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Abstract. Larval morphology and head chaetotaxy are described for two genera of
the tribe Berosini, Berosus Leach, 1817 and Regimbartia Zaitzev, 1908, based on
reared and field-collected larvae of Berosus (Berosus) japonicus Sharp, 1873 and
Regimbartia attenuata (Fabricius, 1801). We describe and illustrate the general
morphology and head chaetotaxy of all three instars of both species. We review
and discuss an ecological character, which is an adaptation to benthic lifestyle
in Berosus. Berosus larvae do not have air-bubbles in alimentary canal, whereas
majority of hydrophilid larvae have air-bubbles. Absence of the bubbles results in
loss of buoyancy and would be an adaptation in two different ecological trends:
benthic and swimming lifestyles. A detailed comparison of head chactotaxy of
both genera is provided. Chaetotaxy of Berosus and Regimbartia are not largely
different, therefore benthic lifestyle will not strongly affect chactotaxy. We also
provide information of knowledge about immature stages of the tribe Berosini
and provide the identification key to larvae of all five genera of the tribe. Biology
of both studied species is briefly commented as well.
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Introduction

The tribe Berosini represents the second largest tribe in the hydrophilid subfamily Hyd-
rophilinae. It contains over 360 described species assigned to five genera (SHORT & FIKACEK
2011,2013). The larval morphology of all five genera of the Berosini has been described (see
ARCHANGELsSKY 2008; Table 1). Monophyly of Berosini is well supported with a proposition
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that one inner projection or seta on antennomere 1 is a larval synapomorphy, and moreover
the phylogenetic relationship between the berosine genera was studied based on the morpho-
logy and molecular data (ARCHANGELSKY 2004, 2008; Snort & FikACEk 2013). These trees
show a slightly different topology, but two well supported clades are recognised: Berosus
Leach, 1817 + Hemiosus Sharp, 1882 and Derallus Sharp,1882 + Regimbartia Zaitzev,
1908 + Allocotocerus Kraatz, 1883. The former clade has larval morphology adapted to a
benthic lifestyle: Berosus and Hemiosus have highly modified larval head morphology and a
reduction of spiracular atrium; Berosus larvae have tracheal gills, whereas Hemiosus larvae
do not (ARCHANGELsKY 2008). In contrast, representatives of the latter clade retain the usual
morphology of hydrophilid larvae.

Nine species assigned into two genera of Berosini have been recorded from Japan so far: eight
species of the genus Berosus and one species of the genus Regimbartia (HANSEN 1999; SHORT
& HEeBAUER 2006; SHorT & FikACEk 2011). All of them live in standing waters and are good
swimmers. Larvae of two species occurring in Japan were mentioned by previous authors with
precise identification (Table 1): the larva of Berosus japonicus Sharp, 1873 was only figured in
some publications (Table 1), that of Regimbartia attenuata (Fabricius, 1801) was described by
Warts (2002), but the chaetotaxy of both these species was not described in detail.

The aim of this study is to complete the knowledge of the larval morphology and head
chaetotaxy of the berosine genera Berosus and Regimbartia, including the comparison of all
three larval instars, which was not available in the previous papers. In addition, the detailed
comparison of larvae of metapneustic Regimbartia and apneustic Berosus may help us to
understand the effect of benthic life style on larval morphology and chaetotaxy.

The authors would like to dedicate this paper to the memory of Dr. Nodoka Hayashi, a pio-
neer in the field of the immature beetles studies in Japan, who passed away on 29" May, 2013.

Materials and methods

Techniques of larval study. The methods follow those used by MiNnosHIMA & Hayashr (2011a).
Specimens were fixed in 70% ethanol in the field or in the laboratory. Larvae were preserved
in screw-cap vials with ca. 80% ethanol or were mounted on HS-slide (Higgins-Shirayama
slide; SHIRAYAMA et al. 1993) (Kanto Rika Co., Ltd., Japan) with Euparal (Waldeck GmbH &
Co. KG, Germany). Photographs of fixed specimens were taken using a Pentax K-5 digital
camera attached to the SZX 12 with a MeCan NY-1S digital SLR microscope adapter (MeCan
Imaging Inc., Japan), and subsequently adapted in Adobe Photoshop Lightroom 4 and Pho-
toshop CS5. Composite images were created using the focus stacking software CombineZP
(HapLEY 2010).

Identification of species and instars. Berosus japonicus: Some of the larvae were reared
from egg-cases laid by identified adults collected in the field by the second author. Remaining
specimens collected in the field were associated with co-occurring adults and by the exclusion
of the species/genera not occurring in the area. The hydrophilid fauna of the collecting sites
has been extensively studied (e.g., Havasui 2006a,b, 2007, 2008, 2009a,b,c, 2011; Kawano
et al. 2006; HavasHi et al. 2008) and is very well known.
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Table 1. State of knowledge of the immature stages of the tribe Berosini and source of information. E — egg case,
eggs; L1, L2, L3 — larva of first, second, or third instar; L? — larval instar unknown; P — pupa.

Genus Species Stages Reference
Allocotocerus Kraatz, 1883
Allocotocerus punctatus (Blackburn, 1888) L3 Warts (2002)

Berosus Leach, 1817
Subgenus Enoplurus Hope, 1838

Berosus australiae Mulsant et Rey, 1858 L3 WarTs (2002)
Berosus hoplites Sharp, 1887 E,L1,L2,L3,P ARCHANGELSKY (1994)

E,P ARCHANGELSKY (1997)
Berosus pugnax LeConte, 1863 E,L1,12,L3,P ARCHANGELSKY (1994)

E,L3,P ARCHANGELSKY (1997)
Berosus spinosus (Steven, 1808) L? ScHigpTE (1862)

L? BovinG & HENRIKSEN (1938)

Subgenus Berosus Leach, 1817

Berosus affinis Brullé, 1835 E ANGuUs et al. (1994)

L3 KARAOUZAS & INCEKARA (2011)
Berosus alternans Brullé, 1841 E,L1,L2,L3,P FErRNANDEZ & Campos (2002)
Berosus aulus Orchymont, 1941 E,LIL,L3 ARCHANGELSKY (1999)
Berosus auriceps Boheman, 1858 E, L1, L3 ARCHANGELSKY (1999)

P ARCHANGELSKY (2002b)
Berosus coptogonus Jensen-Haarup, 1910 E,L1,L3 ARCHANGELSKY (2002b)
Berosus cornicinus Knisch, 1922 E, LI, L3 ARCHANGELSKY (2002b)
Berosus corrini Wooldridge, 1964 E,L3,P ARCHANGELSKY (1994)

E, P ARCHANGELSKY (1997)
Berosus hispanicus Kiister, 1847 E ANGuUs et al. (1994)
Berosus japonicus Sharp, 1873 L1,L? Havasur (2008)

E,L1,L? Havasti (2009a)

L? Havasnr (2011)
Berosus sp. [?B. japonicus] L? Fukupa et al. (1959)
Berosus luridus (Linnaeus, 1761) E ANGuUs et al. (1994)
Berosus metalliceps Sharp, 1882 L? SPANGLER (1991)
Berosus pantherinus LeConte, 1855 E,L?, P WiLson (1923)
Berosus peregrinus (Herbst, 1797) L? WiLson (1923)

E,L1,L3 RicumonD (1920)
Berosus sp. [?B. pulchellus MacLeay, 1825] L? BERTRAND (1936)
Berosus sayi Hansen, 1999 L? Ricumon (1920, as B. striatus)

E,L1,L?2, P WiLson (1923, as B. striatus)

L? PETERSON (1951, as B. striatus)
Berosus signaticollis (Charpentier, 1825) L2, P SchiepTE (1872)

E,L? BrocHEr (1911)

E,L?, P Boving & HENRIKSEN (1938)
Berosus toxacanthus Oliva, 1989 E,L1,L3 ARCHANGELSKY (2002b)

(continues on the next page)
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Table 1. Continued from the previous page.

Genus Species Stages Reference

Derallus Sharp, 1882
Derallus anicatus Orchymont, 1940 L1? BERTRAND (1968)
Derallus angustus Sharp, 1882 E, L3, P ARCHANGELSKY & DURAND

(1992)
E,L3,P ARCHANGELSKY (1997)

Derallus paranensis Oliva, 1981 E,L1,L2, L3 é}:)%i/;NGELSKY & FERNANDEZ
Derallus rudis Sharp, 1887 L3 SPANGLER (1966a)

Hemiosus Sharp, 1882
Hemiosus bruchi Knisch, 1924 E,L3,P ARCHANGELSKY (2000)
Hemiosus dejeanii (Solier, 1849) L2,L3 (Azl:)%l;/;NGELSKY & FerNANDEZ

Hemiosus multimaculatus (Jansen-Haarup,
1910)

Hemiosus sp. L?

L1,L2,L3 ARCHANGELSKY (2002a)

SPANGLER (1966b, as ‘Beros-
inae-?, Genus-?")

