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Abstract

The terrestrial firefly, Pyrocoelia analis Fabricius, is distributed at low elevations throughout Taiwan and occurs in a variety of
habitats. This study compared differences in environmental factors of firefly habitats under different management regimes, and
examined the influences of these environmental factors on fluctuations in its population. Four sampling sites in Pingtung County,
southern Taiwan, were selected for this study. From May 2004 to August 2005, field surveys took place monthly. The PU site, at
which no pesticides were used, is a weedy area on the roadside in a small village at Pingtung University of Science and Technology.
The WG site is a managed betel palm (Areca catechu L.) plantation with wetter soil and a high coverage of weeds. The DP site is a
managed betel palm plantation with a low coverage of weeds. The IT site is an abandoned betel palm plantation with drier soil and
a high coverage of weeds. The results showed that the average air temperatures and relative humidities generally exhibited no
significant differences among the sampling sites. The average firefly larval density (3.2 individuals (inds.)/m2) and male adults (7.4
counts/10 min) were highest at the PU site, followed by the WG site (1.7 inds./m2 and 6.2 counts/10 min, respectively). At these two
sites, the average soil water content, ground plant coverage and height, and prey density were also consistently higher. At the DP
site, where the vegetative cover was thinnest (28.1%), firefly larval density (0.5 inds./m2) and male adults (2.2 counts/10 min) were
significantly lower. At the IT site, where the soil water content was lowest (16.3%) but weed coverage was high (up to 85%), almost
no larvae were found. The pooled data from the four sampling sites showed that prey density was significantly higher at the
sampling points where firefly larvae were found than it was at sites where larvae were not found. Male adults occurred from
February to October, and larvae occurred from April to October. Prey were found throughout the entire year, but their density
levels were lower during winter. There were high positive correlations (r = 0.50~0.80) among male adult abundances, larval
densities, and prey densities at each sampling site. Air temperature and soil water content were also positively correlated with
firefly and prey densities (r = 0.21~0.82), indicating a consistent seasonal fluctuation pattern between firefly populations and these
environmental factors.
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Fig. 1. Fluctuation trends of average values of environmental factors: air temperature (A), relative humidity (B),

ground vegetation coverage (C), ground vegetation height (D), and soil water content (E) in habitats of
Pyrocoelia analis, from June 2004 to August 2005 monthly at four sampling sites in Pingtung County,
southern Taiwan. The PU site, without usage of pesticide, is a weedy area on the roadside in a small village
in Pingtung University of Science and Technology; the WG (Wu-gou) site is a managed betel palm plantation
with wetter soil and high coverage of weeds; the DP (Don-pen) site is a managed a betel palm plantation
with low coverage of weeds; the YT (Yi-tin) site is an abandoned betel palm plantation with drier soil and
high coverage of weeds.

Al R L R e 35



*— RFEBRABFNERSEERGEHEEREMRERF(F15(E + SE)LER
Comparisons of habitat environmental factors and population densities (mean + SE) of Pyrocoelia analis
among four sites in Pingtung Co., southern Taiwan

Table 1.

PU site!

WG site?

DP site”

YT site?

F-test

Temperature (°C)

Relative humidity (%)

Weed coverage (%)

Weed height (cm)

Soil water content (%)

Prey density (inds./m?)
Larval density (inds./m?
Male adults (counts/10 min)

24.8 + 3.1a (n”=14)
92.0 £ 6.0a (n=14)
93.2 + 12.5a (n=14)
449 + 12.4a (n=14)
25.7 1 10.9b (n=14)
11.7 + 6.1bc (n=14)
32+ 19a (n¥=8)
74 +2.8a (n%=11)

25.9 + 3.7a (n=15)
85.3 + 4.3b (n=15)
99.5 + 1.0a (n=15)
34.7 £ 6.1b (n=15)
46.2 + 5.2a (n=15)
17.0 £ 8.4b (n=15)
1.710.7b (=9

6.2 + 2.7ab (n=12)

26.0 + 3.1a (n=15
84.4 + 5.4b (n=15
28.1 £ 6.3¢ (n=15
9.1 123¢ (n=15
30.1 £ 3.0b (n=15)
30.1 + 16.5a (n=15)
0.5 + 0.4¢ (n=9)
221 0.7c (n=12)

= = &2 2

25.8 + 2.7a (n=15)
88.6 + 7.5ab (n=15)
85.0 + 13.9b (n=15)
441 + 9.6a (n=15)
16.3 + 8.3c (n=15)
9.1 £ 3.7c (n=15)
0.0 + 0.0c (n=9)
4.7+ 3.8b (n=12)

Fy 5= 047, p = 0.703
Fy 5= 495, p = 0.004
F; 5 = 166.66; p < 0.0001
F 55 = 58.60; p < 0.0001
F, 5= 42.34 ; p <0.0001
F; 5= 13.06; p <0.0001
Fy 5 = 18.32; p <0.0001
Fy ;5= 7.84; p = 0.0003

Different letters for the same variable between sites within a row indicate a significant difference by the LSD
multiple comparison (p < 0.05).
U The PU site, without usage of pesticide, is a weedy area on the roadside in a small village in Pingtung
University of Science and Technology; ? The Wu-gou site is a managed betel palm orchard with wetter soil and

high coverage of weeds;® The Don-pen site is a managed betel palm orchard with low coverage of weeds;

4)

The Yi-tin site is an abandoned betel palm orchard with drier soil and high coverage of weeds; ® Replicates:
the number of survey months (June 2004~Aug. 2005, but July 2004~Aug. 2005 at the PU site); ® The zero

values of data in sampling months were excluded from this analysis.
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Fig. 2. Fluctuation trends of average values of prey density (A), larvae density (B), and number of males counted in

