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Resumen: Los estadios preimaginales de Carabus (Archicarabus) steuartii Deyrolle, 1852 (Coleoptera: Carabidae).
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Introduction
N

The species within the genus Carabus Linnaeus, 1758 (Coleoptera: Carabidae) of northwestern Spain is
well known so far (VALCARCEL et al., 1997; CAMPOS & NOVOA, 2006; S.6.H.N., 2014), lacking only a
better knowledge of their distribution and biology, which may be important to properly preserve them.

Concerning the study of their preimaginal stages, two periods must be considered. Firstly, the
second part of the last century, with the description of most of the Iberian Carabus larvae mainly by
RAYNAUD (1965, 1975, 1976) and others (ANDRADE MALDE, 1977), and underlining the studies by
CARDENAS (1993), CARDENAS & BACH (1993), CARDENAS & HIDALGO (1995, 1998, 2000), and
CARDENAS et al. (1994), that were done to define the life cycles of some Iberian Carabus.

Nevertheless, most of the papers about Carabus larvae lacks an accurate study of the
chetotaxy (see BOUSQUET & GOULET, 1984 and MAKAROV, 1993), necessary to clarify the taxonomy
of the family (GOULET, 1979). These studies, as ARDNT (1985) and ARDNT & MAKAROV (2003)
mentioned, provide a useful tool to identify the larvae.

Then, there's a second period, covering the last three decades, when this kind of techniques
were applied. Some papers about the larvae of Iberian and Mediterranean Carabus were then published
(BUSATO & GIACHINO, 1993; BUSATO, 2003, 2004; BUSATO & CASALE, 2005; GILGADO &
ORTUNO, 2011, 2012; RAMOS-ABUIN, 2011; or BUSATO et al., 2014, 2023).
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Nevertheless, the review of the old descriptions of the preimaginal stages of some European

Carabus is needed, either because of some mistakes in them, as it happened with the larva of

Carabus (Eucarabus) deyrollei Gory, 1839 (RAMOS-ABUIN, 2011), because are not clear enough

to differentiate some larvae, i.e. belonging to species within subgenera Oreocarabus and

Mesocarabus, or even because some Carabus larval stages still remain unknown (ARNDT &

MAKAROV, 2003). Of course, the lack of knowledge about larval (or even adult) biology of some

Carabus species cannot be left aside (TURIN et al., 2003).

For the task of breeding, some classical papers by LAPOUGE (1904), RAYNAUD (1968), GOULET
(1976) or MALAUSA (1977), were important to consider, as well as the more recent contributions by
BURAKOWSKT (1993) or BUSATO (2022).

In this context, as RAYNAUD (1974) and VALCARCEL (1995) wrote, and more recently ARDNT
& MAKAROV (2003) confirmed, just the larva of only one Iberian Carabus species is not yet known. The
larva of Carabus (Archicarabus) steuartii' Deyrolle, 1852 remains undescribed to date and that is the
blank we are trying to fill with this paper.

Material and methods
|

Field research

After thirteen years of field research in some localities of Portugal and the northwest of Spain, some
imagoes of C. steuartii were collected, and some larvae were born from them. To get this goal, old and
new data about the distribution of this species were considered (VALCARCEL, 1995), including recent
captures made by Daniel Prunier in the north of Portugal in 2011 (com. pers.), and the classic datum by
RAYNAUD (1974), confirming that this species breeds in Mars and lay the eggs in April. Moreover, some
unidentified Carabus larvae collected by Javier Pérez Valcdrcel were studied, three of them resulting
of the same type than those young larvae later obtained.

Small groups of pitfall traps made with pierced plastic cups and baited with drops of vinegar
were settled in different places of Portugal and northwest Spain, firstly during the spring, and then,
mainly in autumn. After a week, some living individuals were collected and kept alive in captivity during
some months?, adding new details about its life cycle and reproductive habits, the temperature and
humidity they required, the daily activity and the type of prey that they prefer, at least in captivity.

