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Abstract
Between April 2011 and April 2012, the fireflies’ we conducted both a qualitative and a quantitative census of the fireflies at 4
sampling sites in Chihnan National Forest Recreation Area. Eighteen species belonging to 7 genera were found, including Luciola
cerata Olivier, L. kagiana Matsumura, L. satoi Jeng and Yang, L. anceyi Olivier, L. filiformis Olivier, Curtos sauteri (Olivier), C. impolitus
(Qlivier), C. mundulus (QOlivier), C. costipennis (Gorham), Diaphanes citrinus Olivier, D. formosus Olivier, Pyrocoelia formosana
(Olivier), P. sanguiniventer (Olivier, 1911), P. praetexta (Olivier), Pyrocoelia sp., Vesta impressicollis Fairmaire, Lamprigera yunnana
(Fairmaire) and Drilaster olivieri (Pic). The black-winged firefly, L. cerata was the most abundant species at all four sampling sites.
However, each month the dominant fireflies were of a different species. The marking-release-recapture method was used for
estimating the numbers of adult L. cerata in March and April 2012. The average numbers were 58.50 + 11.03 in March 2012 and
1012.38 + 49.56 in April 2012. The impact of weed control on the larvae of the firefly showed that the low level of weed control
activities had only a temporary impact upon the larvae of Pyrocoelia and Diphanes, and did not affect the larvae numbers.
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Table 1. The occurrence of adult (A) and larvae (L) fireflies from May 2011 to April 2012 in the Chihnan National

Forest Recreation Area and Laio River

Census time (Month-Year)

Science name Common name
Apr-11 May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12
Luciola cerata B A A L A A
Luciola kagiana PP A L A A
Luciola satoi U iy i
Luciola anceyi j]f:' £ A L A A
Luciola filiformis A A A A
Curtos sauter: Fx %i, TP A A
Curtos impolitus &[ﬁ?@@ﬁ' A A A A A A A
Curtos mundulus :F‘f[ ﬂﬁ@@ﬁ A A A
Curtos costipennis :F‘f[ Pt A A A A A A A
Diaphanes formosus RS | ﬁiﬁ L LA A L L L
Diaphanes citrinus BE L L LA LA
Pyrocoelia formosana N ﬁiﬁﬁ L L L L L L L L L
Pyrocoelia sanguiniventer %mﬁﬁ'
Pyrocoelia sp. %ﬁ@ﬁﬁ{j L L L
Pyrocoelia praetexta L |ii7"j’ L L L A A
Lamprigera yunnana Ey mﬁ' L L L L
Vesta impressicollis e Bl L
Drilaster olivieri R
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Table 2. The period that adult (A) and larvae (L) fireflies occurred between May 2011 and April 2012 at the Chihnan
census site

Census time

Species May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12

Luciola cerata A L
Luciola kagiana L
Luciola satoi

b e g
b g

Luciola anceyi L
Curtos impolitus
Curtos mundulus
Curtos costipennis

> > >

Curtos sauteri A
Diaphanes formosus L /A A L L L

Diaphanes citrinus L L/A  L/A

Pyrocoelia praetexta L L L A A

Pyrocoelia sp. L L

Pyrocoelia formosana L L L L L

Lamprigera yunnana L

Drilaster olivieri A

=

Pyrocoelia sp. P. formosana_ [ yunnana D. olivieri
D. formasus 0.75% p progi 03% '\ 0.11 0.11%
5.35% 6.63%

D. cifrinus

C. sauteri 5 880,

2.57%

C. costipgnnis
0.75%

C. mundulus
0.64%

C. impolitus
2.89%

B— tEE K aEEE

Fig. 1. The firefly fauna at the Chihnan census site.
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Table 3. The number of fireflies between May 2011 and April 2012 at the Chihnan census site

May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12
Luciola cerata adult 55 0 0 0 0 0 0 0 0 0 73 264

