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1. Introduction

Coleoptera comprises roughly a quarter of all recently
described animal and plant species, making them the pri-
mary contributor to Earth’s biodiversity and the most
prolific order of insects (Beutel and Haas, 2000; Hunt et al.,
2007). Among the beetles, the transition to a life in water
has occurred several times. Thirty beetle families have
aquatic representatives and in at least 25, the majority
of species are considered aquatic (Jäch and Balke, 2008).
Major radiations have evolved in the Noteridae Thomson
and Dytiscidae Leach in Adephaga and the Hydrophiloidea
and Byrrhoidea in Polyphaga (Kodada and Jäch, 2005a;
Ribera et al., 2002).

The Elmidae Curtis (suborder Polyphaga), commonly
known as the “riffle beetles”, are one of the important
radiations of aquatic Byrrhoidea, found in a variety of
running water habitats throughout the world. The family
includes more than 1300 species, but the phylogeny for
the family and for the Byrrhoidea is still lacking (Čiampor
and Čiamporová-Zat’ovičová, 2008; Jäch and Balke, 2008).
The Elmidae is divided into subfamilies Larainae LeConte
and Elminae Curtis (Kodada and Jäch, 2005a). Although
elmids are considered aquatic beetles, only species of
the subfamily Elminae can be regarded as “true water
beetles” since they complete nearly their entire life cycle
in water (Jäch, 1998). Adults of the subfamily Elminae
live and feed underwater while the Larainae are consid-
ered strictly aquatic only as larvae (Brown, 1987). Adult
elmines emerge following pupal eclosion and take their
only dispersal flight; this flight can take several days out
of the water (Seagle, 1980).

Brown (1987) hypothesized the antiquity of the elmids
based on the geographical distribution of extant forms.
Under the present understanding of continental drift,
he predicted the probable origin of the family before
Cretaceous. Despite their theoretical antiquity and their
common aquatic habitat, the fossil record of this fam-
ily is very scarce. Kodada and Jäch (2005a) and Kirejshuk
and Ponomarenko (2014) summarized the fossil record,
which consists of some fossils from glacial and post-glacial
deposits very similar to extant species (Brown, 1987) and
Palaeoriohelmis samlandica Bollow from the Eocene Baltic
amber. P. samlandica bears similarity to the extant genera
Riolus Mulsant et Rey and Limnius Illiger, and was  the oldest
elmid fossil known (approximately 40 Ma)  (Bollow, 1940;
Wichard et al., 2009).

The aim of this work is to provide evidence for the oldest
known fossil riffle beetle, collected from Early Cretaceous
amber from Spain. With this evidence, the origin of elmids
at least before 110 Ma  is confirmed.

Institutional abbreviations. CES–El Soplao collection in El
Soplao cave, Celis, Cantabria, Spain.

Other abbreviations. Ma—millions of years ago.

2. Outcrop and geological setting
The El Soplao site is one of the most important Cre-
taceous amber deposits from Spain. Together with the
Peñacerrada I and the San Just sites (the three most
intensively studied amber deposits), and some other less
14 (2015) 181–186

studied localities, the Spanish Cretaceous amber is found
in outcrops distributed in a narrow arc from eastern to
northern Iberian Peninsula (Peñalver and Delclòs, 2010).
This capricious distribution is coincident with the north
marine coastline of the Iberian plate during the Early
Cretaceous (fig. 2 in Peñalver and Delclòs, 2010).

The El Soplao site is Early Albian from the western
part of the Basque-Cantabrian Basin (northern Spain). The
amber-bearing deposit occurs in a non-marine to transi-
tional marine siliciclastic unit (Las Peñosas Formation), in
a deltaic-estuarine environment developed in the regres-
sive stage of a regressive-transgressive cycle (Najarro et al.,
2009, 2010).

The amber pieces were found in a level of organic-
rich clays 0.7–2.5 m thick, along with dinoflagellates,
spores of vascular cryptogams, pollen grains of gym-
nosperms and angiosperms, abundant gymnosperm plant
cuticle remains, charcoal, and marine or brackish-water
invertebrates, such as gastropods and bivalves. The pres-
ence of serpulids and bryozoans as epibionts, on the
surface of some amber pieces (originally epibionts of
the resin masses), indicates both a littoral to coastal
marsh palaeoenvironment and a mixed assemblage of
resin deposit (Najarro et al., 2010; Peñalver and Delclòs,
2010).