In the spring 2022, some were caught but, unfortunately, any of them bred, and only two
infertile eggs were obtained. In November 2022, a small group of seven beetles (six females and one
male) of C. steuartii from a pine forest of Pynus sylvestris L. near Campobecerros (Ourense) were
collected and, after the winter diapause, in March 2023, they started laying some eggs. Finally, some
information was added thanks to the recent mating (April 2024) of one couple collected in the same
locality.

Laboratory tasks

As told before, some unidentified larvae captured in April (22-04-1984) in Monforte de Lemos (south of
the province of Lugo, Galicia) were given by Javier Pérez Valcdrcel. They were accurately observed,
photographed and studied, resulting that belong to the serrilabre type of Carabus larvae (sensu
LAPOUGE, 1904, 1905), which includes the known larvae of Carabus (Archicarabus) nemoralis O.F.
Miiller, 1764 and others). The presence of C. steuartii in Monforte, Lugo, was already reported
(VALCARCEL, 1995, 2021).

' DEYROLLE (1852) described this species as Carabus steuartii and according to the current version of the International Code of
Zoological Nomenclature (I.C.Z.N., 1999) and the Catalogue of the Palaeartic Coleoptera (LOBL & LOBL, 2017) this has to be the
right spelling.

: Finally released in the same places as stated in the permission by the Xunta de Galicia.
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All these larvae were studied and photographed through a Labomed microscope and a Seben
stereoscopic microscope, fitted with an AMS Scopecamera, attached to them. In addition, some images
of living larvae were taken with a Xiaomi MI pro mobile phone (Fig. 2) in order to give accurate
measurements, different from the dead larvae.

As a result, two of these larvae collected in Monforte turned out to be of first stage, other two
of second stage and, finally, one of third stage, according to the larvae obtained from the eggs and the
literature. Of all these larvae, three were cleared (Fig. 19) (one L I, one of L IT and the L IIT larva),
using hydrogen peroxide and put in a glycerin solution, according to the method by BOUSQUET &
GOULET (1984), a bit modified lately by RAMOS-ABUIN (2011), another L I was dissected and put with
DMHF between two acetate layers, as mentioned by GILGADO & ORTUNO (2011). The other LII larva
was kept and preserved in dry conditions in order to compare with the other preserved in liquid.

The breeding

Meanwhile, from the field, as commented before, seven individuals were captured in November 2022.
All of them were collected in a pine forest near Campobecerros (Ourense), at an altitude of about 1000
m.

This area is a Pinus sylvestris L. forest with an undergrowth of heath (Erica spp., Daboecia
cantabrica (Huds) K. Koch) and Pteruspartum tridentantum (L.) Willk. This type of habitat, shrub land, is
very similar to other habitats where this species was found (VALCARCEL et al., 1997; PRUNIER, 2011;
pers. comm.; and personal observations). It is related with the degradation of the soil (by podzolitation
and accumulation of organic matter, giving an acidic feature, caused by the ancient and common use of
fires by man to spread pastures) and is linked with a Mediterranean-Iberoatlantic (not Eurosiberian)
flora (RIVAS-MARTINEZ, 1987).

These beetles were kept alive in a four litres plastic container (29 cm x 18.5 cm x 13 cm), with a
covering that was pierced to permit the release of water vapour, and a layer of soil of 5 cm, soil
collected from the site where the adults were caught with some pieces of moss and a piece of a slate
stone. The soil and moss weren't sterilized in order to give the insects some natural conditions.

The container was put into a refrigerator whose temperature could be set between 0°C and
10°C, controlled with the help of a timer to turn it off for some lapses of time to get higher
temperatures, but always below 30°C. The refrigerator had a window, so the sunlight could reach the
container during the natural photoperiod that exists in the south-center of Spain where the breeding
took place, with a small difference compared to the light span in Campobecerros (Ourense). MALAUSA
(1977) referred the importance to have natural daylight in order to keep the photoperiod, one of the
important factors that control the life cycle of Carabus, along with the average temperature.