Regimbartia Zaitzev, 1908

Regimbartia attenuata (Fabricius, 1801) L3 WarTs (2002)
E, L3? Havasnr (2009a)
L3 Havasui (2011)

BERTRAND (1962) (as ‘Hydrobi-

Regimbartia sp. L? inae genus D)
Undetermined berosine larvae
Berosus sp. L? SPANGLER (1966b)
Berosus sp. L? LAWRENCE & SLipiNski (2013)
Berosini gen. 1 L? BERTRAND (1936)
BERTRAND (1972)
Berosini gen. 2 L? BERTRAND (1936)
BERTRAND (1972)
Berosini gen. 4 L? BERTRAND (1962)
BERTRAND (1972)
Berosini gen. 5 L? BERTRAND (1972)

Regimbartia attenuata (Fabricius, 1801): Some of the larvae were reared from egg-cases
laid by identified adults collected in the field by the second author. Remaining specimens
collected in the field were associated with co-occurring adults and by the exclusion of the
species/genera not occurring in the area. One species of the genus Regimbartia: R. attenuata,
has been recorded from Japan and larval morphology matched that described by Warts (2002)
for specimens of the species from Australia; this allowed an independent confirmation of the
correctness of our identification.

In both species, instars were identified by the relative size of the head capsule (by sorting
the material in one sample into size categories) and the presence/absence of secondary sensilla
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on head capsule and mouthparts. Larvae that could not be identified with confidence were
not used for this study.

Terminology. Morphological terminology follows ARCHANGELSKY (1997), MiNosHIMA &
HavasHi (2011a) and MiNosHIMA et al. (2013); for the chaetotaxy of the larval head we refer to
FikACex et al. (2008) and ByTTEBIER and TorrEs (2009). The format of the larval description
generally follows that of MiNosHiMA & Havasnr (2011a).

Depository of materials. The examined material is deposited in the following collections:

EUMJ  Ehime University Museum, Matsuyama, Ehime, Japan (H. Yoshitomi);
HGF Hoshizaki Green Foundation, Izumo, Shimane, Japan (M. Hayashi);
KMNH  Kitakyushu Museum of Natural History and Human History, Kitakyushu, Fukuoka, Japan (Y. Minoshima).

Abbreviations used in description. AN — antenna; E — egg-case; FR — frontale; gAN — group
of the antennal sensilla; gAPP — group of the sensilla on inner appendage of maxilla; gFR —
group of the sensilla on frontale; gLLA — group of the sensilla on labium; gMX — group of the
sensilla on maxilla; L1, L2, L3 —first, second, and third instar; LA — labium; MN — mandible;
MX — maxilla; PA — parietale; SE — sensorium.

Key to the genera of the larvae of the tribe Berosini

Larvae of the Berosini are distinguishable from other hydrophilid larvae by the presence
of one inner projection or seta on antennomere 1, which is an autapomorphy of the Berosini.

In the following key, we used our data concerning Berosus and Regimbartia and combined
them with those of the previous authors (see Table 1) for the morphology of the remaining
three berosine genera and for the intrageneric variation of Berosus. ARCHANGELSKY (2008)
provided a table comparing larval morphology of all five genera.

1 Abdomen with tracheal gills. .........ccccooviiiiiiiiiiiieee, Berosus Leach, 1817
— Abdomen without tracheal @ills. .........ccooviiiiiiiii e 2
2 Clypeolabrum strongly asymmetrical; left epistomal lobe strongly projecting anteri-
orly, bearing a series of stout setae (Figs 3A, 5B); mandibles strongly asymmetrical
(Figs 4C-D, 7A-B); abdomen without setiferous projections; spiracular atrium redu-
COAL ettt e Hemiosus Sharp, 1882
— Clypeolabrum almost symmetrical (Figs 9C, 13C); epistomal lobe not strongly pro-
jecting anteriorly; mandibles symmetrical to slightly asymmetrical (Figs 11A-B,
15A-B); labium with ligula (Figs 11C-D, 15C-D); abdomen with setiferous projec-

tions (Fig. 8A—B, D); spiracular atrium well developed (Fig. 12C). ....c.coccevviiinieenne 3
3 Antennomere 1 not widened distally. ......cccccoovieiriiiiniennne. Derallus Sharp, 1882
— Antennomere | widened distally (Figs 10A, 14A). .ooooiiiiiiiiiiieeeeee e 4
4 Inner projection of antennomere 1 pointed apically, spine-like; apex of antennomere
2 with Inner eXteNSION. ..........ccceeeeeeeeeeeeeeeeeeeeeeeiiieeeeeinnns Allocotocerus Kraatz, 1883

— Inner projection of antennomere 1 rounded apically (Figs 10A, 14A); apex of anten-
nomere 2 without inner exXtension. ...........cocccveeeeereeeeennn. Regimbartia Zaitzev, 1908
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Larval morphology

Genus Berosus Leach, 1817
(Figs 1-7, 17A-B, 18A)

Diagnosis. Larvae of the genus Berosus are
easily distinguishable from almost all other
Hydrophilidae by the presence of tracheal
gills on the abdominal segments (Fig. 1) and
the reduction of spiracular atrium (Fig. 5D);
Berosus larvae often resemble Laccobius
Erichson, 1837 in head morphology (e.g.,
ARCHANGELSKY 1997), however Berosus is
distinguishable by the morphology of the
clypeolabrum: right epistomal lobe absent in
Berosus (Figs 3A, 5B) but present in Lacco-
bius, and left epistomal lobe bears only stout
setae in Berosus (Figs 3A, 5B), but bears
stout setae and seta-like cuticular projecti-
ons in Laccobius (Y. Minoshima, personal
observation).

Within Japanese genera, the genus Hydro-
chara Berthold, 1827 superficially resembles
Berosus by the presence of lateral projections
on the abdomen (but the projections are not
tracheal gills) (MmNosHIMA & Havashi 2011a,
MmvosHMA et al. 2012), the genus Laccobius
in the head morphology (see above). Larvae
of Berosus are distinguishable from those by
the above mentioned characters, presence
of tracheal gills and absence of spiracular
atrium. Additional characters also separate
Berosus from Hydrochara: (1) mandibles
strongly asymmetrical; (2) labium more
or less reduced; (3) clypeolabrum strongly

2.0mm

Fig. 1. Habitus of the third instar larva of Berosus
(Berosus) japonicus Sharp, 1873.

asymmetrical, left lobe strongly projecting anteriorly, right lobe absent; (4) legs without
swimming hairs; (5) prostyli absent. See also a key to the genera of Japanese aquatic Hyd-

rophilidae in MivosHIMA & Havashr (2011a).

Berosus (Berosus) japonicus Sharp, 1873
(Figs 1-7, 17A-B, 18A)

Material examined. JAPAN: HonsHO: Shimane Prefecture: 6 L1 (HGF, KMNH), Okinoshima, Sono-chd, Izumo-
-shi, paddy field, 29.ii.2008 (rearing adults collected in the field), 17.1ii.2008 (date of fixation), M. Hayashi leg. &
reared; 5 L1(KMNH) , Okinoshima, Sono-chd, Izumo-shi, paddy field, 20.v.2008 (egg-cases collected in the field),
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26.v.2008 (date of fixation), M. Hayashi leg.; 20 L3 (HGF, KMNH), Okinoshima, Sono-chd, [zumo-shi, paddy field,
22.vi.2008, M. Hayashi leg.; 6 L1, 5 L2 (HGF, KMNH), Okinoshima, Sono-chd, Izumo-shi, paddy field, 22.v.2009
(egg-cases collected in the field), 31.v.2009 (date of fixation), M. Hayashi leg.

Description. General morphology. Third instar (Figs 1, 5-7). Body moderately thick,
widest between second and third abdominal segments. Colour light brown to light greyish
brown, with sclerotised parts darker.

Head (Fig. 5A). Head capsule subquadrate; cervical sclerites small. Frontal lines visible
only basally; coronal line absent. Surface of head capsule smooth. Six stemmata on each
anterolateral corner of head capsule. Clypeolabrum (Fig. SB) strongly asymmetrical. Nasale
with median projection bearing ca. five small teeth. Lateral lobes of epistome present on left
side but absent on right side; left lobe very strongly projecting anteriorly, lateral margin of
left lobe partially membranous; anterior margin of right epistome almost straight or very
weakly rounded.

Antenna (Figs 6A-B) 3-segmented, short, rather slender. Antennomere 1 longer than
antennomeres 2 and 3 combined, with one subapical membranous projection on inner face.
Antennomere 2 narrower than antennomere 1. Antennomere 3 the narrowest and shortest.
Sensorium slightly shorter than antennomere 3.

