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Abstract   A Copelatus parallelus female collected in Kyoto Prefecture laid at least 115 eggs during a 
period of 108 days. The developmental period for each stage was as follows: egg, within 7 days; 1st 
instar larva, 2–43 days; 2nd instar larva, 3–23 days; 3rd instar larva, 5–56 days; pupation after transi-
tion on the soil, 3–8 days; emergence from pupation, 4–6 days. Egg and larval stages were spent in the 
water. Then, after transition on the soil, each larva formed a pupal chamber in the soil. The 3rd instar 
larvae survived on land for up to 46 days, even when the soil was dry. The surface of pupae was cov-
HUHG�ZLWK�PDQ\�VHWDH��FDXVLQJ� LW� WR�ÀRDW�RQ� WKH�ZDWHU��1HZO\�HPHUJHG�DGXOWV� UHPDLQHG� LQ� WKH�SXSDO�
chambers for up to 68 days, and their bodies did not change color while they remained in the soil. 
:KHQ�ZDWHU�ZDV�SRXUHG�RYHU�WKH�VRLO��DGXOWV�HPDUJHG�IURP�WKH�SXSDO�FKDPEHUV�DQG�ÀRDWHG�RQ�WKH�ZD-
ter surface. The longer it took for an adult to escape from the pupal chamber, the longer it took for the 
body color to change. Based on these observations, we concluded that Copelatus parallelus has a spe-
cialized ecology for growth and life in unstable environments where the waters dry up periodically.
Key words: Copelatus parallelus, description, Dytiscidae, endangered species, larva, pupa, reproduc-
tive ecology.

Introduction

The dytiscid beetle Copelatus parallelus Zimmermann, 1920 (Fig. 1) is a small aquatic beetle 
(ca. 3.8–4.0 mm in body length) (mori & Kitayama, 2002). The species has been known as one of 
the rarest Dytiscidae species in Japan (mori & Kitayama, 2002), with only two records to date: the 
original description from Settsu (northern part of Osaka Prefecture and southeastern part of Hyôgo 
Prefecture) (Zimmermann, 1920) and a record of a female in Osaka Prefecture (ohKura, 1957). Saijo 
and ShiyaKe (2004) rediscovered the species in Shiga Prefecture, and muraKami (2012, 2013) and 
Watanabe and Kato (2017) reported additional observations in Kyoto and Shiga Prefectures. This 
species is probably endemic to the Yodo River (Yodo-gawa) system in central Japan, and is listed as 
“Critically Endangered” in the current national red data book of Japan (Ministry of the Environment 
of Japan, 2015). The ecology of this species is poorly known. Adults are found in areas of shallow wa-
ter less than 20 cm in depth (Saijo & ShiyaKe, 2004; muraKami, 2012, 2013). Their habitats are 
small water bodies that are unstable and easily dry out (Saijo & ShiyaKe, 2004; muraKami, 2012). At 
present, there is no information about its reproductive ecology or larval morphology. Elucidating the 
larval morphology of this species will contribute to the detection of new habitats. Moreover, although 
ex situ conservation of endangered species is conducted in Japan (e.g., Kitano & Watanabe, 2016),  
¿QGLQJV�RQ�HDFK�VSHFLHVૅ�HFRORJ\�DUH�RIWHQ�XQUHSRUWHG��Kitano & Watanabe, 2016).

It is essential to clarify the life history and reproductive environments of C. parallelus, since the 
information will contribute to enact the appropriate conservation measures, environmental mainte-
nance for conservation, and future ex situ conservation. It is urgently necessary to determine the im-
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pacts of such actions on C. parallelus habitats.
In this study, we attempted laboratory rearing of C. parallelus to reveal its reproductive ecology 

and morphology of immature stages. Additionally, we proposed a novel method for rearing C. paral-
lelus.

