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Abstract.— Larval morphology of the New World tenebrionid genus Scotobius Germar is
studied based on a description of the first instar of S. pélularius Germar, with emphasis
on chaetotaxic analysis of the cephalic capsule, head appendages, legs, and thoracic and
abdominal segments. This represents the first description of a larva of Scotobius, and the
first detailed treatment of the larval primary chaetotaxy pattern of a tenebrionid. A short
description and photographs of the eggs are also provided, which are deposited individually
and agglutinate small substrate particles. As remarkable characteristics of the studied
larvae, the sclerome is a simple oval structure, the tergum IX is acuminate posteriorly, the
segment X is extremely small and almost completely concealed by the sternum IX, and
prothoracic legs are somewhat more robust than the meso- and metathoracic pairs, which
is generally the case in soil-dwelling larvae. Some discussion is provided on a long-standing
controversy regarding homology and terminology of the last leg segments in coleopteran
larvae.
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INTRODUCTION

The tribe Scotobiini, which belongs to the subfamily
Tenebrioninae, comprises ~113 species and sub-
species and is endemic to South America, occurring
mainly in arid environments of Ecuador, the Galapagos
Islands, Peru, Bolivia, Chile, and Argentina (Matthews
et al. 2010). Several species also inhabit mesic environ-
ments in Eastern Argentina, Uruguay, and Southeast-
ern Brazil (Kulzer 1955). The tribe presently includes
six genera (Silvestro et al. 2015), of which Scotobius
Germar is the most speciose including 67 species and
subspecies. Scotobius pilularius Germar, 1823, the
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type species, is widely distributed in southern South
America, including Uruguay, Southeastern Brazil
(state of Rio Grande do Sul), and most of the Argen-
tinean territory (Kulzer 1955; Carrara ef al. 2016 this
volume). It has recently been subject of several studies
describing, for example, the effect of climate and
human influence on its distribution patterns, and oth-
ers focused on forensic, taxonomic and paleoentomo-
logical aspects (Aballay ef al. 2016, Carrara et al.
2016, Ramirez et al. 2016, Silvestro and Flores 2016).
Larvae of this species, however, are unknown, and
larval morphology of members of Scotobiini is in gener-
al very poorly known. Only the mature larva of one
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species (Emmallodera multipunctata curvidens
Kulzer, 1955) has thus far been described (Cekalovic
and Quezada 1973). Some photographs of the larvae of
three species of Scotobius (S. asperatus Erichson,
1834, S. gayi Solier, 1838 and an unidentified species)
were also provided as part of a generalized morpholog-
ical characterization which does not include formal
descriptions (Vidal and Guerrero 2007). In all cases,
first instars were not included and therefore primary
chaetotaxy (i.e., socketed setae and pores present in
the first instar) was not described. Regarding the eggs,
only those of S. gay? are known, based on photographs
and lacking description (Vidal and Guerrero 2007).

In this contribution we present a description of the
egg and first-instar larva of S. pélularius, which rep-
resents the first detailed treatment of the morphology
and chaetotaxy of the young larva of a tenebrionid.
Given that larval morphology within the family is scar-
cely known, comparisons in the context of previous
descriptions are difficult. However, as it was demon-
strated for other beetle families (e.g., Alarie and Michat
2014), chaetotaxy offers useful characters for separa-
tion of taxa at all taxonomic levels. This emphasizes
the potential of this character set both for phylogenet-
ic and diagnostic purposes, and encouraged us to pro-
vide, for the first time, a detailed chaetotaxic analysis
that may establish a framework useful for comparisons
when more larvae are described.

MATERIALS AND METHODS

Between January and March 2014, 20 adults of
S. pilularius were collected in Costa Chica town, east-
ern Buenos Aires province, Argentina (36°30’18”S,
56°42’35”W). Due to the difficulty of conclusively deter-
mining the sex of the specimens without dissection, all
of them were brought alive to the laboratory and placed
in a single breeding plastic container (22 cm long,
22 cm wide and 30 c¢m in depth) filled with cleaned
substrate from the collecting site up to a depth of
10 cm. Temperature and humidity conditions were
those of the environment. Adults of S. pilularius
are generalists, therefore they were fed with fruits
(apple, banana), vegetables (lettuce, tomato) and
mashed dog food. On approximately four-day intervals,
the breeding container was checked for eggs. Once the
eggs were identified, they were placed individually and
checked every day until the larvae hatched. First
instars thus obtained were fixed and stored in 96%
ethanol.

