 %)
Araceae Alocasia odora (Roxb.) K. Koch (45£55%)

Commelinaceae Commelina diffusa Burm. f. (TT173%)
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Commelinaceae Murdannia loriformis (Hassk.) R.S. Rao & Kammathy (4-#E5%)
Cyperaceae Kyllinga brevifolia Rottb. (RFEE7KII)

Cyperaceae Mariscus sumatrensis (Retz.) J. Raynal (F&1-1)

Gramineae Axonopus compressus (Sw.) P. Beauv. (HiIFE5L)

Gramineae Cynodon dactylon (L.) Pers. (FZFHR)

Gramineae Imperata cylindrica var. major (Nees) C.E. Hubb. (F13%)
Gramineae Miscanthus floridulus (Labill.) Warb. ex K. Schum. & Lauterb. (F715it%)
Gramineae Panicum maximum Jacq. (KZE)

Gramineae Paspalum conjugatum P.J. Bergius (f E5E)

Gramineae Pennisetum purpureum Schumach. (¥5)

Gramineae Rhynchelytrum repens (Willd.) C.E. Hubb. (F[FE5L)

Gramineae Saccharum spontaneum L. (FHHRT-5L)

Gramineae Zea mays L. (F2K)

Poaceae Poaceae sp. (RAE

Poaceae Saccharum sinense Roxb. et Jeswiet (H )

Zingiberaceae Alpinia zerumbet (Pers.) B.L. Burtt & R.M. Sm. (H#k)
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Appendix 2. Species and numbers of butterflies surveyed in the Danongdafu Flatland Forest
Park of Hualien County in 4 seasons of 2009, 2012, and 2019 (except for spring 2009). The
Chinese names and scientific names are ordered based on Hsu (2015).

Family Species 2009 2012 2019

Hesperiidae Badamia exclamationis (Fabricius, 1775) (FIAFEIEE) 0 5 0
Hesperiidae Borbo cinnara (Wallace, 1866) (RFFIE) 0 9 17
Hesperiidae Hasora chromus chromus (Cramer, 1782) (43455715 0 1 0
Hesperiidae Isoteinon lamprospilus formosanus Fruhstorfer, 1911 (H¥EFFIE) 0 1 2
Hesperiidae Parnara bada (Moore, 1878) (/MEFFIE:) 0 4 3

Hesperiidae Pelopidas agna (Moore, 1866) (RIAHEFEIEE) 1 0 1

Hesperiidae Pelopidas mathias oberthueri (Evans, 1937) (#57¢15) 1 3 0
Hesperiidae Polytremis lubricans kuyaniana (Matsumura, 1919) (EFFLFFIE) 0 1 0
Hesperiidae Potanthus conficius angustatus (Matsumura, 1910) (E=EEF7U5) 0 6 12
Hesperiidae Potanthus motzui Hsu, Li & Li, 1990 (32 T B FHIEE) 0 1 0
Hesperiidae Telicota bambusae horisha Evans, 1934 (TTHEPEFEIEE) 0 1 4
Hesperiidae Telicota ohara formosana Fruhstorfer, 1911 (E2FEPEFHIEE) 0 5 0
Papilionidae Byasa polyeuctes termessus (Fruhstorfer, 1908) (2% ZE5/E\ILE) 3 1 0
Papilionidae Graphium agamemnon agamemnon (Linnacus, 1758) GEPFHEULE) 0 1 2
Papilionidae Graphium cloanthus kuge (Fruhstorfer, 1931) (EL75 55 JEVEE) 1 0 0
Papilionidae Graphium doson postianus (Fruhstorfer, 1902) (/KEE & JEVL) 0 3 4
Papilionidae Graphium sarpedon connectens (Fruhstorfer, 1906) (75 BUI5E) 4 27 84
Papilionidae Pachliopta aristolochiae interposita (Fruhstorfer, 1901) (RLEREULE) 0 1 0
Papilionidae Papilio bianor thrasymedes Fruhstorfer, 1909 (Z2JEUEE) 0 2 1

Papilionidae Papilio castor formosanus Rothschild, 1896 (HEJEE FIAEUL) 1 0 0
Papilionidae Papilio demoleus demoleus Linnaeus, 1758 ({EJEVIEE) 1 3 1

Papilionidae Papilio hermosanus Rebel, 1906 (51 TR EAZ2EVEE) 2 1 0
Papilionidae Papilio memnon heronus Fruhstorfer, 1902 (A JEUIEE) 1 1 1