Materials and Methods

Adults and rearing methods.   7KH�¿UVW�DXWKRU�FROOHFWHG�WKUHH�C. parallelus adults (two males and 
RQH�IHPDOH��DW�8ML�JDZD��)XVKLPL�NX��.\RWR�&LW\��.\RWR�3UHIHFWXUH�LQ�FHQWUDO�-DSDQ�RQ�1RYHPEHU����
2016. These three individuals were brought to the rearing room of the Ishikawa Insect Museum 
�+DNXVDQ��,VKLNDZD�3UHIHFWXUH��RQ�1RYHPEHU����������7KH�UHDULQJ�URRP�ZDV�PDLQWDLQHG�DW����&�DQG�
lit up from 8:15 to 17:15 (Japan Standard Time: JST) during the daytime. We installed dead leaves 
from emergent Typha latifolia plants and Java moss (Hypnaceae) in a rearing container for adults (16 
× 27 × 20 cm) to provide sites for hiding and oviposition (Fig. 2). The third author collected a female 
DGXOW� DW� WKH� VDPH� ORFDWLRQ�RQ�1RYHPEHU�����������7KLV� LQGLYLGXDO�ZDV� UHDUHG�DW� WKH�/DERUDWRU\�RI�
)RUHVW�%LRORJ\��.\RWR�&LW\��.\RWR�3UHIHFWXUH��IURP�1RYHPEHU�����������WR�GHWHUPLQH�ZKHWKHU�WKLV�
IHPDOH�KDG�DOUHDG\�PDWHG��7KH�UHDULQJ�URRP�ZDV�PDLQWDLQHG�DW����&�DQG�OLW�XS�IURP�������WR�������
(JST). We installed dead leaves from emergent plants and Java moss in a rearing container for adults 
(10 cm in diameter, 4 cm in height). Quantities of chironomid larvae (live and frozen) were provided 
to adults as prey every two days. Both rearing experiments were terminated on March 31, 2017.

Recovery, recording, and rearing method for eggs and larvae.  Eggs and larvae found in the 
rearing container were checked every 1–3 days. We carefully checked crevices and surfaces of the 
substrate to detect eggs. Eggs obviously being delayed in recovering were also counted for the num-
ber of days without being excluded.

:KHQ�HJJV�DQG�ODUYDH�ZHUH�IRXQG��ZH�UHFRUGHG�WKH�GDWH�RI�FRQ¿UPDWLRQ�DQG�WKH�GHYHORSPHQWDO�
stage. The eggs and larvae obtained were reared individually in plastic cups (‘larval cups’; 8 cm in di-
DPHWHU����FP�LQ�KHLJKW��FD����PP�LQ�ZDWHU�GHSWK��FRQWDLQLQJ�-DYD�PRVV�DQG�PDLQWDLQHG�EHORZ����&��
The larvae were fed frozen chironomid larvae and fresh daphnia and chironomid larvae collected 
IURP�WKH�¿HOG�

We prepared plastic cups (‘pupation cups’; the same size as larval cups) with crushed and moist-
ened peat moss (1 cm in depth) for the pupation soil. We forcibly placed 3rd instar larvae, on the peat 
moss in the pupation cups if they did not eat prey items and walked without stopping for up to a day.

For each individual, dates of hatching, molting, transition on the soil, pupation and emergence 
were recorded in detail, as well as the environment in the larval and/or pupation cups.

1HZO\�HPHUJHG�DGXOWV�ZHUH�PDLQWDLQHG�LQGLYLGXDOO\�DQG�IHG�IUR]HQ�FKLURQRPLG�ODUYDH�LQ�WKH�ODU-
val cups; they were checked periodically until their body color matured. Maturity was judged by com-
paring the individual with the parental generation. The day on which the body color became the same 
as that of females in parental generation was regarded as the ‘coloring’ day.

Estimation of coloring conditions in new adults.  To investigate the conditions under which new 
DGXOWV�FKDQJHG�LQ�FRORU��ZH�XVHG�3HDUVRQ¶V�FRUUHODWLRQ�FRHI¿FLHQW��([FHO�VRIWZDUH��WR�H[DPLQH�WKH�UH-
lationship between the number of days from transition on the soil to entering the water (i.e., the num-
ber of days from emergence to the start of mature feeding) and the number of days from entering the 
water to becoming colored (i.e., the number of days from the start of mature feeding to becoming col-
ored).
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Observation of immature stages.   The external morphology of larvae was observed and photo-
JUDSKHG�XQGHU�D�VWHUHRVFRSLF�PLFURVFRSH��1LNRQ�60=��ZLWK�D�FKDUJH�FRXSOHG�GHYLFH��&&'��FDPHUD�
DQG�FRQWURO�XQLW��1LNRQ�'LJLWDO�6LJKW�'6�/����:H�SUHSDUHG��±��GLJLWDO�SKRWRJUDSKV�E\�IRFXV�VWDFNLQJ��
using the digital image processing software Adobe Photoshop CS4 for Macintosh. 

To examine external morphology, a 3rd instar larva was dried using a vacuum freeze-drying 
equipment and given an ultrathin gold coating by high-vacuum evaporation. Fine structures on the 
ERG\�VXUIDFH�ZHUH�SKRWRJUDSKHG�XQGHU�D�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��-(2/�-&0������1HR-
scope Scanning Electron).