About this parameter, one digital thermometer was settle inside the container, to measure the
maximum and the minimum temperature recorded daily, and compared with the ones obtained from the
AEMET's meteorological station in Erosa (Ourense), 10 km far from Campobecerros, whose daily data
were reviewed. In this way, the temperature parameters are set to be as natural as possible, kept
between the minimum and maximum detected in the field.

Concerning the humidity, the water losses through evaporation were considered weighing the
container from fime fo time, and spraying drops of water. The containers were observed daily, the
adults and larvae were fed with pieces of chicken liver, banana and waxworms (these caterpillars usually
made a good meal for Carabus beetles and larvae, as it was observed in previous breeding experiences)
and the cages were constantly cleaned to have good conditions avoiding the growth of moulds and the
presence of dirty (see LAPOUGE, 1904). Daily, when the imagoes restart the activity, in February, the
bottom of the cage was reviewed to see the eggs, and the presence of these and the activity of the
adults were registered taking notes in every occasion. So, in March 2023 some eggs were laid in the
bottom of the breeding cage (most of them not so deep) and they weren't perturbed. On March 18™, a
young black and small L I (Fig. 2), similar to those larvae given by Javier Pérez Valcdrcel from Monforte,
was caught.
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In the next days, a total of 15 larvae were born, from which 13 were collected: 11 were
preserved in a solution of 70% of alcohol and two of them were cleared, as described before, and then
put in glycerin.

Two of the larvae were lost, but the head of the first larva born was recovered. This larva has
been the living model (Fig. 2) whose habitus is shown in Fig. 3.

Two of the other larvae were sacrificed, but the others were kept in small plastic cages to go on
with the study, but finally died and any of them get the LII stage. These larvae were preserved.

Finally, four more larvae were obtained from one couple this year, being all of them preserved
the same way (Figs. 21 and 22).

According to the key fo Carabus larvae by ARNDT & MAKAROV (2003), the features of these
larvae match with those of the known Carabus (Archicarabus) Seidlitz, 1887 larvae, as it is shown in the
description of them.

Results and discussion
N

For the description of larval features, the useful terms mentioned by HORKA (1971) were widely
applied, taking into account the last papers about Carabus larvae by BUSATO et al. (2023), the recently
printed monograph about Carabus by DEUVE (2021) and the embryologic studies by KOBAYASHTI et al.
(2013).

Description of the preimaginal stages

o The egg

The egg of Carabus steuartii larvae (Fig. 1) is 4 mm in length and has a width of 2 mm in one end
(corresponding to the head of the larva) and 1,6 mm in the other. The eggs were laid not too deep in
the soil, around 20 or 30 mm under the surface, irregularly settled, so most of them are not visible
on the bottom of the box. The total number of eggs by female was 15, as we could confirm the last
spring. In them, some movement of the larvae is detected four days before the hatching of the
larvae, movement that was recorded and appears to be similar to that mentioned by DELKESKAMP
(1930) about the larvae of C. nemoralis.

¢ First instars’ description (ex ovo and ex societate imagines)

- First larval instar
Average morphometric data in mm: 12.75 mm. Head length: 1.75 mm. Head width: 1 mm.

L I Carabus steuartii larvae (Figs. 2, 3, and 11), after one day, are well sclerotized and black as
mentioned by DELKESKAMP (1930) about the larvae of C. nemoralis. In the Figs. 21 and 22 two
newborn white larvae are shown, before the complete darkening.