Papilionidae Papilio nephelus chaonulus Fruhstorfer, 1908 (A FH 3 EUE) 0 0 1

Papilionidae Papilio polytes polytes Linnaeus, 1758 (E7FEULE) 1 14 11
Papilionidae Papilio protenor protenor Cramer, 1775 (S[BUIGE) 1 3 8

Pieridae Appias albina semperi Moore, 1905 (S3F18) 0 0 2
Pieridae Appias Iyncida eleonora (Boisduval, 1836) (142 H i) 0 3 3

Pieridae Catopsilia pomona (Fabricius, 1775) (F&FE) 0 15 6
Pieridae Catopsilia pyranthe (Linnaeus, 1758) (HHEERIIEE) 1 10 9
Pieridae Eurema alitha esakii Shirdzu, 1953 (FSIHLETIEE) 7 0 0
Pieridae Eurema blanda arsakia (Fruhstorfer, 1910) (5= faEI5E) 0 2 7
Pieridae Eurema brigitta hainana (Moore, 1878) (&) 0 0 4
Pieridae Eurema hecabe hecabe (Linnaeus, 1758) (Z8) 45 7 24
Pieridae Eurema mandarina mandarina (de I’Orza, 1869) (JLEI5E) 0 37 0
Pieridae Hebomoia glaucippe formosana Fruhstorfer, 1908 (F&imfite) 6 0

Pieridae Leptosia nina niobe (Wallace, 1866) (FE ) 0 0

Pieridae Pieris canidia (Linnaeus, 1768) (f525 FFitE) 17 9

Pieridae Pieris rapae crucivora Boisduval, 1836 (FI i) 47 9 59
Lycaenidae Acytolepsis puspa myla (Fruhstorfer, 1909) (Fa5R K1) 0 3 5