Figs. 1–3. Copelatus parallelus (1 & 3) and its rearing container. — 1, A Copelatus parallelus adult from Kyoto 
Prefecture; 2, a rearing container for adults; 3, an egg laid on Java moss.
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Results: Description of Immature Stages and Reproductive Ecology

Copelatus parallelus Zimmermann, 1920 
(Figs. 4–6)

Material examined��$OO�VSHFLPHQV�ZHUH�UHDUHG�E\�WKH�¿UVW�DXWKRU��WKUHH�HJJV��WKUHH��VW�LQVWDU�ODU-
YDH��WZR��QG�LQVWDU�ODUYDH��IRXU��UG�LQVWDU�ODUYDH��DQG�WKUHH�SXSDH�¿[HG�LQ����% ethanol. The adults 
ZHUH�FROOHFWHG�LQ�WKH�¿HOG�LQ�8ML�JDZD��)XVKLPL�NX��.\RWR�&LW\��.\RWR�3UHIHFWXUH��+RQVKX��-DSDQ�����
XI.2016, K. Watanabe leg.

Egg��/HQJWK�FD������PP��JHQHUDO�VKDSH��RYDO��HQWLUHO\�FUHDP�FRORUHG�
First instar larva. Body length ca. 2.3 mm, entirely cream colored.
Second instar larva. Body length ca. 3.2 mm, entirely cream colored, with light colored patterns 

on thorax and abdominal segments.
Third instar larva. Body length ca. 6.0 mm in expanded specimen preserved in 70 % ethanol.
Body elongate, more or less robust, thorax slightly wider than head; entirely brown but partly 

brightly colored in thorax and abdomen.
Head subquadrate, length same as width. Surface of frons and vertex reticulate. Frontal margin of 

front clypeus gently rounded but both sides dentate. Posterolateral corner with spine-like setae. Maxil-
lary stipes robust. Antenna 4-segmented, last antennal segment with short sensorial appendage. Man-
GLEOH�VLPSOH��LQQHU�PDUJLQ�ZLWK�¿QH�VHUUDWLRQV�

Thorax. Prothorax with short keel and coarse spines on front–lateral area. Meso- and metathorax 
VKRUWHU�WKDQ�SURWKRUD[��/HJV�VOHQGHU��ZLWKRXW�VZLPPLQJ�VHWDH�

Abdomen 8-segmented, bearing coarse spines on dorsal and lateral surface; 7th and 8th segments 
ZLWKRXW�ODWHUDO�IULQJH�RI�VZLPPLQJ�VHWDH��/DVW�VHJPHQW�WULDQJXODU��XURJRPSKL�VKRUWHU�WR�VXEHTXDO�UHOD-
tive to length of the last segment.

Pupa. Body length ca. 3.6 mm, entirely cream colored, dorsum of thorax and abdomen with 
dense setae.

Remarks. The larva of the Copelatus is characterized by the unique form of body, such as dentate 
mandibles, legs without swimming setae and short urogomphi (epler, 2010), though the larvae of 
most species of the genus is still unknown. michat and torreS (2009) described an Argentine spe-
cies, C. longicornis Sharp including the chaetotaxy of 1st and 3rd instars. Five Copelatus species 
have been known from Japan, except for C. parallelus: C. weymarni balfour-broWne, C. oblitus 
Sharp, C. teranishii Kamiya, C. kammuriensis tamu et tSuKamoto and C. nakamurai GueorGuiev 
(tajima & yanaGida, 2010; hayaShi, 2015; mitamura et al.���������+RZHYHU��WKH�¿YH�VSHFLHV�KDYH�
not been described morphologically. The habitus of these species shows that the form of the head is 
LPSRUWDQW�IRU�WKHLU�LGHQWL¿FDWLRQ��)RU�H[DPSOH��WKH�RXWOLQH�RI�KHDG�LV�URXQGHG�LQ�C. oblitus but quad-
rate in the others (see mitamura et al., 2017). If examination including chaetotaxy is carried out, 
LGHQWL¿FDWLRQ�EDVHG�RQ�ODUYDH�PD\�EHFRPH�SRVVLEOH�IRU�Copelatus.

