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Re-descriptions of larvae of Hoperius and Meladema and 
phylogenetic implications for the tribe Colymbetini

(Coleoptera Dytiscidae)

Abstract - New descriptions of the larvae of Meladema lanio (Fabricius), M. coriacea Laporte
and Hoperius planatus Fall are provided. Characters from larval morphology are analyzed to in-
fer the phylogenetic relationships of the genera Meladema Laporte and Hoperius Fall with other
genera of the tribe Colymbetini (Colymbetinae). Larvae of Meladema are unique among other
Colymbetini being characterized by the presence of a variable number of additional setae along
the dorsal margin of both femora and tibiae. Larvae of Hoperius reveal to be remarkably modi-
fied and autapomorphic being characterized by a short antennomere II, the presence of a variable
number of secondary setae on antennomeres I - II and maxillary palpomere, an elongate maxil-
lary palpus, and a narrow and elongate mandible. A parsimony analysis based on 30 informative
larval characters is carried out. Whereas the 12 most parsimonious trees support the placement
of Meladema as sister to Neoscutopterus J. Balfour-Browne, the relative position of Hoperius re-
mains unresolved within the Colymbetini. Larvae of Meladema share with those of Neoscutopterus:
(i) the presence of additional setae both on the frontoclypeus and parietale, (ii) the presence of a
large number of secondary setae on trochantera, (iii) the absence of spinulae along ventral mar-
gin of mesotibia and mesotarsus and (iv) the presence of additional setae both on abdominal segment
VIII.

Riassunto - Ridescrizione delle larve di Hoperius e Meladema e implicazioni filogenetiche per
la tribù Colymbetini (Coleoptera Dytiscidae).
Sono fornite nuove descrizioni delle larve di Meladema lanio (Fabricius), M. coriacea Laporte e
Hoperius planatus Fall. I caratteri forniti dalla morfologia larvale sono analizzati per inferire le
relazioni filogenetiche con gli altri generi della tribù Colymbetini (Colymbetinae). Le larve di Me-
ladema sono uniche quelle degli altri Colymbetini essendo caratterizzate dalla presenza di un numero
variabile di setole addizionali lungo il margine dorsale dei femori e delle tibie. Le larve di Ho-
perius si sono rilevate essere notevolmente modificate e autopomorfiche essendo caratterizzate
dall’antennomero II più corto, dalla presenza di un numero variabile di setole secondarie sugli
antennomeri I e II e sul palpomero mascellare, dal palpo mascellare più allungato e dalla mandi-
bola più stretta e più allungata. È stata condotta un’analisi della parsimonia basata su 30 caratteri
larvali informativi, mentre i 12 alberi più parsimoniosi supportano il posizionamento di Melade-
ma come sister-group di Neoscutopterus J. Balfour-Browne, la posizione relativa di Hoperius
nell’ambito dei Colymbetini rimane irrisolta. Le larve di Meladema e quelle di Neoscutopterus
condividono: (i) la presenza di setole addizionali sul frontoclipeo e sul parietale, (ii) la presenza
di un grande numero di setole secondarie sui trocanteri, (iii) l’assenza di spinule lungo il margi-
ne ventrale della mesotibia e del mesotarso e (iv) la presenza di setole addizionali sull’ottavo
segmento addominale.

Key words: Coleoptera, Dytiscidae, Colymbetinae, larva, chaetotaxy, Meladema lanio, M. cori-
acea, Hoperius planatus, Neoscutopterus, Rhantus, Colymbetes, Melanodytes, phylogeny.

INTRODUCTION

The Nearctic endemic Hoperius Fall, 1927 and the western Palaearctic endemic
Meladema Laporte, 1835 are two small Colymbetinae genera (with one and three species
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respectively) which include medium-sized diving beetles. Contrary to Hoperius planatus
Fall, 1927, a typical woodland-pond inhabitant (Spangler, 1973), species of Meladema
occur exclusively in permanent running waters, typically occupying deep pools in streams
at intermediate altitudes (Ribera et al., 2003).

In term of classification, Meladema and Hoperius are presently included in the tribe
Colymbetini (Colymbetinae) along with five other genera: Bunites Spangler, 1972, Colym-
betes Clairville, 1806, Melanodytes Seidlitz, 1887, Neoscutopterus J. Balfour-Browne, 1943
and Rhantus Dejean, 1833 (Nilsson, 2001). Contrary to either of the cosmopolitan Rhan-
tus or the holarctic Colymbetes which contains the majority of the species of the Colymbetini,
every other genera in this tribe are small and confined to more restricted regions.

The monophyletic origin of the Colymbetini has been postulated recently on the ba-
sis of the sclerotized and transversely grooved pleurites of the second abdominal segment
(first visible segment) of adults (homoplastic with Dytiscinae Dytiscini and Hyderodini)
(Miller, 2001). It has also been suggested that the monobasic genus Carabdytes Balke,
Hendrich & Wewalka, 1992 could represent the sister-group of the Colymbetini and that
this clade could be sister to a clade comprised of Dytiscinae and Lancetinae (Miller, 2001).
Such hypothesis, however, was hampered by the non-inclusion of many key taxa such as
Hoperius and Meladema.

Assessment of larval morphology has proven useful in studying phylogenetic rela-
tionships among selected groups of the family Dytiscidae (e.g. Alarie et al., 2000, 2001,
2002a, 2002b). With regard to systematics of the Dytiscidae, the use of the positions and
shapes of the setae and pores on larvae has proven useful for reconsidering classifications
based mainly on adult characteristics. Larval description of Meladema (Bertrand, 1928,
1932a, 1932b; Falkenström, 1938; Nilsson & Hilsenhoff, 1991) and Hoperius (Spangler,
1973) has been provided in the past. Except for Nilsson & Hilsenhoff (1991), however,
these descriptions are rather superficial and do not include detailed chaetotaxic analysis
which hampers any comparisons in the context of recent works on larval Dytiscidae.

This paper is meant to be a step towards a better knowledge of the larval morphol-
ogy of the genera of the tribe Colymbetini. It has the following goals: (i) description of
the larvae of Meladema lanio (Fabricius, 1775), and re-descriptions of the larvae of M.
coriacea Laporte, 1835, and Hoperius planatus with an emphasis on the chaetotaxic analy-
sis of the head capsule, cephalic appendages, legs, last abdominal segment and urogomphi;
(ii) identification of generic-level larval characters for these genera; and (iii) analysis of
the phylogenetic position of Meladema and Hoperius within the Colymbetini based on
larval features.

MATERIAL AND METHODS

Description of the larval stages and taxonomic conclusions reported in this paper is
based on examination of larvae collected in situations were they could be unequivocally
associated with a particular species (ex societate imaginis). The exact locality from which
the specimens were obtained is provided with the species description. The number of spec-
imens studied (n) is indicated for each instar. Description of color is given for all species
from ethanol-preserved specimens.
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Larvae were disarticulated and mounted on standard glass slides with Hoyer’s medi-
um. Microscopic examination and measurements at magnification of 80-800X were done
using an Olympus BX50 compound microscope equipped with Nomarsky differential in-
terference optics. Figures were prepared through use of a drawing tube attached to the
microscope. Voucher specimens of each species are deposited in the larval collection of
the senior author (Department of Biology, Laurentian University, Canada). 