Lycaenidae Catapaecilma major moltrechti (Wileman, 1908) (= JIKI) 0 0 1
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Lycaenidae Catochrysops panormus exiguus (Distant, 1886) (& HIZ IKULE) 18
Lycaenidae Celastrina lavendularis himilcon (Fruhstorfer, 1909) (HIZZ 5T IKIEE) 0
Lycaenidae Heliophorus ila matsumurae (Fruhstorfer, 1908) (%5 H JKIEE) 12
Lycaenidae Horaga onyx moltrechti Matsumura, 1919 ($& K1) 0
Lycaenidae Jamides alecto dromicus Fruhstorfer, 1910 (& & HER IS 10
Lycaenidae Jamides bochus formosanus Fruhstorfer, 1909 (FERZIKIGE) 80
Lycaenidae Jamides celeno celeno (Cramer; 1775) (FAHERIKIE) 308
Lycaenidae Lampides boeticus (Linnaeus, 1767) (I8 15 16
Lycaenidae Leptotes plinius (Fabricius, 1793) (FHIKIEE) 3 1
Lycaenidae Megisba malaya sikkima Moore, 1884 (22 52 JKIGE) 0 2
Lycaenidae Nacaduba kurava therasia Fruhstorfer, 1916 CREIFEZ XIE:) 0 1
Lycaenidae Prosotas dubiosa asbolodes Hsu & Yen, 2006 (FEHIK KU 2 0
Lycaenidae Prosotas nora formosana (Fruhstorfer, 1916) (JZIKH) 3 1
Lycaenidae Rapala varuna formosana Fruhstorfer, 1912 (g IK1E) 1 1
Lycaenidae Spindasis lohita formosana (Moore, 1877) (FEIKIE) 2 0
Lycaenidae Zizeeria maha okinawana (Matsumura, 1929) (B JK1E5) 6 5
Lycaenidae Zizina otis riukuensis (Matsumura, 1929) (J751/EE JKUEE) 9 5
Nymphalidae Acraea issoria formosana (Fruhstorfer, 1914) (222 t) 1 8
Nymphalidae Argyreus hyperbius hyperbius (Linnaeus, 1763) (ZEZJIGE) 2 0
Nymphalidae Athyma cama zoroastes (Butler, 1877) (HEft#F gilE) 0 1
Nymphalidae ~ Athyma perius perius (Linnaeus, 1758) (ZLERATIH0L) 5 13
Nymphalidae ~ Athyma selenophora laela (Fruhstorfer, 1908) (FEAUHTIBIGE) 1 0
Nymphalidae Cyrestis thyodamas formosana Fruhstorfer, 1898 (f&fRisite) 2 0
Nymphalidae Danaus chrysippus (Linnaeus, 1758) (£xBEit) 1 0
Nymphalidae Danaus genutia (Cramer, 1779) (FEEEIEE) 1 0
Nymphalidae ~ Elymnias hypermnestra hainana Moore, 1878 (BE#HENRILE) 1 1
Nymphalidae Euploea eunice hobsoni (Butler, 1877) ([BI¥£:BiHIEE) 13 4
Nymphalidae Euploea mulciber barsine Fruhstorfer, 1904 (ELAEEFTILE) 11 9 6
Nymphalidae ~ Euploea sylvester swinhoei Wallace & Moore, 1866 (EERELELTFILE) 7 2
Nymphalidae ~ Euploea tulliolus koxinga Fruhstorfer, 1908 (/NSEBHFIEE) 30 35
Nymphalidae ~ Hypolimnas bolina kezia (Butler, 1878) (%JI5itt) 28 23
Nymphalidae Ideopsis similis (Linnaeus, 1758) (J5EE1LE) 5 6
Nymphalidae ~ Junonia almana (Linnaeus, 1758) (ARG 45 38
Nymphalidae ~ Junonia lemonias aenaria Fruhstorfer, 1912 (ff ARG 1 0
Nymphalidae Junonia orithya orithya (Linnaeus, 1758) (FHRBIGE) 8 8
Nymphalidae Kaniska canace drilon (Fruhstorfer, 1908) (S E&lBait) 3 1
Nymphalidae ~ Lethe chandica ratnacri Fruhstorfer, 1908 (Hif SZHRIEE) 0 2
Nymphalidae ~ Melanitis leda leda (Linnaeus, 1758) (2RI 2 1
Nymphalidae Melanitis phedima polishana Fruhstorfer, 1908 (FRMEARILE) 0 6
Nymphalidae ~ Mycalesis francisca formosana Fruhstorfer, 1908 (JEHRIGE) 0 2
Nymphalidae ~ Mycalesis gotama nanda Fruhstorfer, 1908 (F&5/EHRIEE) 1 15
Nymphalidae Moycalesis perseus blasius (Fabricius, 1798) (HHBH/E HRIL) 5 23
Nymphalidae ~ Mycalesis zonata Matsumura, 1909 (Y3215 HRIEE) 0 29
Nymphalidae Neptis hylas luculenta Fruhstorfer, 1898 (5 ERIBult) 115 107
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Nymphalidae Parantica aglea maghaba (Fruhstorfer, 1909) (FEEF15) 1 6 4
Nymphalidae ~ Parantica sita niphonica (Moore, 1883) (KFEHEE) 0 6 1
Nymphalidae Parasarpa dudu jinamitra (Fruhstorfer, 1908) (& {kigait) 1 0 0
Nymphalidae Phalanta phalantha phalantha ( Drury, 1773) (FEB5) 0 1 0
Nymphalidae Polygonia c-aureum lunulata Esaki & Nakahara, 1924 (G#yBIGE) 2 5 22
Nymphalidae ~ Polyura narcaea meghaduta (Fruhstorfer, 1908) (#]NEEE2 igit) 0 0 2
Nymphalidae Symbrenthia lilaea lunica (Bascombe et al., 1999) (BRGS0 0 1
Nymphalidae Tirumala limniace limniace (Cramer, 1775) (GA&FCE PHIL) 0 5 2
Nymphalidae Tirumala septentrionis (Butler, 1874 ) (7[NS BEIGE) 0 0 1
Nymphalidae Vanessa cardui cardui (Linnaeus, 1758) (7|NEISeI5E) 7 0 0
Nymphalidae Vanessa indica indica (Herbst, 1794) (FHI5RILE) 1 2 1
Nymphalidae Ypthima baldus zodina Fruhstorfer, 1911 (/NEZHRIGE) 6 98 101
Nymphalidae ~ Ypthima esakii Shirdzu, 1960 (TLIRFEZHRILE) 2 0 0
Nymphalidae ~ Ypthima formosana Fruhstorfer, 1908 (£ 5 iizHE) 1 0 0
Nymphalidae Ypthima multistriata Butler, 1883 (ZEHUIHRIGE) 0 19 83
Nymphalidae Ypthima tappana Matsumura, 1909 GEFSIZHRILE) 0 0 1
Total 229 840 1295
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Appendix 3. Dominant butterfly species and their dominance levels in the Danongdafu Flatland Forest park, Hualien County in 4

seasons of 2009, 2012, and 2019 (except for spring 2009)