They are a bit elongated, with a length of 12.75 mm (from the clypeus (nasal) to the apex of the
pygidium). Their maximum width is 2 mm, which corresponds to those of mesonotum and metanotum.
Their chetotaxy is described according to BOUSQUET & GOULET (1984) and MAKAROV (1993), but
only the setae that can be unequivocally identified and regularly present in the studied larva were
registered and are mentioned in this work, helping to differentiate this larvae from others. It is
known that some Carabus larvae setae can lack or even appear in variable number (DELKESKAMP,
1930) so a right identification sometimes is very difficult (6GILGADO & ORTUNO, 2011). About this,
under the microscope, an irregularly spread lot of pores is observed, making very complex to
establish their relevance.

o Head
LI larvae has a cephalic capsule (Figs. 4 and 6) clearly wider than long, having a width of 1.75 mm
and a length of 1 mm, showing a very small epicranial suture. The frontal (Fig. 20)
(frontoclypeolabro sensu BUSATO et al., 2023) is 1.03 mm in width and 0.83 mm in length.
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The frontal has a trapezoidal shape (ratio length/width=0.78), showing three lobes in the
anterior border. In the middle, the central lobe or clypeus (sensu HORKA, 1971; nasal sensu
ENDEM, 1942, and others) (Figs. 4, 6, and 7) has two bit pointed endings with a concave border
between them and with a small bulge in their lateral edge in the same way that €. nemoralis larvae
shown (DELKESKAMP, 1930; HORKA, 1971; ARNDT, 1985; and others). The clypeus (Fig. 7) is
almost six fimes wider than long. Between these clypeal endings, in the underside, one hypodon
(Fig. 7) downwards directed is seen. On the sides of the frontal, two anguli frontalis (labro
external lobi, sensu LAPOUGE, 1905) are identified, protruding the same as the medium lobe. The
clypeus is a bit wider (0.31 mm) than the external lobi (0.29 each one). Near the frontal base
(pars aboralis frontalis sensu BENGTSSON, 1927 and HORKA, 1971), two pointed, directed
forward and linear egg busters are present (Fig. 21). At each side of the sagital plane, a total of
six setae are found. According to MAKAROV (1993) regarding the known Carabus (Archicarabus)
larvae, the pairs FR3 and FR4 are distant between them. The FR3 is only visible by this base, FR5,
FR8, FR9 are also seen, as FR7 and FR2 which are very long, while FR10 and FR11 are not present.
About the pores, FRb is clearly detected.

In the parietal, there are six stemmata (Figs. 4, 5, and 6), three in an anterior line, and three
posterior. In this area four setae are found: PA7, very long, and PA9, PA3, PA2 and PA1 and, in
the same way, the pore PAd is also defined.

Mandible (Fig. 6, 8, and 13) robust and curved has a clearly serrated edge in the apical half part.
It bears a well-developed and curved smooth retinaculum but without accessory tooth, as
described in MAKAROV (1993) for Carabus (Archicarabus) larvae. This tooth of the retinaculum
is present, nevertheless, in other Carabus larvae. 0.98 mm long. The small setae MN2 and MN1 are
appreciated with difficulty.

About this MN1 seta, it is mentioned that it lacks usually in this larvae according DEUVE (2021).
According HUORKA (1971), it is not present in C. nemoralis and Carabus montivagus Palliardi, 1825
larvae desighs. STURANI (1962) writing about the Carabus (Archicarabus) larvae, tells that this
seta easily break and fall, so it is only observed in young larvae and not in older or exuviae, lacking
completely in Carabus alyssidotus Illiger, 1798. In CASALE et al. (1982), it is written that this
seta could be present or not in the Carabus larvae and this is not shown in the drawings of the
mandible of C. alyssidotus and Carabus rossi Dejean, 1826. Nevertheless, Busato (com. pers.)
observed this seta in C. nemoralis and Carabus monticola Dejean, 1826 larvae and not in C. rossi.
No other setae are visible in the mandibles.

About the labium (Figs. 4, 5, and 12), labial palpus have two palpomeres. The apical with a blunt
end. In them, the seta LA6 is long. LAl y LA2 are also present. According to the pores, in the
labium the LAa and Lac are detected.

