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The present is the key to the past: how living fossils in Namibia share insights on the
insects of Tertiary European forests

E. Conti*
§

, C. Mulder, F. Lombardo, A. Marletta & G. Costa
Department of Biological, Geological and Environmental Sciences, Section of Animal Biology,
University of Catania, 95124 Catania, Italy

Mantophasmatodean insects have been widely recorded in Cretaceous and Eocene amber.
Although rare, Mantophasmatodeans are famous for a quite widespread occurrence in the
Baltic area until the Eocene extinction, living in a Tertiary flora commonly associated with
forested ecosystems. Close relatives are still alive in southern Africa, like those belonging to
the Mantophasma genus, probably one of the most intriguing living fossils in the world. Some
nymphs were collected in a Namibian plateau east of the Erongo Complex and carefully
cultivated in a laboratory. Our main purpose was to investigate the entire life cycle of these
Namibian living fossils to share novel insights in the palaeoclimate of Baltic Eocene. We
unravelled the adult morphology and the postembryonic development of these intriguing
insects, commonly called heelwalkers, and performed a comparison of the morphometric,
ecological and ethological data between our specimens and the living species described so
far in literature. Furthermore, we analysed the vibrational male–female communication of
these primitive insects. The robust evidence provided here supports some controversial
recent palynological assessments of the Eocene and show that the Baltic landscape was
much more open than commonly thought.

Key words: Baltic amber, climate reconstruction, Eocene, heelwalkers, larval development,
living Mantophasma, morphological traits, reproductive traits, vibrational communication,
Namibia.

INTRODUCTION

In a recent review, Bonebrake et al. (2018)
correctly stated that the pervasive global redistri-
bution of living species due to global warming
poses many new questions for the study of ecosys-
tems, focusing on gaps in explanatory and antici-
patory ecology. However, Bonebrake et al. (2018)
did not consider in their review knowledge gaps
in reconstructing ecology, despite the abundance
of fossil records that support either a huge extinc-
tion or a massive redistribution of species in the
past, and only mentioned our most recent past
and omitted our geological past. For instance,
according to Padayachee & Proche� (2016) 17 plant
and 10 animal lineages are today strictly endemic
to the Old World Tropics, although we suspect that
the amount of ancient lineages will be much
higher if the authors would have considered
invertebrates, like arthropods, in their biogeo-
graphical meta-analysis on southern Africa. The
climate-driven redistribution of species is in fact a
long-term global phenomenon, independent

from body size, and even using modern inverte-
brate taxa from another hemisphere to frame
palaeoclimate scenarios which can be tested em-
pirically as soon a more comprehensive research
on fossil mesofaunas will occur is highly desirable,
if not urgent.

Although modern-biased approaches are entirely
correct when investigating the current planetary
changes that are occurring during the Anthropo-
cene (as defined in Lewis & Maslin 2015), geology
has as a matter of fact the largest body of informa-
tion of its own although fossil assemblages are
surely scattered and might even be to a certain
extent unreal. Modern data and research on
present-day processes provide therefore signifi-
cant factors to understand past phenomena and to
reconstruct climates and biomes. Actuopaly-
nology and taphonomy can be very helpful from
this point of view. For instance, Zherikhin et al.
(2009) investigated the preservation of arthropods
in present-day resins, showing that only rarely the
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insect assemblages exceed 300 individuals in coni-
fer resin across Russia.

Linking current biomes to paleoenvironments
remains challenging and possibly the greatest
challenge is the actual climate of the Baltic region
during the Eocene. Although a shift towards an
angiosperm-dominated vegetation during the
Paleocene–Eocene Thermal Maximum derived
from biogeochemical proxies is documented in
offshore records (Denis et al. 2017), there is
contrasting evidence on the climate and the vege-
tation derived from Baltic amber, and only
recently Sadowski et al. (2016) concluded from
Eocene monocotyledons that the ecosystem might
have been even swampy. However, also the
hydrological conditions in the second half of the
Eocene are disputed, with a certain evidence for
some monsonic regions (Fig. 1).

