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Introduction

Coleopterans in the family Cerambycidae, commonly 
called longhorn beetles due to their long and stylized an-
tennae, are one of the most numerous groups of insects 
on earth, with some 38,000 species and more than 4,000 
genera in 8-9 subfamilies (Bouchard et al. 2011; Nie et 
al. 2021; Tavakilian & Chevillotte 2022). The Cerambyci-
nae subfamily, perhaps the most hyperdiverse and evolved 
among them, constitutes a monophyletic group compris-
ing 11-12,000 species extremely variable in morphology 
and behaviour (Napp 1994; Hanks 1999; Rossa & Goczal 
2021). Among their most striking biological features, there 
is an extreme variation in adult activity circadian rhythms 
(Hanks & Wang 2017), with light and temperature being 
major synchronizing agents or zeitgebers (Tomioka & 
Matsumoto 2010). Longhorn species are often categorized 
as diurnal, crepuscular or nocturnal depending on the diel 
(day-night) time window at which adults are active. A pre-
cise knowledge of the diel activity pattern in these species 
is essential to understand the selective forces involved in, 

and the adaptations resulting from, the evolution of cir-
cadian rhythms (Suter & Benson 2014). Linsley (1962) 
even proposed dividing the Cerambycinae into two groups 
based on diel activity pattern.

Within the Cerambycinae, the type genus Cerambyx 
Linnaeus, 1758, includes 13 species occurring in the 
western Palaearctic realm, of which seven are present in 
Europe (Bense 1995; Danilevsky 2022; Fauna Europaea 
2022) and four in Iberia, namely C. cerdo Linnaeus, 1758, 
C. welensii (Küster, 1845), C. miles Bonelli, 1812 and C. 
scopolii Fuessly, 1775 (Vives 2000; González-Peña et al. 
2007). A noteworthy evolutionary aspect is that within the 
genus Cerambyx have evolved both strictly diurnal (C. 
scopolii) and mainly crepuscular/nocturnal species (C. 
cerdo, C. welensii), but the diel activity pattern of C. miles 
is unclear. While for some authors C. miles is crepuscular/
nocturnal, for others it is a markedly diurnal species, flying 
in the central hours of the day in full sun, very often visit-
ing flowers (see Torres-Vila & Echevarría-León 2019 for 
a mini-review). It is possible that C. miles is an ambiva-
lent species, displaying both diurnal and nocturnal activity. 
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Abstract
Longhorn beetles are often categorized as diurnal, crepuscular or nocturnal depending on the diel (day-night) time window at which 
adults are active. A precise knowledge of the diel activity pattern in these species is essential to understand the selective forces involved 
in, and the adaptations resulting from, the evolution of circadian rhythms. The genus Cerambyx includes both diurnal and crepuscular/
nocturnal species. In the case of Cerambyx miles Bonelli, 1812, a usually scarce and localised species, diel activity remains poorly 
understood. While for some authors this longhorn is diurnal, for others it is crepuscular/nocturnal. In order to resolve this historical dis-
crepancy, we studied the diel activity of C. miles in the wild in 2020 and 2021 using ad hoc devised phototraps (with and without capture) 
and we examine to what extent our field results conformed to literature. Our data (n = 139 captures/sightings) show that about 94% of 
the activity of C. miles is diurnal, 5% crepuscular, and less than 1% nocturnal. Diel activity started at dawn, raised progressively during 
the morning, peaked in the late afternoon (17.00-20.00 h) and declined abruptly just before dusk. Our field results were not consistent 
with literature data (n = 103 diel activity records retrieved from 79 references), in which diel activity was scored as 60% diurnal, 26% 
crepuscular and 14% nocturnal. We argue possible causes involved in the literature bias and we discuss the diel activity of C. miles from 
a behavioural, ecological and evolutionary perspective.

Keywords: circadian rhythm, nycthemeral rhythm, diurnality, phototrapping, adaptive behaviour, literature bias.
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stage lasts about one month to complete and emerged adults 
overwinter in the pupal cell in a pre-reproductive stage until 
the late spring of the following year, when they leave the 
tree and reinitiate life cycle. 

