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Fractal analysis to assess how the adult male of the firefly, Luciola lateralis,

draw flying locus

SHIBUE K.*, OHBA N.** and FUJII E.#+

\

The purpose of this study is to clarify how the adult male of the firefly, Luciola lateralis change
flying locus by difference in habitats using fractal analysis. This research was conducted in
abandoned paddy field located at Nobi region, Yokosuka City, Kanagawa Prefecture and in paddy
field located at Ohara, Chiba prefecture. We distinguished the existence of two habitats at Nobi. In
brief, TYPE 1 is characterized by having light and wide habitats while TYPE 2 has dark and narrow
habitats. It was found that L. lateralis changes direction and locus of flying at the beginning, middle
and end of flashing time.

In TYPE 1 of abandoned paddy field they flew at 1.3-20m above ground. In TYPE 2 of
abandoned paddy field they flew at 30-150cm. In the paddy field they flew at 50-300cm. Fractal
analysis of flying locus patterns revealed that those of paddy field and TYPE 2 of the abandoned
paddy field had significantly more tortuous patterns than those of TYPE 1. In paddy field they flew
up to 2 times faster than those in TYPE 2. In TYPE 1 they flew up to 10 times faster than those in
TYPE 2 and 2 times faster than those in paddy field.

Significant differences in the flying locus patterns indicate that L. lateralis may be interacting
with different habitats. And fractal analysis can be used to identify the perceptive resolution of flying
locus and mate-seeking behavior in different habitats. It is important that we found flying male could
find flashing female easily. The insect must be grateful to regular planting of rice and management
of ridge because L. lateralis have close relation to local agricultural system composing paddy field.
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Fig. 1 Locations of areas used in this study where

Luciola lateralis habitat.
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Fig. 2 Sections on two habitat TYPEs of Luciola
lateralis at abandoned paddy field in Nobi
district, Yokosuka City.

Two different geographical features are re-
vealed. (SHIBUE et al., 1995; SHIBUE and
FUJII, 1995)

(a) Light intensity on the irrigation canal of
TYPE 1 is lighter than TYPE 2.

(b) Light intensity on the abandoned paddy
field of TYPE 1 is darker than TYPE 2.
(¢)The width of TYPE 1 is narrower than
TYPE 2.

(dyT'he height from the surface of the
stream to the river bank line of TYPE 1 is
higher than TYPE 2.

(e)Soil moisture on the abandoned paddy
ficld of TYPE 1 is drier than TYPE 2.
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Habitats of Luciola lateralis

1. TYPE 1 at Nobi showing abandoned
paddy field with light and wide character-
istics,

2. TYPE 2 at Nobi showing abandoned
paddy field with light and narrow charac-
Leristics,

3. Paddy field of Ohara.
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time steps 1..n

801 mean siep length = &

mean turning angle ( 8)=arctan (sin0 / cos O )
mean vector length (1) =sin 82+ cos 87 )

fractal dimension ( D) obwined by L(§ )=k & -0
L = flying locus length, & = length scale, k = constant

Fig. 4

Hlustration of flying locus parameters used
in this study. Each time step is 1 second.
Mean step length is the mean of distances
flown between 1 second time steps. Mean
turning angle is the trigonometric mean of
angles formed by the changes in direction
between time steps. Mean vector length is a
unit vector measure of the dispersion of
turning angles. The fractal dimension of the
flying locus is determined by measuring the
length of the path using a range of length

scales.
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Fig. 5 Representative flying locus of individual
Luciola lateralis to indicate the range of
flying locus patterns observed in TYPE 1 at
Nobi when L. lateralis flies above ground
flashing the blink in the night.: 1. Flying

locus patterns observed at the beginning of

flashing, 2. Flying locus patterns observed at
the middle of flashing, 3. Flying locus pat-
terns observed at the end of flashing. Flying

locus shown are 30 time steps (@) of Is. O

shows observation starts. They olten stop-

ped flashing or was out of sight (20x20 m

plot).

Table 1 Flying locus parameters for observed
Luciola lateralis in TYPE 1 of Nobi
according to time.

MSI. MTA D FD
beginning 67.8 1005 1.184 vertical
middle 1179 244 1.009 horizon
end 274 47.1 1.184 vertical

MSL=mean step length (cm), MTA=mean turning
angle (degree), D=fractal demension, FD=flying
direction
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Fig. 6 Calculation of the fractal dimension (D) for

flying locus patterns from representative in-
dividuals of Luciola lateralis observed in
TYPE 2 at Nobi when L. lateralis flies above
ground flashing the blink in the night.: 1.
Flying locus patterns observed at the begin-
ning of flashing (x), 2. Flying locus patterns
observed at the middle of flashing (w), 3.
Flying locus patterns observed at the end of
flashing (a).
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Fig. 7 Representative flying locus of the mate-

seeking malces to indicate the range of flying
locus patterns. : 1. Flying locus patterns ob-
served in TYPE 1 of Nobi, 2. Flying locus
patterns observed in TYPE 2 of Nobi, 3.
Flying locus patterns observed in Ohara.
Flying locus shown are 30 time steps (@) of
Is. oshows observation start. They often
stopped flashing or was out of sight (20x20
m plot).

Table 2 Field vegetation, flying height and flying pa-
rameters for observed locus of the mate-
seeking male according to habitat TYPE.

MSL MTA D FH FV

TYPEL 3062 30 1018
1562 62 1.002

1799 49 1005

TYPE 2 234 308 1.14]
29 342 1.086
314 375 1133

Paddy field 82 473 1.158
771399 1.055
804 402 1.11

1.5m-20m reed, miscanthus

30cm-150cm —

0.5m-3m rice

MSL=mean step length (cm), MTA=mean turning
angle (degree), D= fractal demension, FH= flying
height, FV=field vegetation.
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TYPE2 : D=1.133
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Fig. 8 Rep\resemative flying locus of the mate-
seeking male to indicate the range of flying
locus patterns.: 1. Flying locus patterns
observed in TYPE 1 of Nobi, 2. Flying locus
patterns observed in TYPE 2 of Nobi, 3.
Flying locus patterns observed in Ohara.: 1.
Flying locus patterns observed in TYPEI of
Nobi(mxo), 2. Flying locus patterns ob-
served in TYPE 2 of Nobi(0a0), 3. Flying
locus patterns observed in Ohara (2 ¢0).
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