MEASUREMENTS

All measurements were made with a compound microscope equipped with a mi-
crometer eyepiece. The part to be measured was adjusted so that it was, as nearly as possible,
parallel to the plane of the objectives. The characters and terms used in the morphomet-
ric analysis are defined as follows:
Head length (HL): total head length including the frontoclypeus measured medially along

the epicranial stem.
Head width (HW): maximum width measured posterior to the stemmata.
Length of frontoclypeus (FCL): from apex of the nasal to the back of the ecdysial suture.
Occipital foramen width (OcW): maximum width measured along the margin of the oc-

cipital foramen.
Length of antenna (AL): derived by adding the length of each individual antennomere;

comparison among antennomeres was made using the capital letter A with a number
corresponding to the article considered (e.g. A1 for antennomere 1); A3’ is used as an
abbreviation for the lateral elongation of antennomere 3.

Length of maxillary palpus (MXPL): derived by adding the length of each individual
palpomere (e.g. MX1 for palpomere 1).

Lenght of galea (GalL): maximal length measured from apex of the galea to margin of
the maxillary stipes (i.e., including the palpifer).

Length of stipes (StpL): maximal length of stipes measured along the outer margin.
Length of mandible (MndL): maximal length measured from apex to the mandibular

condyla.
Width of mandible (MndW): maximal width measured across the proximal portion of the

mandible.
Length of labial palpus (LBPL): derived by adding the length of each individual palpomere

(e.g. LB1 for palpomere 1).
Length of legs: derived by adding the length of each individual article including the longest

claw; the length of each article was taken at the longest point except for the trochanter
which includes only the proximal portion (the length of distal portion being included
in the femoral length).

Dorsal length of last abdominal segment (LLAS): includes the whole sclerite measured
dorsally along the mid-line from the anterior margin to the posterior margin; siphon
refers to the dorsal prolongation of the eight abdominal segment (= last abdominal seg-
ment); the length of the siphon was determined by measuring the difference between
the dorsal and ventral lengths of the segment.

Length of urogomphus (UROL): measured along the lateral margin.
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CHAETOTAXIC ANALYSIS

Primary (observed in first instar) and secondary (added throughout the ontogenetic
development) setae and pores were distinguished on the cephalic capsule, head appendages,
legs, last abdominal segment, and urogomphi. The setae and pores are coded according
to the systems proposed by Alarie (1995) for the legs, the last abdominal segment, and
urogomphi and Alarie (1998) for the cephalic capsule and head appendages. First instar
larvae of the genus Meladema (and possibly Hoperius) are characterized by the presence
of a variable number of additional setae on femora and tibiae which have been included
in the count of secondary setae.

Setae are coded by two capital letters corresponding to the first two letters of the
name of the structure on which the seta is located (AN, antenna; CO, coxa; FE, femur;
MX, maxilla; LA, labium; TA, tarsus; TI, tibia; TR, trochanter) and a number. Pores are
coded in a similar manner except that the number is replaced by a lower case letter. The
position of the sensilla is described by adding the following abbreviations: A, anterior;
AV, anteroventral; D, dorsal; Di, distal; Pr, proximal; PV, posteroventral; V, ventral.

CLADISTIC ANALYSIS

Taxa were selected to give a broad overview of the morphological diversity found
within the tribe Colymbetini. All known Colymbetini genera were included in the ingroup
except the monobasic genus Bunites not described as larva yet. In order to examine the
phylogenetic value of the characters observed on the larvae of Meladema and Hoperius
and to test the relationship of these genera with the other genera of Colymbetini, a cladis-
tic analysis was performed rooting the cladogram with selected genera of the subfamily
Agabinae (Agabus Leach, 1817, Ilybius Erichson, 1832, Ilybiosoma Crotch, 1873, Platam-
bus Thomson, 1859) as it has been suggested that Agabinae could represent the sister-group
of the Colymbetinae (Miller, 2001). Moreover, three species of Lancetes Sharp, 1882 were
included in the out-group as this genus was for a long time associated with the Colym-
betinae. Although Lancetes was postulated to be more closely related to the Dytiscinae
(Miller, 2001; Alarie et al., 2002a), a recent study suggested that it could be sister to the
Colymbetini (Miller, 2003).

As many species had the same combination of character states, they were condensed
to a single terminal to facilitate faster tree searches. Meladema and Lancetes were split
into two monomorphic groups as the species studied were polymorphic for one and two
characters respectively. The taxa examined for cladistic analysis are presented in Appen-
dix 1.

The list of characters used (tab. 1) and the character state matrix (tab. 2) are reported.
Apart from including the 30 informative characters we also have listed nine single au-
tapomorphies (characters 6, 8, 9, 13, 14, 15, 17, 21, 33) (tab. 2). Although these features
do not assist in the resolution of the relationships between taxa they still represent im-
portant facies by which terminal clades (i.e. genera) can be recognized. PAUP* version
4.0b10 (Swofford, 2002) and MacClade 4 (Maddison & Maddison, 2000) software pack-
ages were used for parsimony searches, character editing, and cladogram examinations.
The analyses included only the 30 informative characters. All characters were treated as
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unordered (except character 32, ordered) and equally weighted. A heuristic search strat-
egy was used to find minimum-length trees. Search was conducted with 100
random-addition replicates [tree bisection-reconnection (TBR)]. The data were bootstrapped
with 1000 replicates to assess branch support. The consistency index (CI) (Kluge & Far-
ris, 1969) and retention index (RI) (Farris, 1989) are given.

RE-DESCRIPTION OF LARVAE OF MELADEMA LAPORTE

DIAGNOSIS. First instar of Meladema can readily be distinguished from those of other gen-
era of Colymbetini (Bunites not known) by: (i) the presence of additional setae on dorsal
margin of femur (figs 20-21); (ii) a short and spine-like mesofemoral seta FE5 (fig. 21);
(iii) the presence of additional setae both on ventral and dorsal margins of tibiae (figs 22-
23); and, (iv) by a relatively larger size. In comparison to other genera of Colymbetini,
third instar of Meladema are characterized by: (i) larger size (HL > 4.40 mm compared
to < 3.50 mm in other Colymbetini); (ii) urogomphus more elongate (> 1.70 times LLAS
compared to < 1.50 times, (iii) by a significantly larger number of secondary setae on legs
(tab. 4), and (iv) by the presence of predominantly short and spine-like and elongate se-
tae and hair-like secondary setae along outer and inner margin of urogomphus
respectively (fig. 8).

LARVAE OF MELADEMA LANIO (FABRICIUS) (figs 1-2, 5, 8, 9-25)

SOURCE OF MATERIAL. Madeira, Ribeira da Ametade, 20.vii.2001; 30.xii.2003 Leg. S. Hughes.

DESCRIPTION, Third instar III (n = 3) (figs 1-2, 5, 8). See also Falkenström (1938) for a
dorsal habitus of third instar.

Colour. Head capsule predominantly dark brown; frontoclypeus with a faint 3-forked
brownish pattern mesally; head appendages dark yellow to pale brown, palpomeres and
antennomeres distinctly infuscate apically; thoracic and abdominal terga predominantly
dark brown; legs dark yellow to pale brown; urogomphus dark yellow to pale brown.