Luciola cerata larvae 0 0 0 0 0 0 0 36 0 0 0 0
Luciola kagiana larvae 0 0 0 0 0 0 0 25 0 0 0 0
Luciola kagiana adult 0 0 0 0 0 0 0 0 0 0 5 817
Luciola satoi adult 0 0 0 0 0 0 0 0 0 0 4 84
Luciola anceyi larvae 0 0 0 0 0 0 0 26 0 0 5 0
Luciola anceyi adult 0 0 0 0 0 0 0 0 0 0 0 12
Curtos impolitus adult 8 5 0 0 6 3 5 0 0 0 0 0
Curtos mundulus adult 6 0 0 0 0 0 0 0 0 0 0 0
Curtos costipennis adult 4 0 0 0 1 1 1 0 0 0 0 0
Curtos sauteri adult 0 0 0 0 0 0 0 0 0 0 0 24
Diaphanes formosus adult 0 7 1 0 0 0 0 0 0 0 0 0
Diaphanes formosus larvae 6 3 0 0 0 0 0 6 12 15 0 0
Diaphanes citrinus adult 0 0 0 3 3 0 0 0 0 0 0 0
Diaphanes citrinus larvae 0 3 0 21 25 0 0 0 0 0 0 0
Pyrocoelia praetexta adult 0 0 0 0 0 25 3 0 0 0 0 0
Pyrocoelia praetexta larvae 0 0 2 20 12 0 0 0 0 0 0 0
Pyrocoelia sp. larvae 0 0 0 6 1 0 0 0 0 0 0 0
Pyrocoelia formosana larvae 0 0 0 0 0 6 2 0 5 6 0 0
Lamprigera yunnana larvae 0 0 0 0 1 0 0 0 0 0 0 0
Drilaster olivieri adult 0 0 0 0 0 0 0 0 0 0 1 0

R 2011 5 B~2012 F 4 RER M & N aiEf R (A) & (L) HIRAM/
Table 4. The period that adult (A) and larvae (L) fireflies occurred between May 2011 and April 2012 at the
bird-observation trail census site

Census time (Month-Year)

Species May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12

Luciola filiformis A A A
Luciola cerata L A A
Curtos costipennis A

Curtos impolitus A A A

Curtos mundulus A

Curtos sauteri A
Diaphanes citrinus L

Diaphanes formosus A L L L
Pyrocoelia formosana L

Pyrocoelia praetexta L L A A

Lamprigera yunnana L

FUPEA S I~2 RS 3 (5) WL
~ 4 F| SRS - A ELETIH ST 5 R 11 A A
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L. yunnana
0.25%

C. mundulus
0.51%

C. impolitus

B= ESEMISEE KB o

C. costipennis
3.80% 0.51%

Fig. 2. The firefly fauna at the bird-observation and the Belvedere trail census site.
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Table 5. The number of fireflies between May 2011 and April 2012 at the bird-observation trail census site

May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12

Luciola filiformis adult 14 0 0 0 0 0 0 0 0 0 4 73
Luciola cerata adult 0 0 0 0 0 0 0 0 0 0 25 70
Luciola cerata larvae 0 0 0 0 0 0 0 30 0 0 0 0
Curtos costipennis adult 0 2 0 0 0 0 0 0 0 0 0 0
Curtos impolitus adult 0 8 0 0 0 4 3 0 0 0 0 0
Curtos mundulus adult 0 0 2 0 0 0 0 0 0 0 0 0
Curtos sauteri adult 0 0 0 0 0 0 0 0 0 0 0 27
Diaphanes citrinus adult 0 0 0 0 2 0 0 0 0 0 0 0
Diaphanes citrinus larvae 0 1 0 12 15 0 0 0 0 0 0 0
Diaphanes formosus adult 0 2 0 0 0 0 0 0 0 0 0 0
Diaphanes formosus larvae 0 0 0 0 0 0 0 9 8 9 0 0
Pyrocoelia formosana larvae 0 2 0 0 0 8 1 0 9 8 0 0
Pyrocoelia praetexta adult 0 0 0 0 0 11 16 0 0 0 0 0
Pyrocoelia praetexta larvae 0 0 0 9 10 0 0 0 0 0 0 0
Lamprigera yunnana larvae 0 0 1 0 0 0 0 0 0 0 0 0

RN 2011 F5F~2012 F 4 BHEHRSEEASEERAE (A H&E (L) HRAMB
Table 6. The period that adult (A) and larvae (L) fireflies occurred between May 2011 and April 2012 at the picnic trail
census site

Census time (Month-Year)

Species May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12

Luciola cerata A L A A
Luciola kagiana A A
Luciola satoi A
Curtos costipennis A

Curtos impolitus A A A A

Curtos mundulus A A

Curtos sautert A
Diaphanes citrinus L/A A

Diaphanes formosus

Pyrocoelia formosana /A A L L L

Pyrocoelia praetexta L L A A

Pyrocoelia sanguiniventer A
Lamprigera yunnana L L

Vesta impressicollis L
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Fig. 3. The firefly fauna at the picnic trail census site.
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Table 7. The number of fireflies between May 2011 and April 2012 at the picnic trail census site