To date, this amber deposit has yielded 649 arthro-
pod bio-inclusions belonging to Arachnida (Acari and
Araneae), Crustacea (Order Tanaidacea) and Hexapoda
in 14 recognized orders: Collembola, Blattaria, Isoptera,
Psocoptera, Thysanoptera, Raphidioptera, Neuroptera,
Hemiptera, Coleoptera, Trichoptera, Lepidoptera,
Hymenoptera, Mecoptera, and Diptera (Pérez-de la Fuente,
2012).

3. Materials and methods

The sample described in this paper is CES–567; no other
syninclusion is found with it. This fragile piece of amber
was  cut and embedded in a transparent epoxy resin, follow-
ing the process described in Nascimbene and Silverstein
(2000).

The specimen reported in this paper was examined
under three different lenses, i.e., a Leica MS5  stereomicro-
scope, and a Motic BA310 and an Olympus BX41 compound
microscopes with reflected and transmitted light. Photomi-
crographs were made with a Canon EOS 7D digital camera
attached to an Infinity K–2 long distance microscope lens
for general habitus, and a MOTICAM 2500 camera attached
to the Motic BA310 compound microscope for lateral habi-
tus and details. All of them were arranged and sharpened
with CombineZP (Hadley, 2010) and edited with Photoshop
Elements 10 and CorelDraw X6. Illustrations were prepared
with the aid of a camera lucida attached to an Olympus
BX41 compound microscope.

Terminology in the description follows that used in

Lawrence et al. (2000) and characters used for the place-
ment of the genus follow Shepard (2002) and Kodada and
Jäch (2005a). The family classification is from Bouchard
et al. (2011).
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. Systematic palaeontology

Order COLEOPTERA Linnaeus, 1758
Suborder POLYPHAGA Emery, 1886
Superfamily BYRRHOIDEA Latreille, 1804
Family ELMIDAE Curtis, 1830
Subfamily incertae sedis
Genus Elmadulescens Peris, Maier et Sánchez-García n.

en.
Figs. 1 and 2
Derivation of name. The generic name is the combina-

ion of Elm – from Elmidae and – adulescens from the Latin
f “young”. The suffix was chosen because it is the oldest
ossil Elmidae, so the youngest in classification.

Type species.  Elmadulescens rugosus Peris, Maier et
ánchez-García n. sp.

Diagnosis. Dorsal body surface covered with long, and
venly dispersed setae; antennae with last three anten-
omeres slightly wider than the preceding antennomeres;

ronotum with strong sublateral carinae, without trans-
erse or longitudinal depressions or grooves; dorsal
urface strongly punctuate and wrinkled, elytral punctures

ig. 1. (Colour online.) Elmadulescens rugosus n. gen. n. sp. holotype
CES–567), housed at the Institutional Collection from the El Soplao amber
utcrop located in the laboratory of the El Soplao Cave (Celis, Cantabria,
pain). A. Photo and camera lucida drawing of the dorsal habitus. B. Photo
nd camera lucida drawing of the ventral habitus. Both drawings are not
rom the same angle than the photos.
ig. 1. (Couleur en ligne.) Elmadulescens rugosus n. gen. n. sp., holotype
CES–567), déposé dans la collection d’ambre du laboratoire de la grotte
’El Soplao (Celis, Cantabrie, Espagne). A. Photo et dessin de l’habitus en
ue dorsale. B. Photo et dessin de l’habitus en vue ventrale. Les deux
essins n’ont pas été réalisés sous le même  angle que les photographies.
4 (2015) 181–186 183

organized in longitudinal rows, intervals very sclerotized
and slightly convex near base; edge of the pronotum and
elytron thickened, bearing a row of erect, long setae.

Description. Body elongate, subparallel, moderately con-
vex (Figs. 1A, 2A). Dorsal surface covered with long and
disperse erect setae; setae narrowed and acute apically,
hair-like.

Head deflexed, slightly retracted into prothorax
(Fig. 2A). Eyes strongly protuberant and coarsely faceted,
separated by a distance equal to the width of eye (Fig. 1A).
Antennae long, filiform, with more than nine anten-
nomeres (only nine are visible in the specimen, there are
likely eleven antennomeres) (Fig. 2D); antennal insertions
widely separated, inserted at the level of the eyes; scape
slightly longer than pedicel.

