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Study on behavioural ecology of Ditomus calydonius Rossi, 1790
(Coleoptera: Carabidae: Ditomina), a strictly granivorous
ground beetle with brood care

Usyuenne ocobennocreii noseaennss Ditomus calydonius Rossi, 1790
(Coleoptera: Carabidae: Ditomina), 3¢epHOSIAHOM KY3KE€AMUIIBI C
3200TOV O IIOTOMCTBE

Pietro Brandmayr!, Federica Talarico?
IIserpo Bpaupmaiip', @epepuxa Tasapuxo?

! University of Calabria, Department of Biology, Ecology and Earth Sciences, 87036 Rende (CS). Italy. E-mail: brandmayr@unical.it
2 Natural Museum and Botanical garden, University of Calabria, 87036 Rende (CS). Italy. E-mail: federica.talarico@unical.it

KEY WORDS: habitat selection, phenology, reproduction rhythms, life cycles, brood care, subsocial behaviour.

KJIFOYEBBIE CJIOBA: BbIOOp cpesbl oOuTaHusl, (peHOIOTHs, PEPOAYKTUBHBIA PUTM, dKHU3HEHHBIA IUKII,

3a00Ta 0 IMOTOMCTBEC, Cy6COHI/IaJ'ILHO€ IIOBCICHUC.

ABSTRACT The ecology of Ditomus calydonius is
investigated mainly in the field, to define the poorly
known habitat choice, the seasonal and reproduction
rhythm, the circadian activity rhythm, the relationships
with the food plant, Daucus spp. and the nesting behav-
iour. After pitfall-trapping of 120 sites in Calabria, the
preferred habitat is found in open land on clayey soil,
where this species lives stenotopic especially on south-
ern-aspect slopes. The population activity is remarkable
for its late onset in the year (June), strictly nocturnal
daily rhythm, possible intrahabitat micromigration from
early flourishing Daucus plants to later ripening patch-
es. Short data concerning foraging/feeding behaviour,
shape of the only one nest found in nature and ability
and time of flight are presented. Some data concerning
laboratory behaviour and nesting have been added.
Territorial combatative interaction between males, hith-
erto rarely observed in Carabidae, has discovered in this
species for the first time.

PE3IOME. U3yuenne sxonoruu Ditomus calydonius
Rossi, 1790 nmperMynieCTBEHHO B MOJICBBIX YCIOBUSIX,
BHECJIO SICHOCTH B OMOTOMMYECKHE TPEIIOUTEHUS BUA,
THUIIBI €70 CE30HHOT0, PEMPOAYKTUBHOIO U IUPKAHOTO
PUTMOB, BO B3aHMOCBSI3b C IHUIIEBBIM PACTEHHUEM
(Daucus spp.), a Takke 0COOCHHOCTH THE3TOBOTO TO-
BeneHus. [1o pedynbraraM y4€TOB IOUYBEHBIMU JIOBYIII-
kamu Ha 120 monmenbHBIX ydacTkax B Kamabpuu ycra-
HOBJICHO, YTO JJaHHBII CTEHOTOMHBIN BUJ] IPEIIOYUTA-
€T OTKPBITHIC MECTOOOWMTaHMSI C TIIMHHCTON IOYBOM,
0COOCHHO PACIOJIOKCHHBIC HA I0XKHBIX CKIOHax. Jlis

JTAHHOTO BUJ1a XapaKTepHBI TI03/IHEE HAYaJI0 HAOYBEeH-
HOW aKTHBHOCTH (B MIOHE), HOYHOH CyTOUYHBIH PUTM, a
TaK)Ke MAKPOMUTPAIIMA B TIPEeNiaX OTHOTO U TOTO JKe
MECTOOOMTAHNUS C YIaCTKOB C PaHO IIBETYIIIMMHU KOPMO-
BBIMHU PACTEHHUSIMHU Ha yYaCTKHU C paCTEHUSIMH, CO3peBa-
I0MUMH TI0371Hee. [IpuBenieHbl KpaTKue CBEICHHs O
(ypa)XMPOBOYHOM H IHUILEBOM HOBEICHUHU, CTPOCHUIO
€/IMHCTBEHHOT'O OOHApPYXEHHOTO B TMPHPOE THE3/a, a
TaKXKe TOIETHBIX CIIOCOOHOCTSX U BpeMeHn néra. [o-
JTy4eHBI JOTIOTHUTENBHBIC JAHHBIE O THE3JI0BOM TTOBE-
JICHUH B JA0OpaTTOPHBIX YCJIOBHSAX. Y camioB D.
calydonius BriepBbIe 0OHAPYKEHBI OOU 32 TEPPUTOPHIO,
penko Habmronaemeie y Carabidae.

Introduction

The Ditomina are a carabid group restricted to the
mediterranean Old-World and to the centralasian steppes
and of considerable interest for many unusual aspects of
their morphology, phylogeny and eco-ethology. About
hundred years ago Stichel [1923] identified the ditom-
ines as a separate Harpaline subtribe of recent Miocene
origin, arising from Ophonus-like ancestors. Recently,
descriptions of the larvae revealed atypical morphology
and habits, which are considered aberrant [Sharova,
1958, 1960 for Chilotomus tschitscherini Semenov,
1903; Brandmayr, 1975, for Ditomus calydonius Rossi,
1790; Sharova, Makarov, 1983, for Machozetus leh-
manni Ménétriés, 1848]. In fact, the only three genera
described show blind and physogastric larvae, poorly
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adapted to autonomous locomotion and very similar to
those of scarabaeoid beetles. The following adult-larva

Adults
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comparison elucidates the most important adaptational
features of the Ditomini:

Larvae

pro-mesothorax articulation slender, prothorax heavy and
with advanced barycentre, according to improved digging
ability and forebody movements allowing easier climbing on
herbaceous plants and seed transport (“scaritoid” habitus)

sexual dimorphism improved, males often with cephalic
protuberances on clypeus and mandibles, characterized by
allometric growth progression (Fig. 1, possible use in inter-
male combats, see e.g. Crowson [1981], for other Coleoptera)

inversion of the size relationships among sexes, males
usually larger than females (Fig. 1)

reduction or full rudimentation of cerci, normally present
in campodeiform larvae, reduction of the pygopodium, im-
proved spine rows on legs for digging in hard soils, lateral
ocelli and sensorial vesicle of the 3rd antennomere complete-
ly reduced

physogastric (abdomen-enflated) body, more or less C-
shaped (scarabaeiform)

The discovery of the first nest of D. calydonius,
found July 1973 on the Tremiti Islands (Southern Adri-
atic) by Brandmayr and Brandmayr Zetto [1974] dem-
onstrated that also Adephagan Coleoptera are able to
nurse the offspring through the entire prac-imaginal life,
in paedotrophic nests supplied with seeeds of Daucus
gingidium as food for the young. Adult beetles also fed
on the same umbel plant. The short time devoted to
observations allowed clarify at least some fundamental
points: a) brood care done by the mother until the
offspring is adult (in the Tremiti nest a total number of
26 offspring was recorded); b) paedotrophic nests are
provisioned by the mother; c) ripe seeds of D. gingidi-
um (in July the most plants were “brown”); d) the
existence of many “new born” families around August
15, as in a spring breeder (new generation adults crowd-
ed at certain points in the habitat); e) seeds of D. carota
were also accepted; f) the habitat, given by natural
garigues and other kinds of also man-made open land.

The question of food supply in mainland Italy for this
species has considered important because on the Tremiti
Islands ripe, brown coloured Daucus gingidium umbels
are commonly available from July, whereas in continental
Italy the normal ripening time of Daucus is September.
This would appear too late to allow the provisioning of a
nest from which the new generation normally emerges no
later than early September. In fact, no ripe Daucus plants
are found in the habitat of C. calydonius on the Italian
mainland before August or September, so how could the
females supply the nests with ripe seeds or seeds at all?
Another unknown aspect of nest provisioning is whether
nests are stocked with a complete supply of seeds at the
beginning of breeding or are provisioned on daily basis.

Important sociobiological questions are mainly unan-
swered. Do males cooperate with females in nest dig-
ging? More generally speaking, where does the observed
brood care exhibited by this carabid fit within the general
theory of social development in insects [Wilson, 1971,
1979] and in Coleopterans [Crowson, 1981]? In a short
review of presocial evolution in Coleoptera, Brandmayr
[1992] assigned provisionally the paedotrophic nests of
Ditomus to the “nursing of the offspring” level, where
probably interaction exists between parents and offspring,
even though temporal generation overlapping has not

Fig. 1. Male (left) and female (right) of D. calydonius, dark
coloured sexually mature adults. Note the outstanding sexual dimor-
phism.

Puc. 1. Camen (caeBa) m camka (cmpaBa) D. calydonius,
TI0JIOBO3PEJIbIE B3POCIIBIE 0COOM TEMHOTO I[BeTa (00paTHTE BHUMaHHE
Ha BBIPAKCHHBII MOJIOBOM JUMOP(HU3M).

clearly demonstrated in this species. A study on the
developmental parental care of an Adephagan coleopter-
an stock looks of high scientific interest, because at the
moment generation overlapping is known only in Polyph-
agan beetle stocks, e.g. in burying beetles Nicrophorus
[Pellissier-Scott 1990], or in the Passalidae, where coop-
erative nursing is also known [Reyes-Castillo, Halffter,
1984]. An exhaustive overview of presocial behaviour in
Insects is given by Eickwort [1981], who assignes Dixus
Billberg, 1820 behaviour to “parental care based on
nests” (subsocial nesting).

Here, we report the results of further investigations
in the Calabria region of Italy on habitat choice, biono-
my and behaviour of this species, which is not uncom-
mon in the open landscapes of southern peninsular Italy,
although the most collectings refer to isolated individu-
als. The aim was to provide information regarding:
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a) habitat affinity and environmental key factors,
especially of the soil: for this part of the study a larger
area was investigated,

b) life cycle and phenology of the population, in
relation to the seasonal availability of the host plant: for
this more detailed study a smaller areca was chosen;

c) the role of the male in digging the nest and rearing
the young, as well as male competition, mating behav-
iour and the possible feeding strategy.

Some results of this study were recently summarized
in Zetto Brandmayr et al. [1994], and in Brandmayr et
al. [1994].

Among habitat features, we focused the investigation
mainly on some soil characteristics, because older au-
thors reported that most ditomines show a strong prefer-
ence for clayey soils [Brulerie, 1873; Antoine, 1959].

Material and methods

Study areas and climate

The areas chosen for this study have subdivided in a
major one, the area of “habitat” study, and in a smaller,
that of “population” study. The first one is given by a
more or less linear sequence of collecting stations scat-
tered along a transect of about 70 km lenght, that crosses
Calabria from West to East, that means from the Thyr-
rhenian Sea to the Jonian. The transect crosses two
mountain ranges, the Coastal Chain and the Sila Up-
land, which reaches nearby 2000 metres height. The
habitat types sampled were natural or subnatural forests
(Quercus, Fagus, Pinus), clearings, pastures, abandoned
croplands, river banks, tree plantations (pine, Eucalyp-
tus), olive growths, and are marked by a wide variety of
soil and substrate types, from true limestone to granite,
metamorphic rocks, clays, regosols and vertisols. The
soils of the investigated biotopes (120) were ranked in
seven classes of clay-content or richness of the fine-
earth component, because punctual clay content analy-
ses are very difficult to relate to the real availability of
nest digging sites in a biotope. The “classes of clay
richness” are ordered as follows:

1) soils with no clay content at all (granitic, coarse
granitic sand, gravels, etc.);

2) clay content very low, less than 10% (organic soil,
or stony skeleton volume prevailing);

3) clay content low, maximally 20%, often distribut-
ed in pockets or patches, e.g. “terrarossa” in karstic land
or other limestone habitats;

4) medium clay content, less than 50% of the fine
fraction;

5) Sites with at least patches of high clay content,
over 70% of the fine fraction.