Sixteen first-instar larvae were used for the
description. They were cleared in lactic acid for ~10
days, dissected and mounted on glass slides with
polyvinyl-lacto-glycerol. Observation at magnifica-
tions up to 1000x and drawings were made using

an Olympus CX41 compound microscope equipped with
a camera lucida. Drawings were scanned and digitally
inked using a Genius PenSketch tablet. Voucher speci-
mens are deposited in the collection of the senior au-
thor (Laboratory of Entomology, Buenos Aires Univer-
sity, Argentina).

Ten eggs were used for the description. They were
observed with the same microscope and magnifications
as for larvae. Photographs were taken with a Panason-
ic Lumix digital camera adapted to a Leica MZ6 stere-
omicroscope.

The terminology for larval structures used in this
paper follows Matthews el al. (2010). In the chaeto-
taxic analysis, setae and pores present on the cephalic
capsule, head appendages, legs, and thoracic and
abdominal segments were carefully identified, describ-
ed, and illustrated. However, they were not labeled
because a system of nomenclature for primary sensilla
of the family Tenebrionidae has not been developed
so far.

RESULTS

Description of the egg and first-instar larva of
Scotobius pilularius Germar

Egg, description (Figs. 1-3). Total length = 1.60-
1.75 mm, maximum width = 0.89-0.92 mm (n = 7);
oblong oval, colour uniformly pale white (Figs. 1, 2);
chorion lightly sclerotized, surface smooth, lacking any
peculiar structures visible at 1000x magnification;
covered with a substance that agglutinates substrate
particles, like grains of sand (Figs. 1-3); deposited indi-
vidually on the substrate (Fig. 1).

First-instar larva, description (Figs. 4-24).

Colour. Uniformly white to yellowish.

Body (Fig. 4). Elongate, parallel sided, circular in
cross-section; surface smooth, lightly sclerotized. Total
length = 2.06-2.79 mm (mean = 2.36 mm, n = 10).

Head. Prognathous. Cephalic capsule (Figs. 5-7).
Globous, subcircular to subquadrate in dorsal view,
widest at about posterior third (maximum head width
= 0.50-0.62 mm, mean = 0,56 mm, n = 15), strongly
narrowed posteriorly up to short neck constriction,
progressively narrowed anteriorly up to abrupt con-
striction at antennal insertions; frontal sutures almost
straight, V-shaped, slightly or not visible anteriorly,
epicranial suture short, covered by anterior margin of
pronotum; clypeus transverse, convex, lower than
frons, anterior margin bent down; labrum free, trans-
verse, lower than clypeus, subovate to subrectangular
in dorsal view, dorsal surface slightly convex, ventral
(epipharyngeal) surface prominent; stemmata absent.
Antenna (Figs. 8, 9). Antennifer broad, well developed;
antenna short, three segmented; antennomere 1 broad,



DESCRIPTION OF THE EGG AND FIRST-INSTAR LARVA OF SCOTOBIUS PILULARIUS GERMAR 683

Figures 1-3. Scotobius pilularius, eggs. (1) eggs in the substrate of the breeding container; (2) detail of two eggs of fig. 1; (3) general view of
isolated eggs with agglutinated substrate particles. Scale bars = 1.0 mm.

approximately twice as wide as long; antennomere
2 approximately 2-3 times longer than antennomere 1,
broad, somewhat globous, widest at mid length, bear-
ing an apical sensorium crescent-shaped and a dor-
soapical elongate sclerite at base of antennomere 3;
antennomere 3 slightly shorter than antennomere 1,
much narrower than antennomeres 1 and 2. Mandible
(Figs. 10-13). Broad, robust, subtriangular; asymmetri-
cal: right mandible slightly smaller, more globous, with
mesal margin less excavated, and with somewhat more
developed mola than left mandible. Maxilla (Figs. 14,
15). Cardo well developed; juxtacardo subovate,
evident ventrally between cardo and mentum; stipes
robust, well developed, bearing strongly developed, fin-
gerlike mala on inner margin; apex of mala reaching
base of third palpomere; palpifer short, well delineated
from stipes; palpus short, robust, composed of three

palpomeres progressively narrowed to apex, palpo-
meres 1 and 2 shortest, subequal, palpomere 3 longest,
bearing an elongate sensorium (Fig. 14). Labium
(Figs. 14, 15). Mentum well developed, subtrapezoidal,
broader than long; prementum subrectangular, broad-
er than long, anterior margin projected forward into
short dorsal ligula; palpus short, robust, shorter than
maxillary palpus, composed of two palpomeres pro-
gressively narrowed to apex, palpomere 2 longer than
palpomere 1. Hypopharynz (Fig. 14). Sclerome trans-
verse, suboval.