Cerambyx miles occurs in most Europe and the Cauca-
sus (Danilevsky 2022; Fauna Europaea 2022). In the Ibe-
rian Peninsula has been reported in Spain and Portugal but 
unevenly. In Portugal the only known report corresponds 
to a historical record from Beja, in the lower Alentejo (De 
Oliveira 1882), while in Spain it is found in several regions 
especially in central and southern areas (Torres-Vila & 
Echevarría-León 2019). Cerambyx miles is usually a scarce 
and localised species, even if in some sites and years rela-
tively abundant populations have been documented over its 
distribution range, including Romania (Săvulescu 1969), 
France (Micas 2010), Spain (Torres-Vila & Echevar-
ría-León 2019) and North Macedonia (Cvetkovska-Gjorg-
jievska & Torres-Vila 2022). Some decades ago C. miles 
was even considered potentially harmful in some fruit trees. 
Currently, it is no longer viewed as a pest, unlike other con-
generic species such as Cerambyx dux (Faldermann, 1837) 
with which C. miles was sometimes confused (Torres-Vila 
& Echevarría-León 2019 and references therein).

Phototraps: electronic components
We built an image capture device (ICD) developed ad hoc 
for C. miles and other large and medium-sized longhorn 
species, which was designed to work coupled to a food 
attractant. The ICD consists of: 1) a central processing 
unit (Raspberry Pi mod. A+) managed with Raspberry Pi 
OS v. 1.4 (formerly Raspbian), 2) a visible light camera 
(Raspberry Pi Camera Module v. 2.0), 3) a quartz clock 
installed in the Raspberry Pi GPIOs, and 4) a micro SD 
port with a 32 Gb memory card for the operating system 
and image storage. The ICD electronic components were 
arranged and protected within a watertight box (11 x 11 x 
6 cm). A bottom hole (2 cm in diameter) was drilled in the 
box aligned with the digital camera objective, which was 
sealed with a glass and protected with a circular lens hood. 
To enable imaging at dusk/night, the ICD was provided 
with four light-emitting diodes (LED, 5 mm in diame-
ter, clear white colour, 5000 ºK, 5000 mcd, 25º aperture) 
disposed outside in the shape of a cross and oriented to-
wards the image capture area. Lastly, due to the proximity 
of telephone/television antennas in some study sites (hill 
tops), the ICD was protected from potential electromag-
netic radiations with a Faraday cage, custom made using a 
cardboard box lined with aluminium foil and waterproofed 
with adhesive tape. 

The ICD was powered either by lithium batteries (three 
5.5v, 20A LiPo units connected in parallel) or portable so-
lar panels (12v, 10-15A, 38 x 32 cm) depending on trap 
location. Lithium batteries and solar panel accessories 
(charge regulator, 12v-7Ah valve-regulated lead-acid bat-
tery, 12v/5.5v transformer) were protected in a watertight 

However, in most insect species there are precise diel activ-
ity periods linked to endogenous circadian rhythms – often 
coupled to photoperiod – (Tomioka & Matsumoto 2010; 
Beck 2012; Saunders 2012) rather than the diffuse diel ac-
tivity reported for C. miles. Diel activity is viewed as the 
result of an adaptive process to maximise fitness in which 
selection pressures shaping species-specific physiology, 
morphology and behaviour differ markedly between diur-
nal and nocturnal species. Moreover, since adaptations to 
either night-time or day-time activity are expected to incur 
in significant energetic costs (somatic and reproductive), 
one could predict that a simultaneous adaptation to day 
and night lifestyles should be rare in nature. A fine adapta-
tion to both light and dark regimens, in addition to being 
energetically costly in fitness terms, could even be some-
what morpho-physiologically incompatible, for instance, 
regarding compound eye size or ommatidia structure. In 
longhorn beetles specifically, eyes in nocturnal species are 
noticeably larger than in diurnal species and/or differ in 
the number of facets (Bílý & Mehl 1989); and also in di-
urnal species (especially those active under full sunshine) 
the peripheral rhabdomes of the ommatidia are smaller 
than in nocturnal species (Gokan & Hosobuchi 1979). In 
some nocturnal species intense light exposure during the 
day may even cause degradation of the photoreceptors, 
which need to be repaired at dusk (Suter & Benson 2014).