Reproductive ecology.   7KH��VW�LQVWDU�ODUYD�ZDV�REWDLQHG�RQ�1RYHPEHU��������GD\V�DIWHU�VWDUWLQJ�
adult rearing; an egg was found on the surface of Java moss in the water (Fig. 3). The female contin-
ued to lay eggs for 108 days until March 14, 2017, and in total 89 eggs and 26 larvae were obtained 
within the days. Eggs were laid singly on Java moss during this period. The eggs were covered with a 
YLVFRXV�VXEVWDQFH��HQDEOLQJ�WKHP�WR�DGKHUH�WR� WKH�VXUIDFH�RI�VXEVWUDWHV��1R�IHUWLOL]HG�HJJV�ZHUH�RE-
WDLQHG� IURP� WKH� IHPDOH� FROOHFWHG� RQ�1RYHPEHU� ���� ����� DQG� UHDUHG� DORQH��2QO\� WZR� LQIHUWLOH� HJJV�
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Fig. 4. Egg and larva. — A, A living egg; B–E, living larvae (B, 1st instar; C, 2nd instar; D, 3rd instar; E, fully 
grown 3rd instar); F–I, a 3rd instar larva. — F, Habitus; G & H, head and prothorax; I & J, last two segments 
of abdomen. — F, G & I, Dorsal view; H & J, ventral view. Scale bars:  1.0 mm.
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Fig. 5. Scanning electron microscope (SEM) photographs of a 3rd instar larva of Copelatus parallelus. — A & 
H, Head and prothorax; B–F, head (E, antenna; F, spine-like setae); G, prothorax.  — A, B, E & G, dorsal 
YLHZ��&��)�	�+��ODWHUDO�YLHZ��'��YHQWUDO�YLHZ��6FDOH�EDUV�����ȝP�IRU�)������ȝP�IRU�(�	�*������ȝP�IRU�$±'�	�
H.
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Fig. 6. SEM photographs of a 3rd instar larva of Copelatus parallelus. — A & C, Thorax and abdominal seg-
ments; B & D, abdominal segments; E–H, last segments. —�$��%�	�*��/DWHUDO�YLHZ��&±)��GRUVDO�YLHZ��+��
YHQWUDO�YLHZ��6FDOH�EDUV������ȝP�IRU�)������ȝP�IRU�DOO�RWKHUV�
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ZHUH�REWDLQHG�GXULQJ�WKH�����GD\V�EHWZHHQ�1RYHPEHU����������DQG�0DUFK�����������7KHVH�HJJV�GLHG�
from fungi four days after discovery.

Fig. 7 shows the number of days in each developmental stage from egg to emergence. Of the 89 
eggs, 82 eggs were fertile; the remaining seven eggs did not hatch. The unhatched eggs became moldy 
and died. The egg period was 0–7 days (mean 3.4 days, n = 82). As shown in Fig. 7, most eggs (ca. 70 %) 
hatched within 3–5 days. However, our most realistic estimate of the egg period is approximately sev-
en days, because we could not count eggs every day.

The larvae started eating from the day of hatching with living chironomid larvae and living Tubi-
¿FLQD�DV�SUH\��)LJ���$���+RZHYHU��WKH�ODUYDH�GLG�QRW�HDW�PXFK�OLYLQJ�GDSKQLD�DQG�IUR]HQ�FKLURQRPLG�
ODUYDH��7KH�ODUYDH�ZHUH�DEOH�WR�FDSWXUH�OLYLQJ�FKLURQRPLG�ODUYDH�DQG�OLYLQJ�7XEL¿FLQD�ZKHQ�WKH�SUH\�
size was within approximately three times the body length of the hatched larvae. When larvae encoun-
tered a larger prey, they did not engage their mandibles when preys moved aggressively. However, the 
ODUYDH�DWWDFNHG�SUH\V� UHSHDWHGO\�DQG�¿QDOO\� VXFFHHGHG� LQ� VXEGXLQJ� WKHP��$IWHU� WKH�VWDUW�RI� IHHGLQJ��
larvae stopped eating once they became satiety. They fed again on the same prey after several hours, 
repeating this process several times until the body color of the preys became transparent from their 
sucking. When frozen chironomid larvae were offered, the larvae frequently tried to eat, but many lar-
vae stopped eating after repeated attempts at predation.

The period of each developmental stages was as follows: 1st instar, 2–43 days (mean 6.7 days, n 
= 82); 2nd instar, 3–23 days (mean 7.0 days, n = 73); 3rd instar, 5–56 days (mean 14.2 days, n = 59). 
There was a large individual variation in the developmental period of each larval instar (Fig. 7). His-

Fig. 7. Histogram of each developmental stage from egg to emergence. 
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tograms of the developmental stages (Fig. 7) showed the highest frequency of developmental periods 
as follows: 1st instar, 4–5 days; 2nd instar, 4–5 days; 3rd instar, 6–14 days.