Maxillae (Figs. 5, 9, and 10) are, with the stipes, longer than the mandibles. Cardo is much
reduced. Four palpomeres in the palpus, decreasing in size from the base to the apex. In them,
MX10, MX7, MX2 and MX3 and the small MX II can be seen.

Galea (Fig. 9) is shorter than the half of the labial palpus. Lacinia has a long seta MX6 that does
not reach the joint between the two galeomeres.

Antennae (Figs. 4, 5, and 15) have four subcylindrical antennomeres. It is longer than the
mandible (ratio Antenna/mandible=0.88). The first, in its base, is short and wide; the second is
longer and a bit thinner; the third is almost equal in length but slimmer; and the fourth is a bit
smaller and it is the thinnest of all. In the antennae, the second antennomere has any setae (as
mentioned about Archicarabus larvae by ARNDT & MAKAROV, 2003), but the setae AN2, AN3,
AN4, AN5 y AN7 stand out in its end.

Thorax (Fig. 3)
In all the thoracic tergites, a medial suture that coincides with the sagital plane is present. In
each of them three different areas are possible to distinguish from the front to the back: a
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slightly sclerotized pretergum, a very sclerotized tergum and a less sclerotized postergum.

Prothorax is the first and the longest part of thorax, a bit wider than longer, reaching a
maximum width of 1.9 mm and a maximum length of 1.8 mm. Dorsally, pronotum bears the setae
PR6, PR9, PR11, and PR12. Prosternum has one seta on each side that belongs to the group that
GILGADO & ORTUNO (2011) call gPS. Each side of the prosternum also has the PS1 at the end
and shows another seta from the group gES1.

Mesothorax, 2 mm, is a bit wider than pronotum, 1.9 mm but it is shorter than it, with a length
of 1.15 mm.

Metathorax is equal in width and length than mesothorax.

Legs (Figs. 11 and 14) are less sclerotized than the terguites. In the tarsus, as it happens with
others first instar larvae, it lacks the gTA spines. On the other hand, the setae TA2, TA3, TA4,
TA5, TA6 y TA7 are present.

About metathoracic legs, they have the next ratios: trocanter/coxa=0.55, femur/coxa=0.58,
tibia/coxa=0.51, tarsus/coxa=0.51.

Abdomen (Fig. 3)
Approximate length of 7.3 mm. The average length of the abdominal segments is 0.81 mm and the
maximum width of them is 2.08 mm.

In the first abdominal terguite it is possible to detect TE3 and TE4. The rest of the abdominal
terguites shows TE2, TE7, TE8, TE10 and TE1l. TE8 is mentioned in MAKAROV (1993) about
Archicarabus larvae, but TE9 lacks, as LUFF (1993) has pointed out about the larva of C.
nemoralis. It bears the pleural organ, easy to distinguish (Fig. 16).

Urogomphi (Figs. 9, 11,and 12) are clearly unmistakable and unique, and they are similar to that
of €. montivagus, a mainly east European species, and very different of that C. nemoralis, both
figured in HURKA (1971), ARNDT (1985), and ARNDT & MAKAROV (2003). They are smooth
(Figs. 4 and 17). In them, the setae UR4, UR5S, UR6, UR7, and UR8 are long and clearly visible. The
fact that the urogomphi clearly end in a round top, relate C. steuartii to C. montivagus, probably
indicating that the former is its vicariant species in the east. This fits with the idea of a
Mediterranean origin of C. steuartii suggested by the distribution of its habitat of shrub.

The pygidium has a length of 0.36 mm. It is possible to detect four chetae on each side, dorsally
the PY2, PY4, in the medium, PY7 and one more ventral chetae with a somewhat problematic
assignation.