Head (figs 1-2). HL = 4.73-4.95 mm (mean = 4.86 mm); HW = 4.20-4.65 mm (mean
= 4.65 mm); FCL = 1.58-2,03 mm (mean = 1.94 mm). Cephalic capsule subquadrate, as
broad as long (HL/HW = 1.04-1.05), strongly constricted posteriorly, HW/OcW = not de-
termined; ecdysial suture well-developed, coronal suture 0.59-0.62 times HL; occipital suture
present; frontoclypeus strongly convex mesally, 0.38-0.41 times as long as HL, extending
medially well beyond level of lateral lobes [= adnasalia]; apical margin of frontoclypeus
with several club-shaped setae [lamellae clypeales of Bertrand (1972)] variable in size; oc-
ularium present, six stemmata present laterally disposed along two vertical series of three
stemmata each; tentorial pits visible ventrally on each side of middle at about mid-length.
Antenna. AL = 2.65-2.71 mm (mean = 2.68 mm); four-segmented, shorter than HW; (AL/HW
= 0.57-0.58); A2 > A1 = A3 > A4, A2/A3 = 1.20-1.25; A3’bulge-like; A3 with a ventroapical
spinula. Mandible. Falciform, MndL/MndW = 3.06-3.16; MndL/HL = 0.46-0.51; mandibu-
lar channel present, pubescence developed along inner margin. Maxilla. Stipes
subrectangular, short and thick; cardo and galea present, lacinia lacking; StpL = 0.80-0.81
mm (mean = 0.81 mm), StpL/MXPL = 0.42-0.43; GalL = 0.32-0.34 mm (mean = 0.33 mm),
0.42-0.46 times length of MX1; MXPL= 1.89-1.92 mm (mean = 1.89 mm), 3-segmented;
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AL/MXPL = 1.38-1.43; palpomere 1 = 2 > 3, length of palpomere 3/ length of palpomere
2 = 0.72-0.77. Labium. Prementum subrectangular, broader than long, slightly sinuate mesal-
ly; palpus 2-segmented; LBPL = 1.46-1.49 mm (mean = 1.47 mm); MXPL/LBPL =
1.29-1.31; LB2 0.52-0.58 as long as LB1. Chaetotaxy. Head capsule with several second-
ary setae, lateral margin of parietalia with about 21-23 spines; head appendages lacking
secondary setae except mentum and mandible with several secondary setae.

Thorax. Pronotum subtrapezoidal dorsally, ovate laterally, widest at posterior mar-
gin, distinctly inflated anterolaterally; length of pronotum about twice that of mesonotum;
metanotum subequal to mesonotum in length, both as broad as posterior margin of prono-
tum; pronotum with a posterotransverse carena; meso- and metanota both with antero-
and posterotransverse carenae; maximum body width at level of meso- and metathorax;
thoracic venter membranous; spiracular openings present anterolaterally on mesothorax.

Legs (fig. 5). Five-segmented; metathoracic legs longest, about 1.40 times length of
prothoracic legs, and 2.80 times HW; meta[femur > coxa = tibia = tarsus > trochanter];
tarsus with two claws, posterior claw slightly shorter than anterior claw on pro- and mesotho-
racic legs, slightly longer on metathoracic leg; anterior metathoracic claw 0.18-0.25 times
as long as metatarsus; spinulae present on ventral margin of protibia and protarsus only;
tarsal claws with spinulae ventroproximally. Chaetotaxy. Position and number of secondary
setae as shown in tab. 3.

Abdomen. Eight-segmented; LLAS = 3.43-3.73 mm (mean = 3.55 mm); dorsally
sclerotized; segments 1-6 membranous ventrally, segments 7 and 8 completely sclerotized;
terga 1 to 7 with antero- and posterodorsal transverse carina, tergum 8 with an anterodorsal
transverse carina only; segments 1 to 7 with a pair of spiracular openings; segment 8 sub-
cylindrical, LLAS/HW = 0.76-0.80, abruptly narrowing posterior to insertion of
urogomphi; siphon 0.14-0.16 times as long as LLAS, slightly sinuated mesally. Chaeto-
taxy. Secondary setae predominantly short and spine-like.

Urogomphus (fig. 8). Not segmented, lacking a subbasal suture; total length of uro-
gomphus = 5.90-6.40 mm (mean = 6.18 mm), 1.58-1.83 times as long as LLAS, and
1.27-1.33 times as long as HW. Chaetotaxy. Secondary setae predominantly short and spine-
like and elongate and hair-like along outer and inner margin respectively.

DESCRIPTION, Second instar (n = 2).
Colour. As for third instar, slightly paler.
Head. HL = 3.33-3.60 mm; HW = 3.25 mm; FCL = 1.50 mm. Cephalic capsule.

HL/HW = 1.02-1.11, HW/OcW = 1.91-1.94; coronal suture 0.59-0.65 times HL; fronto-
clypeus 0.42-0.45 times as long as HL. Antenna. AL = 2.03-2.13 mm (mean = 2.08 mm);
AL/HW = 0.63-0.66; A2 = A3 > A1 = A4, A2/A3 = 1.10-1.13. Mandible. MndL/MndW
= 2.43-2.68; MndL/HL = 0.49-0.51. Maxilla. StpL = 0.49-0.53 mm (mean = 0.51 mm),
StpL/ MXPL= 0.36; GalL = 0.25 mm (mean = 0.25 mm), 0.50-0.53 times length of MX1;
MXPL = 1.37-1.46 mm (mean = 1.41 mm); AL/MXPL = 1.46-1.49; palpomere 1 = 2 =
3, length of palpomere 3/length of palpomere 2 = 0.94. Labium. LBPL = 1.12-1.13 mm
(mean = 1.12 mm); MXPL/LBPL = 1.22-1.29; LB2 0.74-0.75 as long as LB1. Chaeto-
taxy. Head capsule with several secondary setae, lateral margin of parietalia with about
17-20 secondary spines; head appendages lacking secondary setae except mandible and
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mentum with several tiny secondary setae.
Thorax. Spiracular openings absent.
Legs. Metathoracic legs about 1.30 times length of prothoracic legs, and 2.80 times

HW; meta[femur > coxa > tibia = tarsus > trochanter]; anterior metathoracic claw 0.28
as long as metatarsus; spinulae present on ventral margin of protibia and protarsus only;
tarsal claws with spinulae ventroproximally. Chaetotaxy. Position and number of secondary
setae as shown in tab. 3.

Abdomen. LLAS = 2.00-2.13 mm; spiracular openings absent; LLAS/HW = 0.62-
0.65. Siphon 0.16 times as long as LLAS. Chaetotaxy. Secondary setae predominantly
short and spine-like.

Urogomphus. Total length of urogomphus = 4.68-4.70 mm, 2.21-2.34 times as long
as LLAS, and 1.44-1.45 times as long as HW. Chaetotaxy. Secondary setae predominant-
ly short and spine-like and elongate and hair-like along outer and inner margin respectively.

DESCRIPTION, First instar (n = 2) (figs 9-25).
Colour. As for second instar.
Head (figs 9-17). HL = 2.40-2.45 mm; HW = 2.25 mm; FCL = 1.08 mm. Cephalic

capsule (figs 9-10). HL/HW = 1.07-1.09, HW/OcW = 1.92-2.09; coronal suture 0.55-0.56
times HL; frontoclypeus 0.44-0.45 times as long as HL. Antenna (figs 11-12). AL = 1.72
mm (mean = 1.72 mm); AL/HW = 0.76; A2 = A3 = A4 > A1, A2/A3 = 1.02-1.04. Mandible
(fig. 13) MndL/MndW = 2.87-3.22; MndL/HL = 0.52. Maxilla (figs 16-17). StpL = 0.36
mm (mean = 0.36 mm), StpL/MXPL = 0.31; GalL = 0.19-0.20 mm (mean = 0.20 mm),
0.56-0.59 times length of MX1; MXPL = 1.15-1.16 mm (mean = 1.15 mm); AL/MXPL
= 1.48-1.50; palpomere 1 < 2 < 3, length of palpomere 3/length of palpomere 2 = 1.09-
1.13. Labium (figs 14-15). LBPL = 0.90-0.92 mm (mean = 0.91 mm); MXPL/LBPL =
1.26-1.28; LB2 0.95-0.98 as long LB1. Chaetotaxy. All primary setae of generalized colym-
betine larva present; frontoclypeus and parietale with several additional setae.