Pronotum quadrate, 1.5 times wider than head; surface
deeply punctured; disc of pronotum with two longi-
tudinal sublateral carinae, lacking obvious depressions
or grooves; surface strongly wrinkled; lateral borders
of pronotum subparallel, slightly convergent near apex
(Fig. 1A). Prosternum moderately long in front of procoxae,
about as long as procoxae; prosternal process long, moder-
ately narrow, subparallel, with rounded apex. Scutellum
pentagonal, about as wide as long. Metaventrite long,
approximately twice the length of the first abdominal ven-
trite (Fig. 1B).

Elytra deeply punctuate; without sublateral carinae;
elytral surface apparently without grooves or depressions,
but strongly wrinkled (Fig. 1A). Elytral humeri with strong
and distinctly protuberant carinae.

Procoxae globular, enlarged, and separated by at least
half the width of coxa. Mesocoxae globular and separated
by width of coxa; metacoxae transverse, not reaching edge
of metasternum; metacoxae narrowly separated; meta-
coxae with distinct posterior face, excavate posteriorly for
reception of metafemora in repose; metatrochanter trian-
gular.

Legs long, femora and tibiae slender; tibiae covered with
short setae laterally. Tarsal formula 5–5–5. Tarsi loose, sim-
ple, roughly same length as tibiae; apical tarsomeres nearly
as long as preceding four tarsomeres combined (Fig. 2C).
Tarsal claws long, robust, apparently lacking teeth.

Abdomen with five ventrites. Ventrite I slightly longer
than remaining four ventrites.

Elmadulescens rugosus Peris, Maier et Sánchez-García
n. sp.

Figs. 1 and 2
Derivation of name. The specific epithet rugosus is from

the Latin of “wrinkled”, referring to the dorsal appearance.
Holotype. CES–567, housed at the Institutional Collec-

tion from the El Soplao amber outcrop located in the
laboratory of the El Soplao Cave (Celis, Cantabria, Spain).
The holotype is a well-preserved specimen in a transpar-
ent amber piece, but the dorsal-ventral compression has
deformed the natural disposition of some parts and made
difficult the observation for some characters.

Type locality. The El Soplao site, in the municipality

of Celis (Cantabria, Spain). The piece was found at the
Las Peñosas Formation, Early Albian in age (Najarro et al.,
2009).

Diagnosis. See generic description.
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Fig. 2. (Colour online.) Elmadulescens rugosus n. gen. n. sp. holotype (CES–567), housed at the Institutional Collection from the El Soplao amber outcrop
located in the laboratory of the El Soplao Cave (Celis, Cantabria, Spain). Photos and details of seleted characters. A. Lateral habitus. B. Elytral border thickened,
with  a fringe of long, erect setae. C. Tarsi loose, simple. D. Antenna long, filiform, with a very weak apical club.

ES–567)
vec une
Fig. 2. (Couleur en ligne.) Elmadulescens rugosus n. gen. n. sp., holotype (C
(Celis,  Cantabrie, Espagne). A. Habitus latéral. B. Bord de l’élytre épaissi, a
longue, filiforme, avec un club apical très délicat.

Description. Body elongate, subparallel; length 1.17 mm
(as preserved); maximum body width 0.60 mm.

Antennae long, nearly reaching base of the elytron; the
last three antennomeres slightly larger than the preceding
ones in a very weak apical club (Fig. 2D). Antennomeres IX
and X 1.2 times wider than the preceding antennomeres;
antennomere XI 1.3 times longer than the antennomere
X and subequal in length. Head with slight depression
between eyes.

Pronotum convex, broader than long, widest at base;
maximum length 0.32 mm;  maximum width 0.39 mm.
Anterior border of pronotum medially produced forward
and rounded; width of process 0.20 mm;  anterior angles
obtuse. Lateral borders of pronotum subparallel, slightly
thickened, with fringe of long, erect setae (Fig. 1A). Postero-
lateral angles of the pronotum acute, closely interlocking
with base of elytron; posterior border of pronotum bisinu-
ate. Discal areal of pronotum free from obvious depressions
or grooves, with sparse, erect setae.