Thorax (Figs. 4, 20). Strongly convex; pronotum well
developed, subquadrate in dorsal view, about as long
as meso- and metanota combined; meso- and metan-
otum subequal, transverse, slightly wider than prono-
tum, bearing one small blunt tubercle contiguous outer
to the base of central robust seta; spiracles present on
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Figures 4-7. Scotobius pilularius, first-instar larva. (4) habitus, dorsal view (not all sensilla represented); (5) cephalic capsule, dorsal view;
(6) detail of epipharynx, ventral view; (7) cephalic capsule, ventral view. Cl — clypeus; Fr — frons; Lb — labrum; Pa — parietal. Scale bars = 0.2 mm.
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Figures 8-13. Scotobius pilularius, first-instar larva. (8) right antenna, dorsal view; (9) left antenna, ventral view; (10) left mandible, dorsal
view; (11) right mandible, dorsal view; (12) right mandible, ventral view; (13) left mandible, ventral view. An — antenna; Md — mandible; Mo — Mola.
Scale bars = 0.1 mm.

mesothorax. Legs (Figs. 16—19). Short; prothoracic leg
more robust than meso- and metathoracic legs, with
coxa broader than long; meso- and metathoracic legs
subequal, with coxa longer than broad; all three legs
with trochanter subtriangular, femur and tibiotarsus
subeylindrical, and well developed, strongly sclerotized
pretarsus.

Abdomen (Figs. 4, 21-24). Ten-segmented. Seg-
ments [-VII subequal, broader than long, segment VIII
somewhat narrower, segment IX narrowest, subconi-
cal, sharp apically, somewhat directed dorsally in late-
ral view, segment X inconspicuous, only visible ven-
trally below tergite IX (Fig. 22), bearing two papillae;
segments [-VIII bearing dorsally one small blunt tuber-
cle contiguous outer to the base of central robust
seta. Spiracles present on lateral margins of segments
[-VIIL.

Chaetotaxy (Figs. 5-24). Cephalic capsule. Frons
with four setae (two on anterior margin, two near
frontal suture) and one pore on lateral margin on each
side (Fig. 5); clypeus with two setae and one pore on
lateral margin on each side (Fig. 5); labrum with one
seta near lateral margin and one pore on anteromedial
region on each side (Fig. 5); epipharynx with 16 setae
(eight near anterior margin, three minute forming
a row posterior to them, one near posterior margin,
four minute between tormae) and four pores (one near
anterior margin, three contiguous to torma) on each
side (Fig. 6); dorsal surface of each parietal with 12
setae (one near antennal base, two on anterior third,

three forming a row near frontal suture, six forming
a row near lateral margin) and three pores (one near
antennal base, one at mid length near frontal suture,
one on posterior fourth near lateral margin) (Fig. 5);
ventral surface of each parietal with nine setae (six
near lateral margin, three on central portion) and five
pores (four near anterolateral angle, one on central
portion) (Fig. 7); Antenna (Figs. 8, 9). Antennomere 1
with five pores (three on dorsal surface, two on ventral
surface); antennomere 2 with five distal setae (four on
dorsal surface, one on ventral surface); antennomere
3 with seven apical setae and two pores (one dorsal on
basal third, one ventromedial). Mandible (Figs.10-13).
With two setae and three pores near external margin.
Mazilla (Figs. 14, 15). Cardo with one external seta;
stipes with four setae and three pores on ventral sur-
face; mala with 17 setae (one basoventral, 13 forming
a row on dorsointernal margin, three ventroapical) and
two pores (one at mid length on ventroexternal margin,
one ventroapical); palpifer with one pore on ventral
surface; palpomere 1 with one basoexternal seta and
two pores on ventral surface; palpomere 2 with two
setae and one pore on ventrodistal margin; palpomere
3 with one internal seta and one external pore on ven-
tral surface, and several minute setae at apex. Labi-
wum (Figs. 14, 15). Mentum with two setae and one pore
on basoventral surface on each side; prementum with
two ventral setae (one near anterior margin, one near
posterior margin) and one ventral pore near antero-
lateral angle on each side; ligula with one seta and one
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Figures 14-15. Scotobius pilularius, first-instar larva. (14) maxillae, labium and hypopharynx, dorsal view; (15) maxillae and labium, ventral
view; Hphy — hypopharynx; Ju — Juxtacardo; La — labium; Mx — maxilla. Scale bar = 0.1 mm.
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Figures 16-19. Scotobius pilularius, first-instar larva. (16) left prothoracic leg, anterior view; (17) right prothoracic leg, posterior view;
(18) left metathoracic leg, anterior view; (19) right metathoracic leg, posterior view; Co — coxa; Fe — femur; Pt — pretarsus; TiTa — tibiotarsus;
Tr - trochanter. Scale bar = 0.1 mm.