6) Sites with pure clay or very clay-rich bedrocks,
mostly characterized by winter solifluction and vertic
structure;

7) Pure clay bedrocks more or less rich in sodium
chloride, given in Calabria by Pliocene sediments (so-
called blue clays, marked by heavy solifluction and erosion
often evolving in typical “badlands” called calanchi).

457

The “population study” area is located on the hills of
the Crati Valley near Cosenza, Calabria (Southern Ita-
ly), not far from the new buildings of the University of
Calabria (Arcavacata, municipality of Rende near Cosen-
za). It corresponds to site Ar4 of the above described
transect, where 1989—1990 an activity density level of
0.064 individuals/trap over 10d has been measured, the
second highest value found by the first author in an
italian site. Three neighbouring sites, Arl, Ar2 and Ar3
were trapped on the northern-faced slopes of the adia-
cent hill, but here Ditomus populations were found to be
nearby absent or very small. The landscape is mainly
characterized by a mosaic of extensively and intensive-
ly cultivated lands, and by sparse remnants of the pris-
tine Quercus virgiliana forest. The observations have
carried out in an uncultivated strip of olive trees lying at
an altitude of 250-270 metres and measuring no more
than 12,000 m?* (Fig. 3). This strip was abandoned for
about 15 years and has been invaded by herbaceous
plants like /nula viscosa and Daucus carota. The few
trees are surrounded by a very dense herbaceous vege-
tation given by Avena barbata, Bromus (sterilis gr.),
Tolpis umbellata, Hypochoeris radicata and Briza mi-
nor. Other main features are: southeastern aspect on a
hill slope of 20° steepness, soil evolved on a very clay-
rich river sediment, partly vertic, class 6 of the above
classification. It dries out up to a depth of 1.5 metres
during the summer dry season.
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Fig. 2. Climatogram of the study area around Cosenza plotted
against the Ditomus phenogram obtained 1989/90 by pitfall trapping
and the gonadal status of the 13 captured individuals (columns). The
precipitation data (monthly medium values) have been found in
Ciancio [1971].

Puc. 2. Knumarorpamma paiioHa ucciie/[0BaHui B OKPECTHOCTSIX
Kosenua, conpspkénnas ¢ hpenorpammoit D. calydonius, TOCTOEHHOI
Ha OCHOBaHMH PEIPOILYKTHBHOIO cratyca 13 ocobeil, OTJIOBICHHBIX
MoYBeHHbIMHU JIOBYIIKaMu B 1989/90 rr. CpeaHemecsuHble 3HAYCHUS
ocazkoB jpanbl o Ciancio [1971].

The climate of Arcavacata is of the mediterranean-
temperate type, with a mean annual temperature of 16.5
°C, and 1000—1100 mm rain in the year, the dry period
beginning around June and lasting until the end of Sep-
tember (Fig. 2). Site Ar4 was subdivided into four plots
(Fig. 4), according to different ripening times of the host
plant, Daucus carota. In the upper part of the hill slope
(zone C, Fig. 4), the ripening of the food plant was
accelerated during August and in this part of the study site
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Figs 3—4. The study area: 3 — area Ar4 at Arcavacata seen from below (S zone), where the Daucus plants were still flowering (photo at
end of July 1992); 4 — the four zones of Daucus development (C, N, S, O) corresponding to patches of maximum Daucus plant density (grey);
A indicates the point of microclimate measurements; the star the position of the only nest-site found.

Puc. 3-4. MozenbHas miomaka: 3 — miomaaka Ar4 B ApkaBakaTa IIpu Bujie CHU3Y (30Ha S) ¢ ellé BETYIMMHU pacTeHusIMH Daucus carota
(xoHer utonst 1992 r.); 4 — uetsipe 30HbI pazButus Daucus (C, N, S, O), COOTBETCTBYIOIINE y4aCTKaM ¢ MAaKCUMaJIbHOMU IIIOTHOCTBIO (CEephIi
LBET) PacTEeHHIl; A — TOUKA N3MEPEHHS] MUKPOKIMMATHISCKUX I1apaMeTPOB, 3BE3J0UKa — ITOJI0XKEHUE eMHCTBEHHOTO HAal/ICHHOTO THE3/a.

Daucus plants grew more densely and showed shorter
stalks, perhaps due to a combination of water deficit in
the soil and higher ambient temperatures.

Methods

The carabid fauna of the 120 biotopes distributed
along the principal transect was collected by a standard
number of 6 (rarely 3-8) pitfall-traps, upper diameter of
9 cm, depth: 11 cm. Each plastic vessel was punched at
two thirds from the bottom to avoid beetle “acquaplan-
ning” after heavy rains, and was filled for a third of its
volume with an attractive-conservant liquid given by
wine vinegar with a very low percentage of formalin
added (5%). The traps were emptied monthly, the bee-
tles identified and counted, the results expressed in
indivduals/trap over the standard period of 10 days,
calculated over the entire trapping season. This measure
has called, as usual, “activity density” (AD). The survey
lasted about 10 years, from 1988 to 1997, and allowed
to check about 100.000 carabid beetles belonging to
more than 160 species. The stands sampled were 45
forests (sclerophylls, oak, chestnut, black pine, beech
forest), 6 brushlands, 22 pastures from mountains to
Mediterranean, four abandoned croplands, 30 active
cropland sites (18 olive orchards), 10 riverine biotopes
and 7 badlands (“calanchi”). More data on species
diversity found during this survey have given in Brand-
mayr etal., 1998, and in the works quoted there. General
features, altitude, canopy covering and other data are
stored in the Microsoft Excell file Carterus.xls, avail-
able in the laboratory of the authors.