10 min (C) of the firefly population, Pyrocoelia analis, from June 2004 to August 2005 monthly at four
sampling sites in Pingtung County, southern Taiwan. The four sites are described in the legend of Fig. 1.
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Table 2. Correlation coefficients between habitat environmental factors and population densities of Pyrocoelia analis
at four sites in Pingtung Co., southern Taiwan

PU site Larval density Male adults Weed height Weed coverage Prey density Temperature ~RH  Soil water content
Larval density 1.00
Male adults 0.70 1.00
Weed height -0.28 0.08 1.00
Weed coverage 0.16 0.15 0.02 1.00
Prey density 0.67 0.62 0.10 0.20 1.00
Temperature 0.57 0.72 -0.24 0.00 0.63 1.00

RH 0.26 -0.05 -0.01 0.10 0.51 -0.08 1.00
Soil water content 0.67 0.67 -0.27 -0.05 0.65 0.82 0.21 1.00

DP site Larval density Male adults Weed height Weed coverage Prey density Temperature RH  Soil water content

Larval density 1.00
Male adults 0.69 1.00
Weed height -0.25 -0.20 1.00
Weed coverage 0.83 0.70 -0.09 1.00
Prey density 0.58 0.75 -0.21 0.64 1.00
Temperature 0.56 0.81 047 0.63 0.82 1.00

RH 0.44 0.24 -0.20 0.25 0.06 0.25 1.00
Soil water content 0.36 0.42 -0.69 0.35 0.44 0.57 0.00 1.00

WG site Larval density Male adults ~Weed height Weed coverage Prey density Temperature ~RH  Soil water content

Larval density 1.00
Male adults 0.53 1.00
Weed height -0.42 -0.39 1.00
Weed coverage -0.29 -0.39 -0.14 1.00
Prey density 0.72 0.80 -0.31 -0.70 1.00
Temperature 0.79 0.63 -0.49 -0.45 0.79 1.00

RH 0.25 041 -0.23 -0.03 0.22 0.46 1.00
Soil water content 0.44 0.21 -0.46 -0.42 0.47 0.51 -0.12 1.00
YT site Larval density Male adults ~Weed height Weed coverage Prey density Temperature ~RH  Soil water content
Larval density 1.00
Male adults b 1.00
Weed height - 0.44 1.00
Weed coverage - 0.38 0.29 1.00
Prey density - 0.50 0.32 0.55 1.00
Temperature - 0.58 0.27 0.64 0.78 1.00

RH - 0.20 0.29 0.17 0.29 0.47 1.00
Soil water content - 0.62 0.19 0.75 0.68 0.89 0.39 1.00

Footnotes are the same as in Table 1.
Y No larva was found at this site.

0.68 (p = 0.005) ° FETR Py BRI B 5 [ TR EE < TUIR BRI - 5
3. &bl BRI 1Rz A S L AHBR T AT 3R E KA ZAHBRGREE /T AU 0.57 (p
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Habitat Environmental Factors and Population Fluctuations of
the Firefly, Pyrocoelia analis (Coleoptera: Lampyridae)

Wan-Chun Wu Institute of Wildlife Conservation, National Pingtung University of Science and Technology, Pingtung 912, Taiwan
Jen dJiun Perng* Institute of Life Science, National Taitung University, Taitung 950, Taiwan

ABSTRACT

The terrestrial firefly, Pyrocoelia analis Fabricius, is distributed at low
elevations throughout Taiwan and occurs in a variety of habitats. This study
compared differences in environmental factors of firefly habitats under
different management regimes, and examined the influences of these
environmental factors on fluctuations in its population. Four sampling sites
in Pingtung County, southern Taiwan, were selected for this study. From
May 2004 to August 2005, field surveys took place monthly. The PU site, at
which no pesticides were used, is a weedy area on the roadside in a small
village at Pingtung University of Science and Technology. The WG site is a
managed betel palm (Areca catechu L.) plantation with wetter soil and a high
coverage of weeds. The DP site is a managed betel palm plantation with a
low coverage of weeds. The IT site is an abandoned betel palm plantation
with drier soil and a high coverage of weeds. The results showed that the
average air temperatures and relative humidities generally exhibited no
significant differences among the sampling sites. The average firefly larval
density (3.2 individuals (inds.)/m? and male adults (7.4 counts/10 min) were
highest at the PU site, followed by the WG site (1.7 inds./m? and 6.2
counts/10 min, respectively). At these two sites, the average soil water
content, ground plant coverage and height, and prey density were also
consistently higher. At the DP site, where the vegetative cover was thinnest
(28.1%), firefly larval density (0.5 inds./m? and male adults (2.2 counts/10
min) were significantly lower. At the IT site, where the soil water content
was lowest (16.3%) but weed coverage was high (up to 85%), almost no larvae
were found. The pooled data from the four sampling sites showed that prey
density was significantly higher at the sampling points where firefly larvae
were found than it was at sites where larvae were not found. Male adults
occurred from February to October, and larvae occurred from April to
October. Prey were found throughout the entire year, but their density levels
were lower during winter. There were high positive correlations (r =
0.50~0.80) among male adult abundances, larval densities, and prey densities
at each sampling site. Air temperature and soil water content were also
positively correlated with firefly and prey densities (r = 0.21~0.82), indicating
a consistent seasonal fluctuation pattern between firefly populations and
these environmental factors.

Key words: Pyrocoelia analis, population fluctuation, betel palm orchard,
larval habitat, environmental factor
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