— Second and third instars

Only two larvae of the second instar and one larva of the third one were studied (ex societate
imagines). These larvae were collected in Monforte, in the south of the province of Lugo. They show
similar characteristics of the described L I with some small differences, becoming less acute and
more rounded in their shape, for example, in the frontoclypeolabrum (Fig. 20), as it happens with
other Carabus larvae. The shape of the clypeus and the urogomphi are similar too, and appeared
clearly different from the C. nemoralis larvae according to the literature and from one C. nemoralis
larva from Asturias. Thus, at the clypeus, the hypodon is less visible and the urogomphi become
robust but with a round apex that present the L I too. The L IT is 16.5 mm long and has a maximum
width of 2.96 mm and the L III has a length of 23 mm and is 3.14 mm wide, as a maximum.

o Second larval instar
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Average morphometric data in mm: 16.5 mm. Head length: 1.6 mm. Head width: 1.8 mm.

Frontal (Fig. 20) is a bit wider than long (ratio length/width=0.88). Clypeus is five times wider
than long, showing a clear hypodon. Clypeus is a bit wider than each one of the lobi or anguli
frontalis. Third antennal segment a slightly longer than the fourth. Last segment of maxilar palpi
1.5 times longer that the basal segment. Last segment of the labial palpi approximately 1.2 times
longer than the first segment. Width of the head of two larvae of 1.61 mm and 1.77 mm.



Arquivos ENTomoLOxIcos, 28: 269-285

o Third larval instar
Average morphometric data in mm: 23 mm. Head length: 1.86 mm. Head width: 2.38 mm.

Frontal (Fig. 20) slightly wider than long (ratio length/width=0.78). Pars aboralis frontalis twice
time wider than long. Clypeus 3.5 times wider than long. As the other instars, the narrow hypodon
is clearly detected in the middle of the clypeus. Anguli frontalis as wide as the clypeus. Its
anterior border almost right, forming one right angle with respect to the clypeus. Anterior
borders of the clypeus protruding a few more than the border of the anguli frontalis. Antennae
clearly longer than mandibles. The ratio between the antennomeres is L:IL:ITI=1:15:13;
I:IV=1,3:1. Retinaculum without accessory tooth. Stipes 1.5 times longer than wide. Maxillary palpi
about 1.87 times longer than the stipes. Urogomphi clearly granulated (Fig. 18).

— Biology update of Carabus (Archicarabus) steuartii
According to ARNDT (1985), the Archeocarabus group species (Carabus serrilabros sensu LAPOUGE,
1929, including €. nemoralis and C. steuartii) are species adapted to hard soils and capable to dig in
the ground. This group has larvae that inhabit open fields and meadows, and feed on insects of these
habitats.

Moreover, according to STURANI (1962), C. nemoralis, C. monticola and C. montivagus live in
forests and meadows, C. nemoralis from 900 to 2000 masl, €. monticola from 400 to 2000 masl and
C. montivagus from the plains to 1800 masl. However, in the northwest of Spain, C. nemoralis is found
from the sea level, as it happens with other Carabus species (C. deyrollei Gory, 1839, C. lineatus
Dejean, 1826, C. melancholicus Fabricius, 1798, C. rugosus Fabricius, 1792, C. lusitanicus Fabricius,
1801, and C. luetgensi Beuthin, 1886 according to personal observations and data). It is clear that
this fact is related to climatic factors.

It seems interesting to mention that this species is associated with heaths and shrub lands with
Pteroscarpum tridentatum (L.) Will., Erica spp. and Ulex spp. both in the north of Portugal or in the
northwest of Spain. According to LASSALLE (1983) and VALCARCEL (1995), where C. nemoralis and
C. steuartii coexist, in the south of Lugo, the first inhabits the forests and the second the meadows.
This fits with the mentioned observations, including the man-made pine plantations (usually with
Pynus sylvestris (L.) Will. over shrublands, as occurred in Serra do Mardo in Portugal and
Campobecerros in Spain. Probably, C. steuartii finds these soft soils in these pine forests more
suitable to dig and overcome the hard winter and summer, with temperatures between -4,3°C and
38,2°C. In Campobecerros, in July, at a depth of 15 cm, temperatures 20°C lower than the surface
were recorded.