Thorax. Spiracular openings absent.
Legs (figs 18-23). Metathoracic legs about 1.30 times length of prothoracic legs, and

3.00 times HW; meta[femur > coxa > tibia = tarsus > trochanter]; anterior metathoracic
claw 0.31 as long as metatarsus; spinulae present on ventral margin of protibia and pro-
tarsus only; tarsal claws with spinulae ventroproximally. Chaetotaxy. All primary setae and
pores of generalized colymbetine larva present; primary seta TI6 elongate and hair-like.
Trochanter, femur, tibia and tarsus with a variable number of additional setae (tab. 4).

Abdomen (fig. 24). LLAS = 1.15-1.23 mm; spiracular openings absent; LLAS/HW
= 0.51-0.54. Siphon 0.22-0.25 times as long as LLAS. Chaetotaxy. All primary setae and
pores of generalized colymbetine larva present; dorsal surface with a large number of ad-
ditional spine-like setae.

Urogomphus (fig. 25). Total length of urogomphus = 3.25-3.35 mm, 2.74-2.83 times
as long as LLAS, and 1.44-1.49 times as long as HW. Chaetotaxy. All primary setae and
pores of generalized colymbetine larva present; inner and outer margin with a large num-
ber of additional either elongate and hair-like or spine-like setae respectively.

DISTRIBUTION. Endemic to Madeira (Ribera et al., 2003).
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REMARKS. Mature larvae of M. lanio can readily be distinguished from those of M. cori-
acea by the relatively larger size (HL > 4.73 mm compared to < 4.50 mm), shorter antenna
(< 1.40 times length of maxillary palpus compared to > 1.50), shorter urogomphi (< 1.30
times HW compared to > 1.50 times), and by the significantly larger number of second-
ary setae on legs (tab. 1). Nilsson and Hilsenhoff (1991) provided a succinct description
of first instar of M. coriacea. In addition to its relatively larger size, first instar of M. lanio
distinguished from those of the M. coriacea by the presence of additional setae on the
trochanter and the relatively larger number of additional setae on femur, tibia and tarsus.
Third nstar of M. lanio was previously described by Falkenström (1938).

LARVAE OF MELADEMA CORIACEA LAPORTE (fig. 4; see also Falkenström (1938))

SOURCE OF MATERIAL. Gran Canaria, San Bartholemé de Tirajanae, 09.iii.1988, leg. M. Balke & L.
Hendrich.

DESCRIPTION, Third instar (n = 4).

Colour. Head capsule predominantly dark brown, frontoclypeus witn a faint paler
3-forked brownish pattern mesally; parietals with a faint paler reticulate brownish mesal-
ly; head appendages darl yellow to pale brown, antennomeres and palpomeres slightly
infuscate apically; thoracic and abdominal terga predominantly dark brown, slightly paler
along lateral margin; legs dark yellow to pale brown; urogomphus dark yellow to pale
brown.

Head. HL = 4.40-4.50 mm (mean = 4.46 mm); HW = 4.20-4.23 mm (mean = 4.23
mm); FCL = 1.58-1.73 mm (mean = 1.67 mm). Cephalic capsule subquadrate, as broad
as long (HL/HW = 1.04-1.07), strongly constricted posteriorly, HW/OcW = 1.65-1.76;
ecdysial suture well-developed, coronal suture 0.61-0.65 times HL; occipital suture pres-
ent; frontoclypeus strongly convex mesally, 0.35-0.39 times as long as HL, extending
medially well beyond level of lateral lobes [= adnasalia]; apical margin of frontoclypeus
with several club-shaped setae [lamellae clypeales of Bertrand (1972)] variable in size;
ocularium present, six stemmata present laterally disposed along two vertical series of three
stemmata each; tentorial pits visible ventrally on each side of middle at about mid-length.
Antenna. AL = 2.58-2.67 mm (mean = 2.64 mm); four-segmented, shorter than HW;
(AL/HW = 0.62-0.63); A1 = A2 > A3 > A4, A2/A3 = 1.07-1.16; A3’ bulge-like; A3 with
a ventroapical spinula. Mandible. Falciform, MndL/MndW = 2.83-3.12; MndL/HL = 0.47-
0.50; mandibular channel present, pubescence developed along inner margins. Maxilla.
Stipes subrectangular, short and thick; cardo and galea present, lacinia lacking; StpL =
0.69-0.73 mm (mean = 0.71 mm), StpL/MXPL = 0.39-0.43; GalL = 0.31-0.32 mm (mean
= 0.31 mm), 0.40-0.49 times length of MX1; MXPL = 1.68-1.79 mm (mean = 1.73 mm),
3-segmented; AL/MXPL = 1.47-1.59; palpomere 1 = 2 > 3, length of palpomere 3/ length
of palpomere 2 = 0.80-0.89. Labium. Prementum subrectangular, broader than long, slight-
ly sinuate mesally; palpus 2-segmented; LBPL = 1.44-1.49 mm (mean = 1.47 mm);
MXPL/LBPL = 1.13-1.21; LB2 0.57-0.63 as long as LB1. Chaetotaxy. Head capsule with
several secondary setae, lateral margin of parietal with about 12-13 secondary spines; head
appendages lacking secondary setae except mentum and mandible with several second-
ary setae.
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Thorax. Pronotum subtrapezoidal dorsally, ovate laterally, widest at posterior mar-
gin, distinctly inflated anterolaterally; length of pronotum about twice that of mesonotum;
metanotum subequal to mesonotum in length, both as broad as pronotum; pronotum with
a posterotransverse carena; meso- and metanota both with antero- and posterotransverse
carenae; maximum body width at level of meso- and metathorax; thoracic venter mem-
branous; spiracular openings present anterolaterally on mesothorax.

Legs. Five-segmented; metathoracic legs longest, about 1.40 times length of pro-
thoracic legs, and 3.00 times HW; meta[femur > coxa = tibia = tarsus > trochanter]; tarsus
with two claws, posterior claw slightly shorter than anterior claw on pro- and mesotho-
racic legs, slightly longer on metathoracic leg; anterior metathoracic claw 0.23-0.26 times
as long as metatarsus; spinulae present on ventral margin of protibia and protarsus only;
tarsal claws with spinulae ventroproximally. Chaetotaxy. Position and number of secondary
setae as shown in tab. 3.

Abdomen. Eight-segmented; LLAS = 3.55-3.68 mm (mean = 3.61 mm); dorsally
sclerotized; segments 1-6 membranous ventrally, segments 7 and 8 completely sclerotized;
terga 1 to 7 with antero- and posterodorsal transverse carena, tergum 8 with an anterodorsal
transverse carena only; segments 1 to 7 with a pair of spiracular openings; segment 8 sub-
cylindrical, LLAS/HW = 0.84-0.88, abruptly narrowing posterior to insertion of
urogomphi; siphon 0.14-0.19 times as long as LLAS, slightly sinuated mesally. Chaeto-
taxy. Secondary setae predominantly short and spine-like.

Urogomphus. One-segmented, lacking a subbasal suture; total length of urogomphus
= 6.30-6.65 mm (mean = 6.49 mm), 1.76-1.85 times as long as LLAS, and 1.53-1.58 times
as long as HW. Chaetotaxy. Secondary setae predominantly short and spine-like and elon-
gate and hair-like along outer and inner margin respectively.

DISTRIBUTION. Widespread in the western Mediterranean and on the western Canaries (Rib-
era et al., 2003).

REMARKS. First instar of M. coriacea has been described by Nilsson & Hilsenhoff (1991).
See also under M. lanio.