There was in fact a rather disparate timing
between the changing of the flora and the
mammalian fauna (Wing & Harrington 2001).
This makes the recorded occurrence of fossilised
arthropods, which are much more linked to the
plant resources and the basal consumers than the
megafauna, so interesting to detect forcing factors
like climate change. Usually the Tertiary flora in
the northern hemisphere is seen as a gymno-
sperm-dominated, coal-forming closed canopy
(Mulder et al. 2000; Harrington et al. 2012). This

would contribute to explain the very high amount
of arthropods recorded in ancient resins, the
famous amber. Some recently discovered genera
of arthropods fossilised in amber embrace the
Cretaceous Alienopterus from the extinct order of
Alienoptera and the Eocenic Raptophasma from the
relictual order of Mantophasmatodea (Bai et al.
2016; Zompro 2001, respectively).

We have chosen to review and investigate the
latter group of arthropods further in one bio-
diversity hotspot with plenty of relictual orders
from the plant (e.g. Welwitschia mirabilis) and the
animal world (the aforementioned Mantophas-
matodea): Namibia.

The three questions we ought now to ask are as
follows:
(1) are the amber-based climatic reconstructions

realistic for the Baltic Eocene?,
(2) does the amber-based Tertiary flora have affin-

ities with present-day vegetation types?, and
(3) what plant–arthropod relation does amber-

based tanatocoenosis bear to modern insect
assemblages?

OUR CASE STUDY

Following the discovery of peculiar arthropods
from Baltic amber (Arillo et al. 1997), a disputed
new order of insects was described (Klass et al.
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Fig. 1. Modelled highly seasonal regions (orange) and hydrologically constant regions (green) for the mid-to-late
Eocene according to the model by Huber & Goldner (2012) with the main areas of fossilised Mantophasmatodean
insects in amber (A) and living Mantophasmatodean insects (B). The used climate proxies are indicated with either
circles if they reflect arid to seasonally wet conditions or with triangles if they reflect perennially wet conditions.



2002; Zompro et al. 2002; but see also Tilgner 2002;
Cameron et al. 2006 for critics). Interestingly, the
credit of recognising the Mantophasmatodea
should go to Louis Albert Péringueyi, who accord-
ing to Picker et al. (2002) started to describe some
of these insect specimens at the South African
Museum already in 1890 (unfortunately, his
manuscript was never published, possibly due to
the many South African conflicts in that period).
Since then an ever-increasing number of fossil and
extant species of these insects, commonly called
heelwalkers, has been described.

The extraordinary discovery has unleashed a
huge series of sampling and research, mainly
carried out in southern Africa, concerning taxon-
omy and systematics (e.g. Klass et al. 2003; Zompro
et al. 2003; Zompro & Adis 2006; Eberhard et al.
2011; Wipfler et al. 2012), morphology (e.g. Klass
et al. 2003; Beutel & Gorb 2006; Pass et al. 2006;
Baum et al. 2007; Eberhard et al. 2009; Drilling &
Klass 2010; Buder & Klass 2013), ecology and ethol-
ogy (e.g. Dallai et al. 2003; Tojo et al. 2004; Tsutsumi
et al. 2004; Uchifune et al. 2006; Eberhard & Picker
2008; Eberhard & Eberhard 2013), biogeography
and phylogeny (e.g. Klass et al. 2003; Zompro 2005;
Damgaard et al. 2008; Eberhard et al. 2011; Predel
et al. 2012; Silva et al. 2016) of these fascinating
insects.

In a short period of time three families including
all the not extinct species were established,
Tanzaniophasmatidae, Austrophasmatidae and
Mantophasmatidae, in which 22 living species
were grouped in 15 genera. Tanzaniophasmatidae
is present only in East Africa with the species
Tanzaniophasma subsolanum while Austrophasma-
tidae, according to Damgaard et al. (2008) and
Eberhard et al. (2018), currently includes eight
genera and 13 South African species and one
Namibian genus containing only the species
Striatophasma naukluftense. In our review we wish
to focus on the last family. Mantophasmatidae is
an exclusively Namibian family, in which four
monospecific genera (Tyrannophasma, Praedato-
phasma, Pachyphasma, Sclerophasma) and the genus
Mantophasma including four species have been
inserted (Zompro & Adis 2006).

The genus Mantophasma is certainly the most
problematic taxon, also because two of its species
have been described on the basis of a single speci-
men (a common technique in palaeontology but
very rare in modern biology). At present, to which
extent Sclerophasma actually differs from Manto-

phasma is still unclear (Buder & Klass 2013; Roth
et al. 2014).

