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Design and construction of a firefly ecosystem turned to natural recurrence
of aquatic environment
(I: simulation using a closed type mini ecosystem)

Norio Abe' 4, Terumi Inagaki', Hidehiro Hoshiba?, Satoshi Hozumi®, and
Takehisa Ohira*

! Graduate School of Science and Engineering, Ibaraki University,

4-12-1 Naka-narusawa, Hitachi, Ibaraki, 316-8511 Japan

?Daito Bunka University Dai-Ichi High School,
3Satellite Venture Business Laboratory, Ibaraki University,

4-12-1 Naka-narusawa, Hitachi, Ibaraki, 316-8511 Japan

“[tabashi Firefly Breeding Facility, Itabashi, Tokyo, 175-0082 Japan

Abstract. This study describes the results of simulation using a closed type mini-ecosystem for
fireflies created to simulate the natural succession of the aquatic environment and the results of suc-
cessive reproduction for seven generations. The method of firefly breeding was originally derived
from research on the ecology of the firefly and the physical environment of its habitat. The method
is based on experimental results from rearing of hydrophytes and aquatic animals. More explicitly,
broad research was carried out to evaluate various environmental factors such as water, soil, tem-
peratures, atmospheric pressure, humidity and symbiotic organisms including bacteria and {ungi.
The ecosystem and the breeding method enable the continuous reproduction of fireflies in indoor

conditions.
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Reproductive stage

Figs 1. Annual cycle of firefly. The life cycle is divided into four stages: Egg stage (June); Larva
stage (from July to April); Pupa stage (May); Reproductive stage (June).
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Fig. 2. Ecologically-balanced aquarium (upper) and its scheme (lower). The aquarium is divided
as follows: oviposition part, dry part and water part. Details of layer of soils, i. e., the soil

composition is shown in Table 3.
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Table 1. Daily-water-examination items in an ecologically-balanced aquarium measured at 08:00 from 1993 to 2002
and their mean values. The values were determined [rom the data of the (ifth day every month for ten years.

Conditions in ecologically-balanced aquarium

LEnvironmental conditions

Water Ambient Relative
Month temperaturc  phi Solute substances (ml/l) temperature himidity
(°C) 0 (%)
Firefly Snail 0, CO; NHy* NHy* NHy* NHe#* GH  KH COD** Outdoor Room Outdoor Room

Jan. 116 20.1 80 106 72 <01 14 <0.1
Feb. 107 197 80 107 83 <01 3.1 <0.1
Mar. 107 203 80 106 83 <0.1 42 <0.
Apr. 133 213 80 103 80 <0.1 28 <0
May 156 217 80 98 84 <01 28 <0.I
Jun.” 168 218 7.9 95 83 <01 26 <0.
Jul. 172 221 79 94 84 <01 5.1 <0.1
Aug. 181 222 79 92 83 <01 38 <0.
Sep. 177 219 79 93 83 <01 38 <0.1
Oct. 179 225 79 94 179 <01 56 <0.1
Nov. 160 20.1 7.9 10.1 84 <0.1 40 <0.1
Dec. 134 201 79 105 8.1 <01 58 <0.

<0.1 62 68 <0.1 45 99 514 534
<0.1 64 7. <0.1 22 8.1 558 540
<0.1 59 74 <0.1 62 103 53.6 552
<0.1 56 74 <0.1 1.6 140 513 542
<0.1. 59 74 <0.1 177 174 603 764
<0.1 56 75 <0.1 220 181 57.1 728
<0.I 58 74 <0.1 257 199 714 8l.1
<01 57 76 <0.1 275 200 632 784
<0.1 62 7.7 <0.1 262 190 619 702
<0.1 56 7.8 <0.I 20.0 184 66.7 63.6
<0.1 63 75 <0.I 13.6 161 575 545
<0.l 63 7.1 <0.1 78 123 612 59.1

*Measured by Tetra Test kit.
**Measured by KYORITSU Pack Test.
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Table 2. Monthly-water-examination items measured in
an ecologically-balanced aquarium. Mean (n=5) val-
ues were determined from the result of five months,
i. e. Jan., Feb., May, Jun. and Sep., in 2002.

ltems Value Method (JIS-K-0101)
BOD (mg/l) <1.0 Diaphragm-clectrode
COD (mg/l) <1.0 Class-electrode

DO (mg/l) 10.6 Diaphragm-electrode
NO; (mg/l) <0.01*  lon chromatography
NO; (mg/) <0.01*  lon chromatography
NU; (mg/l) <0.01*  lon chromatography
NI (mg/l) <0.01*  Titrimetric analysis
GH (mg/l) 8.8 Titrimetric analysis
CaGH (mg/l) 102.2 Titrimetric analysis
SS (mg/l) <l1.0 Gravimetric analysis
pH 7.7 lon chromatography
Turbidity <1.0 Visual range

*round ofl numbers to the nearest zero point two.
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Table 3. Soil composition in an ecologically-balanced aquarium.

(I;I.lsy(flrl Soil composition (rate of mixture) “l(l:i:::)mb
I Fujisuna-sand+Akadamatsuchi-mud 100
2 Akadamatsuchi-mud+Kurotsuchi-mud (8: 2) 50
3 Fujisuna-sand+Akadamatsuchi-mud+Kiryu-sand (5: 3: 2) 50
4 Kurotsuchi-mud 30
5 Bincho-charcoal+Bone black (5: 5) 50
6 Bone black 50
7 Fujisuna-sand 30
8  Silica sund+Corallite sand (5: 5) 30
9  Gorota-stone 40
10 Nachi-stone+Silica sand (5: 5) 80
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Table 4. Typical organisms seen around the habitat of
fireflies.

Common name  Scietilic name

Animal
Fish *Cyprinodont Oryzias latipes latipes
Goby Rhinogobius flumineus
Bullhead Cottus pollux

Crustacean *Schrimp Paratya compressa
Water bag  Giant water bug Lethocerus sp.

*Stonelly Perla sp.
Dobsonfly Protohermes sp.
Diving beetle  Cybister sp.
Plant
Grass *Mugwort Artemisia sp.

*Cogograsses

*Sweet flag
Water plant Bladderwort

*Water cress
Moss *Hair moss

Torreya nucifera

Acorus gramineus
Utricularia sp.
Nasturtium officinale
Polytrichium juniperinum
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Table 5. Number of firefly larvae landed on the bank and
adult emerged in an ecologically-balanced aquarium
for seven years.

1993 1994 1995 1996 1997 1998 1999

Larvae landed 425 756 382 594 148 383 161

Adultemerged 258 569 97 227 75 219 107
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