Elytral length 0.85 mm,  elytral width 0.60 mm;  elytra
2.6 times longer and 1.5 times wider than pronotum. Elytra
convex covered with sparse, long, erect setae; lateral elytral
border thickened, with a fringe of long, erect setae, as on
pronotum (Fig. 2B); elytral apices rounded; elytral borders
weakly serrate near apex. Strial punctures on disk deep and
rounded, one third as broad as intervals. Elytral intervals
highly sclerotized and slightly convex near base.
Remarks and comparative notes. A suite of shared
characters allows us to confidently place this specimen
in the beetle family Elmidae. The combination of long,
, déposé dans la collection d’ambre du laboratoire de la grotte d’El Soplao
 frange de soies longues et dressées. C. Tarses mous, simples. D. Antenne

slender antennae widely inserted, large, protuberant eyes,
a pentagonal scutellum that is abruptly elevated anteriorly,
long legs with long, simple tarsi, a 5–5–5 tarsal formula,
metacoxae with a posterior face, pronotum with complete
lateral carinae, the last tarsomere longer than the other four
combined, large tarsal claws, and five abdominal ventrites
place this species within Elmidae. The family is divided in
two  subfamilies, and due to the very small size (1.17 mm in
length), the head slightly retracted into the prothorax (the
“turtle-neck”), the filiform antennae, long tarsi and tibiae,
globose procoxae, long prosternum, and the general habi-
tus of pronotum, E. rugosus n. gen. n. sp. may  fits correctly
into Elminae. However, some inconsistent characters are
found and the subfamily remains incertae sedis (see below).

This specimen lacks a visible plastron of modified setae,
a character shared by all extant Elminae. The lack of a visi-
ble plastron does not exclude this specimen from Elminae,
though, as even on recently collected specimens the plas-
tron is often nearly impossible to discern if the specimen is
submerged in liquid, and the preservation in amber looks
remote from dry conditions. Additionally, E. rugosus n. gen.
n. sp. possesses a unique character: a thickened edge of the
pronotum and elytra, where a series of long, erect setae are
inserted (Figs. 1A, 2B). No specimens, extant or extinct, with
this diagnostic character have ever been described within
the family. Only a few genera of Elminae have elytral setae,
e.g., Macronevia Jäch et Boukal or Zaitzeviaria Nomura, but

none are as long and conspicuous as the dorsal setae of
E. rugosus n. gen. n. sp. Long dorsal setae are found in some
members of the subfamily Larainae, but all Larainae have
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ransverse procoxae and most of them have clearly loosely
lubbed antennae (Kodada and Jäch, 2005a). By contrast,
lmadulescens n. gen. possesses globular procoxae (though
ery deteriorated and compressed against each other) and
liform antennae. The basal position of this fossil in the

amily and its ancient age could be the cause of such an
mbiguous set of characters.

Several closely related aquatic byrrhoid groups have
ong dorsal setae. Dryopidae Bilberg, Limnichidae Erichson,
nd Lutrochidae Kasap et Crowson, also have long elytral
etae (Hernando and Ribera, 2005; Ide et al., 2005; Kodada
nd Jäch, 2005b). Dryopidae adults can be recognized by
he short antennae, with most segments broader than long,
nd antennomeres from IV to the end forming a more or
ess loose club (Ide et al., 2005). Elmadulescens n. gen. is
ot Limnichidae because the head is not capable of being
etracted fully into the pronotum and the dorsal surface of
he body is not clearly convex (Fig. 2A) (Lawrence et al.,
000).

E. rugosus n. gen. n. sp. does not resemble any extant
alaearctic genera of Elmidae. It is similar in size to and pos-
esses sublateral pronotal carinae like Oulimnius Gozis, but
he long elytral setae distinguish it from this genus. Among
ther non-Palaearctic genera, it seems most closely allied
o an informal group of Neotropical Elmidae composed
f Hintonelmis Spangler, Hexacylloepus Hinton, Neolimnius
inton, Pilielmis Hinton, and Tyletelmis Hinton, based on the
rominent eyes, which have a strong depression between
hem. It does, however, differ significantly from either of
hese genera in body form, size, and degree of carination
nd reticulation on the pronotum.

. Discussion

Members of the subfamily Elmidae are typically found
n the benthos of streams and rivers, though they can be
ound in a variety of other aquatic habitats, including seeps
nd springs, as well as at the margins of lakes and ponds
subfamily Elminae); or above the water line in the splash
one, on downstream surfaces of rocks, logs, and branches,
r accumulated in leaf packs (subfamily Larainae) (Jäch and
alke, 2008; Kodada and Jäch, 2005a; Maier, 2012). Despite
heir close association with aquatic environments, the fos-
il record for Elmidae, and Byrrhoidea in general, is sparse.
heir small size and affinity to fast-flowing water makes
hem unlikely to be preserved into compression fossils.