Predel and collaborators carried out systematic
Mantophasmatodea collection in several sites, first
in South Africa and only later in Namibia (Predel
et al. 2005 and 2012, respectively), also launching
different investigation techniques, and precisely
by analysing neuropeptides contained in the
neuroendocrine tissues of individuals belonging
to all the taxa so far described. Thanks to these
analyses, it was possible to recognise the division
of all the southern African Mantophasmatodea
into two distinct lineages. One of them includes
two subclades, namely the group of species found
in South Africa and the Namibian species Striato-
phasma naukluftense.

The other, including all the other Namibian
species, has been in turn divided into two other
subclades: on the one hand the species Praedato-
phasma maraisi and Tyrannophasma gladiator, on the
other hand the species Pachyphasma brandbergense
and the genera Mantophasma and Sclerophasma.
Shortly afterwards, Roth and collaborators (Roth
et al. 2014) published an extensive review describ-
ing to the state-of-the-art everything known on
distribution, biology, life cycle and behaviour of
Mantophasmatodea. Very recently, Eberhard et al.
(2018) even devoted a chapter of the Wiley series
on Insect Biodiversity to describe the biodiversity
of Mantophasmatodea and Grylloblattodea.
However, none of these authors addressed these
insects as climatic proxies for Eocene landscapes.

Between March and April 2012 three of us
collected unknown insect nymphs which we sub-
sequently reared in Italy, where we succeeded to
follow the postembryonic development of these
juveniles and get their adulthood. We were thus
able to determine the belonging of these insects to
the aforementioned Mantophasmatidae. The col-
lected material gave us the opportunity to follow
the entire post-embryonic development and then
to analyse both their morphological and behav-
ioural aspects of a large number of specimens
belonging to both sexes in a comprehensive way.
This is important as in insect palaeontology,
enthusiasm often led to hasty assessments due
to lack of undamaged fossils for any complete
description.

REARING LIVING FOSSILS

We investigated carefully these univoltine pred-
atory insects with such peculiar ancestors, as
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many incomplete or damaged Mantophasma-
todeans preserved in amber might be identified
using our data. Ten nymph instars were collected
beating or sweeping branches of Petalidium
halimoides (Scrophulariales: Acanthaceae); we
investigated two dozen of these shrubs in a semi-
arid area (21°43’15.91”S 15°57’36.33”E, elevation
»1200 m) on the plateau east of the Erongo Com-
plex in Namibia. The nymphs were separately
reared in small circular plastic boxes (Æ 60 mm,
h 80 mm) containing leaf fragments of their host
plant, to adulthood under the following labora-
tory conditions: temperature 20–25 °C, approxi-
mately 25–30 % relative humidity, photoperiod
corresponding to the original sampling site. They
were initially fed with fruit flies and, during the
last moult, with the meal moths Pyralis farinalis
and Plodia interpunctella.

Once the adults emerged, we had six males and
four females available for the study (Fig. 2). The
diagnosis of the genus of these insects has been
defined according to the description by Zompro
et al. (2002) and Zompro & Adis (2006). Precisely,
our specimens can be classified as belonging to the
genus Mantophasma, for the following reasons:
i) lack of definite spines on the body; ii) flat and
parallel-sided nota; iii) small eyes; iv) presence of
spines on the ventral carinas of femurs and tibiae;
and finally v) male vomeroid very broad.

For the analysis of reproductive behaviour we
formed three pairs. After mating, the females were

put into different containers (10 × 10 × 8 cm) with
a sand layer 3 cm deep to allow for oviposition.
Only one female laid an egg pod and we had the
opportunity to follow the post-embryonic devel-
opment. The eggs laid in June remained in the
same containers till June of the following year.
Starting from May we sprayed water on the sand
twice a week to keep the substrate humid. When
the larvae hatched they were fed daily with rose
aphids and fruit flies; the last postembryonic
stages and imagoes were fed once a day with
moths and other insects.

The study of adult morphology was carried out
using a stereoscopic microscope (Leica MZ12) and
camera lucida attached. The images of the relevant
structures and their measurements were obtained
via a stereoscopic microscope (Leica MZ 205A
equipped with the Syncroscopy’s Image Recon-
struction Software Auto-Montage Pro). Being
aware of the palaeontological relevance of these
extraordinary insects, we investigated carefully
these living fossils.