Other recent data from well-known localities of the north of the provinces of A Corufia and
Lugo (REY MUNIZ, 2014), must be considered carefully and with doubts. The lack of preserved
specimens of C. steuartii of these sites (X.L. Rey Mufiiz and P. Torrella, com. pers.) made no possible
to confirm the right identification. On the other hand, the confusion between Oreocarabus and
Archicarabus imagoes is very common (LASSALLE, 1983), not considering the shape of thorax, penis
and, above all, the elytral sculpture: heptaploid in Oreocarabus and pentaploid in Archicarabus. To
differentiate C. luetgensi from C. steuartii, which coexist in the same pine forest in Campobecerros,
a detailed snapshot of the elytra was a great help in the field. Probably, the same type of mistake
could have been made before, since C. luetgensi is widespread in the north of A Corufia and Lugo
(VALCARCEL et al., 1997; CAMPOS & NOVOA, 2006; and own data).

Indoors, the beetles show an activity between 10°C and 20°C, stopping it below 10°C or above
20°C. The beetles started to hibernate between the last week of October or the second of
December and keep on resting until February, as we could see in the field and was registered by the
literature (LASALLE, 1983; VALCARCEL, 1995; VALCARCEL et al., 1997).

They usually show a summer diapause too, but not always. It appears that tend to lack near the
top of the mountains (DARGE, 1985). Considering temperature data, in Erosa, near Campobecerros,
the maximum temperatures drop below 15°C in December and do not recover these values again until
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the second half of February (Erosa station, data published by AEMET and used with permission). In
this month, indoors, they started to move and in a few days the reproductive activity was easily
detected. Prunier (com. pers.) recorded this spring activity by the number of collected imagoes using
pitfalls in Serra do Mardo, in the north of Portugal, in 2011.

Carabus steuartii was found in pine forests with an undergrowth of heath or heath shrubs, and
this landscape, consisting in shrubland, was found in Arga de Sdo Jodo (Viana do Castelo, Portugal),
Serra do Mardo (Vila Real, Portugal), Sabrosa (Vila Real, Portugal), Cabeza de Meda, Campobecerros
(Ourense, Spain), Canddn (Pontevedra, Spain), Porto (Zamora, Spain), or A Pobra do Caramifial (A
Corufia, Spain), where this species was registered (VALCARCEL, 1995).

In summary, considering the literature (LASALLE, 1983; DARGE, 1985; VALCARCEL, 1995:
VALCARCEL et al., 1997) and our own data, this Carabus is active from February until November
(Campobecerros, Ourense, for example, in both cases) at different altitudes and places, showing a
winter and summer diapauses, reducing or lacking the last of them in some high places (Porto,
Zamora, in August, between 1500 m and 1800 m of altitude, near a stream, DARGE, 1985; and in
Campobecerros, own data). After the winter pause, required for egg maturation (CARABAJAL, 1995;
LEQUET, 2023), they start the reproduction. Without these low temperatures in winter, the
quantity and fertility of the eggs was poor, according to the results of the breeding in 2022. In the
terrarium, during this pauses, the beetles lay them not too deep in the soil (around 3 cm deep). As
mentioned, they show activity indoors mainly between 10°C to 20°C and only few individuals were
seen below or above this temperature, no matter if it is daytime or nighttime. It was easy to see
some beetles active during the day, mainly in the morning or in the last part of the day. After the
mating, that sometimes was detected under the surface, the female lays the eggs a few days later.
One female laying the eggs with only the thorax and head above the soil was observed, showing the
reason why the eggs are not detected very deep.

