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Abstract We reported the morphology and feeding habits of the larva of the Japanese endangered
crawling water beetle, Haliplus kamiyai NAKANE, 1963 (Coleoptera, Haliplidae) and showed
implications for its life cycle through field surveys and laboratory rearing. Total body length of larvae
was approximately 3.4 mm in the first instar, 6.8 mm in the second instar, and 12.3 mm in the third
instar. Body was elongate and pale yellowish to light brown. Dorsal and ventral surface were covered
with small tubercles (microtracheal gills). Fore legs had thumb-like tibial lobes with two spines. In the
field, H. kamiyai larvae were observed in summer and winter, and the adults were observed from
summer to winter. These results indicate that H. kamiyai hibernates both in the larval and adult stages,
and imply two possible life cycles: (1) the larval duration of this species is very long or (2) this species
has a bivoltine or multivoltine life cycle. Under laboratory rearing, H. kamiyai larva grasped
filamentous algae Spirogyra spp. (Zygnemataceae) with its fore legs using the thumb- like tibial lobes
and ate it with falcate mandibles. The larva successfully reached the adult stage by feeding on
Spirogyra spp. We concluded that shallow and permanent water bodies inhabited by abundant
filamentous algae are crucial to maintain the population of H. kamiyai.

Introduction

Haliplus kamiyai (Coleoptera, Haliplidae) is a small water beetle (3.1 mm in body length) that
inhabits shallow wetlands, such as paddy fields, ditches adjacent to paddy fields, and abandoned
paddy fields (VONDEL ef al., 2006; WATANABE, 2017; WATANABE et al., 2019; NAKAJIIMA et al., 2020).
This species is distributed locally in Honshu (from southern Téhoku Region to Kantd Region), Japan
(NAKAJIMA ef al., 2020) and enumerated in the Red List of Japan as “Endangered” (Ministry of the
Environment of Japan, 2019). For successful recovery of this threatened insect species, it is crucial to
fully understand its life cycle. However, little information is available on the life cycle and habitat
requirements of this species, and its larvae have not previously been found (SATO & YosHiTomI, 2018;
NAKAIJIMA et al., 2020). In the present study, we report some notes on the morphology and feeding
habits of H. kamiyai larvaec and showed implications for its life cycle through field surveys and
laboratory rearing. In addition, we discuss the habitat requirements of this species for its conservation.

Material and Methods

To collect H. kamiyai larvae, we conducted field surveys in a ditch adjacent to a paddy field
(Ditch) and an abandoned paddy field (Paddy A) at Ishioka-shi, Ibaraki Prefecture, Japan, and in an
abandoned paddy field (Paddy B) at Otaki-machi, Chiba Prefecture, Japan (Fig. 1). The elevations of
Ditch, Paddy A and Paddy B were 39, 43 and 176 m, respectively. The direct distance between Ditch
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and Paddy A was approximately 30 m. Preliminary surveys confirmed the presence of adult H. kami-
yai in all sites. During the survey period, Ditch had water depths of 6-16 cm, and was dominated by
Spirogyra spp. (Zygnemataceae), Chara braunii (Characeae), Monochoria vaginalis (Pontederiaceae),
Murdannia keisak (Commelinaceae), and Persicaria thunbergia (Polygonaceae). Paddy A had water
depths of 1-10 cm, and we observed flourishing Spirogyra spp. and several water plants: Leersia
Japonica (Poaceae), Oenanthe javanica (Apiaceae), and Typha latifolia (Typhaceae). Paddy B had
water depths of 1-7 cm, and contained Spirogyra spp. and several water plants: Sagittaria trifolia
(Alismataceae), Juncus effusus (Juncaceae), and O. javanica).