Anatomical terminology follows Klass et al.
(2002). The trait measurements were taken follow-
ing the same code letters and method used by
Zompro et al. (2003): length total body (a); length
of notum (b); width of notum (c); height of head
(d); length of head (e); width of head (f); width
over eyes (g); width between eyes (h); height eye
(i); length eye (j); length between the eye and
anterior margin of pronotum (k); length femur (l);
length tibia (m); length tarsus (n).

The vibrational signals of both males and
females heelwalkers were recorded from virgin,
sexually mature adults (two females and three
males), that drummed on the wall of the plastic
containers. A Pioneer DM-31 microphone was
placed 20 cm away from the animals and was
connected to a portable minidisc recorder (Sony
Hi-MD MZ-RH10). Recordings were made
between 19:00 h and 05:00 h in a quiet, darkened
room at a temperature of approximately 20 °C.
Vibrational signals were registered digitally at
44 kHz and 16 bit resolution. They were then
transferred to a computer by Sony SonicStage
ver. 3.0 software and analysed with Audacity-
Windows (Version 2.0.5). Following Eberhard &
Picker (2008) we measured the following call
parameters: pulse repetition time, duration of call,
number of pulses per call for females, and pulse
repetition time, duration of pulse train and
number of pulses per pulse train for males.
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Fig. 2. Habitus of Mantophasma specimens collected:
A, male; B, female.



ADULT AND LARVAL MORPHOLOGIES

The problematic taxonomic history of Mantho-
phasmatodeans started only in this century,
making such living fossil species suitable examples
for unravelling knowledge gaps (sensu Hortal et al.
2015), especially because they currently occur only
in biodiverse but poor countries in tropical Africa.
Hence, a careful description is compulsory.

As general characteristics of all adults, we found
the body shiny green in both sexes and sparsely
covered by short setae circumscribed by a little
rounded pinkish spot, and the absence of wings
(Fig. 2). Measurements of relevant morphometric
parameters (traits) are shown in Table 1 and all
vouchered specimens were preserved in 70 %
ethanol and are currently deposited at the Mu-
seum of Zoology of the University of Catania. The
taxonomic descriptions for male and female
individuals were done following the suggestions
by Packer et al. (2018), making future entomologi-
cal research reproducible.

Living male description
Body size 10.69–14.80 mm. Head orthognatous

(Fig. 3A), squarish in shape, 1.82 times wider than
high and 1.14 times wider than width of
pronotum; posteriorly it is covered by anterior
margin of pronotum; vertex arcuated, higher than
the imaginary line joining the eyes; frontal sutures
and coronal suture indistinct, subgenal ridge well
developed; gena distinctly higher than eye. Frons
wide with three swellings, one in between
antennal basis, two situated near to base of medial
ocular suture. Eyes elongated dorsolaterally,
prominent, kidney-shaped and 1.86 times longer
than wide. Antennae 1.1 times as long as the
length of body; scape as long as wide; pedicel
about half as high as scape; antennomeres rectan-
gular, longer than wide except the last segment
wider than long and conical in shape; they are
richly sprinkled with short hairs. Clypeus trape-
zoid, divided into ante-post clypeus by a distinct
ridge. Maxillary palp with five segments covered
with sparse bristles, the first two segments as long
as wide, third one 1.6 times longer than wide,
fourth one 3.6 times as long as wide, fifth one
four times as long as wide. Labial palp with three
segments covered with sparse bristles.

Thorax (Fig. 3C): green, covered with rigid bris-
tles. Pronotum squarish slightly convex, 1.07 mm
times longer than wide, lateral margin right, with

a longitudinal white line; anterior and posterior
margin slightly arcuated. Mesonotum rectangular
1.14 times longer than wide. Metanotum as long as
wide. Abdomen (Fig. 3E): longer than thorax and
head combined, bright green, covered with setae.
Tergum VIII slightly shorter than VII and consid-
erably shorter than X, this last is rounded posteri-
orly. Paraprocts slightly kidney-shaped, cerci with
bilobate apex (Fig. 4A).

Forelegs (Fig. 4C): femur 1.69 times longer than
length of pronotum and three times longer than
wide, ventromedian margins with short spines;
tibia 1.76 times longer than length of pronotum
and six times longer than wide, ventromedian
margins with 8–12 robust teeth; tarsus with five
tarsomeres; pretarsus with a very large arolium
(Fig. 4D). Middle legs slender with sparse short
bristles: femur 1.46 times longer than length of
pronotum; tibia 1.76 times as long as length of
pronotum; tarsus with five tarsomeres, pretarsus
with a very large arolium. Hind legs longer than
the other legs: femur 2.29 times longer than length
of pronotum; tibia 2.84 times as long as pronotum;
tarsus with five tarsomeres; pretarsus with a very
large arolium.

