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Design, installation, and evaluation of a simple biotope for use by dragonflies
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Abstract

Children in Japan are increasingly moving away from outdoor and natural play due to the decrease in the natural
environment caused by development, the spread of video games and television, the decrease in playmates due to
depopulation, and the increase in cram-school attendance. The trend away from outdoors and play in natural settings
is also increasing the withdrawal of children from science. Because experiences of nature in childhood promote
children’s multifaceted development and improve diverse abilities such as concentration, communication, and
motivation to learn, this withdrawal from outdoor play has been viewed as a problem in education. Against this
background, there have been attempts to incorporate outdoor and nature play into elementary-school classes, one of
which is the school biotope. School biotopes enable learning based on nature play, such as observing and collecting
living creatures, and are very effective for learning, both through increasing awareness and by deepening interest and
understanding. Among creatures that can be observed in a biotope with a pond, dragonflies provide excellent teaching
materials because they are familiar insects that appear in elementary-school science textbooks. However, it is difficult
to construct a biotope in an elementary school with limited space or budget. Therefore, this study developed a simple
biotope that can be used by a variety of dragonfly species, and evaluated its effectiveness as a teaching tool.

A simple biotope (approximatelyl.8 m x 1.5 m = 2.7 m’) consisting of riparian and sapling environments
was designed and installed in the schoolyard of Sakamoto Elementary School in Yamamoto, Miyagi Prefecture.
The installation took 12 students and one teacher about 2 hours. The riparian environment was created using two
rectangular containers (“Toro Boats”) made of soft and durable synthetic resin that contained Akadama (a red soil
of the Kanto Loam layer, which is the soil formed by fallen volcanic ash that spread over the Kanto Plain in Japan),
black soil (the surface layer of volcanic ash soil in the Kanto region, combined with humus accumulated from
decaying plants), silica sand (a quartz sand composed mainly of silicate, produced by the weathering of granite and
other rocks), and stones. Submerged and floating-leaved plants were planted in the containers before filling them with
water. The soil was spread to create a smooth slope inside the containers, and the depth of the water was varied. The
seedling environment consisted of konara (Quercus serrata) and sawtooth (Q. acutissima) oak saplings grown in plant
pots made from plastic bottles. We hoped that the sapling environment would serve as a hatching site for dragonfly
larvae; that the water plants would serve as spawning and hatching sites for dragonfly larvae; that the stones would
serve as a place for dragonfly larvae to live, hide, and hatch; and that the muddy soil and shallow water would serve
as a spawning site for dragonflies. Materials were purchased at a home-improvement center and via the Internet. The
materials for the riparian environment cost 44,084 yen.

Aquatic organisms directly observed in the riparian environment were Rhantus suturalis (adults), Sternolophus
rufipes (adults), Sympetrum striolatum (larvae), Anax parthenope (larvae), Coenagrionidae spp. (larvae), Sympetrum
danae (larvae), Gerridae spp. (adults), Culicidae spp. (larvae and pupae), Tipulidae spp. (larvae), Ephemeroptera
spp. (larvae), Chironomidae spp. (larvae), Dryophytes japonica (adult and young), Rana japonica (adult), and
Adrianichthyidae spp. (adult). Of these, four species were dragonflies. S. striolatum was first observed 3 months
after the riparian environment was installed, 4. parthenope and Coenagrionidae spp. 5 months later, and S. danae 9
months later. Coenagrionidae spp. was observed only once, while the other three species were present continuously
after the date of the first observation. The molted shell from a hatched S. striolatum larva was found on a planted
Schoenoplectus triqueter stem. The number of aquatic organism species increased over time; 7 species were observed
in the first year after the riparian environment was installed and 13 in the second year. Since the simple biotope
developed here was able to attract dragonflies, Dytiscidae, Hydrophilidae, and frogs, the biotope could be used as
material for environmental education.
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Table 1 Materials used and cost of the riparian environment of a simple biotope
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|Sagittaria trifolia (1 pot) %60 2| L9
7X¥FY (1Kv 1)
Sagittaria aginashi (1 pot) 850 2 Lo
TFEENER) THY LEVATZO—F (3KRY M) 2,390 1 2,390
Floating-leaved plants Nymphoides peltata, lemon-yellow flowers (3 pots) ’ i
7YY AH (3KRYB) 9,390 1l 2,390
Nymphoides peltata, sunset flowers (3 pots) ’ ’
AATH (3KRY 1)
Nymphoides indica (3 pots) 2,500 250
LY (3#) 2,440 1| 2,440