Mandibles (Figs 7A-B) strongly asymmetrical; left mandible shorter than right one. Right
mandible with three inner teeth on median part; distal one large, with serrated edge; proximal
two small, subequal in size. Left mandible with three inner teeth and one strong inner spine
posteriorly to inner teeth on dorsal surface; distal tooth large, with a group (usually five) of
seta-like projections, apex of projections trifid; median tooth moderately sized, quadrifurca-
te, with small cuticular projections basally; basal tooth moderately sized, with at least four
projections pointed apically, distal one larger than basal ones.

Maxilla (Figs 6C-D) 6-segmented, longer than antenna. Cardo moderate in size, subtri-
angular. Stipes the longest and widest, longer than palpomeres 1-4 combined; inner face
without spine-like cuticular projections; a small cuticular projection subapically on inner
face undetectable. Maxillary palpus 4-segmented, palpomere 1 widest, longer than palpo-
mere 2 and 3, palpomere 3 the longest, palpomere 2 the shortest, palpomere 4 narrowest;
palpomere 1 may be completely sclerotised but anterior margin of sclerotised part invisible;
inner process sclerotised.

Labium (Figs 2B, 7C-D) small, partly reduced. Submentum (e.g., Fig. 2B) fused to head
capsule, large, subpentagonal, wider than mentum. Mentum transverse, narrow, cylindrical-
ly sclerotised, wider than prementum; dorsal surface bare. Prementum subquadrate. Ligula
strongly reduced, very short, completely membranous. Labial palpus long, straight, without
cuticular projections; palpomere 1 as wide as palpomere 2 and slightly shorter than premen-
tum, palpomere 2 distinctly longer than palpomere 1.

Thorax (Fig. 1). Thoracic membrane covered with fine cuticular pubescence. Prothorax
wider than head capsule. Proscutum formed by one large plate subdivided by fine sagittal
line, anterior part rather weakly sclerotised; whole sclerite bearing densely arranged fine
cuticular projections. Prosternal sclerite subpentagonal, large, with long and fine sagittal
line. Mesonotum with two sclerites on each side; anterior one small, narrow; posterior one
large, subtriangular; one small tubercle behind each posterior mesonotal sclerite; lobe-like
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lateral projection on each side. Mesonotal spiracles situated anteriorly on dorsolateral face.
Metanotal sclerites absent; one pair of membranous tubercles present on median part; lobe-
like lateral projection on each side. Legs long, slender, visible in dorsal view, S-segmented;
all three pairs similar in shape.

Abdomen (Fig. 1). Ten segmented, tapering posteriad, covered with fine cuticular projec-
tions densely arranged; segments 1 to 6 similar in shape and size, segment 7 smaller than
others. Lateral sides of segments 1-7 with one long to very long tracheal gill each; dorsal
sclerites on segment 1-7 absent. Segments 1-3 with four small tubercles, two on median
part, remaining ones laterally behind spiracles; lateral tubercles smaller than median ones.
Segments 4—7 with two small tubercles medially. Segment 7 without tubercle.

Spiracular atrium (Fig. 5D) reduced. Segment 8 with oval dorsal plate; segment 9 trilobed,
median lobe and each lateral lobe of spiracular atrium very small, hardy visible from dorsal
view; procercus, acrocercus, urogomphi and prostyli reduced, undetectable. Ventral surface
of spiracular atrium with two bulbous projections.

Second instar. Very similar to third instar larva, slightly more slender than third instar.

Head. Frontal lines clearly visible, nearly straight in median to anterior parts, strongly
curved outwards at base.

Antenna proportionally stouter than in third instar; antennomere 1 proportionally shorter
than in third instar, slightly longer than or as long as antennomeres 2 and 3 combined.

Maxilla proportionally stouter than third instar.

Mandible. Basal inner tooth on right smaller than median one.

Thorax and abdomen. Arrangements of cuticular projections and pubescence on thorax
and abdomen similar to third instar but projections and pubescence finer than in third instar.
Lateral tubercles on third abdominal segment indistinct.

First instar (Figs 2-4). Similar to second instar larva; weakly sclerotised than second
instar. Spiracles on mesothorax and abdominal segments 1-7 undetectable.

Head. Anterior margin of right epistome almost straight (Fig. 3A). Basal part of frontal
line more weakly curved laterally than in second instar (Fig. 2A).

Antenna (Figs 4A—B) proportionally stouter than in second and third instar larvae; anten-
nomere 1 proportionally shorter than in third instar larva, about as long as or slightly shorter
than antennomeres 2 and 3 combined.

Manxilla (Figs 4E-F) proportionally stouter than that of second and third instar larva.

Labial palpus (Figs 4G—H) proportionally stouter than third instar; palpomere 1 slightly
wider than palpomere 2.

Thorax and abdomen. Arrangements of cuticular projections and pubescence on thorax
and abdomen similar to third instar but projections and pubescence finer than in second instar.
Prothorax as wide as or slightly wider than head capsule.

Chaetotaxy of head. Primary chaetotaxy (Figs 2-4). Frontale (Figs 2A, 3A). Rather long
seta FR1 on midlength of frontale close to frontal line. Pore-like sensilla FR2 and FR4 and
setae FR5-7 posteromesal to antennal socket, close to anterior end of frontal line; FRS rather
long, FR6 very long (homology of FRS and FR6 unclear), FR7 short; FR2 and FR6-7 forming
a triangular group laterally to FR6—7; FR6 close and lateral to FRS; FR7 anterior to remaining
sensilla (FR2, FR4-6), close to inner margin of antennal socket. FR9—-13 on epistome, situa-
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Fig. 2. First instar larva of Berosus (Berosus) japonicus Sharp, 1873, head capsule, dorsal (A) and ventral (B).

ted anteriorly and slightly mesally to antennal socket, forming irregularly longitudinal row;
arrangement of FR9—13 slightly asymmetrical; FR10 and FR12 short setae, FR9 long seta,
FR11 and FR13 pore-like sensilla; FR12 on right side stouter than left side. FR10 posterior
to FR9 and FR11-13, FR9 anterior to FR10, between FR10 and FR13, FR13 between FR9
and FR12; FR11 on anterior margin of epistome, close to FR12; FR12 slightly posterior to
FR11. Rather short seta FR3 and long seta FR8 behind nasale, FR3 close and posterior to
FR8. Pore-like sensilla FR15 on median part of nasale. Nasale with a group of six equidistant,
stout and short setae and with (at least) one pore-like sensillum (gFR1). Left epistomal lobe
with a group of about 12 stout setae densely arranged on anterior margin (gFR2), mesal ones
strongly bent towards ventrally; gFR2 absent on right side.

Parietale (Figs 2A-B). Dorsal surface with a group of five sensilla (PA1-5) forming
irregularly longitudinal row at midwidth in posterior part of parietale; PA1-2 and 4-5 short
setae, PA3 pore-like. PA6 pore-like, located posteromesally, close to posterior end of frontal
line, more distant from posterior margin of head than PA1. Pore-like sensilla PA10 between
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Fig. 3. First instar larva of Berosus (Berosus) japonicus Sharp, 1873, anterior margin of head capsule, dorsal (A)
and ventral (B) (both drawn from dorsal).

mesal two stemmata. Setae PA7-9 posterior to antennal socket; PA8 long, PA7 and PA9 very
long; PA9 close to lateral margin of antennal socket; PA8 posteromesal to PA9, close to frontal
line and FR6; PA7 posterior to PA8 and PA9, mesal to PA10, between FR1 and PA10. Rather
long seta PA12 and long seta PA13 close to mesal two stemmata of posterior row; PA12
behind mesal-most one, PA13 posterolateral to median one. Setac PA11 and PA14 in the line
connecting lateral four stemmata, PA11 rather long, PA14 very long; PA11 anteromesal to
PA14; PA14 between lateral two stemmata of posterior row, anterolateral to PA13. PA19-22
on anterior corner of head capsule, PA19 pore-like, PA20 long seta, PA21 very long seta, PA22
moderately long seta; PA19 dorsal to PA20-22, close to PA20. PA22 ventral to PA19-21,
PA20-21 between PA19 and PA22; PA21 behind PA20; PA22 posterolateral to ventral mandi-
bular articulation. Pore-like sensilla PA23-25 close to ventral mandibular articulation; PA23
lateral to PA24-25; PA24 posterior to PA25. PA15-18 situated lateroventrally in midlength
of parietale; PA15 and PA17 pore-like, PA16 very long seta, PA18 long seta; PA16 and PA17
anterior to PA15 and PA18, PA17 close and mesal to PA16, PA15 between PA16 and PA18.
Two long to very long setae (PA26 and PA28) and pore-like sensillum PA27 situated ventrally
on median part of parietale; PA26 posterolateral to PA27 and PA28, PA27 between PA26 and
PA28. Two pore-like sensilla (PA29-30) on posterior part of ventral parictale; PA29 mesal to
PA30, posterior to PA26-28; PA30 on posterolateral part.
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Fig. 4. First instar larva of Berosus (Berosus) japonicus Sharp, 1873, head appendages. A-—B — antenna, dorsal (A)
and ventral (B); C-D — left and right mandible, dorsal; E-F — maxilla, dorsal (E) and ventral (F); G-H — labium,
dorsal (G) and ventral (H).
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gFR2 gFR1

Fig. 5. Third instar larva of Berosus (Berosus) japonicus Sharp, 1873, dorsal; A — head capsule; B — anterior margin
of head capsule; C — detail of setae of gFR2; D — spiracular atrium; E — spiracle in spiracular atrium.