External genitalia (Fig. 4B, E): vomeroid body
very wide, rectangular in shape, 2.19 times wider
than high (Fig. 4E, a); sclerite PH1 (Fig. 4E, b)
narrow, arcuated and with anterior process devel-
oped as a robust spine; sclerite PH2 (Fig. 4E, d),
shaped as a C sclerite; sclerite PH5 (Fig. 4E, c)
Y-formed with sparse sculpture of small knobs in
right part.

Living female description
Body size 10.92–17.83 mm. Similar to male but

slightly more robust. Head (Fig. 3B) squarish in
shape and sparsely covered by short hairs circum-
scribed by a little rounded pinkish spot, it is 1.05 as
wider than high and 1.14 times wider than the
width of pronotum; vertex and subgenal ridge
similar to male; gena distinctly higher than eye.
Eyes elongated dorsolaterally, prominent, kidney-
shaped and 1.98 times longer than wide. Antennae
1.1 times as long as the length of body; scape as
long as wide; pedicel about half as high as scape.

Thorax (Fig. 3D): green, covered with rigid
bristles. Pronotum similar to male, 1.05 mm as long
as its width, mesonotum as long as width; meta-
notum 0.93 mm as long as wide. Abdomen
(Fig. 3F): longer than thorax and head combined,
bright green, covered with setae.
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Fig. 3. Our laboratory-reared Mantophasma specimens. Head: A, male; B, female. Thorax (dorsal view): C, male;
D, female. Abdomen: E, male; F, female.
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Fig. 4. Details of an adult Mantophasma male. Cerci (A), external genitalia (B), raptorial forelegs (C) with arolium (D),
and elements of male genitalia (E): vomeroid in dorsal view (a) and phallic sclerites PH1, PH5 and PH2 (b–d, respec-
tively).



Forelegs more robust than meso- and meta-
thoracic: femur 1.52 times longer than length of
pronotum and three times longer than wide; tibia
1.53 times longer than length of pronotum and
six times longer than wide; tarsus with five tarso-
meres, pretarsus with a very large arolium. Middle
legs slender with sparse short bristles: femur
1.46 times longer than length of pronotum; tibia
1.76 times longer than length of pronotum; tarsus
with five tarsomeres, pretarsus with a very large
arolium. Hind legs longer than the other legs:
femur 2.06 times longer than length pronotum;
tibia 2.45 times longer than length pronotum;
tarsus with five tarsomeres, pretarsus with a very
large arolium.

Eggs and postembryonic development
The eggs of this Mantophasma are laid in clutches

in the sandy substratum, 2–3 mm deep. During the
oviposition, the female produces a sticky secretion
that soaks the sand around the eggs, forming a
protective pod (egg pod or ootheca) (Fig. 5A) hori-
zontally under the substrate. Each female lays
three oothecae, at an interval of one week from
each other; each ootheca, about 10.5 mm long and
4.5 mm wide, contains 20–25 eggs. Eggs (about
2.3 × 0.9 mm) are white, elongated and with a
detachable operculum in the shape of an upside-

down cup. The chorion is slightly sclerotised and
shows a delicate and reticulate sculpture (Fig. 5B).
The larval development takes about one month. In
the laboratory (25–27 °C), we had the opportunity
to follow a one single male post-embryonic devel-
opment (Fig. 6A–F) and recorded the following
data:
– egg hatch: 10 June 2013, early evening (about

20:00);
– first moult: 17 June 2013, late in the morning;
– second moult: 23 June 2013;
– third moult: 30 June 2013;
– fourth moult: 7 July 2013;
– fifth moult: 14 July 2013; imago.

BEHAVIOURAL REMARK

These annual insects are nocturnal, and from the
first nymphal stage, highly specialised predators.
They wait for prey, continuously waving their
long antennae, and approach it with a quick leap.
Host plants are mostly sclerophyllous Centro-
spermae shrubs like the aforementioned Petali-
dium halimoides (the Acanthaceae perennial where
we collected the nymphs) or Suaeda fruticosa (a
Chenopodiaceae perennial). In captivity adults
preferred small moths, flies, caterpillars and
nymphs of grasshoppers as prey.
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Fig. 5. Ootheca (A) and eggs (B).