 The goal of this paper was twofold: 1) to assess the 
diel activity of C. miles in the wild by means of phototrap-
ping devices designed ad hoc for large longhorn beetles, 
and 2) to examine to what extent field experimental results 
conform to existing literature.

Material and methods

Study species
Cerambyx miles (Fig. S1) is a saproxylic and univoltine spe-
cies flying in the summer season (June-August). The species 
has been recorded from a number of deciduous trees (Picard 
1929; Villiers 1978; Bense 1995), but it mainly develops in 
oak species and exhibits a marked preference for deciduous/
marcescent oaks in relation to evergreen oaks (Torres-Vila 
& Echevarría-León 2019; Torres-Vila et al. 2022). Adults 
are large-sized (about 25-45 mm, antennae excluded) and 
blackish brown in colour with a more or least reddish api-
cal third. They show sexual size dimorphism, the body is 
slightly larger in females than in males while antennae are 
longer in males than in females. Mated females lay eggs in 
bark crevices and wounds of the host trees. After hatching, 
neonate larvae bore into the inner bark and initiate feeding 
subcortically. Larvae then tunnel increasingly wider and 
longer galleries into the sapwood and the heartwood. Lar-
val development usually lasts 2-3 years and pupation occurs 
within a pupal cell in the sapwood in late summer. Pupal 
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(Fig. 2). The two phototrap models were designed to be 
placed in the trunk of host trees. 

The PT1 model (Fig. 1) was assembled by mounting the 
ICD with an aluminium holder (3 x 30 mm section, 50 cm 
high) above a standard feeding trap (also called “tree trap”) 
as those previously described for the capture of other Cer-
ambyx species (Torres-Vila et al. 2017). The feeding trap 
was made with a 5-l cylindrical PET container (a commer-
cial water plastic bottle) in which the bottleneck was cut and 
replaced with a funnel made with a transparent semirigid 
acetate sheet (16 cm in diameter, hole 6 cm in diameter). 
A circular piece of 5-mm mesh rigid white plastic grid (15 
cm in diameter), resting perimetrally on a ring of the same 
material, was fixed 7 cm apart from the container bottom to 
prevent the captured adults from drowning in the bait. The 

box (22 x 17 x 14 cm). The different elements (ICD, bat-
teries, solar panels) were connected with USB/standard 
waterproof cables. A script was written with Raspberry Pi 
OS to take images at regular time intervals (see below) 24 
hours a day, generating 3-5 Mb JPG files (labelled with the 
date, hour and minute of each shot) which were stored in 
the memory card. The LEDs turned on 5 seconds before 
each shot allowing digital camera to set optimal sensitivity 
and exposure time, and turned off when shot ended. 

Phototraps: device and layout
We designed two phototrap models (PT1 and PT2) using 
the described ICD coupled to a food attractant. The PT1 
model captured the adults (Fig. 1) whereas the PT2 model 
did not, letting them enter and leave the phototrap freely 

Figs 1-2 – Phototraps used in this study to assess the diel activity of Cerambyx miles in the wild; 1, model PT1 with capture used in 2020; 2, model PT2 
without capture used in 2021. Both phototraps set in pyrenean oaks (Quercus pyrenaica) in the Montánchez mountain range, Cáceres, Extremadura (SW 
Spain). See text for a detailed description.
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the container outside and waterproofed with a hot melt glue 
gun. The container was lined externally with a white plas-
tic sheet to increase brightness inside the trap and minimize 
light leaking outside (Fig. 1). The ICD script was set to 
take an image every 5 minutes. Because PT1 trapped the 

ICD height above the trap was adjusted so that the camera 
focused the grid and framed the container inner walls (Figs 
3-5). The LEDs were fixed in the inside top of the contain-
er, just below the acetate funnel, directing the light towards 
the plastic grid, connections and cables being fastened to 