Site Ar4 was firstly included in the general survey,
together with sites Arl, 2 and 3, and trapped from April
1989 to April 1990 by five pitfall traps. More detailed
studies were conducted there during the years 1991-92,
and the following observations made:

a) Microclimatic measurements in the adult and larval
microhabitats: daily air temperature measurements were
made 1 cm above the soil surface, using minimax ther-
momethers 0.1-scaled protected against incident radia-
tion by a double aluminium shield. Soil temperature was
measured at a depth of 10 cm. The instruments were
checked on an hourly basis during the population activity
observations which were done every fourth day, at least
for the first half of the night that corresponds to the main
activity phase of the adults. Daily temperature cycles
were obtained by measurements every hour during some
days of study of the circadian locomotory rhythm (direct
observations on host plants). Relative humidity was mea-
sured at 1 cm from the soil, with a Fischer’s precision
hair-hygrometer.

b) Foraging behaviour: feeding by beetles on Dau-
cus inflorescences was monitored by direct observation
using a red light source. Observations were made of
foraging behaviour on the soil surface and on the food
plants. A single nest entrance was found by tracking an
individual beetle to a nest entrance on the night of
August 21, 1992. The nest profile was reconstructed by
careful digging. All other nest “entrances” investigated
either belonged to other invertebrates or were unsused
and invaded by ants.

¢) Population size estimates, sex ratio, reproduction
period and cycle. Counts of individuals were made within
each of the four zones marked in Fig. 4 by transect counts
of beetles made during the main period of night foraging,
between 21.00 and 24.00 hour, every fourth night using
the same standard path crossing each site. Some individ-
uals (20 at all) were marked by a fine-pointed portable
driller to ascertain the possibility of intrahabitat migra-
tion during the summer. Teneral individuals were recog-
nized by their lighter colour, and it was possible to
distinguish between “yellow” and “brownish-red” speci-
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mens of the new generation. The sexes were easily recog-
nized even without lenses, although a small observation
error was unavoidable, because some males in each
population are known to be practically identical in size
and shape to females. The frequency of these “feminine”
individuals did not exceed a 2—3% of the whole popula-
tion (“feminine” males show anyway a very short protu-
berance on the clypeus, not easy to ascertain in the field
during the night observations).

In the laboratory the following observations were
made:

a) All the specimens captured in pitfall traps of
Stand Ar4 1989-90 were dissected to evaluate the status
of gonadal development (13 specimens at all).

b) Five male-and-female pairs and mixed sex groups
of 3—4 individuals were kept in small terrariums under
temperature and light conditions similar to those mea-
sured in the field. Photoperiod was adjusted every three
months to the external daily rhythm of light. Outside the
laboratory, part of the terrarium boxes were exposed to
external winter/spring conditions, protected against di-
rect sun radiation from December to April.

¢) The beetles were fed with ripe Daucus seeds, and
after July 1992 with greenish, unripe Daucus umbels
also, that were offered in an upright position forcing
beetles to climb in order to harvest seeds.

d) Behavioural observations, under red light condi-
tions, have made in a terrarium maintained on an invert-
ed light/darkness cycle. The most useful behavioural
observations run in a special “nest terrarium”, measur-
ing 50 cm by 70 cm depth, constructed with glass walls
5 cm apart. Eighteen beetles at all were used in labora-
tory observations.

We should finally emphasize that the greatest diffi-
culty we encountered has been the collecting of alive
individuals in sites apart from biotope Ar4, where the
population study has carried out. Attempts made in an
orchard not far from this site, regularly inspected by the
first author, allowed the collecting of only 1-2 speci-
mens in the year. Only pastures or garigues with dense
Daucus patches allowed higher numbers. Stand Ar4
underwent regular tillage after 1993.

Results and Discussion

Field results

Habitat choice in Calabria

Data concerning the activity density of D. calydo-
nius (individuals/trap in the standard period of 10 d)
have put against the canopy covering and soil clay
content class of the stand trapped (Fig. 5). On a complex
of 120 biotopes sampled, Ditomus has ascertained in six
stands only, namely olive groves and abandoned crop-
land in the Crati Valley, and one extensive olive growth
and a pasture on the Ionian Coast. Common features of
the biotopes seem to be: low tree covering, high clay
content of the soil, location at low height in the sclero-
phyll biome or in the neighbouring pubescent oak belt,
the warmest vegetation belt of the deciduous biome, that
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occupies the most part of the calabrian elevations be-
tween 200 and 800 metres a.s.l. Any other kind of
bedrock or soil seems to be fully avoided, but also on the
Thyrrhenian coastal side some individuals have been
found by direct collecting in a hilly situation, no more
than 200 metres a.s.l. on clay rich soil.

Figure 5 visualizes the very “stenotopic” habitat
affinity of C. calydonius in three dimensions. Selecting
the only six stands marked by the presence of this
carabid, a third factor could perhaps be enucleated, the
slope aspect, being the populations living on north
facing slopes the less abundant.
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Fig. 5. Ditomus activity density (individuals/trap in the standard
period of 10d) plotted against clay-in-the-soil-classes adopted in this
study and canopy covering (%). Note that Ditomus populations has
been recorded by pitfall trapping only in class 5 and 6, class 7 belongs
to sodium chloride “blue clays” where Daucus plants show very little
density.

Puc. 5. Iunamuueckast mnotHocts D. calydonius (oco6eit / 10
JIOBYIIIKO-CYTOK) B 3aBHCHMOCTH OT THIIA TI0YBBI [10 COCTaBY IIIMH U
MIPOEKTUBHOTO MOKPHITUS B % (00paTUTE BHUMAHKE, UTO HOIYISIIHN
D. calydonius perncTpupoBaIiCh NOYBCHBIMH JIOBYIIKAMHU TOJIBKO
Ha MOYBaxX 5 M 6 KJIAaccOB, MOYBHI 7 Kjacca COJEpKaT XJIOPUIHO-
HATPHEBbIE «I0JTyObIe INIMHBD), HA KOTOPBIX PACTeHHs Daucis IMEOT
OYEHb HU3KYIO MIOTHOCTB).