Only one case of molting from a 2nd to 3rd instar larva was observed (Fig. 8B). Molting started 
ZKHQ�WKH�ODUYD�ZDV�QRW�VHFXUHG�WR�WKH�SODQW�DQG�¿QLVKHG�DIWHU�DSSUR[LPDWHO\�RQH�PLQXWH��,PPHGLDWHO\�
after molting, the whole body color of the larva was white and transparent, and it moved around freely 
without feeding. When a prey approached, the larva walked away quickly and did not exhibit preda-
tion behavior. After several hours, when the body began to color, the larva started to feed.

After transition to land, the larvae dug into the soil and made a pupal chamber ca. 4 mm in diam-
eter and pupated at 3–8 days (mean 5.1 days, n = 16) (Fig. 8C). We observed several occasions when 
SXSDH�ÀRDWLQJ�WR�WKH�ZDWHU�VXUIDFH�ZKHQ�WKH�VRLO�ZDV�LPPHUVHG�LQ�ZDWHU��:H�UHFRUGHG�WZR�FDFHV�RI�
premature transition on the soil of 3rd instar larvae. These larvae were discovered in the soil as they 
were after days 9 and 46. They started feeding after being returned to larval cups.

Emergence was observed at 4–6 days (mean 4.8 days, n = 14) after pupation (Fig. 8D). Most 
QHZO\� HPHUJHG� DGXOWV� GLG� QRW� HPDUJHG� IURP� WKH� SXSDO� FKDPEHUV� E\� WKHPVHOYHV�� 1HZO\� HPHUJHG�
adults remained in the pupal chambers for 12–68 days (mean 35.4 days, n = 35), until we manually re-
moved them from the pupal chambers or the soil; during their stay in the soil, the body did not color. 
Of the 14 newly emerged adults whose pupal chambers could be observed from outside, two individu-
als escaped from the pupal chambers on days two and four after emergence, but remained in the soil. 
The remaining 12 individuals stayed in the pupal chambers until we poured water over the soil in the 
containers (Fig. 8E). There were 21 individuals that we could not observe within the pupal chambers 
DQG�WKDW�GLG�QRW�HVFDSH�IURP�WKH�VRLO��+RZHYHU��WKH\�ÀRDWHG�WR�WKH�ZDWHU�VXUIDFH�LPPHGLDWHO\�DIWHU�ZH�
SRXUHG�ZDWHU�RQWR�WKH�VRLO��)LJ���)���$OWKRXJK�WKH�ÀRDWLQJ�QHZ�DGXOWV�KDG�QRW�\HW�FKDQJHG�FRORU��WKHLU�
color changed 1–26 days (mean 4.8 days, n = 35) after entering the water. These adults began feeding 
from the day they escaped from the pupal chambers.

Fig. 9 shows the relationship between the number of days between transition on the soil and en-
tering the water (i.e., the number of days from emergence to the start of mature feeding) and the num-
ber of days from entering the water to becoming colored (i.e., the number of days from the start of 
mature feeding to becoming colored). The body color of one of the 35 new adults did not change until 
26 days after it entered the water. Therefore, the data for this individual were excluded from the analy-
VLV��$�VWDWLVWLFDOO\�VLJQL¿FDQW�FRUUHODWLRQ��U� ��������3����������ZDV�GHWHFWHG�EHWZHHQ�WKH�QXPEHU�RI�
days from transition on the soil to entering the water and the number of days from entering the water 
to becoming colored.

Discussion

Estimation of ovipositional season and the egg and larval periods.   After collecting adults from 
WKH�ULYHUEHG��LQ�VRLO�RU�VHGLPHQW��GXULQJ�ZLQWHU��WKH\�VWDUWHG�PDWLQJ�LQ�WKH�UHDULQJ�URRPV�DW����&��$V�D�
UHVXOW���VW�LQVWDU�ODUYDH�ZHUH�REWDLQHG�DIWHU����GD\V��7KH�HJJ�SHULRG�FRQ¿UPHG�LQ�WKLV�H[SHULPHQW�ZDV�
from 0 to 7 days; however, all eggs were not found on the day of oviposition, and some eggs were 
collected during development. Based on Fig. 7, a more reliable estimation of the egg period is 3–7 
days, with a maximum of approximately seven days. We estimated that eggs were actually laid within 
approximately two weeks after their mating. The one female collected alone while the overwintering 
produced only two infertile eggs. It is highly possible that this female was unmated at the time of col-
lection. In natural environments, the activity of adults would decline due to a decrease in temperature 
DIWHU�WKH�FROOHFWLRQ�GD\��1RYHPEHU������7KHUHIRUH��LQ�QDWXUDO�HQYLURQPHQWV��UHSURGXFWLYH�DFWLYLW\�DQG�
oviposition would occur the following spring, after overwintering.
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Oviposition occurred on the surface of Java moss, and no eggs were found on the leaves of emer-
gent plants or on the inside surface of the container. Eggs were laid by attaching them to the leaves of 
dense plants. In natural environments, it is presumed that eggs are laid among shoal roots and gaps in 
plant residues. Copelatus nakamurai, which is similar to C. parallelus, in body size and spawning en-
vironment, lays eggs on the surface of Java moss (tajima & yanaGida, 2010).