May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12

Luciola cerata adult 20 0
Luciola cerata larvae

Luciola kagiana adult

Luciola satoi larvae

Curtos costipennis adult

Curtos impolitus adult

Curtos mundulus adult

Curtos sauteri adult

Diaphanes citrinus adult
Diaphanes citrinus adult
Diaphanes formosus adult
Diaphanes formosus adult
Pyrocoelia formosana larvae
Pyrocoelia praetexta adult
Pyrocoelia praetexta larvae
Pyrocoelia sanguiniventer adult
Lamprigera yunnana larvae
Vesta impressicollis larvae
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0 0 0 0 0 0 9 366
0 0 0 57 0 0 0
0 0 0 0 0 0 1 100
0 0 0 0 0 0 0 93
1 0 0 0 0 0 0 0
7 6 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 18
5 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 12 12 7 0 0
0 0 0 3 6 6 0 0
0 39 56 0 0 0 0 0
16 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
0 1 1 0 0 0 0 0
0 0 0 0 0 0 0 0
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Table 8. The period that adult (A) and larvae (L) fireflies occurred between May 2011 and April 2012 at the Laio river

census site

Census time (Month-Year)

Species

May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12

Luciola cerata A

Curtos mundulus A

Curtos sauteri

Diaphanes formosus A A
Diaphanes citrinus A
Pyrocoelia praetexta

L A A

A
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Fig. 4. The firefly fauna at the Laio River census site.
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Table 9. The number of fireflies between May 2011 and April 2012 at the Laio river census site

2011/5/25 2011/6/26 2011/7/13 2011/8/29 2011/9/24 2011/10/29 2011/11/4 2011/12/3 2012/1/12 2012/2/14 2012/3/30 2012/4/19

Luciola cerata 30(4) 0 0 0 0
Curtos mundulus 0 1(A) 0 0 0
Curtos sauteri 0 0 0 0 0
Diaphanes formosus 0 44 204 0 0
Diaphanes citrinus 0 0 0 240 24
Pyrocoelai praetexta 0 0 0 0 0

0 0 29(L) 0 0 6(A) 189(4)
0 0 0 0 0 0 0
0 0 0 0 0 0 6(A)
0 0 0 0 0 0 0
0 0 0 0 0 0 0
(4) 3(A) 0 0 0 0 0

=+ 2011 F5BZE2012F 4B » £B53% K &85 Shanon-Wiener index » Shanon-Wiener evenness index
Table 10. The Shannon-Wiener index and Shannon-Wiener everness index of fireflies between May 2011 and April

2012
Month (Month-Year) Shannon-Wiener index Shannon-Wiener evenness index
May 2011 1.54 0.79
June 2011 1.19 0.86
July 2011 0.88 0.8
Auguest 2011 1.14 0.64
September 2011 0.84 0.52
Octber 2011 0.84 0.52
November 2011 0.54 0.33
December 2011 1.06 0.66
January 2012 0.66 0.96
February 2012 0.66 0.96
March 2012 0.64 0.36
April 2012 1.16 0.6
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30
25
20
15

10

(EFA

C. impolitus
C. sauter!

C. mundults
C. costipennis

Chihnan

IKREBREHED B HE

C. impolitus

C. sauter!

C. mundults
C. costipennis

Picnic

Fig. 6. The number of Curtos fireflies at each census sites.

262 AEEHS=T_BHE=M

L. cerata

C. impolitus

L. satoi -

3
S
g
o

Picnic

C. mundults
C. costipennis

Bird-observation

L. cerata

Laio
River

F

C. sauter!
C. mundulus

Laio
River




140 -

120
100
80 -
60 -
40 -

0 - || | m W -
= g s &8 8 s s &8 8 s
> ] > ] > >
U b v o < v o U
it “ 2 it @ [ 2 it ) it
S g § ¥ E fFl % RP|oglw
= LE_ ] s LE_ R S s LE_ =
Q. o a Q. o = a Q. o Q.
Q = = Q = 5 = Q = Q

o, <8 o, ub-. <8 o,
al
Chihnan Picnic Bird- Laio
observation | River

Bt BEBRERENECHE -

Fig. 7. The number of Pyrocoelia fireflies at each census sites.

60
50 -
40 -
30 -
20 -
10 -
o ]
D. D. D. D. D. D. D. D.
formosus | citrinus |formosus| citrinus |formosus| citrinus |formosus| citrinus
Chihnan Picnic Bird-observation Laio River

BN\ EEEEBHRERENRIHE -

Fig. 8. The number of Diaphanes fireflies at each census sites.