RE-DESCRIPTION OF LARVAE OF HOPERIUS FALL

DIAGNOSIS. Third instar of Hoperius can readily be distinguished from those of other gen-
era of Colymbetini (larvae of Bunites not known) by: (i) A1 about twice as long as A2
(fig. 3) (compared to subequal or shorter); (ii) A1 andA2, and MX1 with several second-
ary setae (fig. 3); (iii) maxillary palpus about twice as long as length of labial palpus
(compared to < 1.50 times); (iv) mandible elongate and narrow (fig. 4) (4.20 times as long
as width compared to < 3.50 times as long as width); (v) a relatively shorter galea (0.30
times as long as MX1 compared to > 0.40 times); (vi) by a relatively shorter urogomphus
(0.7 times as long as HW compared to subequal to longer (except Melanodytes) (fig. 7),
and (vii) by the presence of elongate and hair-like secondary setae both along outer and
inner margins of urogomphus (fig. 7).

Larvae of Hoperius planatus Fall (figs 3-4, 6-7, see also Spangler (1973))
SOURCE OF MATERIAL. U.S.A. Maryland, Talbot Co. 3 km SE Easton, Seth Forest, 38° 45’ N., 76°

02’ W, 05.v.1987, W. Steiner et al. coll.
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RE-DESCRIPTION, Third instar (n = 1). (figs 3-4, 6-7; Spangler (1973)).
Colour. Head capsule predominatly dark brown laterally; frontoclypeus with a faint

paler 3-forked brownish pattern mesally; parietalia with a faint reticulate brownish pat-
tern mesally; head appendages dark yellow to pale brown, palpomeres and antennomeres
slightly infuscate apically; thoracic and abdominal terga predominantly dark brown; legs
dark yellow to pale brown; urogomphus dark yellow to pale brown.

Head (figs 2, 4). HL = 3.13 mm; HW = 3.43 mm; FCL = 1.40 mm. Cephalic cap-
sule subquadrate, as broad as long (HL/HW = 0.94), strongly constricted posteriorly,
HW/OcW = 2.08; ecdysial suture well-developed, coronal suture 0.55 times HL; oc-
cipital suture present; frontoclypeus strongly convex mesally, 0.45 times as long as HL,
extending medially beyond level of lateral lobes [= adnasalia]; apical margin of fron-
toclypeus with several club-shaped setae [lamellae clypeales of Bertrand (1972)] variable
in size; ocularium present, six stemmata present laterally disposed along two vertical
series of three stemmata each; tentorial pits visible ventrally on each side of middle at
about midlength. Antenna (fig. 2). AL = 1.63 mm; four-segmented, shorter than HW;
(AL/HW = 0.48); A1 > A2 = A3 > A4, A2/A3 = 0.94; A3’pore-like; A3 with a ventroapical
spinula. Mandible (fig. 4) falciform, MndL/MndW = 4.16; MndL/HL = 0.67; mandibu-
lar channel present, lacking pubescence along inner margins. Maxilla. Stipes
subrectangular, short and thick; cardo and galea present, lacinia lacking; StpL = 0.53
mm, StpL/MXPL = 0.32; GalL = 0.16 mm, 0.28 times length of MX1; MXPL= 1.66
mm, 3-segmented; AL/MXPL = 0.98; palpomere 1 = 2 = 3, length of palpomere 3/ length
of palpomere 2 = 0.93. Labium. Prementum subrectangular, broader than long, slight-
ly sinuate mesally; palpus 2-segmented; LBPL = 0.87 mm; MXPL/LBPL = 1.92; LB2
0.80 as long as LB1. Chaetotaxy. Head capsule with several secondary setae, lateral mar-
gin of parietalia with about 9-11 spines; secondary setae present on mandible, A1 and
A2, and MX1.

Thorax. Pronotum trapezoidal dorsally, ovate laterally, widest at posterior margin;
length of pronotum about twice that of mesonotum; metanotum subequal to mesonotum
in length, both as broad as pronotum; pronotum with a posterotransverse carena; meso-
and metanota both with antero- and posterotransverse carenae; maximum body width at
level of meso- and metathorax; thoracic venter membranous; spiracular openings present
anterolaterally on mesothorax.

Legs (fig. 6). Five-segmented; metathoracic legs longest, about 1.30 times length of
prothoracic legs, and 2.50 times HW; meta[femur > coxa > tibia = tarsus > trochanter];
tarsus with two claws, posterior claw slightly shorter than anterior claw on pro- and mesotho-
racic legs, slightly longer on metathoracic leg; anterior metathoracic claw 0.28 times as
long as metatarsus; spinulae present on ventral margin of profemur, tibiae and tarsi; tarsal
claws with spinulae ventroproximally. Chaetotaxy. Position and number of secondary se-
tae as shown in tab. 3.

Abdomen. Eight-segmented; LLAS = 3.08 mm; dorsally sclerotized; segments 1-6
membranous ventrally, segments 7 and 8 completely sclerotized; terga 1 to 7 with antero-
and posterodorsal transverse carina, tergum 8 with an anterodorsal transverse carina on-
ly; segments 1 to 7 with a pair of spiracular openings; segment 8 subcylindrical, LLAS/HW
= 0.90, abruptly narrowing posterior to insertion of urogomphi; siphon 0.16 times as long
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as LLAS, slightly indented apically Chaetotaxy. Secondary setae either short and spine-
like or elongate and hair-like.

Urogomphus (fig. 7). One-segmented, lacking a subbasal suture; total length of uro-
gomphus = 2.33 mm, 0.76 times as long as LLAS, and 0.68 times as long as HW.
Chaetotaxy. Secondary setae elongate and hair-like both along outer and inner margins.

DESCRIPTION, Second instar (n = 1).
Colour. As for third instar, slightly paler:
Head. HL = 2.18 mm; HW = 2.40 mm; FCL = 1.05 mm. Cephalic capsule. HL/HW

= 0.91, HW/OcW = 2.50; coronal suture 0.52 times HL; frontoclypeus 0.48 times as long
as HL. Antenna. AL = 1.62 mm; AL/HW = 0.68; A1 > A4 > A2 = A3, A2/A3 = 0.87.
Mandible. MndL/MndW = 3.73; MndL/HL = 0.71. Maxilla. StpL = 0.43 mm, StpL/MX-
PL = 0.33; GalL = 0.18 mm, 0.45 times length of MX1; MXPL = 1.30 mm; AL/MXPL
= 1.25; palpomere 1 < 2 < 3, length of palpomere 3/length of palpomere 2 = 1.07. Labi-
um. LBPL = 0.61 mm; MXPL/LBPL = 2.11; LB2 1.10 as long as LB1. Chaetotaxy. Head
capsule with several secondary setae, lateral margin of parietalia with about 9-11 secondary
spines; head appendages lacking secondary setae except mandible and mentum with sev-
eral tiny secondary setae.

Thorax. Spiracular openings absent.
Legs. Metathoracic legs about 1.30 times length of prothoracic legs, and 2.50 times

HW; meta[femur = coxa > tibia = tarsus > trochanter; anterior metathoracic claw 0.31 as
long as metatarsus; spinulae present on ventral margin of femora, tibiae and tarsi; tarsal
claws with spinulae ventroproximally. Chaetotaxy. Position and number of secondary se-
tae as shown in tab. 3.

Abdomen. LLAS = 2.05 mm; spiracular openings absent; LLAS/HW = 0.85. Siphon
0.17 times as long as LLAS. Chaetotaxy. Secondary setae predominantly short and spine-
like, hair-like and elongate along lateral margin.

Urogomphus. Total length of urogomphus = 1.80 mm, 0.88 times as long as LLAS,
and 0.85 times as long as HW. Chaetotaxy. Secondary setae hair-like and elongate along
both outer and inner margins.