In Ditch, sampling was conducted weekly from May 8 to September 5, 2018, for a total 15 times.
A D-frame net (30 cm width, 1 mm mesh) was pulled 20 times for 1 m along the shore of Ditch.
Samples were transferred to a white plastic tray, and the numbers of H. kamiyai adults and unknown
haliplid larvae were recorded. After recording, the adults were released to sampling sites and the
larvae were taken to the laboratory in order to ensure they were H. kamiyai. During the survey period,
we also observed two other halipild species: Haliplus sharpi WEHNCKE, 1880 and Peltodytes
intermedius SHARP, 1873. Since larval morphology of these two species had previously been
described (NAKANISHI, 2012; MITAMURA et al., 2017), we could distinguish unknown haliplid larvae
from these two species. In Paddy B, we conducted a total of six surveys: June 9 and 16, July 16,
August 20, November 30, and December 4, 2018. Mud and the base of aquatic plants (approximately
1.0 L) were collected using an aquatic net (12 cm length, 15 cm width, 0.5 mm mesh); the presence or
absence of H. kamiyai adults and the number of unknown haliplid larvae were recorded. In Paddy B,
other haliplid species were not collected during the study period. To confirm whether the larvae
emerge during winter in Ibaraki Prefecture as observed in Chiba Prefecture (see below), an additional
survey was conducted in Paddy A. Mud and the roots of aquatic plants (approximately 1.5 L) were
collected from Paddy A on January 30, 2020 and taken to the laboratory. In the laboratory, we
transferred the sample onto a plastic screen placed on a white plastic tray with tap water, and we
recorded the number of larvae in the plastic tray. This method allows the efficient collection of small
aquatic insects from debris (MILLER & BERGSTEN, 2016).

In Ditch, we collected two individuals of the unknown haliplid larvae on July 14, 2018 (Fig. 1).
Based on the external morphology, the larvae appeared to be conspecific. We reared one of them in
order to confirm whether the larva was H. kamiyai, while the other was fixed in 99.5% ethanol for
morphological measurements. The larva was reared in a plastic cup (129 mm diameter, 65 mm height)
with 200 mL dechlorinated tap water and kept at 25 °C in a 14 h light/10 h dark cycle. Since haliplid
larvae are known to feed on filamentous algae or characeans (SEEGER, 1971 a; VONDEL, 1997), the
larva was fed Spirogyra spp. and Chara braunii collected from Ditch. A wet filter paper was attached
to the inside of the plastic cup to provide a terrestrial surface before pupation. If the larva climbed on
the filter paper, we ascertained that the larva was approaching pupation and we transferred the larva to
another plastic cup (78 mm diameter, 37 mm height) with wet peat moss. Some larvae collected in
Paddy A and Paddy B were fixed in 99.5% ethanol for morphological measurements. Measurements
of larvae were conducted by using a Nikon Multi Zoom AZ100M stereo microscope (Nikon, Tokyo)
and microscope imaging software, NIS- Elements 4.2.0 (Nikon). We measured several larval body
parts following VONDEL (2011 & 2012).

Results

In Ditch, a total of 60 adults and two larvae were collected. Adults were observed from May to
September and peaked in August (Fig. 2), while larvae were collected only in July (Fig. 2). In Paddy
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Fig. 2. Seasonal changes in the abundance of Haliplus kamiyai adults & larvae in an agricultural ditch.

A, six adults, two first instar larvae, and nine third instar larvae were collected in January. In Paddy B,
adults were observed from June to December except for July, and larvae were captured only in
November (16 individuals) and December (43 individuals).

Larval measurements are shown in Table 1. Body was elongate and pale yellowish to light brown
(Fig. 3a). Dorsal and ventral surfaces were covered with small tubercles (microtracheal gills). Head
was rounded and dark brown. Abdomen was 10- segmented. 10th abdominal segment was long with
two appendices. Fore legs had thumb-like tibial lobes with two spines (Fig. 3b).

During laboratory rearing, the larva grasped Spirogyra spp. with its fore legs using the thumb-
like tibial lobes (Fig. 3b) and ate it with falcate mandibles (for the movie: WATANABE, 2020) (Fig. 3c¢).
Conversely, we did not observe it feeding on C. braunii. The larva landed on the filter paper on
August 23, and the larva was transferred to the plastic cup containing wet peat moss for pupation. The
larva dove into the peat moss on August 23, but the larva emerged on the peat moss after two days.
Thus, we transferred the larva back into the plastic cup with water and kept rearing. On September 3,
the larva landed on the filter paper and was transferred back to the plastic cup with wet peat moss. To
confirm whether the larva was pupating, we exposed the peat moss and found a pupa on September 23
(Fig. 3d). The pupa sufficiently eclosed and the adult emerged on October 4. We identified the adult as
H. kamiyai, referring to VONDEL et al. (2006).