Antenna (Figs 4A-B). Antennomere | with five pore-like sensilla (AN1-5); AN1-2 situa-
ted dorsally on posterior third, AN1 laterally to AN2, AN3 subapically on lateral face, AN4
on base of inner projection, ANS ventrally on median portion of anterior margin of sclerite.
Antennomere 2 with one pore-like sensillum (ANG6) situated dorsally on subapical part of
sclerite; minute seta AN7 and sensorium SE1 on lateral face of intersegmental membrane
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Fig. 6. Third instar larva of Berosus (Berosus) japonicus Sharp, 1873, head
appendages. A—B — antenna, dorsal (A) and ventral (B); C-D — maxilla, dorsal
(C) and ventral (D).

between antennomeres 2 and 3, AN8-9 absent; SE1 slender, about as long as antennomere
3; setae AN10-11 on inner face of intersegmental membrane between antennomeres 2 and 3,
AN10 long, AN11 short, both setae close to each other. Antennomere 3 with apical sensilla
(gAN) in apical membranous area; gAN with two rather long setae and a few (at least four)
short setae of variable shape.

Mandibles (Figs 4C-D). Mandible with two setae (MN1 and MNS5) and three pore-like
sensilla (MN2-4). Pore-like sensillum M X6 situated on apical part of incisors area. Very short
seta MN1 on midlength of lateral face of mandible. MN2-3 on median part of mandible; MN3
mesal to MN1-2, MN2 posterior to line connecting MN1 and MN3, MN2 on right mandible
more distant than left. MN4 and minute seta MNS5 on lateral face anteriorly to MN1; MNS5
subapical; MN4 at midlength between MN1 and MNS on left, closer to MN1 on right.

Maxilla (Figs 4E-F). Cardo with one moderately short ventral seta (MX1). Stipes with
irregular row of five setae (MX7-11) situated dorsally along inner face; MX7-9 and MX11
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Fig. 7. Third instar larva of Berosus (Berosus) japonicus Sharp, 1873, head appendages. A-B — mandible, dorsal;
C-D - labium, dorsal (C) and ventral (D).

stout, moderately short, MX10 trichoid, long; MX7-9 and MX11 almost equidistant from
each other; MX10 between MX9 and MX11 but situated more ventrally. Two setac (MX5-6)
situated apically on outer face of sclerite; MXS5 very long, MX6 long; MX5 very close and
dorsal to MX6. Pore-like sensilla MX2-3 situated ventrally on median part of sclerite; MX2
on outer part, MX3 on inner part; pore-like sensillum MX4 behind MX5-6, between MX2
and MX5. Dorsal surface of palpomere 1 with one rather long, slightly stout seta (MX16) on
inner face; ventral surface of sclerite with three sensilla (MX12-14) close to distal margin of
sclerite; MX12 pore-like on lateral part, MX13 long seta between MX12 and MX14, MX14
long seta on inner part, close to MX13. Rather small pore-like sensilla (MX15 and MX17)
on membrane behind inner appendage; MX17 dorsal, MX15 ventral. Inner appendage with
one long seta and a few short setae (gAPP). Palpomere 2 with two pore-like sensilla (MX18
and MX19) and one minute seta (MX27); MX18 situated ventrally on outer part of sclerite;
MX19 on inner face of intersegmental membrane between palpomeres 2 and 3; MX27 at base
of outer face of sclerite. Palpomere 3 with two setae (MX21 and MX23) and two pore-like
sensilla (MX20 and MX22); MX21 rather long, MX23 long; MX20 on outer face very close to
distal margin of sclerite; MX21-22 on median part of sclerite close to distal margin of sclerite;
MX21 lateral to MX22; MX23 dorsal on outer face close to distal margin. Palpomere 4 with
one rather long seta (MX24) situated basally on inner face, and with digitiform sensillum
(MX25) and pore-like sensillum (MX26) apically on outer face of sclerite; MX25 dorsal,
MX26 ventral. Apical membranous area of palpomere 4 with several minute setae (gMX).
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Labium (Figs 2B, 3B, 4G-H). Submentum with two pairs of setae (LA1-2); LA1 very long,
in each lateral corner, LA2 minute, on anterior margin. Ventral surface of mentum with one
pair of short setac (LA3) situated on median part of outer face; LA4 absent. Prementum with
three pairs of sensilla (LA8-10) on dorsal surface and with three pairs of sensilla (LA5-7)
on ventral surface. LA8—10 on anterior membranous area of prementum, close to each other;
arrangement of LA8—10 vary, LA8-9 sometimes absent; LA8—9 pore-like, LA10 long seta;
LA9-10 at basal part of ligula, LA8 behind LA9-10. Minute seta LAS at base of outer face;
long seta LA6 and pore-like sensillum LA7 on anterior part, close to borderline between
sclerite and membrane of prementum; LA6 close and mesally to LA7. Ligula with two pairs
of pore-like sensilla (LA11-12) apically; LA12 dorsal, LA11 ventral. One minute seta (LA13)
situated ventrally on basal margin of palpomere 1; pore-like sensillum LA 14 on dorsal surface
of intersegmental membrane between palpomeres 1 and 2. LA15 absent. Apical membranous
area of palpomere 2 with several setae of variable length and shape (gLA).

Second instar. Primary sensilla similar to first instar, and secondary chaetotaxy similar to
third instar.

Parietale with four rather short secondary setae. Two dorsal setae close to frontal line, one
between PA6 and PA7, one between PA8 and PA9; one seta lateroventral, anterior to PA16;
one seta on median part of lateral face, between PA13 and PA15-18.

Mandible (e.g., Figs 7A-B). Outer face of mandible bearing a few short to minute secon-
dary setae.

Maxilla (e.g., Figs 6C-D). Stipes bearing three secondary setae; one moderately short seta
situated dorsally on basal part of outer face, one moderately long seta on median portion of
outer face, one long seta ventrally on subapical part of sclerite, close to and behind MX35.
Third instar (Figs SB-C, 6—7). Similar to second instar.

Egg-case. Egg-cases were laid on substrate (Figs 17A—B; Havasui 2009a).

Biology. Berosus japonicus inhabits paddy fields in the locality of Shimane prefecture; larvae
prefer masses of algae, possibly Spirogyra or Zygnema (Zygnemataceae). Nearly one hundred
larvae were occasionally found in such masses of algae, together with larvae of Pelfodytes
intermedius (Sharp, 1873) (Coleoptera: Haliplidae) (Hayashi, personal observation). This
habitat preference might be the reason for confusion about the diet of larval Berosus, which
was considered to consist of algae (WiLsoN 1923, BovING & HENRIKSEN 1938, PETERSON 1951).
As BovING & HENRIKSEN (1938) and ARCHANGELSKY (1997, 2008) questioned, Berosus larvae
will be carnivorous.

Genus Regimbartia Zaitzev, 1908
(Figs 8-16, 17C-D)

Diagnosis. The larva of Regimbartia is very similar to those of genera Allocotocerus and
Derallus. Larvae of these genera are distinguishable from other hydrophilid larvae by the
following combination of characters: (1) almost symmetrical clypeolabrum (Figs 9C, 13C);
(2) the presence of an inner projection on antennomere 1 (autapomorphy of Berosini; Figs
10A-B, 15A-B), (3) almost symmetrical to slightly asymmetrical mandibles (Figs 11 A-B);
(4) elongated prementum (Figs 11C-D, 15C-D); and (5) presence of short to long setiferous



62 MINOSHIMA & HAYASHI: Larvae of the Japanese Berosini (Hydrophilidae)

abdominal projections on the dorsal to lateral surface (e.g., Fig. 8D). Regimbartia is distingu-
ishable from Allocotocerus and Derallus by antennal characters: apex of inner projection on
antennomere 1 rounded; antennomere 2 widened distally, without inner extension apically.

Within the Japanese aquatic Hydrophilidae, the larva may superficially resemble those
of Amphiops Erichson, 1843, Hydrochara, and Sternolophus Solier, 1834 in the head mor-
phology: i.e., elongate antennae, mandibles, and maxilla (e.g., MiNosHIMA & HAvasHr 2011a,
2012; MmNosHMA et al. 2012; WarTs 2002); however Regimbartia is easily distinguishable
from them by the aforementioned characters. See also a key to the genera of Japanese aquatic
Hydrophilidae in MiNnosHIMA & Hayashi (2011a).