DISTRIBUTION. Hoperius planatus is confined to southeastern United States (Spangler, 1973).

REMARKS. Third instar of H. planatus was described by Spangler (1973).

RESULTS

Heuristic search with random-addition sequence replicates found minimal length
topologies of 40 steps from the data matrix presented in this study (tab. 2). TBR swap-
ping of minimal-length trees from 100 random-addition replicates led to 12 trees (CI =
0.83; RI = 0.93) all of which incorporating Meladema as sister to Neoscutopterus. In most
of the most parsimonious trees (10/12) Hoperius stands as sister-group of other Colym-
betini genera either independently (6/10) or as a clade including Melanodytes (4/10). 

DISCUSSION

Larvae of Meladema and Hoperius were re-described and documented in detail in
this contribution and both these genera have turned out to be characterized by several unique
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larval character states within the Colymbetini (fig. 26). Larvae of Hoperius planatus are
characterized by: (i) a shorter A2 (character 06, fig. 3); (ii) the presence of a variable num-
ber of secondary setae on A1 (character 08, fig. 3), A2 (character 09, fig. 3), and MX1
(character 14); (iii) a more elongate maxillary palpus (character 13); (iv) a more elongate
and narrower mandible (character 16, fig. 4, homoplastic with Neoscutopterus); (v) short-
er urogomphi (character 35, fig. 7, homoplastic in Melanodytes). Larvae of Meladema for
their part are unique among other Colymbetini being characterized by the presence of a
variable number of additional setae along the dorsal margin of both femora (character 23,
figs 20-21) and tibiae (character 26.2, figs 22-23). It is noteworthy that first instar of M.
lanio is characterized by the presence of additional setae on the trochanter (character 21,
figs 18-19), a unique feature among the Dytiscidae.

Based on this study, the monophyly of the Colymbetini is indicated by at least five
unambiguous synapomorphies (i.e. found only in the group and unreversed) (fig. 26). Lar-
vae of the Colymbetini have evolved (i) a relatively more distal articulation of the primary
pore ANg on A4 (character 07, fig. 11), (ii) a much reduced sensorial appendage (A3’,
figs 1, 3, 11, 12) on A3 (character 10), (iii) a more distal position of the procoxal setae
CO7 (character 19, fig. 18), (iv) the presence of marginal spinulae at least on the protarsal
claws (character 30, figs 22-23), and (v) the presence of natatory setae on femora, tibia
and tarsi (character 32.2).

First instar of Colymbetini minus Hoperius were found to be characterized by (i)
the presence of a large number of lamellae clypeales (character 03, fig. 9), (ii) the pres-
ence of an occipital carina (character 5, fig. 9), (iii) the proximal articulation of the primary
seta FE1 on femora (character 22, fig. 20) and (iv) the elongate and hair-like aspect of the
primary seta TI6 on tibiae (character 27, fig. 23). The short and spine-like condtion of the
primary seta TI6 (character 27, fig. 23) is seen as a reversal from the derived condition
Presence of any of these character states in either Hoperius planatus or Bunites distigma
(Brullé, 1838) (unknown as first instar) would likely provide stronger evidence in sup-
port of a monophyletic origin of the Colymbetini. 

A monophyletic origin of Rhantus (sensu lato) + Neoscutopterus + Meladema is in-
dicated by the unique presence of additional setae along the ventral margin of tarsi (character
29, figs 22-23).and to a lesser extent by the presence of an elongate and hair-like femoral
setae FE5 (character 24). The spine-like condition of the primary seta FE5 in Meladema
lanio (character 24, fig. 21) is deemed to represent a reversal from the derived condition.
These features allied to the unique configuration of the ovipositor of Rhantus and Melade-
ma (Burmeister, 1976; Neoscutopterus not studied) indicate that this clade is very distinctive
within the Colymbetini. It is worth mentionning that the genus Rhantus (sensu lato) stands
out as not monophyletic in our study in agreement with a recent study based on adult mor-
phology (Miller, 2001). However, increased larval taxon sampling is required before
refinement of the classification of this clade.

A placement of Meladema as sister to Neoscutopterus seems rather clear based on
larval morphology. Bootstrap value (0.84) (fig. 27) indicates strong support for the mono-
phyly of members of these genera with respect of the chosen out-group. Larvae of Meladema
share with those of Neoscutopterus: (i) the presence of additional setae on the frontoclypeus
(character 01, fig. 9) and parietale (character 04, fig. 9), (ii) the presence of a large num-
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ber of secondary setae on trochantera (character 20, fig. 5), (iii) the absence of spinulae
along ventral margin of mesotibia and mesotarsus (character 31) and (iv) the presence of
additional setae on abdominal segment 8 (character 34, fig. 24).

Whereas inclusion of Meladema among the Colymbetini seems rather clear based
on larval morphology, the relationship of Hoperius with other other Colymbetini genera
remains equivocal (fig. 27). As stated above, the larvae of Hoperius are remarkably mod-
ified and autapomorphic within the Colymbetini. The topology proposed in most of the
most parsimonious trees (10/12) would support a more basal position of Hoperius with-
in the Colymbetini. In absence of first instar of Hoperius, however, such hypothesis cannot
be seen as strongly supported knowing that the hypothesis of monophyletic origin of the
Colymbetini minus Hoperius provided in this paper is founded on first instar larval char-
acters only.
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Table 1. Characters used for the phylogenetic analysis and the coding of states using selected gen-
era of Agabinae as outgroup; 0 indicates plesiomorphic state and number > 0 indicates progressively
more apomorphic states.

Character States

Head capsule
01 Frontoclypeus (first instar) 0 - lacking additional setae

1 - with additional setae
02 Pore FRe 0 - lacking

1 - present
03 Lamellae clypeales (first instar) 0 - < 17

1 - > 20
04 Parietale (first instar) 0 - lacking additional setae

1 - with additional setae
05 Occipital carina (first instar) 0 - lacking

1 - present

Head appendages
06 Antennomere 1 (first instar) 0 - subequal to longer than A2

1 - about 0.50 times length of A2
07 Antennomere I, pore ANg (first instar) 0 - proximal

1 - median
08 Antennomere I (third instar) 0 -lacking secondary setae

1 - with secondary setae
09 Antennomere II (third instar) 0 - lacking secondary setae

1 - with secondary setae
10 Antennomere III, lateral projection (A3’) 0 - bulge- to finger-like

1 - pore-like
11 Antennomere III, ventroapical spinula 0 - present

1 - absent
12 Antennomere III, additional 0 - absent

ventroapical pores (first instar) 1 - present
13 Maxillary palpus (third instar) 0 - less than 1.50 times length of labial palpus

1 - about 2.00 times length of labial palpus
14 Maxillary palpomere I (third instar) 0 - lacking secondary setae

1 - with secondary setae
15 Mandible, additional setae (first instar) 0 - absent

1 -present
16 Mandible (third instar) 0 - less than 3.00 times as long as broad

1 - more than 3.50 times as long as broad
17 Anterior margin of prementum 0 - straight or slightly sinuate

1 - deeply sinuate
18 Head appendages 0 - articles not secondarily subdivided proximally

(excluding mandible) (third instar) 1 - some articles secondarily subdivided proximally

Legs
19 Procoxal seta CO7 0 - inserted proximally

1 - inserted distally
20 Metatrochanter, (third Instar) 0 - with < 8 secondary setae

1 - with > 16 secondary setae
21 Trochanter (first instar) 0 - lacking additional setae

1 - with additional setae
22 Seta FE1 (first instar) 0 - inserted proximally

1 - inserted distally
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Character States