Trapa jeholensis (3 plants)

a4 084

Subtotal
AR AT L |BUkE A< — BUKTY RN RA < — 5. 980 1 5. 980 ESZ
Water supply |Watering timer Digital watering timer i ! CAINZ
system A=A A F—AL 30m
Hose Neo-hose L 30m 3,380 1| 3380
PEER SEEEF Iy 744
Joint Branch joint with stopcock 1,380 2 %760
INEE
> 5 Subtotal 12,120
L5 BENA BENA 2m a2y
Tover Single pipe Single pipe 2 m 1,280 12) 15,360 kougr1
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1484 DEfERY
One-piece type Two-comnected pieces type
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Figure 4 Plant pots made from square 2-liter
plastic bottles (left, one-piece type; right,
two-connected pieces type)
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Figure 5 Setting up the riparian environment of
the simple biotope
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£2 fEHEA N—TONDREIZGENKEEY) (BHREE - WELE - £
Table 2 Aquatic organisms (insects, amphibians, and fish) that visited the riparian environment of

the simple biotope

SYHERE =4 VRSB 20214 20224
Taxa Species Life history 2021 2022
stage 8H 98 0B 11A I2A 18 28 3B 4B 58 68 7HA 88 98 10B 11A 12A
Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
B [ 2=1"17] AR 5 _ _ _ _ 5 _ _ _
Insects Rhantus suturalis Adult
CAH LY Ak _ - _ 5 _
Sternolophus rufipes Adult
2LV IT A e 5 _ _ _ _ _ 5 5 _ 5 5 _
Sympetrum striolatum Larva
Fryvw bz —_— o S S S _
Anax parthenope Larva
ERPZ N o=z _ 5 _ _ _ _ _ _
Coenagrionidae spp.  Larva
DY T I A SR _ _ _ _ 5 _ 5 5 _ 5 5 _
Sympetrum danae Larva
7 4 RElspp. oz _ _ _ B 5 _ _ _
Gerridae spp. Adult
A1%kspp. S - i _ N N _ 0 - 10 N _
Culicidae spp. Larva/pupa
7377 v REkspp. SR _ _ _ _ - - - 5
Tipulidae spp. Larva
171 I Rlspp. S
Ephemeroptera spp. Larva 5 5 2 2 5
A HFtspp. projlzzd _ _ _ _ _ 5 _ _
Chironomidae spp. Larva
AR ZRYTIATIV Bk 5 5 5 _ _ _ _ 5 _ 5 5 _ 5 5 _
Amphibians Dryophytes japonica  Adult
AILES
Young 50 100
=RV T AT 2443 5 _ _ _ _ _ _ _
Rana japonica Adult
jo-t A & HE}spp. 12423 _ B _ _ _ _ _
Fish Adrianichthyidae spp. Adult S5 b 5 5 5 %0 0% 20

BUEIIBE I WK EEMOMEEERT, - RFE, 20 - OfFE, 5 I~5EHE, 10 - 6~10{E{, 20 : 11~20{E{, 50 : 21~50{E{&, 100 : 51~ 100{E A,

Numbers indicate number of aquatic organisms observed. -: not surveyed; blank: 0 individuals; 5: 1 to 5 individuals; 10: 6 to 10 individuals; 20:

11 to 20 individuals; 50: 21 to 50 individuals; 100: 51 to 100 individuals.

FECH o7z, TAGUERE 1 DSFRE SN T 5 3 »HEBD
20214E10HI22 A4V 2 7 1258, 5 A% D2021 12
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4 FIZ Ly 7 H 3D, ZNENPIDTHERE SN A b h
> R Elspp BEHESIN/-DIF 1 BIOATH o775, %
NSO 3 IO W T, #IBLEH DR D ki L4
BOER I N2, 20224 10HICIE, ¥V 7 T H 2 D4h
HASIUY U 7l B DS R R T2 0> 1 074 D2 TR
xhi- (X 8) , Z2h AN DBHIEAATHDE EAN
L TAY R Blspp.. HH v Aflspp.. 22V H Elspp.
21D e xT v aay Hftspp.At 2 B[O A7
T Yspp.2t 5 A0, FNEFNEE I LI
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Sternolophus rufives (Adult)

EX4 309 (RH)

Rhantus suturalis (Adult)

2UPUT ()

Anax parthenope (Larva)

FA)OTAR ($hHR)

Sympetrum striolatum (Larva)

A b UiElsp. G
Coenagrionicee spp. (Larva)

LYTHR SR
Smvetrun dage (Larva)

T A Elspp. (SR Fidson.  (8F)
Gerricee soo. (Larva) (ulicidee spp. (Pupa)

7 smo. (%)

Tipulidee spp. (Larva)

A5 0OTRIsp. (1)
Ephererontera spp. (Larva)

) FFdspp.
Chironamicee spp. (Larva)

M6 BHEAS—TOKIRETHRINLCER
b

Figure 6 Insects observed in the riparian
environment of the simple biotope
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ZIRUPRATIV (4R
Dnonlytes jaomica (Young)

ZIRUPRATIV (iR
Dnntytes jaomica (Adult)

TIRUTHATIV GBI A5 F8spp. (RRIA)
Raa jaomica (Adult) Mdrianichthyidee spp. (Adult)

M7 BsEAd~—TOKDRE CHERINIEmE

=Pzt

Figure 7 Amphibians and fish observed in the

riparian environment of the simple biotope

M8 MZEAS—TOKDREDT HD1DE
TEHRINZY A1) 0T ARDNEDERERR
Figure 8 Molting shell of a Sympetrum
striolatum larva observed on a Schoenoplectus
triqueter stem in the riparian environment of
the simple biotope
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Figure 9 Average, maximum, and minimum outside
air and water temperatures of the riparian
environment in the simple biotope
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