The ovipositional period was 108 days. In natural environments, it is considered longer; howev-
er, the results of this study are based on small samples from one female. The female laid at least 115 
HJJV�GXULQJ�WKLV�SHULRG�����HJJV�����ODUYDH���LQGLFDWLQJ�WKDW�LW�ZDV�YHU\�SUROL¿F��,QGHHG��LW�LV�SUHVXPHG�
that the original number of eggs was greater, as some individuals died before hatching or through pre-
dation.

Fig. 8. Copelatus parallelus. —�$��/DUYDH�SUH\LQJ�RQ�OLYLQJ�FKLURQRPLG�ODUYDH��D���VW�LQVWDU��E���UG�LQVWDU���%��
3rd instar larva just after molting; C, pupa in a pupal chamber; D, new adult just after emergence; E, new adult 
WKDW�UHPDLQHG�LQ�D�SXSDO�FKDPEHU�IRU����GD\V��)��QHZ�DGXOW�ÀRDWLQJ�DIWHU�SRXULQJ�ZDWHU�RQ�WKH�VRLO�
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As each of these larval periods was long, it may be more accurate to infer these periods from the 
histograms (Fig. 7) instead of using average values. Using this method, the larval period was 14–24 
days, the sum of 4–5 days as 1st instar, 4–5 days as 2nd instar, and 6–14 days as 3rd instar. The larval 
period of C. parallelus is therefore much longer than that of C. nakamurai (mean 16.55 days at 24–
���&��tajima & yanaGida, 2010).  tajima (2011) estimated that the short growth periods in C. na-
kamurai eggs and larvae allow this species to avoid drought risk. Given that the egg and larval periods 
of C. parallelus are longer than those of C. nakamurai, it is possible that the natural habitat of C. par-
allelus is in areas more resistant to drought compared with the habitat of C. nakamurai.

Diet during the larval period.   7KH�ODUYDH�SUH\HG�XSRQ�OLYLQJ�FKLURQRPLG�DQG�7XEL¿FLQD�ODUYDH��
Although the larvae attempted predation several times, they could not prey upon daphnids due to their 
escape behavior. In natural environments, the habitat of C. parallelus is an unstable aquatic environ-
PHQW�ZKHUH�WKH�ÀRRGLQJ�SHULRG�LV�OLPLWHG��7KHUHIRUH��WKH�ODUYDH�¿QG�PRUH�DEXQGDQW�SUH\�LQ�DQLPDOV�
ZKRVH�SRSXODWLRQV� UDSLGO\� LQFUHDVH� IROORZLQJ�ÀRRGLQJ��8QGHU�DUWL¿FLDO� UHDULQJ�� WKH\�SUH\HG�RQ�FKL-
ronomid larvae, but could not prey on fast-moving daphnids, suggesting that fast-moving prey may 
not be suitable for larval feeding. It has been reported that the larvae of C. nakamurai that grow to 
adulthood under these rearing conditions also prey on mosquito larvae (tajima & yanaGida, 2010). 

Fig. 9. The relationship between the number of days from transition on the soil to entering water (i.e., the number 
of days from emergence to the start of mature feeding) and the number of days from entering water to becom-
ing colored (i.e., the number of days from the start of mature feeding to becoming colored).
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:H�GLG�QRW�FRQ¿UP�WKLV�LQ�WKH�SUHVHQW�VWXG\��KRZHYHU��C. parallelus larvae may eat mosquito larvae in 
natural environments like similar species C. nakamurai. Additionally, while C. nakamurai larvae prey 
on daphnids, smaller plankton (KaWaji, 2017), and frozen chironomid larvae (tajima & yanaGida, 
2010), C. parallelus larvae in the present study did not. Although some feeding habits are common 
between the two species, those of C. parallelus may be narrower than those of C. nakamurai.