Despite the low stand number, southern slope as-
pects (or level grounds) seem to favor Ditomus presence
or activity. The complex of the Ar 1-4 stands, aligned
along a valley cross section, with Ar2 and 3 closer to the
valley bottom and on the northern slope, show that
probably this species crowds on southern exposures,
and that microrelief may be of great importance.

Other Ditomines living in the same valley were:
Dixus obscurus Dejean, 1825, D. clypeatus (Rossi,
1790) and Carterus (Carterus) dama (Rossi, 1792).

Population study.
Annual activity pattern (phenology)
and microclimate

The activity density of the first (trapping) year in
biotope Ar4 is reported in Fig. 2, together with dissec-
tion data. Pitfall traps used 1989/90 and emptied month-
ly provided relatively small catches, perhaps because of
the predominantly climbing habits of Ditomines. Per-
haps for this reason they did not prove to be sufficiently
effective for phenology studies of Ditomus. Anyway,
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Table 1. Activity density of D. calydonius in six stands with different altitude and exposure (Arl and Ar4 face each other
on opposite hill slopes; TOI1 and TP1 are also immediately adjacent biotopes in the Jonian coastal area).

Tabauua 1. Jlunamudeckas miotHocTb D. calydonius Ha mecTd MOJIGIBbHBIX IUIONIAKaX, PACIOI0KEHBIX HA PAa3HBIX
BBICOTAX M AKCIO3HIMAX (Arl n Ar4 pacroyioxeHsl HaIIPOTHUB JIPYT Jpyra Ha IPOTHBOINOJIOXKHBIX CKJIoHaX xoinma; TOll u
TP1 HemocpeACTBEHHO TPaHWYAT APYT C APYTOM B MPUOPEKHON 30He MIOHHIECKOTO MODS).

stand aspect altitude ingic\f i\;igpd;eln Os i(tl};ys
Ar4 — abandoned cropland SE 250 0.064
Arl — aband. crop, sparse trees NNW 270 0.005
Arc4d — olive gr., natural, tilled NNE 240 0.005
Arc5 — olive gr., natural, untillled E 260 0.17
TOl1— extensive olive growth - 68 0.050
TP1 — Cynara pastureland E 100 0.010

oU

T t°C at1 cm over
the soil

30 |

20 |

10 |

Lo o

o

1993 =——1— == 1992

Fig. 6. Annual phenogram against temperatures of Ditomus population, counted as individuals active on Daucus umbellas every fourth
day. Total data from the entire study area. Left ordinate: Maximum, mean and minimum temparature recorded at 1 cm from the soil surface.
Puc. 6. I'onoBast penorpamma nomyisiuuu D. calydonius (CyMMapHBIE TaHHBIE JUIS BCEro paifoHa HCCIEIOBAHHII), COCTABICHHAs MO
pesynbTaTaM y4yETOB JKyKOB (pa3 B 4YeTHIps AHS), aKTUBHBIX Ha 30HTHKAaX Daucus (J1eBas OpJuHAaTa — MaKCHMajbHas, CpeaHss U
MHHHMaJjIbHas TeMIIepaTypa BO3yXa, 3aperUCTPHPOBAHHAS HA PACCTOSHHU | CM OT IOBEPXHOCTH IIOYBHI).

number of
active
individuals




Behavioural ecology of Ditomus

they supplied the phenogram reported in figure 2 in
which a high density peak of the population activity is
shown to occur during some of the warmest and driest
months (August—September) of the year.

Direct counts (1992/93) done on the Daucus umbels
allowed a more reliable reconstruction of the activity
period of the population (Fig. 5) as well as the identifi-
cation of its occurence in the four subareas. The first
individuals appeared in June, when the minimum night
temperature was around 15°C and the maximum day
temperature around 35-40°C. The population was ac-
tive up to the end of October, with a density peak
resulting at the end of September, due to the newly
emerged cohort (see below). Temperatures below or
around 10°C (minima) seem to be incompatible with the
climbing activity, and the beetles retire in short holes
dug under stones for hibernation, when the soil temper-
atures (not reported) were still around 18°C.

Phenology and sex-ratio

Population counts subdivided between males and
females and plotted against relative humidity and mean
air temperature of the hours ranging from 9 PM to 12
PM, i.e. at the time of maximum in daily activity have
reported in Fig. 7. On this way a possible relationship
between the “effective” microclimate and the move-
ments of Ditomus adults can be observed. The relative
humidity during the active phase of the population
never dropped below 50% and laid most above 60%.
The real temperatures oscillated around 20°C (25-15°),
so we can argue that the individuals, in their natural
habitat, are normally not exposed to extreme conditions
and that the tenerals, less protected against desiccation,

n. of active
individuals

100__
80
60 |

40 |
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appear when air relative humidity was almost the high-
est of the year (October).

The seasonal variation of sex-ratio resulted to be
remarkably evident because of the strong prevalence of
females on the umbellas. The population, and especially
the males, dropped to a minimum by the end of July due
perhaps to cooperation in nest digging. The value oscil-
lated around 50% in the first half of September (new
generation feeding on inflorescences), while a strong
prevalence of females was noted also in October, at
least on the inflorescences, probably because females
visited them more regularly.

Reproduction rhythm and new generation

The amounts of newly hatched individuals during
the entire activity period as estimated through the colour
of the specimen, were evaluated (Fig. 8). The first
reddish tenerals appeared on August 12, but their num-
ber increased highly after September 18, when probably
many other nests were abandoned by the offspring. In
October most individuals were immature while “old”
specimens represented no more than a fourth of the
population visiting the umbels. The fully yellow indi-
viduals were frequent in autumn, probably an avoidance
of the desiccation risk related to the still too permeable
integument.