Regimbartia attenuata (Fabricius, 1801)
(Figs 8-16, 17C-D)

Material examined. JAPAN: Honsut: Shimane Prefecture: 9 L1 (HGF, KMNH), Wadakami, Oku-uga-cho,
ponding fallow field, 16.vi.2008 (date of fixation), M. Hayashi leg. & reared; 1 L1 (KMNH), Wadakami, Oku-u-
ga-cho, ponding fallow field, 13.vi.2008 (date of fixation), M. Hayashi leg. & reared; 2 L3 (KMNH), Wadakami,
Oku-uga-chd, ponding fallow field, 12.vii.2008, M. Hayashi leg.; 1 L1, 3 L2 (HGF, KMNH), Okinoshima, Sono-cho,
Izumo-shi, paddy field, 19.vi.2008, M. Hayashi leg.; 1 L1 (KMNH), Wadakami, Oku-uga-chd, ponding fallow field,
25.vi.2008 (date of fixation), M. Hayashi leg. & reared; 2 L1 (KMNH), Nozato-chd, Izumo-shi, 3.vi.2008 (date of
fixation), M. Hayashi leg. & reared. Nanskr IsLanps: Okinawa Prefecture: 2 L3 (EUM]J), Sonai, Yonaguni-jima
1., 1.viii.1962, M. Satd leg.

Description. General morphology. Third instar (Figs 8, 12—15, 16B). Larva metapneustic.
Body (Figs 8A—B) rather slender with strong setiferous projections, nearly parallel-sided;
thorax and abdomen bear short to long, membranous projections. Colour greyish white with
sclerotised parts brownish, head capsule yellowish brown. One pair of spiracles on mesotho-
rax; eight pairs of spiracles on abdominal segments; spiracles on mesothorax and abdominal
segments 1-3 strongly protuberant; those on abdominal segments 4—7 hardly detectable, seem
to be reduced; posterior one pair enclosed in spiracular atrium, very large, annular; anterior
eight pairs non-functional, posterior pair functional.

Head (Figs 12A, 13). Head capsule subquadrate, attenuated posteriad; cervical sclerites
large, subrectangular. Frontal line straight and slightly lyriform, but almost invisible in third
instar; posterior end of frontal lines U-shaped; coronal line absent. Surface of head capsule
smooth. Six stemmata on each anterolateral corner of head capsule. Clypeolabrum nearly
symmetrical (Fig. 13C). Nasale weakly convex with strongly serrate anterior margin (bearing
many small cuticular teeth on ventral surface of anterior margin). Epistomal lobe very weakly
rounded; both lobes with a few to several small cuticular teeth.

Antenna (Figs 14A—B) 3-segmented, long, slender. Antennomere 1 longer than antenno-
meres 2 and 3 combined, with one projection on subapical part of inner face; apical part of
projection membranous. Antennomere 2 attenuated basally, narrower than antennomere 1
at base, about as wide as antennomere 1 at apex; apical part of inner face of antennomere 2
weakly projecting anteriorly. Antennomere 3 the narrowest and shortest.

Mandibles (Figs 15A-B) rather slender, slightly asymmetrical. Right mandible with two
inner teeth, apical one large, projecting apically, and basal one small; basal inner tooth of left
mandible with one, closely aggregated associated tooth.
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Fig. 8. Third instar larva of Regimbartia attenuata (Fabricius, 1801). A-B — habitus, dorsal (A) and ventral (B);
C — cuticular projection on pronotum, dorsal; D — lateral setiferous projection, dorsal; E — cuticular projections on
abdominal segment, dorsal.

Maxilla (Figs 14C-D) 6-segmented, slightly longer than antenna. Cardo small, subtrian-
gular. Stipes the longest and widest, about twice as long as palpomeres 1-4 combined; inner
face with few cuticular spines basally; a small cuticular projection present subapically on
inner face. Maxillary palpus 4-segmented, palpomere 1 widest, dorsal surface completely
sclerotised; palpomere 2 shortest and wider than palpomere 3; palpomere 3 the longest;
palpomere 4 narrowest; inner process small, sclerotised.

Labium (Figs 13B, 15C-D) well developed. Submentum (Fig. 13B) fused to head capsule,
large, subpentagonal or subtriangular, wider than mentum. Mentum transverse subrectangular,
lateral face weakly convex, widest medially, each anterior corner weakly but distinctly projec-
ting anteriorly; dorsal surface covered with small cuticular spines posterolaterally. Prementum
very narrow and long, about two-fifths as width of mentum, and about 2.7 times as wide as
long; basal part close to LAS8 sensilla partially membranous. Ligula stout, shorter than or
as long as labial palpus, weakly curved dorsally; dorsal part of ligula mostly membranous
excluding basal margin, ventral surface of ligula sclerotised but lateral part membranous.
Labial palpus short, palpomere 1 shorter and slightly wider than palpomere 2.
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Thorax. Thoracic membrane covered with fine cuticular pubescence, each apex multi-fur-
cate (e.g., Fig. 8E) excluding anterior margin which bears fine cuticular pubescence of simple
shape; thoracic sclerites bearing densely arranged fine cuticular projections; apex of projections
expanded circularly (Fig. 8C). Prothorax wider than head capsule. Proscutum formed by one
large plate subdivided by fine sagittal line, anterior part rather weakly sclerotised. Prosternal
sclerite (Fig. 12B) subpentagonal, with long and fine indistinct sagittal line; anterior margin
of sclerite with densely arranged short setac. Mesonotum with two sclerites on each side;
anterior two narrow, weakly sclerotised and indistinct; posterior sclerites large, subtriangu-
lar, both posterior sclerites jointing at anterior margin. Five pairs of setiferous, membranous
projections present on dorsal and lateral surfaces; one small on posterior mesonotal sclerite;
one small laterodorsal at midlength; three long (e.g., Fig. 8D) on lateral face. Metanotum
with apparently two metanotal sclerites; sclerites very weakly sclerotised and indistinct,
subrectangular. One short membranous projection bearing apical seta present posteromesally
to lateral sclerite. Eight pairs of setiferous, membranous projections present on dorsal and
lateral surfaces; one small very close and posteromesally to metanotal sclerite; three long
on lateral surface; remaining ones forming a transverse row behind metanotal sclerite; from
mesal to lateral, bearing small, short setiferous projections. Legs (Fig. 16B) long, visible in
dorsal view, 5-segmented; all three pairs similar in shape.

Abdomen. Abdomen 10 segmented, tapering posteriad (Figs 8A—B); segments 1 to 7 si-
milar in shape and size. Abdominal membrane covered with fine cuticular pubescence, each
apex multi-furcate (Fig. 8E) excluding anterior margin of dorsal surface, ventral surface, and
membrane on segment 8, which bears fine cuticular pubescence of simple shape. Segment
1 without dorsal sclerite. Twelve setiferous, membranous projections (e.g., Fig. 8D) present
on each side of dorsal and lateral surfaces; four small on anterior part of segment; two small
and four long behind anterior four, mesal pair small, lateral two pairs long; these projecti-
ons situated between spiracles; two pairs of long projections on lateral surface, ventrally to
spiracles, one laterally, one lateroventrally; five pairs forming a transverse row on posterior
part; dorsal four pairs small, lateral pair long. Two small setiferous, membranous projections
present laterally on ventral surface, one on anterior part, one on posterior part. Segments 2
to 7 similar to segment 1, but dorsal and lateral projections on segment 6 and 7 differ from
segment 1. Segment 6 with 11 pairs of setiferous, membranous projections on dorsal and
lateral surfaces; four pairs forming a transverse row on posterior part, behind remaining pro-
jection on segment 6; dorsal three pairs small, lateral pair long. Segment 7 with nine pairs of
setiferous, membranous projections on dorsal and lateral surfaces; four pairs of projections
forming a transverse row present at midlength, behind anterior four projections, median two
rather short, lateral three long; three pairs of projections forming transverse row in posterior
part, lateral pair long, remaining pairs on dorsal surface, small.

Spiracular atrium (Fig. 12C). Segment 8 with large oval dorsal plate covered with fine
cuticular projections and setae of variable length; dorsal surface of segment 8 tetralobate,
median two lobes very large, covered with short pubescence, lateral ones small, indistinct.
Segment 9 trilobed, partially sclerotised; urogomphus large, bearing one very long seta and
a few short setae; procercus rather long, partially sclerotised, with one long and two short
setae apically; median lobe of spiracular atrium partially sclerotised, with four long setae on
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posterior margin; lateral lobe of spiracular atrium partially sclerotised composed by inner
sclerite and outer sclerite, bearing several setae of variable length; acrocercus and prostylus
undetectable, absent.

Second instar. Very similar to third instar larva; sclerites on meso- and metathorax and ab-
dominal segments more weakly sclerotised than in third instar.