23 Femur (first instar) 0 - additional setae on dorsal margin absent
1 - additional setae on dorsal margin present

24 Seta FE5 (first instar) 0 - short and spine-like
1 - elongate and hair-like

25 Seta FE6 (first instar) 0 - short
1 - elongate

26 Tibia (first instar) 0 - additional setae absent
1 - additional setae on ventral margin
2 - additional setae on dorsal and ventral margins

27 Seta TI6 (first instar) 0 - short and spine-like
1 - elongate and hair-like

28 Seta TI7 (first instar) 0 - short and spine-like
1 - elongate and hair-like

29 Tarsus (first instar) 0 - additional setae absent
1 - additional setae present

30 Protarsal claws (first instar) 0 - marginal spinulae absent
1 - marginal spinulae present

31 Mesotibial and mesotarsal 0 - strongly developed 
marginal spinulae (third instar) 1 -weakly developed or lacking

32 Legs, natatory setae (first and second instar) 0 - lacking
1 - on tibiae and tarsi
2 - on femora, tibiae, and tarsi

Abdomen
33 Abdominal segment 7 (first instar) 0 - membranous ventrally

1 - sclerotized ventrally
34 Abdominal segment 8 0 - additional setae absent

1 - additional setae present
Urogomphus

35 Urogomphus (third instar) 0 - 0.90-1.50 times HW
1 - short < 0.70 times HW
2 -> 2.50 times HW

36 Urogomphomere 1 (second and third instar) 0 - lacking secondary setae
1 - with secondary setae

37 Urogomphus (first instar) 0 - not fractured
1- fractured

38 Urogomphus 0 - two-segmented
1 - one segmented

39 Additional urogomphal setae (first instar) 0 - absent
1 - present
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Table 2. Matrix of 39 morphological characters of larvae of selected genera of the family Dytisci-
dae. The 39 columns correspond to the character number (tab. 1); state 0 is the state observed in
the outgroup; ? = missing data.

Characters

Taxon 1-5 6-10 11-15 16-20 21-25 26-30 31-35 36-39

Agabus 00000 00000 00000 00000 00000 00000 00000 0000

Ilybius 00000 00000 00000 00000 00000 00000 00000 0000
Ilybiosoma 00000 00000 00000 00000 00000 00000 00000 0000
Platambus 00000 00000 00000 00000 00000 00000 00000 0010
Lancetes I 01000 00000 11000 00100 00101 10100 01002 1111
Lancetes II 01000 00000 11000 00100 00001 10100 01002 1110
Colymbetes 01101 01001 11000 00010 01001 01101 02000 1010
Rhantus (Rhantus) 01101 01001 11000 00010 01011 11111 02000 1010
Rhantus (Nartus) 01101 01001 11000 0001? 01011 11111 0200? 1010
Melanodytes 01101 0?001 ??00? 00010 010?1 01101 ?2001 1010
Neoscutopterus 11111 01001 11001 11011 01011 11111 12110 1011
Hoperius ?1??? 11111 1111? 10010 ????? ?01?1 02??1 101?
Meladema coriacea 11111 01001 11000 00011 01111 2?111 12010 1011
Meladema lanio 11111 01001 11000 00011 11101 20111 12010 1011
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Table 3. Number of secondary setae1 on the legs of second and third instar of Hoperius planatus
(Hplan), Meladema lanio (Mlani), and M. coriacea (Mcori). Abbreviations: A = anterior; AD = an-
terodorsal; AV = anteroventral; CO = coxa; D = dorsal; Di; distal; FE = femur; n = number of
specimens studied; NS = natatory setae PD = posterodorsal; Pr = proximal; PV = posteroventral;
range = total number of secondary setae on segment; TA = tarsus; TI = tibia; TR = trochanter; V =
ventral.

Second Instar Third Instar

Segment Sensillar Hplan Mlani Hplan Mlani Mcori
series (n = 2)* (n = 2) (n = 2)* (n = 3) (n = 4)

ProCO D 8 22-23 13-14 41-50 29-30
A 7-8 14-20 19 28-40 15-18
V 5-6 18-19 5 20-27 12-20
Total 21 56-60 38 90-116 57-66

ProTR Pr 1-3 9-11 3 13-20 5-7
Di 1 20-22 1-2 18-28 6-12
Total 2-4 29-33 4-5 31-48 11-19

ProFE NS(PD) 19 34-35 40-41 43-59 52-59
AD 15-16 38-42 27-30 48-50 24-39
AV 19-20 32-34 38 33-44 25-35
PD 0-1 4-10 0-1 17-24 3-14
PV 13-14 17-26 26-27 21-28 17-26
Total 67-69 132-140 131-137 170-189 136-149

ProTI NS(PD) 19-20 37-38 36 48-59 50-53
AD 4-7 19-21 11-12 21-25 12-15
AV 12-13 14 9 14-20 9-12
PD 0 4-9 0 8-12 2-5
PV 6-7 7-14 6 7-13 7-11
Total 43-45 87-90 62-63 110-116 84-93

ProTA NS(PD) 16 22-23 19-21 26-30 25-33
AD 3 12-17 4 18-20 10-12
AV 8 11-13 9-10 17-23 9-12
PD 0 7-10 0 8-11 3-4
PV 4-6 9-11 6 9-14 7-9
Total 31-33 62-73 39-40 82-94 57-68

MesoCO D 7 19-25 16-17 32-46 25-30
A 6-9 19-20 11-12 34-37 20-22
V 7 19-30 8 21-26 11-21
Total 20-23 57-75 35-37 92-104 56-70

MesoTR Pr 2 13-16 3-4 15-21 7-10
Di 1-2 19-22 1-2 27-30 12-14
Total 3-4 32-38 4-6 45-48 21-22

MesoFE NS(PD) 15-18 34-35 33-37 54-63 50-61
AD 21-23 50 29-30 64 32-43
AV 18-21 31-32 33-40 42-47 29-32
PD 0 5-6 0 11-15 9-12
PV 12-14 24-27 29-35 30-34 20-26
Total 68-74 145-149 131-135 206-215 152-160
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Second Instar Third Instar

Segment Sensillar Hplan Mlani Hplan Mlani Mcori
series (n = 2)* (n = 2) (n = 2)* (n = 3) (n = 4)

MesoTI NS(PD) 22-23 44-46 40-43 69-80 61-69
AD 7-11 28-31 12-15 40-64 17-23
AV 14-19 24 14-15 22-44 17-19
PD 0 6-8 0 12-15 6-8
PV 8 13-14 8-9 10-32 8-11
Total 52-56 116-122 75-81 161-232 114-126

MesoTA NS(PD) 18 32-35 31 39-45 40-49
AD 4-5 23-24 4-5 24-30 13-14
AV 11-13 17 10-12 15-25 11-15
PD 0 10 0 8-11 3-4
PV 5-6 10-12 6-7 9-15 6-10
Total 39-41 94-96 53-54 101-106 78-92

MetaCO D 4-5 17-18 9-12 27-34 20-27
A 7-8 19-22 10-11 35-52 15-28
V 7 15-18 7-8 17-21 10-19
Total 18-20 54-55 27-30 85-105 46-63

MetaTR Pr 2 16-18 2-3 18-22 6-8
Di 1-2 21 1-2 28-34 12-16
Total 3-4 37-39 4 46-56 20-24

MetaFE NS(PD) 7-8 28-30 12-16 44-50 43-56
AD 16-20 55 27-32 72-78 33-48
AV 18-22 33-35 30-32 44-56 27-31
PD 0 8-10 0-2 9-12 3-8
PV 10 22-23 26-29 33-39 23-30
Total 55-56 149-150 100-104 213-227 137-158

MetaTI NS(PD) 23-24 41-43 40-44 74-86 68-78
AD 15-16 31-36 18 42-45 24-30
AV 16-17 24-27 15-16 20-31 17-24
PD 0 9 0 7-10 1-8
PV 8 10 10 12-16 9-14
Total 63-64 118-122 84-87 169-175 120-148

MetaTA NS(PD) 23-24 36 35-36 54-56 44-56
AD 6 24-27 5-7 30-37 16-20
AV 13-14 13-20 13 16-22 13-16
PD 13-14 4 0 7-8 0-3
PV 5-6 12-16 5 15-16 7-10
Total 48-49 96 58-61 122-139 87-102

1 Total number of secondary setae include additional setae (cf. Material and Methods); * both legs
of one specimen were used.
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Table 4. Number and position of additional setae on the legs of first instar of Meladema lanio (two
specimens studied). Abbreviations: ADi = anterodistal; AV = anteroventral; D = dorsal; FE = fe-
mur; PDi = posterodistal; PV = posteroventral; TA = tarsus; TI = tibia; TR = trochanter.