Figs 3-8 – Some selected images (unretouched, original frames) showing phototrapped adults of Cerambyx miles; 3, a C. miles male prowling the con-
tainer of a PT1 phototrap at 19.05 h. Two marked C. welensii adults are visible within the trap. Montánchez, Cáceres, 7 July 2020; 4, a C. miles male lured 
by a PT1 phototrap at 19.15 h before being trapped. Montánchez, Cáceres, 8 July 2020; 5, a mated pair of C. miles prowling a PT1 phototrap at 18.25 h. 
Two marked C. cerdo adults are visible within the trap. Note the removable cardboard panel to protect the container from direct sunlight. Montánchez, 
Cáceres, 8 July 2020; 6, a C. miles female feeding in the drinker of a PT2 phototrap at 14.21 h. Montánchez, Cáceres, 29 June 2021; 7, a mated pair of C. 
miles (while female feeds) in the platform of a PT2 phototrap at 17.56 h. Cancho Blanco, Zarza de Montánchez, Cáceres, 1 July 2021; and 8, a C. miles 
male feeding in the drinker of a PT2 phototrap at 14.14 h. Montánchez, Cáceres, 29 July 2021 (Local time, GMT+2).
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towards the platform (Fig. 2). The black platform increased 
the sharpness of the images and the velvet reduced light 
reflections. LED connections and cables were fastened to 
the ring outside and waterproofed with hot glue. Since the 
PT2 model did not capture adults, the ICD script was modi-
fied to take one image every minute to optimize the capture 
probability, since adult feeding time of C. miles observed in 
the laboratory is substantially longer (3-5 minutes or more). 
Note also that PT2 phototrap allowed to know the number 
of adults sighted rather than the number of adults captured, 
and so several sightings, on the same or successive days, 
could correspond to the same individuals.

adults, it provided both the number and capture time, so that 
upon checking the images could be compared with beetles 
captured in each trap. Some captured adults were marked 
and released to improve data input. Marks allowed to dif-
ferentiate captured and recaptured adults to assess whether 
capture event could eventually modify adult performance 
and behaviour. Captured adults were taken to the laborato-
ry, sexed and marked. A fine layer of waterproof pen white 
correction fluid (Tipp-ex®, BIC, Clichy, France) was ap-
plied (a rectangle of about 5 × 10 mm2) and after drying, 
adults were marked with correlative numbers written with 
a black permanent fine marker pen (Lumocolor, Staedtler, 
Nuremberg, Germany) (Torres-Vila et al. 2017). In practice 
we used a double-marking system, as the reference num-
ber was written twice in different positions on the elytra: C. 
miles one mark on each elytron, C. cerdo both marks on the 
right elytron and C. welensii both marks on the left elytron 
(data of the last two species not shown). Marked adults were 
released on the next day in the vicinity of the phototraps. A 
drawback detected with the PT1 model was that some imag-
es lacked sharpness when captured adults were stressed and/
or interacted with each other and with those of the conge-
neric species C. cerdo and C. welensii, so we developed the 
following PT2 improved phototrap model.

The PT2 model (Fig. 2) was designed looking for a 
device that would attract adults without capturing them, 
providing a meal to retain them for the time necessary to 
take the photograph. In this way, image quality would be 
improved since photographed adults would be calm while 
eating. PT2 trap was built by replacing the container of 
the PT1 model with an observation platform made with a 
plastic plate (24 x 18 cm) lined on top with a black vel-
vet self-adhesive PVC sheet (Aironfix®). The platform 
was fixed above a PE container (1 l volume, 15 cm high, 
10 cm in diameter, screw-on wide-mouth cap) to be filled 
with food bait (see below), which in turn housed inside it a 
0.25 l erlenmeyer flask with water. The flask pumped water 
through a Vileda® wick towards a circular drinking trough 
made of the same material (6 cm in diameter) impregnat-
ed with a saturated sugar solution and set in the centre of 
the platform (Figs 6-8). The drinking trough was covered 
concentrically with a smaller circular plastic plate (5 cm 
in diameter) to avoid excessive evaporation. The contain-
er released the bait volatiles through 13 circular holes (9 
mm in diameter) drilled in the platform in the shape of a 
semicircle around the drinking trough. Holes were cov-
ered by a fine plastic mesh to prevent small insects from 
entering the container (Figs 6-8). The platform-container 
set was supported by a PVC cup-shaped anti-tip base fixed 
to the aluminium holder. The joints between platform, bait 
container, water vial and PVC base were made to be eas-
ily removed, allowing cleaning and refilling with bait or 
water. LEDs were fixed around a PVC ring (4 cm high, 
14 cm in diameter), which was horizontally attached to the 
aluminium holder just below the ICD, directing the light 