Spring

Level 2012 2019
Dominant Ypthima baldus zodina (/NFZARI) Ypthima baldus zodina (7|NEZHRIGE)
) Neptis hylas luculenta (RIS
Subdominant Lampides boeticus (I IKUE) Neptis hylas luculenta (G ERIEE)
(FHfEEY) Euploea tulliolus koxinga (/|NSEBFIEE) Graphium sarpedon connectens (75 JEVGE)

Polygonia c-aureum lunulata (&5 $HBEE)

Euploea tulliolus koxinga (/|NSEBFIEE)

Yothima multistriata (R HRIE)

Heliophorus ila matsumurae (%8 H JKI)

Jamides celeno celeno (FATERZIKIEE)

Eurema blanda arsakia (5&15505)

Summer
Level 2009 2012 2019
Eudominant Jamides celeno celeno (FTERZ IKIEE)
HEEh

Dominant Euploea mulciber barsine (FUERTIEE) Jamides celeno celeno (FATERZIKIEE) Graphium sarpedon connectens (55 JE\IGE)
(2] Graphium sarpedon connectens (5 JE\IGE) Junonia almana (HRIBALE)

Eurema mandarina mandarina ﬁ =t 9)
Subdominant Vanessa cardui cardui (7|NLIBRIEE) Lampides boeticus (5% KU Neptis hylas luculenta (5 ERBI5)
G ED) Polygonia c-aureum lunulata (5 $aRI5E) Neptis hylas luculenta (G ERIEE) Junonia almana (HRURIY)

Vanessa indica indica (RFIB0IEE)

Papilio memnon heronus (KJEVEE)
Papilio hermosanus (515 HEZ2 EGE)
Papilio polytes polytes (E7FEE)

Byasa polyeuctes termessus (2 ZXEFEIE)
Neptis hylas luculenta (5 ERIH0TE)
Papilio demoleus demoleus ({EJEVIE)

Hypolimnas bolina kezia (%)
Graphium sarpedon connectens (5 JEE)
Ypthima multistriata (IR
Papilio polytes polytes (L7 JEVIGE)

Ypthima multistriata (FRORHRIGE)
Euploea tulliolus koxinga (/NEBFE)
Hypolimnas bolina kezia (XJiI)
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Danaus chrysippus (G315
Papilio protenor protenor (BAJE\IEE)
Graphium cloanthus kuge (B35 JEVEE)
Hebomoia glaucippe formosana (F&Uf )
Athyma cama zoroastes (EEFIBIL)
Autumn
Level 2009 2012 2019
Dominant Eurema hecabe hecabe (E515%) Jamides celeno celeno (FATERZIKIEE) Jamides bochus formosanus (FEHIRIGE)
() Pieris rapae crucivora (FF7I5E) Neptis hylas luculenta (5 BR1IB0EE) Jamides celeno celeno (FHEWIRIE)
Neptis hylas luculenta (G ERF0ME) Ypthima baldus zodina (7|NEZHRIE) Ypthima multistriata (CESZARIGE)
Subdominant Eurema alitha esakii (I B0 Jamides bochus formosanus (FEIZIRIGE) Neptis hylas luculenta (5 ERIBRILE)
(FHfEEY) Euploea mulciber barsine (SLHUSETTIEE) Zizina otis riukuensis (§T51EE JRIGE) Ypthima baldus zodina (/NFZHRUE)
Vanessa cardui cardui (7|NLIBREE) Ypthima multistriata (GERRZHRIE) Mycalesis zonata (Y5 JEHRIGE)
Ideopsis similis (JEHEIEE) Eurema hecabe hecabe (&51)
Hebomoia glaucippe formosana (F&Ui ) Mycalesis gotama nanda (F&)E HRIGE)
Winter
Level 2009 2012 2019
Eudominant Ypthima baldus zodina (/|NEZHRIEE) Pieris rapae crucivora (FI 1)
(ELfEB%) Pieris canidia ($555 R
Dominant Pieris canidia (155 TR
(2D Pieris rapae crucivora (FAFEE)
Neptis hylas luculenta (G ERIEE)
Eurema hecabe hecabe (&)
Subdominant Ypthima baldus zodina (/NEZHRE) Ypthima baldus zodina (/NEZHRE)
(TS Ypthima esakii (TLIRFEHRIE) Jamides celeno celeno (FFERIKIGE)
Zizeeria maha okinawana (B5JKEE) Neptis hylas luculenta (G ERIRIEE)

Ypthima multistriata (FEFCHRIGE)
Moycalesis zonata (VAR HRIE)
Pieris canidia (f525 R