PO F B 263



R+— 2012 & 3 E 4 B¥|H Bailey triple catch method {4 H BiP%& L sz Et S =
Table 11. The population numbers of adult Luciola cerata estimated by the Bailey triple catch method between
March and April 2012

Census time Luciola cerata adult numbers Recapture ratio (%)

2012/03/28-30
2012/04/19-21

58.50 = 11.03 32.05
1011.38 + 49.56 15.01

®1+Z KEER - RERERERLHZER KABRNBREE
Table 12. The larvae numbers of Pyrocoelia and Diaphanes in weed-controlled areas, in areas that were not weed
controlled, and in areas adjacent to a weed-controlled area

Census time

Treat July 2011 August 2011 September 2011
No weed control 5.00 = 0.32% 12.40 £ 0.51% 13.00 = 0.70%
Weed control 0.40 + 0.24° 8.60  0.40 13.40 = 0.68"
Area adjacent to a weed control area 5.00 + 0.32° 12.80 + 0.58" 13.40 + 0.81%

#+= 2011 F 11 BE2012 4 AivEE  BFEERSECRG - AHRERERERIAREBLETRBREN
B (BEhRRE BPREER/ER)
Table 13. The comparision of air temperature, relative humidity and canopy in Chihnan, picnic trail census sites and
Hualien city from November 2011 to April 2012 (The climate data of Hualien City was cited from the web of
the central weather bureau)

Chihnan Picnic trail The climate in Hualien City

Census time Average Average  Canopy Average Average  Canopy Average Average

(Month-Year) temperature (C)  relative temperature (C)  relative temperature (C)  relative

humidity (%) humidity (%) humidity (%)

Nov-11 21.8+0.54 983+0.69 80 22.5+0.98 84.7+059 T3 23.0 78
Dec-11 16.4+0.16 953+0.78 83 18.2+0.99 858+0.61 75 18.9 74
Jan-12 18.2+0.31 858+031 81 19.0 £ 1.04 97.0+061 72 17.8 76
Feb-12 15.9+0.17 923+0.66 81 16.4 £ 1.04 95.3+029 71 18.7 77
Mar-12 20.8+0.39 928+0.61 84 22.3 +0.96 91.0+048 74 20.8 75
Apr-12 21.7 £ 0.67 92.4 £0.54 84 22.3 +0.87 89.9 £ 0.47 75 22.8 76
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Table 14. A comparison of the firefly species between the reference and the survey

Gensus Recorded species

(Ho and Zhu, 2002; Jeng et al., 1999)

Species appeared

Drilaster Drilaster olivieri Drilaster olivieri
Drilaster purpureicollis
Dtilaster atricollis
Luciola Luciola filiformis Luciola filiformis
Luciola kagiana Luciola kagiana
Luciola cerata Luciola cerata
Luciola anceyi Luciola anceyi
Luciola satoi
Curots Curtos costipennis Curtos costipennis
Curtos mundulus Curtos mundulus
Curtos impolitus
Curtos sauteri
Pyrocoelia Pyrocoelia formosana Pyrocoelia formosana
Pyrocoelia praetexta Pyrocoelia praetexta
Pyrocoelia sanguiniventer Pyrocoelia sanguiniventer
Pyrocoelia prolongata Pyrocoelia sp.
Diaphanes Diaphanes citrinus Diaphanes citrinus
Diaphanes formosus Diaphanes formosus
Diaphanes nubilus
Lamprigera Lamprigera yunnana Lamprigera yunnana
Vesta Vesta impressicollis Vesta impressicollis
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The Survey of the Firefly Resources in Chihnan National Forest
Recreation Area and the Fireflies’ Resource Utilization

Chia-Hsiung Wu', Jen-Zon Ho? Ming-Lung Jeng®, and Ping-Shih Yang'*

! Department of Entomology, National Taiwan University, Taipei City, Taiwan
% Endemic Species Research Institute, COA, Nantou County, Taiwan
% National Museum of Natural Science, Taichung City, Taiwan

ABSTRACT

Between April 2011 and April 2012, the fireflies’ we conducted both a
qualitative and a quantitative census of the fireflies at 4 sampling sites in
Chihnan National Forest Recreation Area. Eighteen species belonging to 7
genera were found, including Luciola cerata Olivier, L. kagiana Matsumura, L.
satoi Jeng and Yang, L. anceyi Olivier, L. filiformis Olivier, Curtos sauteri
(Olivier), C. impolitus (Olivier), C. mundulus (Olivier), C. costipennis (Gorham),
Diaphanes citrinus Olivier, D. formosus Olivier, Pyrocoelia formosana (Olivier),
P. sanguiniventer (Olivier, 1911), P. praetexta (Olivier), Pyrocoelia sp., Vesta
impressicollis Fairmaire, Lamprigera yunnana (Fairmaire) and Drilaster
olivieri (Pic). The black-winged firefly, L. cerata was the most abundant species
at all four sampling sites. However, each month the dominant fireflies were of a
different species. The marking-release-recapture method was used for estimating
the numbers of adult L. cerata in March and April 2012. The average numbers
were 58.50 + 11.03 in March 2012 and 1012.38 *= 49.56 in April 2012. The
impact of weed control on the larvae of the firefly showed that the low level of
weed control activities had only a temporary impact upon the larvae of
Pyrocoelia and Diphanes, and did not affect the larvae numbers.

Key words: census of firefly resources, weed control disturbance, Lampyridae,
Chihnan national forest recreation area
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