Fig. 9 – Diel activity (%) of Cerambyx miles in the wild during two con-
secutive years as assessed with phototrapping: frequency of captures in 
2020 with PT1 traps (upper panel), frequency of sightings in 2021 with 
PT2 traps (central panel), and pooled data (bottom panel). The frequency 
distributions on an hourly basis show the strong prevalence of the diurnal 
behaviour exhibited by C. miles adults (Local time, GMT+2). Field tri-
als were conducted both years during June-July at Montánchez mountain 
range, Cáceres (SW Spain). See text for additional details.
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Study sites and dates
Field trials were conducted from late May to late July 
for two consecutive years (2020 and 2021) in pyrene-
an oak forests (Quercus pyrenaica Willd.) located in the 
Montánchez mountain range, Cáceres, Extremadura (SW 
Spain). In 2020, we used three PT1 phototraps placed in 
Montánchez, Cáceres (39.2202N, 6.1368W). In 2021, 
we used four PT2 phototraps, two placed in Montánchez 
(39.2202N, 6.1368W) and two in Cancho Blanco, Zarza 
de Montánchez, Cáceres (39.2155N, 6.0363W). Exper-
imental sites were selected because relatively abundant 
C. miles populations were known to occur from previous 
studies (Torres-Vila & Echevarría-León 2019).

Image and data processing
Images were viewed using Irfan View® free software, re-
cording the metadata of the images (date, hour, site) in which 
C. miles adults were phototrapped. Given that the number of 
images to be processed was quite high (more than 10,000 
per trap per week in 2021), JPG files from memory cards 
were recorded in solid hard disks to increase PC access 
speed and improve viewing, so that images could be man-
aged as a video if necessary (e.g. seasonal or diel periods 
with no catches). Data of either capture time (PT1, 2020) 
or sighting time (PT2, 2021) for all phototrapped adults 
were scored into 24 one-hour periods, and frequencies of 
occurrence per hour were calculated prior to statistical anal-
ysis. We defined the three usual categories of diel activity 
(diurnal [D], crepuscular [C] and nocturnal [N]) based on 
sunlight intensity and human visual acuity rather than on a 
more formal definition of twilight depending on the angle of 
the centre of the sun below the horizon (0-6º civil twilight, 
6-12º nautical twilight and 12-18º astronomical twilight), as 
the former criterion is more intuitive and practical, and the 
one implemented in historical and modern literature (Waka-
hara et al. 2018). In practice, we consider that, in our study 
site during June-July, the dusk twilight run from about 21.30 
to 23.00 hours and the dawn twilight from 06.00 to 07.30 h, 
so that day (photophase) lasted from 07.30 to 21.30 h, and 
night (scotophase) from 23.00 to 06.00 h (all GMT + 2).

Reviewing literature data
In order to compare our field experimental results (pho-
totrapping) with those from the entomological literature, 
we compiled all the published references we could find 
(including some personal communications) that provided 
useful information on the diel activity of C. miles. In addi-
tion to printed material, all available online resources and 
especially digital libraries were explored, including: BHL 
(https://www.biodiversitylibrary.org), Hathitrust (http://
www.hathitrust.org), Zobodat (https://www.zobodat.at), 
Z-library (https://z-lib.org), Google Books (https://books.
google.com), Google Scholar (https://scholar.google.com), 
RG (https://www.researchgate.net), Gallica-BNF (https://
gallica.bnf.fr), BNE (http://www.bne.es), MDZ (https://