pore on dorsal surface on each side; palpomere 1 with
one basoventral seta on external margin and one ven-
trodistal pore on internal margin; palpomere 2 with one
ventroexternal pore at mid length and several minute
setae at apex. Thorax (Fig. 20). Pronotum with 16
setae (six on anterior margin, seven on posterior mar-
gin, three on central portion) and 13 pores (six on ante-
rior margin, five on posterior margin, two on central
portion) on each side; meso- and metanotum with 17
setae and seven pores on each side. Legs (Figs. 16-19).
Anterior surface of coxa with 11 setae (six on proximal
half, five on distal half) and four pores (one on proxi-
mal half, three on distal half); posterior surface of coxa
with eight setae (six on proximal half, two on distal
half) and two pores (one on proximal half, one on
distal half); trochanter with five setae (one on dorsal
margin, two on anteroventral surface, two on posterior
surface) and eight pores (five on anterodorsal surface,
two on posterior surface, one on ventral margin); femur
with eight setae, (two on anterodistal portion, two on
anteroventral margin, two on dorsal margin, two on
posteroventral surface) and one anteroproximal pore;
tibiotarsus with nine setae (two on anterodorsal mar-
gin, one of them minute, two on anteroventral margin,
one on anterodistal portion, two on posterodorsal
margin, two on posterior surface) and six pores (four
on anterodistal margin, two on posterodistal margin);
pretarsus with one basal seta on ventral margin and
one basal seta on posterior surface. Abdomen (Figs.

21-24). Tergites I-IX with 13 setae (eight on dorsal
view, five on ventral view) and six pores (five on
dorsal view, one on ventral view) on each side; stern-
ites I-VIII with six setae (three on anterior half, three
on posterior half) and three pores (one on anterior half,
two on posterior half) on each side; sternite IX with
three setae on posterior margin on each side (Fig. 22);
sternite X with one seta on each side (Fig. 24).

Some considerations about homology and ter-
minology of leg segments in coleopteran larvae

It is well known that larval legs in the coleopteran
suborders Archostemata and Adephaga are composed
of six articles (Coxa, trochanter, femur, tibia, tarsus,
pretarsus), whereas in the suborders Myxophaga and
Polyphaga (exception made for those groups with
reduced legs) are composed of five articles (Matthews
et al. 2010). There is also a general agreement about
homology of the three basal leg articles (i.e., coxa,
trochanter and femur). However, homology of the last
two or three articles has been subject of much debate
(see for example discussions in Crowson (1981) and
Lawrence (1991)). Many authors, following Beving and
Craighead (1931), considered that the polyphagan leg
is composed of coxa, trochanter, femur, tibia, and an
apical article representing the fusion of the tarsus and
ungulus (i.e., the tarsungulus). Another widely accepted
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Figures 20-24. Scotobius pilularius, first-instar larva. (20) thoracic tergites, dorsal view; (21) abdominal segments VIII and IX, dorsal view;
(22) abdominal segments VIII, IX and X, ventral view; (23) detail of apex of segment IX, dorsal view; (24) detail of segment X, ventral view.
VIII-X — abdominal segments VIII-X; St — stigma. Scale bars = 0.1 mm.



DESCRIPTION OF THE EGG AND FIRST-INSTAR LARVA OF SCOTOBIUS PILULARIUS GERMAR 689

Table 1. Number of primary setae and (pores) on the last leg articles of first-instar larvae in some beetle families.
Labeling of each leg article as in the original publication.