The highest Ditomus individual number observed
during one night (73) corresponds more or less to the
“production” of three or four “normal” nests (consider-
ing both the number of pupal chambers found in the nest
of'this study, as well as the offspring number checked on
the Tremiti Islands). The crowding of tenerals in Octo-
ber is a strong argument for a reproduction rhythm of the

t°C r.h.
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Fig. 7. Sex ratio of foraging population during the surface activity period. Right ordinates: temperature at 1 cm from the soil. Dashed
line indicates the mean humidity, the continuous one the mean temperature observed in the first four hours of the night (mean of the recordings

made every fourth day during the counts of foraging individuals).

Puc. 7. CooTHomeHnue 1moyioB B nonyisiuuu D. calydonius B neprosa GypaxMpOBKU IO JAHHBIM HallOYBEHHOW aKTMBHOCTH (IpaBble
OpIMHATHI — TEMIIepaTypa Bo3IyXa B 1 cM OT OBEpXHOCTH IOYBHI (t.) I OTHOCHTEIbHAS BIaXXHOCTh Bo3xyxa (r.h.); mean r.h. — cpengmsist
OTHOCHTEINIbHAs BIAKHOCTh BO3/yXa, mean temp. — CPe/Hssi TeMIeparypa Bo3ayxa, HaO/Io[aeMbie B TIEPBbIC YETHIPE Yaca HOUM; CPEIHUEC
3HAUYEHHS PACCUUTAHBI IO PE3YJIbTaTaM U3MEPCHUH B KaXIbIH YeTBEPTHII eHb HPH MOJACUETEe KOPMSIIUXCS 0co0eit).
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Fig. 8. Phenogram of Ditomus calydonius showing the new generation arousal and maturation level extimated by integument

pigmentation.

Puc. 8. ®enorpamma, IEMOHCTPHPYIOLIAsi CPOKH TOSIBICHUS M CO3pEBaHMs HOBOI reHepaunu D. calydonius, NCXOAs W3 CTEICHU

TIMTMEHTAIlUU ITOKPOBOB.

spring-breeder type [as in Larsson, 1939, Lindroth,
1949, Thiele, 1977]. Nevertheless, oviposition proba-
bly takes place very late, at least not earlier than July, so
D. calydonius should be at best defined as a summer
larvae species [as in den Boer, den Boer Daanje, 1990]
with relatively short larval development.

Daily activity rhythm

The seed foraging behaviour of adult population
was shown to be strictly nocturnal (Fig. 9), as displayed

25 __ active M August 20-21
- individuals
i B September 25-26
20
15 _|
10_
5_
1 sunset sunrise
0 | T T T T T T 5 .- '

12 18 24 6 12
92/09/25-26

== ———

Fig. 9. Daily activity rhythm observed during two nights, August
20-21 and September 25-26, by visually inspecting the umbels every
hour (all zones of the study area).

Puc. 9. Cyrounas axtuHOcTb D. calydonius, Habnronaemasi B
TeyeHue JByX Houelt 20-21 aBrycra u 25-26 ceHTsIOps, 110 pe3ylibTaTtam
BH3YaJIBHOIO OCMOTpa 30HTHKOB Daucus Yepe3 KaxIblil yac (IaHble U1
BCEX HCCIICIOBAHHBIX 30H).

by the counts done in two different nights (August 20—
21 and September 25-26), with onset of beetle activity
occurring normally two hours after sunset. In August the
foraging activity lasted until 4 AM, in September only
until midnight, probably because of lower night temper-
atures. The beetles always behaved as highly photopho-
bic even under laboratory conditions.

Intrahabitat migration and nursing plant.

The observation of this part originated from the
hypothesis that Ditomus feeds only on ripe Daucus
seeds, although this idea had to be completely aban-
doned during our study, because we repeatedly saw
vigorous feeding behaviours on green fruits while green,
fragrant umbels seemed to be preferentially accepted by
laboratory animals. In the four study areas (see Figs 3—
4), a dense population was observed during June and
July, along the warmest and driest section of the slope in
the C zone. Only here, green seeds were available in
July whereas lower in the valley the Daucus plants were
still in its flourishing phase. In August, some individuals
appeared outside the C zone (zones S, N and O), in the
lower zone O several umbels were still “white” flourish-
ing. At the same time, in C the first tenerals were found
on the umbels, being a sure sign of successful nesting. In
October the population “wave” peaked in zone O, where
immature individuals appeared more than one month
later than in C. The intrahabitat migration of the beetles
has reported as separate curves in Fig. 10.

The observed population shift was tested by the
recording of some previously marked individuals in the
zone O, but a quantitative estimate of the migrant frac-
tion was impossible, for the marking procedure was
highly invasive. Nevertheless, the intrahabitat migra-
tion probably plays a very important role for survival in
the habitat, because it allows a better distribution of
alimentary resources within the population itself, by
ensuring precocious nesting females with sufficient nest
supply and late emerging tenerals with enough food for
the postpupation reserve building. Immature individu-
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Fig. 10. Intrahabitat migration. Recordings of individuals in the
four zones of the study area. Zone C was at the top of the slope, zone
O 20 m height below, not far from the bottom of the valley.

Puc. 10. Murpanus ocobeit D. calydonius B penenax 0JHOTO
O1OTOMA MEKLY YETHIPHMSI HCCIICIOBAHHBIMU 30HaMU (30Ha C — Ha
BEPUIMHE CKJIOHA, 30Ha O — Ha 20 M HMXKe, HeJalleko OT JHa
JIOJTMHBI).

als at the beginning of their activity either tended to
remain near the nest or were observed in numbers of 5/6
on the same flower, mostly together with a mature
female. This behaviour lasts no more than few days.