Discussion

In the present study, we observed H. kamiyai larvae in summer (July) (Fig. 2) and winter
(January) in Ibaraki Prefecture and in winter (November and December) in Chiba Prefecture, while



368 Reiya WATANABE and Shun YAMASAKI

Table 1. Measurements (mean + SD) of Haliplus kamiyai larvae (length in mm).

1st instar 2nd instar 3rd instar
(n=2) (n=19) (n=3)

Total length 3.38+£0.19 676092 12.29+1.99
Length from mandible to apex of abdominal segment 9 2.80+0.14 535+1.21 942+ 1.71
Length of abdominal segment 10 0.58+0.01 1.49+0.39 2.87+0.55
Length of head including mandibles 0.21+0.02 0.34+0.05 0.54+0.09
Width of head including eyes 0.35+0.02 0.42+0.03 0.79 +£0.02
Antenna

Length of segment 2 0.02 +0.00 0.03+0.01 0.06 +0.00

Length of segment 3 0.08 +0.02 0.10+0.01 0.17+0.01

Ratio of segment 3 among segment 2 3.50+0.71 3.21+0.46 3.41+0.02
Mandible

Length from apex to hind lobe 0.12+0.01 0.15+0.03 0.25+0.04

Spines on outer margin 2 2 2
Pronotum

Length 0.31+0.05 0.37+0.05 0.70 +£0.21

Width 0.52+0.15 0.77 £0.04 1.41+0.06
Mesonotum

Length 0.23+£0.07 0.37 +0.06 0.69+0.11

Width 0.47+0.11 0.74 £ 0.05 1.35+0.06
Metanotum

Length 0.20 +0.001 0.39 £ 0.06 0.70 £0.13

Width 0.44+0.1 0.74 +0.05 1.38 +£0.05

adults were observed from summer to winter at both sites. These results indicate that H. kamiyai
hibernates both in the larval and adult stages, and imply two possible life cycles: (1) the larval
duration of this species is very long or (2) this species has a bivoltine or multivoltine life cycle. The
developmental period of the third instar larvae of Haliplidae is variable among species (SEEGER, 1971
a). Larvae of some species hibernate and newly eclosed adults emerge in the spring of the following
year (VONDEL, 1997). Larval hibernation in the genus Haliplus was also observed in a pond by
HickMAN (1931), while VONDEL (1997) reported that some larvae hibernated twice before adult
emergence under laboratory rearing. Therefore, H. kamiyai larvae might also require more than one
year to reach the adult stage. To better understand the life cycle of H. kamiyai, it is necessary to
investigate the phenology of adults and larvae throughout the year and elucidate the duration of each
immature stage.

Feeding habits of haliplid larvae are divided into two groups based on morphological characters
of the fore legs and mandibles: one group feeds primarily on filamentous algae and the other feeds
primarily on characeans (SEEGER, 1971 a, b; VONDEL, 1997; VONDEL & DETTNER, 2005). The
morphological characters of fore legs are differed even within the genus Haliplus (VONDEL &
DETTNER, 2005). We report that H. kamiyai larvae have the thumb-like tibial lobes on the fore legs, a
known adaptation for feeding on filamentous algae (SEEGER, 1971 a) (Fig. 3b). Under laboratory
rearing, H. kamiyai larva successfully reached the adult stage by feeding on Spirogyra spp. (Fig. 3c),
but we did not observe it feeding on C. braunii. These results indicate that H. kamiyai should be
categorized into the former group that feeds primarily on filamentous algae. However, Haliplus
confinis Stephens, 1828, which mainly feeds on characeans, feed on Cladophora algae when
characeans are not available, although their survival rate is much lower when feeding on Cladophora
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Fig. 3. Immature stages of Haliplus kamiyai.
fore-leg of the third instar larva; c, feeding on the algae Spirogyra spp. by the third instar larva; d, pupa.

a, Ventral, lateral & dorsal views of the third instar larva; b,

than on characeans (SEEGER, 1971 a). Therefore, to plan the most efficient rearing method of H.
kamiyai, additional experiments are needed to confirm the growth performance of larvae when fed
both filamentous algae and characeans. In conclusion, we suggest that shallow and permanent water
bodies inhabited by abundant filamentous algae are needed to maintain the population of H. kamiyai.
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