Head. Head capsule. Frontal lines clearly visible. Epistomal lobe very weakly projecting
anteriorly, similar to that of first instar (Fig. 9C). Ventral cuticular teeth on nasale much
sparsely arranged than in third instar, rather similar to those in first instar.

Antenna (e.g., Figs 14A-B) proportionally stouter than in third instar.

Labium (e.g., Figs 15C-D). Mentum subtrapezoidal, widest basally; lateral face of mentum
slightly convex; anterior corners of mentum slightly projecting anteriorly.

Thorax and abdomen. Arrangement of cuticular projections and pubescence on thorax and
abdomen similar to but finer than in third instar. Apex of cuticular pubescence and projections
similar to but more simple than in third instar; setiferous, membranous projections on thoracic
and abdominal segments proportionally smaller than in third instar, but more similar to third
instar than to first instar.

Firstinstar (Figs 9-11, 16A). Similar to second instar larva; sclerites on meso- and metathorax
more weakly sclerotised than in second instar.

Head. Head capsule (Fig. 9). Epistomal lobe hardly detectable or absent (Fig. 9C). Nasale
very weakly convex anteriorly, nearly straight; ventral cuticular teeth on nasale sparsely
arranged.

Antenna (Figs 10A—B) proportionally stouter than in second and third instars.

Maxilla (Figs 10C—D) proportionally stouter than in third instar.

Labium (Figs 11C-D). Anterior margin of mentum rounded in dorsal view, without an-
terior corners and projection; prementum about 3.1 times as long as wide but about half the
width of mentum.

Thorax and abdomen. Arrangements of cuticular projection and pubescence on thorax
and abdomen similar to third instar but projection and pubescence finer than in second instar.
Apex of cuticular pubescence or projections simple; setiferous, membranous projections on
thoracic and abdominal segments proportionally smaller than in second instar, the number of
the projections less than in third instar. Prothorax as wide as or slightly wider than head capsule.

Chaetotaxy of head. Primary chaetotaxy (Figs 9-11). Frontale (Figs 9A, C). Very short seta
FR1 on about midlength of frontale rather close to frontal line. Pore-like sensillum FR2 ante-
romesal to FR1, posteromesal to inner margin of antennal socket. Short seta FRS5 and rather
long seta FR6 posteromesal to antennal socket, lateral to FR2; FRS5 mesal to FR6. Pore-like
sensillum FR4 mesal to antennal socket, anterior to FR5—6. Three sensilla (FR3, FR8, FR15)
situated mesally behind nasale, FR3 rather short, stout seta, FR8 long seta, FR15 pore-like; FR3
mesal to FR8, FR8 posterior to FR15. Short seta FR10 between FR7 and FRS. Four sensilla
(FR7, FR9, FR12-13) forming longitudinal row between inner margin of antennal socket to
lateral portion of nasale; FR7 very short seta, FR9 very long seta, FR12 rather short and stout
seta, FR13 pore-like sensillum; FR7 mesal and close to inner margin of antennal socket, FR9
between FR7 and FR13, FR13 between FR9 and FR12, FR12 anterior to remaining sensilla
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Fig. 9. First instar larva of Regimbartia attenuata (Fabricius, 1801), head capsule. A-B — head capsule, dorsal (A)
and ventral (B); C — anterior margin of head capsule, dorsal; D—E — variation of sensilla PA15-18, ventral.

(FR7, FR9, FR13). Pore-like sensillum FR11 on anteromesal portion of epistome, posterior
to mesal-most seta of gFR2. Pore-like sensillum FR14 lateral and close to FR9. Nasale with
group of six short setae, and with (at least) two short ventral seta and four small pore-like
sensilla (gFR1) (Fig. 9C); median two dorsal setae very short, shorter than other ones, next
ones rather short, longer than other ones, lateral ones short; median two pairs of dorsal setae
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Fig. 10. First instar larva of Regimbartia attenuata (Fabricius, 1801), head appendages. A—B — antenna, dorsal (A)
and ventral (B); C—D — maxilla, dorsal (C) and ventral (D).

closely aggregated. Pore-like sensillum on lateral part of nasale, close to FR12; a pair of
ventral setae and ventral pore-like sensilla situated mesally close to median four setae of
gFR1. Each epistomal lobe with three rather short, stout but somewhat slender setae (gFR2).

Parietale (Figs 9A—B, D-E). Dorsal surface with a group of five sensilla (PA1-5) forming
irregularly longitudinal row at midwidth in posterior part of parietale; PA1-2 and 4-5 short
setae, PA3 pore-like. PA6 pore-like, located posteromesally close to posterior end of frontal
line, close to posterior margin of head capsule. Very long seta PA9 behind lateral margin of
antennal socket; long setae PA7-8 close to frontal line, posterior to lateral part of antennal
socket; PAS8 posterolateral to PA7, between PA9. Pore-like sensillum PA10 between mesal



68 MINOSHIMA & HAYASHI: Larvae of the Japanese Berosini (Hydrophilidae)

gLA

MN

0.1 mm

A

Fig. 11. First instar larva of Regimbartia attenuata (Fabricius, 1801), head appendages. A-B — mandible, dorsal;
C-D - labium, dorsal (C) and ventral (D).

stemmata of anterior and posterior rows. Two rather short setae (PA12-13) posterior to PA9-10,
PA12 between PAS and PA9, PA 13 posterolateral to PA12. Short seta PA11 and very long seta
PA14 located inside of line connecting stemmata; PA14 lateral to PA11. PA19-22 in anterior
corner of head capsule; PA19 pore-like sensillum, PA20-22 very long setae; PA19-21 very
closely aggregated on laterodorsal face, PA19 dorsal to PA20-21; PA20 between PA19 and
PA21; PA21 ventral to PA19-20; PA22 lateroventral. Pore-like sensilla PA23-25 situated
behind ventral mandibular articulation, PA23 lateral to PA24-25, close to PA22; PA24-25
very close to each, PA25 anterior to PA24. Four sensilla (PA15-18) on lateroventral surface
(Figs 9B, D-E), PA15-17 on anterior third, PA18 slightly posterior to midlength; PA16 and
PA18 long setae, PA15 and PA17 pore-like sensilla; PA16 and PA 17 anterior to PA15, closely
aggregated, PA17 mesal to PA16; PA15 between PA16 and PA18. Two long setae (PA26 and
PA28) and pore-like sensillum PA27 aggregated on median part of ventral surface of parietale,
slightly more mesal to midwidth; PA26 anterior to PA27-28, PA27 between PA26 and PA28,
PA28 posterior to PA26-27. Two pore-like sensilla (PA29-30) in posterior portion of ventral
surface of parietale; PA30 close to posterior corner, PA29 mesal to PA30, on about midlength
between PA30 and gular sulcus.

Antenna (Figs 10A-B). Antennomere 1 with five pore-like sensilla (AN1-5); AN1-2
situated dorsally on posterior fourth to fifth, AN1 posteriorly to AN2, AN3 subapically on
lateroventral face, AN4 on inner projection, ANS ventrally on median portion of anterior
margin of sclerite. Antennomere 2 with one pore-like sensillum (AN6) situated dorsally on
subapical part of sclerite; very short seta AN7 and sensorium SE1 on lateral face of inter-
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0.2 mm

Fig. 12. Third instar larva of Regimbartia attenuata (Fabricius, 1801). A — head, dorsal; B — prosternal sclerite,
ventral; C — spiracular atrium, dorsal.

segmental membrane between antennomeres 2 and 3, AN8-9 absent. SE1 slender, about as
long as antennomere 3. Setac AN10-11 aggregated on inner face of intersegmental membrane
between antennomeres 2 and 3, AN10 very long, AN11 short. Antennomere 3 with apical
sensilla (gAN) in apical membranous area; gAN with two very long setae and a few short
setae of variable shape.

Mandibles (Figs 11A-B). Mandible with two setae (MN1 and MNS5) and four pore-like
sensilla (MN2—4 and MX6). MN1 and MN4 on median part of outer face; MN1 rather short,
posterior to MN4. MN2-3 on median part of mandible; MN3 posteromesal to MN1-4, MN2
between MN3 and MN4; minute seta MNS5 on apical third of outer face; MN6 very small and
indistinct, subapical on inner face.