Segment Position Segment Position

ProTR ADi 0-1 ProTI AD 4
PDi 0-1 AV 4

MesoTR ADi 1-2 PD 0
PDi 0-1 PV 4

MetaTR ADi 1-2 MesoTI AD 5
PDi 0 AV 6

ProFE AD 8-9 PD 0-1
AV 11-13 PV 4-5
PD 1-2 MetaTI AD 5
PV 6 AV 7

MesoFE AD 8 PD 1-2
AV 13-14 PV 6
PV 1 ProTA AV 6
PV 6-8 PV 3

MetaFE AD 8-9 MesoTA AV 7
AV 12-13 PV 4-5
PD 2 MetaTA AV 6-7
PV 7-10 PV 4-5
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Figs 1-4. Dorsal surface of antenna and mandible of selected species of Colymbetini, third instar:
1 - antenna of Meladema lanio; 2 - mandible of M. lanio; 3 - antenna of Hoperius planatus; 4 -
mandible of H. planatus. Scale bar = 1.00 mm.

Figs 5-6. Anterior surface of
trochanter of selected species of
Colymbetini, third instar: 5 -
Meladema lanio, scale bar = 1.00
mm; 6 - Hoperius planatus, scale
bar = 0.50 mm. 
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Figs 7-8. Urogomphus of selected
species of Colymbetini, dorsal aspect,
third instar: 7 - Hoperius planatus; 8 -
Meladema lanio, proximal portion.
Scale bar = 1.00 mm.

Figs 9-10. Head capsule
of Meladema lanio, first
instar: 9 - dorsal aspect
(color pattern not repre-
sented); 10 - ventral
aspect. Abbreviations:
EB = egg bursters; FR =
frontoclypeus; PA =
parietale; TP = tentorial
pits, numbers and low-
ercase letters refer to
primary setae and pores,
respectively. Scale bar =
1.00 mm.
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Figs 11-13. Cephalic appendages of Meladema lanio, first instar: 11 - antenna, dorsal aspect; 12 -
antenna, ventral aspect; 13 - mandible, dorsal aspect. Abbreviations: AN = antenna; MN = mandible.
Numbers and lowercase letters refer to primary setae and pores, respectively, non-coded setae re-
fer to additional setae. Scale bar = 0.50 mm.

Figs 14-17. Cephalic appendages of Meladema lanio, first instar: 14 - labium, dorsal aspect; 15 -
labium, ventral aspect; 16 - maxilla, dorsal aspect, 17 - maxilla, ventral aspect. Abbreviations: LA
= labium; MX = maxilla. Numbers and lowercase letters refer to primary setae and pores, respec-
tively, non-coded setae refer to additional setae. Scale bar = 0.50 mm.
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Figs 18-19. Proxi-
mal portion of the
mesothoracic leg
of Meladema
lanio, first instar:
18 - anterior sur-
face; 19 - posterior
surface. Abbrevia-
tions: CO = coxa;
TR = trochanter.
Numbers and low-
ercase letters refer
to primary setae
and pores, respec-
tively; non-coded
setae refer to addi-
tional setae. Scale
bar = 0.50 mm.

Figs 20-23. Distal portion of the
mesothoracic leg of Meladema
lanio, first instar: 20 - anterior
surface of femur; 21 - posterior
surface of femur; 22 - anterior
surface of tibia and tarsus; 23 -
posterior surface of tibia and tar-
sus. Abbreviations: FE = femur,
TA = tarsus, TI = Tibia. Num-
bers and lowercase letters refer
to primary setae and pores, re-
spectively; non-coded setae
refer to additional setae, pretar-
sus not represented. Scale bar =
0.50 mm.
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Figs 24-25. Dorsal aspect of last abdominal segment and urogomphus of Meladema lanio, first in-
star: 24 - last abdominal segment; 25 - distal portion of urogomphus. Abbreviations: AB, last abdominal
segment, UR, urogomphus. Numbers and lowercase letters refer to primary setae and pores, re-
spectively; non-coded setae refer to additional setae. Scale bar = 0.50 mm.
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Fig. 26. One of the 12 most parsimonious trees found from cladistic analysis of the matrix in tab.
2 after removal of uninformative characters (tree length = 40 steps, CI = 0.83; RI = 0.93). Charac-
ter codes (as in tab. 2) above branches refer to unique character-state transformations (�) or
homoplasious character-state transformations (�). *, unambiguous character change (i.e. found on-
ly in the group and unreversed; -, reversed from the derived condition.
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Fig. 27. Bootstrap consensus tree for 6 genera of Colymbetini based on larval characters. 
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Appendix 1: list of taxa used in the phylogenetic analysis.

Subfamily Agabinae
Agabus Leach

A. anthracinus Mannerheim, 1852
A. arcticus (Paykull, 1798)
A. bifarius (Kirby, 1837)
A. confinis (Gyllenhal, 1808)
A. discolor (Harris, 1828)
A. elongatus (Gyllenhal, 1826)
A. falli (Zimmermann, 1934)
A. phaeopterus (Kirby, 1837)
A. semipunctatus (Kirby, 1837)
A. strigulosus (Crotch, 1873)
A. subfuscatus Sharp, 1882

Ilybiosoma Crotch
I. bjorkmanae (Hatch, 1939)
I. roguus (Larson, 1997)
I. seriatum (Say, 1823)

Ilybius Erichson
I. angustior (Gyllenhal, 1808)
I. biguttulus (Germar, 1824)
I. picipes (Kirby, 1837)
I. subaeneus Erichson, 1837
I. vittiger (Gyllenhal, 1827)
I. wasastjernae (C. R. Sahlberg, 1824)

Platambus Thomson
P. glabrellus (Motschulsky, 1859)

Subfamily Colymbetinae
Colymbetes Clairville

C. dolabratus (Paykull, 1798)
C. minimus Zaitzev, 1908 (from Shaverdo, 2003).
C. paykulli Erichson, 1837
C. sculptilis Harris, 1829

Melanodytes Seidlitz
M. pustulatus (Rossi, 1792) (from De Marzo, 1974).

Neoscutopterus J. Balfour-Browne
N. hornii (Crotch, 1873)

Rhantus Dejean
R. binotatus (Harris, 1828)
R. consimilis Motschulsky, 1859
R. grapii (Gyllenhal, 1808)
R. formosanus Kamiya, 1938
R. suturellus (Harris, 1828)
R. wallisi Hatch, 1953

Subfamily Lancetinae
Lancetes Sharp

L. angusticollis (Curtis, 1839) (II)
L. delkeskampi Říha, 1961 (I)
L. subseriatus Zimmermann, 1924 (II)
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