Phototrap setting and follow-up
Each phototrap was fixed to the tree trunk with two small 
screws across the aluminium holder, so that the container 
edge (PT1) or the platform edge (PT2) were in close contact 
with the tree trunk to facilitate access of beetles, which reach 
the trap walking from the trunk (Figs 1-2). Phototraps were 
placed as vertical as possible at about 1.40-1.50 m height 
and in north aspect of the trees, to avoid excessive insola-
tion. PT1 phototraps were protected when necessary with 
removable cardboard panels for shading in order to prevent 
container overheating (with captures inside) by occasional 
exposure to sunlight. Cardboard panels were adequately dis-
posed in the tree trunk to not interfere with beetles walking 
towards the traps or with maintenance labours. Watertight 
boxes with batteries and electronic components were fixed 
at the base of the trees. Trap setting was completed by plac-
ing on the ICD top wooden skewers or a piece of wire mesh 
to prevent birds from perching. The bait used to lure the 
beetles was the same in both phototrap models. It consisted 
of a mixture of red wine, vinegar, commercial sugar, salt 
(2 l + 100 ml + 500 g + 500 g) and water to complete 5 l 
of solution. Trap containers were initially filled with fresh 
bait (0.5-1 l depending on trap model) and then regularly 
refilled to refresh fermenting bait and compensate for evap-
oration and degradation losses. Containers were completely 
emptied, cleaned and refilled with fresh bait when needed. 
During refilling operations, special care was taken that bait 
level never exceeds the antidrowning protective grid (PT1). 
Phototraps were inspected early in the morning, usually 2-3 
times a week or daily at the peak of the flight period, and 
weekly at the beginning and end of beetle flight. Visits were 
used for collecting the catches (PT1), cleaning the contain-
er/platform, changing the drinker, refilling the bait/water 
and replacing the batteries and memory cards (maintenance 
operations depending on phototrap model).

Fig. 10 – Pie charts depicting the diel activity (%) of Cerambyx miles 
depending on the data source, either field experimental data from this 
study (left) or literature data (right). Captures/sightings from this study 
(n = 139) and literature data (n = 103 records from 79 references, Table 
S1) were scored into three diel activity classes as either diurnal (D), cre-
puscular (C) or nocturnal (N). The two frequency distributions were sig-
nificantly different (see text) suggesting an underlying bias in how ento-
mologists have perceived or described the diel activity of C. miles adults.
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Literature data
Our literature search for records on the diel activity of C. 
miles adults yielded 79 references spanning a 178-year 
period (1845-2023). From these 79 references, 103 diel 
activity records were retrieved, which were classified in 
62, 27 and 14 scores reporting diurnal, crepuscular or 
nocturnal activity, respectively (Table S1). Consequently, 
60%, 26% and 14% of the activity was scored as diurnal, 
crepuscular and nocturnal, respectively (Fig. 10). Fre-
quency distributions based on either field or literature data 
were significantly different (G-Test, G = 45.85, df = 2, P 
< 0.001), so that both datasets yielded quite inconsistent 
results regarding C. miles diel activity (Fig. 10).

Discussion

Our results obtained through phototrapping revealed that 
C. miles exhibits strong diurnality, extending its activity 
throughout the entire photophase, and especially from late 
afternoon to early evening (17.00-20.00 h). The activity of 
C. miles was very low during twilight (dawn and dusk) and 
almost residual during the scotophase (dark night). This 
suggests that the reduced lighting in the twilight windows 
(rising at dawn and decreasing at dusk) could act as a cue 
(either direct or indirect by adjusting the internal clock) 
to start or stop, respectively, C. miles diel activity. A ma-
jor challenge in our study was to accurately differentiate 
live photographed specimens of C. miles from those of C. 
cerdo and C. welensii. In practice, the most useful diagnos-
tic characters (some depending on sex) to assign species 
membership were: elytral sculpture, body shape, antennae 
length, thickness of antennal segments 3-5, length of an-
tennal segment 11 and apex shape.

The diel activity pattern of Cerambyx miles was similar in 
2020 and 2021, even if slight differences were observed be-
tween years, which were attributed to the research protocol 
and phototrap model used. First, the activity in the morning 
(09.00-12.00 h) was somewhat higher in 2020 (PT1) than 
in 2021 (PT2), which was explained in part because some 
marked adults in 2020 fell into the trap soon after being re-
leased. Second, the shape of the curve was more irregular in 
2020 (captures in PT1) than in 2021 (sightings in PT2), which 
could be due to that successive sightings of the same speci-
mens tended to smooth the curve in 2021. In fact, we observed 
in some males a marked trend to stay for long periods on the 
PT2 platform, as apparently they considered it as part of the 
tree trunk, and often exhibited territorial behaviour. It was also 
observed in 2020 (PT1) that some adults prowled but did not 
enter the traps, while others (especially small adults) managed 
to escape. Adult activity and behaviours recorded by photot-
raps were quite diverse and representative of C. miles’ life in 
the wild, including: locomotion, resting, cleanliness, scouting, 
feeding, courtship, pair-bonding/mating, territoriality, male 
fighting, and even occasional wing spread. 