Maxilla (Figs 10C-D). Cardo with one moderately short ventral seta (MX1). Stipes with
five setae (MX7-11) situated dorsally along inner face; MX7-9 moderately short and stout,
MX10 very short, MX11 long and trichoid; MX7-9 in basal fourth, MX10 at midlength of
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Fig. 13. Third instar larva of Regimbartia attenuata (Fabricius, 1801), head capsule. A—B — head capsule, dorsal (A)
and ventral (B); C — anterior margin of head capsule, dorsal.

sclerite, MX11 on apical fourth. Two setac (MX5-6) on subapical portion of outer face of
sclerite; MXS5 very long, MX6 long; MX6 anterior and dorsal to MXS5. Pore-like sensillum
MX4 posterior to MX5-6. Pore-like sensilla (MX2-3) on ventral surface, MX2 on posterior
fourth, MX3 on posterior two-fifths. Dorsal surface of palpomere 1 with one long, slightly
stout, trichoid seta (MX16) situated basally on inner face; ventral surface of sclerite with
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Fig. 14. Third instar larva of Regimbartia attenuata (Fabricius, 1801), head appendages. A—B — antenna, dorsal (A)
and ventral (B); C—D — maxilla, dorsal (C) and ventral (D).

three sensilla (MX12-14) close to distal margin of sclerite; MX12 pore-like on lateral part,
MX13 very long seta posterior to MX12, MX14 long seta mesal to MX12—13. Pore-like
sensilla (MX15 and MX17) on membrane behind inner appendage; MX17 dorsal, MX15
ventral. Inner appendage with one long seta and a few short setae (gAPP). Palpomere 2 with
two pore-like sensilla (MX18 and MX19) and one minute seta (MX27); MX18 situated ven-
trally on median part of sclerite; MX19 on inner face of intersegmental membrane between
palpomeres 2 and 3; MX27 at base of outer face of sclerite. Palpomere 3 with two very long
setae (MX21 and MX23) and two pore-like sensilla (MX20 and MX22); MX20 and MX23
on outer face close to distal margin of sclerite, MX20 ventral to MX23; MX21 on lateral to
median part of ventral surface, closer to distal margin of sclerite or on borderline between
sclerite and intersegmental membrane; MX22 situated dorsally on lateral part close to distal
margin of sclerite. Palpomere 4 with one long seta (MX24) situated basally on inner face,
and with digitiform (MX25) and pore-like (MX26) sensilla apically on outer face of sclerite;
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0.2 mm

Fig. 15. Third instar larva of Regimbartia attenuata (Fabricius, 1801), head appendages. A-B — mandible, dorsal;
C-D — labium, dorsal (C) and ventral (D).

MX25 dorsal, MX26 ventral. Apical membranous area of palpomere 4 with several minute
setae (gMX).

Labium (Figs 11C-D). Submentum with two pairs of setae (LA 1-2) on each lateral portion;
LA1 very long, LA2 short; LA2 anterior to LA1. Ventral surface of mentum with one pair of
rather long setae (LA3) and pore-like sensillum (LA4) on anterior margin of sclerite; LA4
posterolateral and close to LA3. Prementum with three pairs of sensilla (LA8-10) situated
dorsally and three pairs of sensilla ventrally (LA5—7). LAS8 pore-like, situated basally; LA9
pore-like but weakly projecting sensillum, situated subapically on dorsolateral face; LA10
long seta, at base of ligula. LAS minute seta, situated basally on lateral part, closer to basal
margin of sclerite; very long seta LA6 and pore-like sensillum LA7 subapical on lateral part,
LAG6 posterior to LA7. Ligula with two pairs of pore-like sensilla (LA11-12); LA12 apical,
LAT11 ventral and basal. LA13 minute seta situated ventrally on basal margin of sclerite of
palpomere 1; pore-like sensillum LA 14 situated dorsally on intersegmental membrane between
palpomeres 1 and 2, LA15 subapically on outer face of palpomere 2. Apical membranous
area of palpomere 2 with several setae of variable length and shape (gLA).

Second instar. Primary sensilla similar to first instar.

Parietale (e.g., Figs 13A—B) with five secondary setae, two dorsal, three lateral. One short
between PA6 and PA7, close to frontal line; one short between PA8 and PA9; one short lateral
to PA16; one short close to PA16; one rather short mesal to PA15 and PA18.

Antenna (e.g., Figs 14A-B). SEI shorter than antennomere 3.

Mandibles (e.g., Figs 15A-B). Basal half of outer face of mandibles with about 10 secon-
dary sensilla; basal five sensilla short, remaining ones minute.
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Fig. 16. Regimbartia attenuata (Fabricius, 1801), mesothoracic leg, anterior view. First (A) and third (B) instar.

Maxilla (e.g., Figs 14C-D). Stipes with six long to rather short secondary setae on outer
surface; one long situated apically close to MX4-6; four rather short setae situated latero-
ventrally on median to posterior portions.

Labium (e.g., Figs 15C-D). Dorsal surface of mentum with two pairs of short, stout secon-
dary sensilla along anterior margin, one pair on median part, another pair on anterior corner;
ventral surface with one short secondary seta on each lateral part.

Third instar (Figs 13—15). Similar to second instar.

Antenna (Figs 14A-B). Antennomere 2 with one minute secondary sensillum situated

subbasally on inner face, often absent.
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Mandibles (Figs 15A—B). MN2 situated on or slightly anteriorly to the line connecting
MN1 and MN3.

Egg-case. Egg-cases were laid on substrate (Fig. 17C; Havasni 2009a).

GoraLaswaMy and HANUMANTHA Rao (1975) reported the egg-laying behaviour of R. atte-
nuata and mentioned that the specimens carried egg-cases under their abdomen. However,
R. attenuata lays egg-case on substrate such as leaves (Havasti 2009a; Fig. 17C) like other
Berosini (e.g., ARCHANGELSKY 1997, 2004, 2008; Figs 17A-B). This confusing observation of
GoraLaswaMy and HANUMANTHA Rao (1975) seems to be actually caused by a misidentificati-
on, as they likely observed specimens of the genus Helochares Mulsant, 1844. The carrying
of the egg-case under abdomen has been observed in the species of the genera Helochares,
Helobata Bergroth, 1888, and Radicitus Short & Garcia, 2014 (all Hydrophilidae: Acidoceri-
nae), and in hydrophiloid families Epimetopidae and Spercheidae (Boving & HENRIKSEN 1938,
ARCHANGELSKY 1997, HaNsEN 2000, SHORT & GARcia 2014). This behaviour is not known for
any genus within the Hydrophilinae, including all berosine genera.

Discussion

Morphological and ecological characters. Most aquatic hydrophilid larvae are metapneustic.
Gas exchange is accomplished through the eighth pair of abdominal spiracles enclosed in a
spiracular atrium, i.e., they breathe by exposing the tip of the abdomen at the water surface.
Therefore, they must stay close to the water surface (e.g., in riparian habitats, on vegetati-
on), or reach the water surface if they are submerged. Contrary to this, some larvae have
lost the functionality of the spiracular atrium and are considered apneustic, this has evolved
independently in the tribes Berosini and Hydrobiusini: the genera Berosus and Hemiosus
(Berosini), and Hybogralius Orchymont, 1942 (Hydrobiusini) (WATTs 2002, ARCHANGELSKY
2004). Berosus larvae have abdominal tracheal gills for respiration, whereas Hemiosus and
Hybogralius lack gills, and their respiratory mechanisms are unknown (Watts 2002; ARCHAN-
GELSKY 2008, 2004).

The apneustic hydrophilid larvae have unusual head morphology within the Hydrophilidae,
especially in the structure of the anterior margin of the head capsule, mandibles, and labium
(ARCHANGELSKY 1997, 2004, 2008; WarTs 2002; Figs 3—4, 5SA-B, 7). Exceptionally, larvae of
the genus Laccobius have very similar head morphology (e.g., ARCHANGELSKY 1997). They
have a well-developed spiracular atrium but some behaviour resemble those of apneustic
larvae (see below). In addition, the hydrophiloid genus Epimetopus Lacordaire, 1854 (Epi-
metopidae), does not have a spiracular atrium, but has functional spiracles and membranous
abdominal projections, and slightly similar head morphology to Berosus (ARCHANGELSKY
1997, FikACex et al. 2011). These characters have evolved independently in each clade within
Hydrophiloidea (Snort & FikACEK 2013).

Relationships between their lifestyles and morphology of hydrophilid larvae have been
discussed in previous studies; they concluded that modifications in the morphology of head
capsule and its appendages are an adaptation to a benthic lifestyle (ARCHANGELSKY 2008).
Larvae of Hydrophilidae are predatory and carry out external digestion. While feeding, most
aquatic hydrophilid larvae move close to the water surface and raise their head above the
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Fig. 17. A-B — Egg-case of Berosus (Berosus) japonicus Sharp, 1873, wild (A) and rearing (B); C — egg-case of
Regimbartia attenuata (Fabricius, 1801), rearing; D — egg of R. attenuata. Figs A, C modified after Havasni (2009a).
Photos by M. Hayashi.

surface to prevent outflow and dilution of digested body fluids of the prey, but apneustic
larvae and Laccobius larvae exceptionally do not raise their head (ARCHANGELSKY 2008; Y.
Minoshima, personal observation). Feeding behaviour of Hybogralius is unknown so far.
Their head morphology prevents outflow and dilution of digested prey and allows them to
perform the external digestion under the water surface (ARCHANGELsKY 2008).