Unique ecology during the larval period.   'XULQJ�WKH�ODUYDO�SHULRG��ZH�FRQ¿UPHG�IRXU�HFRORJLHV��
First, the larvae of C. parallelus prey upon immobile prey. In general, the larvae of most diving-beetle 
species perform predatory behavior in response to moving objects. There are some exceptions, as in 
Cybister brevis aubé, 1838, which eats motionless Odonata nymphs (ohba, 2009). The larvae of C. 
parallelus seem to use not only movement but also smell as clues in searching for prey. Because the 
C. parallelus�KDELWDW�LV�DQ�XQVWDEOH�HQYLURQPHQW��ZLWK�LQWHUPLWWHQW�ÀRRGLQJ�DQG�GU\LQJ��LW�LV�SRVVLEOH�
WKDW�ODUYDH�XVH�VPHOO�WR�SUH\�RQ�WKH�GHDG�ERGLHV�RI�WHUUHVWULDO�VPDOO�DQLPDOV�GURZQHG�GXULQJ�ÀRRGLQJ��
6HFRQG��WKH�GHYHORSPHQWDO�SHULRGV�RI�HDFK�LQVWDU�H[KLELWHG�ODUJH�YDULDWLRQ��$W���±���&��WKH�GHYHORS-
mental periods of C. nakamurai were 2–4 days (3 days, n = 4) for 1st instar larvae, 3–5 days (3 days , 
n = 5) for 2nd instar larvae, and 7–15 days (9 days, n = 4) for 3rd instar larvae (tajima & yanaGida, 
2010). However, in C. parallelus, the same developmental periods took 2–43 days (42 days, n = 82), 
3–23 days (21 days, n = 73), and 5–56 days (52 days, n = 59), respectively. In natural habitats of C. 
parallelus, the prey species and their densities vary depending on changes in the water level and 
ÀRRGLQJ� WLPH�DQG�SHULRG�� SUHGDWLRQ� HI¿FLHQF\� WKXV�GHSHQGV�JUHDWO\�RQ� WKH� HQYLURQPHQW��7KHUHIRUH��
RSSRUWXQLWLHV� WR�HQFRXQWHU�SUH\�DUH� LQHYLWDEO\�VFDUFHU� WKDQ� LQ�HQYLURQPHQWV� WKDW�DUH�DOZD\V�ÀRRGHG��
and a wide range of growth periods per instar allows for the adjustment of growth rates according to 
food availability and environmental variation, increasing the probability of survival for the next instar. 
The third ecological topic examined in this study was tolerance to dry periods during drought. We 
WZLFH�XQGHUHVWLPDWHG�WKH�WLPH�RI�WUDQVLWLRQHG�WR�ODQG�RI�WKH��UG�LQVWDU�ODUYDH��7KH�¿UVW�H[DPSOH�ZDV�D�
larva that transitioned on February 13, 2017. When we checked on March 31 (46 days later), we dis-
covered the larva in the soil. The second example was a larva that transitioned on Mach 2, 2017, and 
ZDV�DOVR�GLVFRYHUHG�LQ�WKH�VRLO��QLQH�GD\V�ODWHU��$OWKRXJK�LQ�WKH�¿UVW�FDVH��WKH�VRLO�LQ�WKH�UHDULQJ�FRQ-
tainer was quite dry, both larvae were alive and began to feed as soon as they were placed in water 
and given prey. Although we observed only two examples, it is noteworthy that one larva survived on 
land for at least 46 days even when the soil was dry. Thus, it is likely that larvae can survive under de-
tritus for approximately 1.5 months when their habitats dry up in natural environments. The fourth 
ecology-related observation had to do with the walking ability of the larvae. When reared in plastic 
cups, 3rd instar larvae reaching the timing of transition climbed the vertical surface of the cup, es-
caped from the water, and reached the lid. This behavior appears not to be accidental. It is presumed 
that the larva’s short legs make it possible for them to emarge from water even on steep waterfront 
slopes. The surface tension generated between the lower surface of the body and the larval cup al-
lowed the larvae to climb the inside of the cup.