www.digitale-sammlungen.de/en) and e-rara (https://e-rara.
ch). After a detailed reading of the original texts, the diel ac-
tivity of C. miles was scored for each reference into one (or 
more when appropriate) of the three predefined diel activity 
periods: diurnal (D), crepuscular (C), and nocturnal (N) (Ta-
ble S1). The time of collection was interpreted carefully as it 
does not necessarily indicate that the adult was active at that 
time. From these scores, the diel activity of C. miles based 
on literature records was quantified and analysed.

Statistical analyses
G-test was used to compare percentages/frequencies from 
field and literature data. Two-sample Kolmogorov-Smirnov 
test was used to compare frequency distributions of captures 
(unmarked adults) and recaptures (marked adults) in 2020, 
as well as the frequency distributions of captures/sightings 
between the two studied years (Sokal & Rohlf 1995).

Results

Field data
The two trap models were attractive, not only for Cer-
ambyx miles, but also for C. cerdo and C. welensii, con-
generic species that were also recorded both years in the 
two studied sites. Traps also showed to be highly effective 
(especially the PT2 model), since the series of images ob-
tained allowed a correct specific identification in nearly all 
cases (> 99%). 

In 2020 (PT1) and 2021 (PT2), 82 captures and 57 
sightings of C. miles were recorded, respectively. A pre-
liminary analysis showed no differences in diel activity 
between captures (n = 65) and recaptures (n = 17) in 2020 
(Kolmogorov-Smirnov test, D-stat = 0.25 < D-crit (0.05) 
= 0.37, ns), so that both data sets were combined. The 
cumulative distributions of diel activity estimated either 
from captures in 2020 (n = 82) or sightings in 2021 (n = 
57) were not significantly different (Kolmogorov-Smirnov 
test, D-stat = 0.14 < D-crit (0.05) = 0.23, ns), so the fre-
quency distributions from both years were also pooled 
(Fig. 9). Lack of differences between both years occurred 
despite adult activity before noon tended to be somewhat 
higher in 2020 than in 2021, and that the curve was appar-
ently smoother in 2021 than in 2020 (see discussion).

The activity of C. miles started timidly at dawn, raised 
progressively during the morning until reaching a maximum 
in the late afternoon (between 17.00 and 20.00 h), and then 
declined abruptly until it disappeared completely at dusk (Fig. 
9). Out of all adults recorded (n = 139) only seven were ob-
served during twilight periods (dawn/dusk) and just one was 
detected in the early night, between 23.00 and 00.00 h (Fig. 9). 
Consequently, field data clearly showed that C. miles exhibits 
a strong diurnal behaviour as about 94% of the activity was 
diurnal, 5% crepuscular, and less than 1% nocturnal (Fig. 10).
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tween species could be among the speciation mechanisms 
that serve to prevent interspecific attraction (Rice et al. 2020) 
and reproductive interference (Kyogoku 2015).

Conclusions

Our experimental results allow us to conclude that C. miles 
is a strongly diurnal species, thus clarifying the existing 
discrepancy in the entomological literature regarding its 
diel activity pattern. The selective pressures that have pre-
sumably driven this longhorn to diurnality and the spe-
cies-specific functional adaptations to the diurnal lifestyle 
remain to be investigated, ideally in comparison to the 
nocturnal congeneric species.
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Supplementary material

Table S1 – An almost exhaustive list of references describing the diel activity of Cerambyx miles adults, scored in a three-class scale (D: Diurnal, C: 
Crepuscular, N: Nocturnal). Note that the same reference may provide more than one diel activity score. Relevant sentences from the original texts are 
also given. Also available at https://www.researchgate.net/publication/371292424
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Fig. S1  – Male (left) and female (right) specimens of Cerambyx miles.
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