In addition to these morphological adaptations, we bring additional observations of an
ecological character of hydrophilid larvae, which was observed in a few old studies but has
been neglected afterwards (e.g., RicimonD 1920, TakaHASHI 1922, BovING & HENRIKSEN 1938).
Larvae of Berosus japonicus do not swallow air into the alimentary canal, therefore they
lack air bubbles in the intestine (TakaHasHI 1922; Fig. 18A); air bubbles are usually present
in the majority of aquatic hydrophilid larvae observed so far (RicimMonD 1920, TAKAHASHI
1922, BoviNG & HenriksEN 1938; Fig. 18B). The bubbles may increase buoyancy, and help
them to float on the water surface for respiration, and transfer via water surface. RicHMOND
(1920) wrote this behaviour as ‘the first duty of the aquatic larvae’ in the paper; however,
he did not specify which species did it. TAkaHAsHI (1922) mentioned that the bubbles were
absent in larvae of good swimmers (Sternolophus — Hydrophilinae: Hydrophilini) and ben-
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Fig. 18. Living individuals of the hydrophilid larvae. A—
Berosus (Berosus) japonicus Sharp, 1873; B— Enochrus
(Methydrus) japonicus (Sharp, 1873); C — Laccobius
(Laccobius) kunashiricus Shatrovskiy, 1984. Photo A
by M. Hayashi, B-C by Y. Minoshima.

thic larvae (Berosus), whereas they were present in Helochares (Acidocerinae), Amphiops
(Hydrophilinae: Amphiopini), and Enochrus (Enochrinae). He observed the behaviour of
Helochares pallens (MacLeay, 1825) in detail, and mentioned that the bubbles are often
absent when they were not submerged (e.g., on wet paper); and once they were submerged,
they start to swallow air. The first author confirmed this behaviour based on the observation
of Enochrus haroldi (Sharp, 1884). BovING and HENRIKSEN (1938) noted that ‘many’ aquatic
larvae (but did not specify) have the bubbles; they only mentioned presence of air bubbles
in Enochrus and ‘Paracymus’ (probably misidentification of Anacaena Thomson, 1859,
see ARCHANGELSKY & FIKACEK 2004) in the description of respective taxa. We observed this
ecological character within the Hydrophilidae: Laccobius (Microlaccobius) fragilis Nakane,
1966 and L. (Laccobius) kunashiricus Shatrovskiy, 1984 (Hydrophilinae: Laccobiini) did
not have the bubbles (Fig. 18C), whereas Enochrus haroldi, E. japonicus (Sharp, 1873) and
E. simulans (Sharp, 1873) (Enochrinae) have the bubbles (Fig. 18B). Up to now, absence of
the bubbles has been observed only in the subfamily Hydrophilinae, in which presence of
the bubbles was observed only in Amphiops by TakanasHi (1922), and the behaviour of the
remaining taxa (Paracymus-group of Laccobiini and Hydrobiusini) remains unknown. This
makes unclear the evolutionary process of the behaviour.
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Table 2. Difference of qualitative characters of head chaetotaxy between Berosus japonicus Sharp, 1873 and Re-
gimbartia attenuata Fabricius, 1801.

Berosus japonicus Regimbartia attenuata
FR1 Rather long, trichoid seta Short, stout seta
FR3 Trichoid seta Stout seta
Left FR14 Absent Present
Left gFR2 With a series of stout setae With three stout setae
Right gFR2 Absent Present
MX10 Long Very short
MX11 Rather short, stout Long, trichoid
LA1S Absent Present
Number of secondary setae 34 10-11
on outer face of mandibles
Number of secondary setae 2 5
on outer face of stipes
Number of secondary setae 0 6

on mentum

Increasing buoyancy resists benthic life style or highly-developed swimming behaviour.
Benefit of the absence of the bubbles is the loss of buoyancy in two different life styles:
benthic lifestyle in the clades Berosini and Laccobiini, and swimming life style in the clade
Hydrophilini.

Comparison of head chaetotaxy between B. japonicus and R. attenuata. Despite large
differences between their lifestyles in the larval stages, chaetotaxy of the head capsule of B.
Jjaponicus and R. attenuata are very similar (Figs 2, 9A—B). Although head appendages are
more or less modified in Berosus (Fig. 4), especially in the mandibles and labium, Berosus bear
nearly all the hydrophilid primary sensilla (B. japonicus bears 13 of 15 primary sensilla on
the labium excluding gl.A, and bears all the primary sensilla on the mandibles) (Figs 4G—H).

Head capsule. Both genera bear all the primary sensilla, exceptionally FR14 is absent in
B. japonicus. Positions of the primary sensilla on the head capsule seem to be different due to
modification of the head capsule shape, i.e. the head capsule of R. attenuata is more transverse
than that of B. japonicus (Figs 5A, 12A). However, relative positions and morphology of the
primary sensilla on the head capsule are not largely different in both genera; these are therefore
identical between B. japonicus and R. attenuata. Relative positions and morphology of the
sensilla on the frontale are more different than those on the parietale (Figs 9A, 12A). FR1 is
a rather long trichoid seta close to the frontal line in Berosus, whereas it is a short seta, more
distant from the frontal line in Regimbartia. FR3 is a short trichoid seta situated behind FR8 in
B. japonicus, whereas it is a short, stout seta situated mesally to FR8 in Regimbartia. FR4-7
and FR9-10 are more closely aggregated in R. attenuata than in B. japonicus. FR14 is absent
in B. japonicus but present in Regimbartia (Figs 3A, 9C); the absence of FR14 is rare in the
Hydrophilidae (e.g., FIKACEK et al. 2008, MiNosHIMA & Hayashi 2011a). gFR1 consists of short
setae in B. japonicus, whereas these setae are longer and stouter in R. attenuata; gFR2 in B.
Japonicus consists of a series of stout setae on the left, and no setae on the right, whereas in
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R. attenuata it consists of three stout setae on each side (Figs 3A, 9C). Difference of position
and shape of the primary sensilla on the clypeolabrum will be due to the modification of
clypeolabrum in Berosus, but they are almost identical (Figs 3A, 9C).

Head appendages. A few sensilla are absent on the head appendages of B. japonicus:
ANB8-9, LA4, and LA15 are absent, whereas only antennal sensilla AN8-9 are absent in R.
attenuata. Absence of AN8 and/or AN9 is a common trend in hydrophilid larvae (FIKACEK et
al.2008,2013,2014; Torres etal. 2011, 2014; MmNvosHIMA & HavasH1 2012). Absence of LA4
and LA15 seems rare in the Hydrophilidae (FikACEk et al. 2008, MiNosHIMA & Hayashi 2012)
and that of LA 15 was also observed in Laccobius striatulus (Fabricius, 1801) and Amphiops
mater mater Sharp, 1873, which have modified labium (FIKACEK et al. 2008, MINOSHIMA &
Havyasnur 2012). The reduction of labial sensilla is known in several hydrophilid larvae, which
have a modified labium (FikACEk et al. 2008). The morphology of primary sensilla, MX9-10
are distinctly different: MX9 is a short, stout seta and MX10 is a long trichoid seta in B.
Jjaponicus (Fig. 4E), in R. attenuata (Fig. 10C) they are very short and long, respectively.

When comparing third instar larvae, R. attenuata bears more secondary setae on the base of
the outer face of the mandibles than Berosus. The outer face of the stipes bears few secondary
setae in B. japonicus, whereas more secondary setae are present in R. attenuata (Figs 6C-D,
14C-D). Berosus japonicus does not bear any secondary sensilla on the mentum (Figs 7C-D),
but R. attenuata bears two pairs of short, stout secondary setae on the anterior margin of the
dorsal face and one pair of short secondary setae on the anterior margin of the ventral face
(Figs 15C-D). The latter case is common in the secondary chaetotaxy of aquatic hydrophilid
larvae (e.g., MiNosHMA & Havasnr 2011a,b, 2012). Thus, absence of secondary sensilla on
the mentum can be considered a result of the reduction of the labium.

Consequently, chactotaxy of the head capsule and its appendages of both genera are similar,
excluding the modified clypeolabrum and labium in B. japonicus. This similarity of chactotaxy
between B. japonicus and R. attenuata indicates that the benthic lifestyle of Berosus does not
strongly affect the presence/absence of primary sensilla.

Comparison of head chaetotaxy within Berosus. FIKACEK et al. (2008) summarised charac-
ters of hydrophilid larval head chaetotaxy, including B. signaticollis (Charpentier, 1825), the
only other Berosini with chaetotaxy known in detail. According to the study, head chaetotaxy
of B. japonicus differs from that of B. signaticollis in (1) gFR2 consists of 12 setae in B.
Japonicus, whereas there are 11 setae in B. signaticollis; (2) FR11 is present in B. japonicus,
whereas it is absent in B. signaticollis; (3) the additional pore on antennomere 1 is absent in
B. japonicus, whereas it is present in B. signaticollis; (4) LA11 is present in B. japonicus,
whereas it is absent in B. signaticollis.
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