By now, as it is shown by recent observations, each female lay a number of eggs that varies from
15 to 17, which is not a very high number. According to CARABAJAL (1995), the number of eggs laid
by one female varies from 12 in Carabus (Chaetocarabus) intricatus Linnaeus, 1761 to 75 in Carabus
(Macrothorax) morbillosus Fabricius, 1792. According ASSMANN (2003), this number varies
between 9 in Carabus (Limnocarabus) clathratus Linnaeus, 1761 and 56 in Carabus (Tachypus) auratus
Linnaeus, 1761. BUSATO (2022) registers 132 eggs in C. clathratus, and 28 eggs in Carabus
(Macrothorax) planatus Chaudoir, 1843. The record was registered by BUSATO et al. (2014): 511
eggs laid by one female of the Moroccan Carabus (Cathoplius) asperatus (Dejean, 1826). CARDENAS
& HIDALGO (2000) registered from 2 to 67 eggs by female in Carabus (Mesocarabus) dufouri
Dejean, 1829.

About the oviposition, STURANI (1962) describes that a female of C. monticola, which belongs
to the same group of Carabus larvae (the serrilabro type) laid 6 eggs in 20 hours, letting a corridor
with six small cells below it. This was not observed in C. stuartii.

As time goes by, they started the summer diapause at April or May, but the moment does not
appeared directly related to high temperatures, as it happens about the winter diapause, not related
to low temperatures. The moment in the year when it is finished is yet ignored, but in August some
individuals were collected near Campobecerros, increasing in numbers in October and November.
Moreover, DARGE (1985) detected this summer activity in cool places and at high altitudes of
Zamora so, supposedly, is the time for the new tenerals to probably emerge from the pupae.

The beetles can stand the summer high temperatures buried in the soil, at least until certain
limit, surviving when the temperature reaches 40°C in a sunny place in summer, conveniently
registered with a maximum/minimum thermometer inside the box. Of course, in the underground,
coolest temperatures were detected, where the beetles rest. This datum could explain the presence
of this species in warm places according to their capacity to stand hard climatic conditions buried in
the ground (and probably resist a scarce of food during some periods, considering the small quantity
of food consumed in the terrarium).
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Thus, the observations lead to understand its distribution in this area, avoiding the competence
between C. nemoralis and C. steuartii, as LASSALLE (1983) told, and would confirm the resilience of
this last species about climatic conditions and habitat present in the Mediterranean climatic area it
inhabits (VALCARCEL, 1995). One could even infer the difficulty for the survival of C. nemoralis in
this areaq, a typical inhabitant of the riverside and deciduous forests of the north of Spain, as it
occurs in Asturias.
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Fig. 1.- Egg of C. steuarti.
Fig. 2.- First discovered living L I of C. steuarti.
Fig. 3.- Habitus of aliving L I of C.steuarti.

Fig. 4.- Head and urogomphi of the L I of C. steuarti. Preserved and
cleared L I.
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Figs. 5-8.- L I of C. steuarti.
5.- Head in lateral view.

6.- Head, showing with detail the hypodon,
the clypeus, the egg busters and the frontal
piece.

7.- Detail of the hypodon.

8.- Detail of the right mandible, showing
the serrulated inner border.

1 mm
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Figs. 9-15.- L I of C. steuarti. The small numbers and
letters represent the diferent chetae and pores, according to
the text.

9.- Right maxilla in ventral view.

10.- Right maxilla in dorsal view.

11.- Metathoracic right leg in dorsal view.
12.- Labium.

13.- Right mandible.

14 - Metathoracic right leg in ventral view.
15. - Right antenna in dorsal view.

16.- Pleural organ in detail.

17.- Urogomphi of a cleared L I.
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Fig. 18.- Urogomphi of a L IIT of C. steuarti.
The granulated surface is clearly observed.

Fig. 19.- One cleared L I of C. steuarti,
showing the chetotaxy and the shape of the
abdominal lobes.

Fig. 20.- Frontoclypeolabro of L I, L IT, and L
ITT.

Larva I Larva II Larva III
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Fig. 21.- Head of a L I, only a few hours after hatching.
The sclerotized dark egg busters are clearly visible. In the
same day, the entire larva will become black-coloured.

Fig. 22.- Habitus of a newborn L L.
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