Nesting behaviour

The only “true” nest was discovered August 21 in
the field, by observing the foraging behaviour of a
female. The beetle transported with its mandibles a
secondary umbel containing a certain number of fruits
and descended the Daucus stem with the head pointed
downwards. The nest entrance was placed at only 50 cm
from the stem, masked by numerous plant rests. The
mother deposited its load near the nest hole, after having
completed some circular movements around it and dis-
appeared inside for more or less one minute. Thereafter
the beetle reappeared and pulled back the whole umbel-
la into the nest. This subterranean lodge is described in
Fig. 11. The mother was found in the first lateral gallery,
with the last Daucus supply beneath, together with three
immature specimens (two females and one male) at a
medium depth (about 12 cm), another teneral male at
about 22 cm. Finally, an oblique gallery ended at 37 cm.
About 10 centimetres from the bottom, part of the nest
was occupied by conspicuous Daucus reserves and fruit
remnants. The transversal nest branches were 1 cm high
and 2-3 cm broad and very likely they hosted pupal
cells (on the Tremiti Islands the nest sheltered 26 larvae
and/or pupae). At least 18 pupal shelters were recogniz-
able at all.
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Fig. 11. Profile of the nest found at August, 21, 1992 in the C
zone. All the specimens found are represented in their own position.
(Original drawing by dr. Erminio Rocca).

Puc. 11.IIpoduns ruesna D. calydonius, HaiinenHoro 21 aBrycra
1992 r. B 30He C (Bce 5K3EMIUIAPHI NMPEACTABICHBI HA MeECTe
oOHapyIKEHHs; OPHIHHAIBHBIH PUCYHOK TOKTOpa DpMHHNO PokKa).

Some other important aspects of behaviour should
be emphasized.

Nest provisioning occurs during the entire nest life
and every night the mother is forced to strengthen nest
supplies since the rapid larval development during the
high summer temperatures requires day-by-day foraging.

The mother improves foraging efficiency by detach-
ing entire secondary umbels and by doing so loads of 6—
12 fruits are carried into the nest during one foraging trip.

During the nesting period a part of the population,
perhaps a younger cohort, continued to feed on inflores-
cences but only single fruits were taken away so that the
“skeletons” of the secondary umbels remained on the
plant; the presence of foraging females in an area seems
to be supported by cut-off secondary umbels [see also
Brandmayr, Brandmayr Zetto, 1974].

The feeding behaviour of adult Ditomus is still poorly
known. It can occur either on the outer surface of umbel-
las, or also inside, as it has been observed for some
Ophonus species (in the study area: O. ardosiacus (Lut-
shnik, 1922), O. puncticeps Stephens, 1828). A detail of
the consumatory act was found to be really unusual
among beetles (Fig. 11): adults of both sexes were able, in
a similar fashion to rodents, to hold the fruits with the
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Fig. 12. A male of Ditomus calydonius on a Daucus inflores-
cence, showing the typical feeding position, i. e. holding a seed
between the forelegs.

Puc. 12. Camen D. calydonius na conperun Daucus B TAIINYHOH
03¢ B MOMEHT ITHTAHHS — JCPIKHUT CEMSI MEXK LY [EPEIHIMHU JIANKAMH.

front legs, on this way probably the removal of seed
envelopes is possible [as seen in larvae of Ophonus
puncticeps, Brandmayr Zetto, Brandmayr, 1975].

Laboratory results

As far as the laboratory study is concerned, it was
necessary to prolong the observations to more than two
years. In any case it was only possible to report the results
in a shorten form since two years rearings did not prove to
be sufficient to clarify the conditions necessary for suc-
cessful reproduction. Among five pairs of beetles studied,
just one reproducted in the second year of life after pro-

P. Brandmayr, F. Talarico

longed exposition to natural temperature conditions. The
laboratory nest (1993, July, 27) presented a simple struc-
ture on the account of its limited dimensions. There was an
unique entrance leading to an upper gallery furnished with
some stored Daucus seeds that contained the male who
never cooperated in seed foraging. In two other deeper
galleries it was possible to find the mother with three newly
hatched adults with the hole below being still shared by a
young pupa. From the activities displayed by the beetles it
seems that the male exerts only the role of nest excavator,
the female on the contrary was actively foraging the nest.
The offspring achieved the final pigmentation in about 10
days, and September 7 mating behaviour was observed
with a 7 minutes lasting copulation.

Flight behaviour was only observed in June, three
males and five females were engaged in short flights of
10-12 cm, normally announced by intense movements
of the median and posterior legs, and by vibrations and
quivering of the elytra.

Mating behaviour has rarely been observed (only
twice) with copulatory activities lasting no longer than
7—-10 minutes.

Inter-male fightings, which had also only rarely
observed, occurred between two males maintained in
the same terrarium. The encounters have always pro-
voked by the smaller individual, with less pronounced
head protuberances, and they took place both on the
ground surface and on the Daucus umbels. The fighters
faced each other raising the front legs and butting the
thorax sternites, while the mandibles had frenetically
opened. In these nine encounters the smaller individual
was the winner 7 times, indicating probably a greater
degree of sexual maturity, since after the introduction of
a female he was the only one that displayed a mating

Table 2. Summary of the observations on behaviour made on 17 specimens of D. calydonius in two years (about 1200 hours
of visual checking spread over 17 months), kept in terrarium (subdivided in five couplets and in two additional groups of

three and four individuals).

Ta6muia 2. PesynbTatsl AByxJieTHUX HaOmoaeHui (1200 yacoB Bu3yanu3sanuu B TeueHue 17 MecsieB) 3a nmoBeeHueM 17
ocobeit D. calydonius, conepkaBImuxcsi B TeppapuyMe (IIATh Map U JBE JONOJTHUTENBHBIE TPYIIIBI TI0 TPH U YETHIPE 0COOM).

Behaviour type Terrarium and/or mode

Number of times Time of the day

All specimens (17)
Food uptake

(Daucus seeds) fresh umbels

After July *92 only with green or

1-2 times per night,
mostly every night

Old adults: only at
night. Tenerals: also in
the light phase

Inter-male fighting

Only in June and July, after Males: 5 times Light phase
Flight (attempts) ;ILtieVnesrli\Ile e_xploratlon and elytra | Females: 3 times
temperature 26-31°C
Terr. 1, 2 males + 1 female, Several evenings from Beginning of the night

on the soil or within the umbels

June 4 to June 30

Terr. 1, between the smaller male
and the newly introduced female

Two at all, the second
between two tenerals one

tenerals (24 J, 19), and one
pupa

Copulation (June 30) month after pupation
(September 7)
Terr. 5, 1 couplet; nest dug out One couplet of five kept
June of the second year (1993) in 5 small terrariums
Nesting offspring: 4, at July 27 three
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behaviour. The nine fightings observed lasted from 6 to
20 minutes, on average about 10 minutes.