Suborder Family Tibia | Tarsus | Tibiotarsus | Tarsungulus |Pretarsus Source
Adephaga |Carabidae 7(1) 7 (6) 2 Bousquet and Goulet (1984)
Dytiscidae 7(1) 7 (6) 2 Nilsson (1988); Alarie and Michat
(2014)
Gyrinidae 7(1) 7 (6) 2 Archangelsky and Michat (2007);
Michat et al. (2010); Michat and
Gustafson (2016)
Polyphaga |Histeridae 16 (2) 2 Kovarik and Passoa (1993)
Hydraenidae |8-9 (1-2) 2 Delgado and Soler (1995, 1996,
1997a,b,c)
Hydrophilidae 9-20 (1-6) 2 Byttebier and Torres (2009);
Torres (2009); Torres et al. (2011);
Rodriguez et al. 2015);
Archangelsky et al. (2016)
Tenebrionidae 9 (6) 2 This paper

view was proposed by Beving and Henriksen (1938)
and Crowson (1955), who suggested that the leg of
polyphagan larvae is composed of coxa, trochanter,
femur, a fourth article representing the fusion of the
tibia and tarsus (i.e., the tibiotarsus), and an apical
pretarsus (which includes the ungulus or claw). Both
interpretations coexist in the literature on beetle lar-
vae, even within the same paper.

Larval primary chaetotaxy within Coleoptera is not
well known, with some exceptions in the Archostemata
(Grebennikov 2004), Adephaga (e.g., Bousquet and
Goulet 1984, Nilsson 1988, Alarie and Michat 2014 and
references therein), and Polyphaga (e.g., Kovarik and
Passoa 1993, Grebennikov and Beutel 2002, Delgado
and Archangelsky 2005 and references therein,
Fikacek et al 2008, Torres 2009, Torres et al. 2011),
and papers describing primary leg chaetotaxy in detail
are scarce. This character source, however, offers
a chance to investigate homology of the terminal leg
articles within Coleoptera, considering that primary
chaetotaxy is likely a conservative expression of the
phenotype. In Table 1 we compare the primary chaeto-
taxy pattern of the terminal leg articles in some beetle
families, taking into consideration the evidence avail-
able in the literature and that presented herein. Ac-
cording to Table 1 and evidence in Crowson (1981), the
ultimate leg article of most beetle larvae bears only two
setae. This element, together with the characteristic
shape of the structure, may be taken as evidence to
homologize the ultimate leg article throughout Coleo-
ptera. From a chaetotaxic point of view, this hypo-
thesis contradicts the existence of a tarsungulus, as

homology of the ultimate article of Polyphaga with tar-
sus + pretarsus of Adephaga would imply the lost of all
the sensilla observed on the adephagan tarsus. In our
opinion, the hypothesis homologizing the penultimate
leg article of larval Polyphaga (and probably also Myx-
ophaga) with the tibia + tarsus of Adephaga and
Archostemata (i.e., hypothesis of a tibiotarsus) is more
plausible.

Di1SCUSSION

As mentioned above, the eggs of S. pilularius are
deposited individually on the substrate, and are cov-
ered with a substance that agglutinates small sub-
strate particles, in this case composed of grains of sand
from the place where the adults were collected. To
agglutinate substrate particles to the eggs is an adap-
tation commonly observed in Tenebrionidae, presum-
ably to avoid mechanical damage, dehydration, or pre-
dation (Vidal and Guerrero 2007).

The morphological characters exhibited by the lar-
vae described here are generally consistent with those
mentioned in the general description of a Tenebrioni-
nae larva (Matthews et al. 2010). However, as descrip-
tions within the family are based on later instars,
comparison with characters of the first instar should
be taken with care as the shape of several structures
may vary considerably throughout the ontogenetic
development. The sclerome is a simple oval structure
in the first instar, whereas often it is anteriorly triden-
tate in later instars (Matthews et al. 2010). The tergum
IX is acuminate posteriorly in the first instar of
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S. pilularius. In later instars of other Scotobius
species it is either acuminate or more or less rounded
(Vidal and Guerrero 2007). Abdominal segment X, on
the other hand, is extremely small and almost com-
pletely concealed by the sternum IX in the first instar
of S. pilularius, whereas it is somewhat more pro-
duced in the later instars (Vidal and Guerrero 2007).
Finally, the prothoracic legs are somewhat more robust
than the meso- and metathoracic pairs, which is gener-
ally the case in soil-dwelling larvae, in which they are
generally enlarged and more heavily armed (Matthews
et al. 2010).

Comparisons among species considering different
instars may be particularly problematic when chaeto-
taxic characters are considered, as it is well known
that larvae add a variable number of secondary
sensilla with successive moults. The description pro-
vided in this paper represents the first detailed treat-
ment of the primary chaetotaxy of a tenebrionid larva.
Comparisons of this chaetotaxy pattern, however, are
not possible until first instars of other taxa within the
family will be described.
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