Unique ecology after transition on the soil.   /DUYDH�VSHQW��±���GD\V��PHDQ������GD\V��Q� �����
after molting, then landed and dug into the soil to create pupal chambers approximately 4 mm in di-
ameter. Pupation occurred 3–8 days after transition on the soil (mean 5.1 days, n = 16). The surfaces 
RI�WKH�SXSDH�ZHUH�FRYHUHG�ZLWK�PDQ\�VHWDH��DOORZLQJ�WKHP�WR�ÀRDW�RQ�ZDWHU��:H�WULHG�WR�IRUFLEO\�VLQN�
a pupa using tweezers; however, it resurfaced even after it had been submerged many times. As men-
tioned above, the habitat of C. parallelus�LV�DQ�XQVWDEOH�HQYLURQPHQW�ZLWK�UHSHDWHG�ÀRRGLQJ�DQG�GU\-
ing. The pupae are therefore adapted through their surface structures to avoid drowning when the pu-
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pal chamber is submerged due to rainfall or water level increase.
Most newly emerged adults remained in the pupal chamber; some escaped but remained in the 

soil. The new adults remained in the pupal chamber for up to 68 days; however, adults in the soil did 
not change color and did not escape to the soil surface. When new adults remained in the pupal cham-
EHU�RU�ZLWKLQ�WKH�VRLO��WKH\�ÀRDWHG�WR�WKH�VXUIDFH�LPPHGLDWHO\�DQG�EHFDPH�DFWLYH�ZKHQ�ZDWHU�ZDV�DS-
plied to reproduce a natural environment after rainfall. Therefore, it is highly possible that new adults 
HVFDSH�WKH�SXSDO�FKDPEHU�RU�VWDUW�OLIH�LQ�WKH�ZDWHU�XSRQ�ÀRRGLQJ�FDXVHG�E\�UDLQIDOO�RU�ZDWHU�OHYHO�LQ-
crease. At the time of escape, all new adults did not become colored. In a study by tajima and yan-
aGida (2010), individuals of C. japonicus Sharp, 1873 and C. weymarni that had soft wings and no 
body color had been collected in natural environments. The same observations were made by Wata-
nabe (unpublished data). In natural environments, when the pupal chamber and its surroundings are 
LQXQGDWHG�DIWHU�HPHUJHQFH��QHZ�DGXOWV�KDYH�OLNHO\�QRW�\HW�FKDQJHG�FRORU��1HZ�DGXOWV�WKDW�VWDUWHG�PD-
ture feeding after escaping the pupal chamber become colored after 1–26 days (mean 4.8 days, n = 
35). After escaping the pupal chamber, the adult body does not become colored (i.e., does not solidify) 
unless it enters water. The longer it takes from emergence to escape from the pupal chamber (the peri-
ods from transition to land to emergence were nearly the same), the longer it takes for the body to col-
RU��)URP�WKHVH�REVHUYDWLRQV��ZH�FRQFOXGHG�WKDW�LI� WKH�KDELWDW�LV�ÀRRGHG�ZLWKLQ�D�FHUWDLQ�SHULRG�DIWHU�
emergence and mature feeding has not started, there is increased risk of death by predators or starva-
tion.
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要 　 　 約
渡部晃平・林　成多・加藤雅也：コセスジゲンゴロウCopelatus parallelus Zimmermann, 1920（鞘翅目ゲン

ゴロウ科）の卵・幼虫・蛹および繁殖生態の記載．— コセスジゲンゴロウCopelatus parallelus Zimmer-
mann, 1920は，環境省版レッドデータブックにおいて絶滅危惧 IA類に選定されている希少種である．しかし，
本種の生態的な知見はほぼ皆無であり，卵，幼虫および蛹の形態は明らかにされていない．本研究では，飼
育により得られた卵，幼虫（1齢，2齢，3齢），蛹の形態および繁殖生態について記載するとともに，本種の
飼育方法を示した．
飼育下において，京都府で採集した 1雌から 108日間で少なくとも 115個の産卵が確認された．各成育段
階における成育期間は卵（7日以内），1齢幼虫（2–43日），2齢幼虫（3–23日），3齢幼虫（5–56日），上陸から
蛹化（3–8日），蛹（4–6日）であった．卵と幼虫期は水中で過ごし，上陸後には土中で蛹室を作って蛹化した．
3齢幼虫は乾燥に対する耐性が確認され，46日間陸上で過ごし，周囲の土が乾燥していても死ぬことはなかっ
た．蛹の表面には毛が生えており，水に浮くのを確認した．羽化した新成虫は基本的に自力では蛹室から脱
出せず蛹室内に留まるが（最長 68日まで確認），容器に水を入れることで降雨や増水と同様の状況を再現す
ると蛹室から脱出した．以上の観察結果から，野外においても不安定な水域での発育や生息によく特化した
生態を持った種であることが推察される．
羽化後の新成虫は水に入って数日が経過するまで体が色づくことはなかった．体が色づくまでの期間は羽
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化から脱出までに時間がかかる程長くなることから，羽化後のある一定期間内に生息地が湛水されなければ，
新成虫が捕食者に食べられたり，餓死したりすることなどにより死滅するリスクが高まると考えられる．
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