E. rugosus n. gen. n. sp. is the oldest recorded fos-
il for the family and the only elmid fossil recorded
ince P. samlandica was described from Eocene Baltic
mber (Bollow, 1940; Kirejshuk and Ponomarenko, 2014),
ecause Potamophilites Haupt, recorded as an elmid by
irejshuk and Ponomarenko (2014), is actually a dryopid

Haupt, 1956). The family’s aquatic habit is probably the
ain cause for their scarcity in amber fossils; they seem

nlikely candidates for preservation in tree resins taking
nto account the chemical hydrophobic character of the
esin and the behaviour of these beetles. It is not impossi-

le, though, that an aquatic beetle could be found in amber
s it takes its brief maiden flight after pupation (Seagle,
980; Wichard et al., 2009). Based on the wrinkled dor-
al surface of the fossil, it is possible that E. rugosus n. gen.
4 (2015) 181–186 185

n. sp. was  a teneral specimen, one not yet firmly sclero-
tized after pupation. This specimen was  probably trapped
on a resin flow while it was  searching for aquatic habitat,
but the finding of the specimen embedded in amber with
the wings folded may  indicate that this specimen was not
trapped in flight or pulled by the wind. The discovery of
recent elmids of the subfamily Larainae above the water
line increases the possibility that a specimen of this family
could be found embedded in fossil resin while associated
with a rock or wood surface near water.

The plastron, a very thin layer of air held by a dense
coating of water-repellent cuticular structures, acts as a
physical gill so that adults do not need to come to the sur-
face for respiration (Hinton, 1976; Spangler and Perkins,
1989). The strategy occurs in diverse aquatic coleopteran
lineages and there is evidence suggesting that this struc-
ture evolved several times within the order, as it is found in
some members of Hydrophilidae Latreille, Dryopidae, Elmi-
dae, and Curculionidae Latreille (Schowalter, 2009). The
plastron is often difficult to discern in extant specimens
and can be easily overlooked in the descriptions. Nonethe-
less, E. Rugosus n. gen. n. sp. shows a thickened edge of
the pronotum and elytra with a series of long, erect setae,
that may  have been related or work together with plastron
respiration. In addition, the dorsal surface of the protho-
rax and elytra are covered with sparse, long, erect setae,
which resembles that of some aquatic and riparian genera
of Dryopidae and other elmids, may  have entrapped air for
underwater respiration and for prevention of wetting of the
body (Kodada and Jäch, 2005a, 2005b).

On the other hand, E. rugosus n. gen. n. sp. exhibits
other morphological adaptations to their unusual habitat.
The very strongly sclerotized cuticle, and retractable head
into the prothorax, are also features to minimize injury if
the beetles become dislodged in strong current; the legs
are long and tarsal claws are very large and stout, which
enables them to cling firmly to substrate (Kodada and
Jäch, 2005a). Their small size enables elmids to seek refuge
in interstices, although small size may  not have evolved
as an adaptation directly related to a life in fast-flowing
water, but as a an adaptation related to plastron respiration
(Ward, 1992). Indeed, elmids are smaller than most aquatic
coleopterans. This entire suite of characters suggests that
E. rugosus n. gen. n. sp. was  adapted to life in rapids, as with
other members of Elminae, although it is speculative.

The absence of the family from other published lists of
Coleoptera in amber and from other descriptions of Creta-
ceous fossil beetles (Grimaldi et al., 2000; Penney, 2010 and
references herein; Poinar, 1992; Poinar and Milki, 2001;
Skidmore, 1999) makes this specimen both unique and
valuable.

6. Conclusions

One new genus and species of Elmidae is described
based on a single fossil specimen from Early Cretaceous
amber of Spain, in the El Soplao deposit. E. rugosus n. gen.

n. sp. is the oldest member of Elmidae, and suggests the
possible pre-Cretaceous origin for the family, indicating
that elmids existed already at 110 Ma,  and the adaptabil-
ity of the Byrrhoidea to aquatic environments since the
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Cretaceous. Additionally, it is the only aquatic beetle found
in any Mesozoic amber locality, probably because fossiliza-
tion of aquatic specimens in tree resin is rare.
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