Male fightings in Carabids are known only from Scar-
itinae, and well described only for Scarites buparius
(Forster, 1771). This species is a very aggressive and
efficient predator that uses its mandibles not only for
predation, but also in between-males combats, which end
normally with the escape of the less robust individual
[Talarico et al., 2018].

Conclusions

Field data concerning the habitat selection of D.
calydonius speak in favour of a highly stenotopic bee-
tle, which concentrates on fully unshadowed, sun-ex-
posed clayey soils, but only in presence of a dense
Daucus covering. The habitat with the highest activity
density is the site where the population study has carried
out, here the food plant population showed a very early
ripening in late spring, a condition that probably is in
favour of successful Ditomus reproduction. The previ-
ous hypothesis (see introduction), about the importance
of availability of ripe Daucus seeds seems no more
sustainable, as it is demonstrated by the simple evidence
that after June also no ripe seeds are found on the
umbels, and that the whole July population is foraging
and feeding on green inflorescences, greenish-red in
colour (Fig. 13). From this point of view, the presence
of Daucus appears to be a necessary (but not sufficient)
condition, because the determinant factor is the early
ripening of this plant, in the more or less “dwarf” form
described at page 458. This could explain the observed
stenotopy of D. calydonius, and its concentration on

green fruits in C
flowering in C zone

vegetative
phase

dry plants
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southern slopes. The importance of the key factor “clay
fraction in the soil” is probably explained by the need to
excavate a nest as deep as possible in June, immediately
after the end of the mediterranean “rain season”. In July
the soil dries out and becomes of stony hardness.

The field data gathered for this carabid are indicative
of a spring breeder (or summer larvae-breeder) that re-
quires above all very high soil temperatures but also other
particular habitat conditions such as food with the conse-
quential shifting of reproduction to late summer. Even
though the population phenogram resembles more an
autumn breeder of type 3 [Paarmann, 1979], the crowd-
ing of immature specimens in autumn, together with the
late onset of nesting possibilities excludes any possible
hypothesis of “winter larvae”. A first evidence of very
short larval development has obtained in laboratory, with
a larval development no longer than 45 days at 26°C.

On the basis of the paedotrophic nest being supplied
with seeds day by day (fractioned provisioning), a winter
or autumn reproduction is hardly sustainable, because an
extremely long period of brood care enhances enormous-
ly the risk of a precocious death of the mother by preda-
tors or adverse wheather conditions with the subsequent
death of the fully mother-dependent larvae. The strictly
nocturnal activity also supports the idea of adults with
inadequate protection against predators. Moreover, un-
like other Carabidae, most Ditomines do not exhibit
aposematic colours nor strong defensive secretions.

Other Daucus-tied Harpalines, such they are found
for example in Ophonus Dejean, 1821 [Zetto Brand-
mayr, 1983; Brandmayr, Zetto Brandmayr, 1982; Ta-
larico et al., 2016] are all autumn breeders, probably as
a consequence of their larvae need to feed on large
amounts of seeds that are released by Daucus umbels in

flowering and green fruits in S, N, O

ripe |
fruits

dry plants

A old nest
 in the field
N

J FM A M J

J A S O N D

Fig.13. Distribution in the year of Ditomus population activity (dotted line) compared with the phenogram of thevegetative phases of

Daucus carota.

Puc.13. 'onoBast auHamuka aktuBHOCTH D. calydonius (MyHKTHpHAs! TUHUS) cONpPsDKEHHAs ¢ (PeHOrpaMMOil BereTaTHBHBIX (a3 Daucus

carota.
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this season. The phylogenetically related Ditomines
“have acquired the ability” to transfer the Daucus fruit
foraging into subterranean nests, more or less protected
by the strong summer aridity of the mediterranean cli-
mate.

Figure 13 provides a reliable image of the popula-
tion cycle of this ground beetle and of the relationships
with the main feeding plant (Daucus carota). In addi-
tion, some interesting laboratory data dealing with the
possible dispersal phase in June have been included.
This period of flying could be of considerable impor-
tance for the already mentioned need of reproduction
sites where Daucus fruits ripen very early in the season.
Anyway, we cannot exclude the possibility that in other
countries, D. calydonius populations are able to forage
on other umbel plants, untill now unknown.

In the study area of Arcavacata, the existence of
early ripening habitat patches where Daucus seeds were
available no later than the end of June has ascertained.
This aspect maybe related also to the observed intra-
habitat micromigrations, which could be the counter-
part of the early site choice of the nesting “families”.
This phenomenon could be the reason for newly emerg-
ing individuals of younger nests are forced to migrate to
less exploited pathches, where secondary umbels have
not yet been cut down by foraging females or occupied
by spiders or other competitors.

Many aspects of D. calydonius biology remain un-
clear, among them the behavioural details of the initial
phases of nesting and of mate choice, the reproduction
rates and the factors controlling reproduction rhythms.
Further investigation on these subsocial carabid beetles
could teach us how a strictly predatory and non-social
family was able to shift to subsociality mediated by
newly acquired granivorous habits.

The Ditomines represent so far the only Adephagan
stock of Coleoptera in which generation overlapping
has ascertained, adult sexual dimorphism and larval
morphology resemble habits and behaviour of some
Polyphagan families, e.g. in the dung beetles (Scarabae-
oidea), even if the food here is represented by cow or
horse droppings [Tonelli etal., 2021]. The possibility of
food relocation and conservation seems a basic “exhap-
tation” that favours the appearance of subsocial behav-
iours [Halffter, 1991].
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