Courtship begins by means of male drumming.
In the laboratory, the male repeatedly drums its
abdomen on the box walls, continuously moving
until a female replies. During drumming the arolia
rest on the substrate. A prolonged series of inter-
sexual signalling occurs before the male decides to

approach the female. Then the male jumps rapidly
on the female back and rotates until their heads
are aligned. As in M. zephyrum (Zompro et al. 2003)
the male abdomen bends down to the right side of
the female abdomen and so mating can take place.
The copula can last for several hours (we observed
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Fig. 6. Post embryonic development of a male: A, just out of the egg; B, first instar; C, second instar; D, third instar;
E, fourth instar; F, imago.



a copulation for 21 h from 21:00 to 18:00 on the
following day); during mating, the male rubs its
palps against the female pronotum. Once the
mating ends, the male jumps away from the
female.

The male call (Fig. 7A) contains repeated pulse
trains with uniform intervals between pulses but
irregular intervals between pulse trains; slight
differences regard the duration of pulse trains and
the number of pulses per pulse train (Table 2). We
do not consider pulse train repetition time and
inter-pulse train interval as these parameters are
too irregular for our specimens. The female call
(Fig. 7B) consists of repeated, single pulses; these
present regular intervals having more or less
the same amplitude for the whole call duration.
Unlike Karoophasma biedouwensis (Eberhard &
Picker 2008), the mean call duration and number

of pulses are also maintained quite similar
(Table 2).

In contrast to Roth et al. (2014), we compared
here the vibrograms of both sexess together. It is
absolutely obvious that this kind of information
will be only indirectly useful to palaeontologists:
however, the call performance of insects often
reflects the openness of a canopy and the ambient
temperature and as such our results provide addi-
tional evidence that the Eocene landscape where
their relatives were captured in ancient resins was
an open landscape and not a closed forest.

DISCUSSION

Climate during the Eocene
The investigation of these challenging living

fossils provide unique opportunities for a better
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Fig. 7. Sonograms of the vibrational signals of males (A) and females (B).

Table 2.Temporal characteristics of female and male vibrational calls:n = number of measured values;min and max =
minimum and maximum values; S.D. = standard deviation; med = median; SIQR = semi-interquartile range.

Sex Parameters n Min Max Mean ± S.D. Med SIQR

Females Pulse repetition time (ms) 45 375.00 504.00 418.67 ± 21.96
Duration of call (s) 2 9.14 9.32 9.23 ± 0.13
Number of pulses per call 2 23.00 24.00 23.50 ± 0.71

Males Pulse repetition time (ms) 344 94.00 142.00 117.00 ± 5.16 118.00 3.00
Duration of pulse train (s) 28 1.10 1.69 1.46 ± 0.15 1.51 0.11
Number of pulses per pulse train 28 10.00 15.00 13.29 ± 1.33 13.50 0.87



climate reconstruction during the Eocene. As 56
millions years ago the pCO2 was remarkably
higher than now and nutrients were not limiting,
biochemical processes resulted globally in higher
primary production supported by increased C
availability for photosynthesis and higher temper-
atures (Zachos et al. 2008; Ma et al. 2014). This
palaeoevent was characterised by a global warm-
ing of 6 °C (Zeebe & Zachos 2013), and still, despite
the much higher metabolic rates of terrestrial
and marine photosynthesisers, it is commonly
assumed that forested ecosystems were wide-
spread during the Eocene. If it is true that marked
rainfall shifts rapidly occurred, only regions in
middle to high latitudes experienced a shift
towards wetter climates (Zachos et al. 2008; Huber
& Goldner 2012). In general, several fossilised
arthropods from high-latitude amber suggest
even torrid temperatures (Fig. 1). In particular,
many traits of Mantophasma and their extinct rela-
tives fossilised in Eocene amber are typical for
semi-arid open ecosystems. We wish to discuss
here briefly why.

Morphological traits and sexual dimorphism
The comparison of the morphometric data of our

specimens with those reported for the Manto-
phasma/Sclerophasma clade (Zompro et al. 2002;
Zompro & Adis 2006; Damgaard et al. 2008) allows
us to detect some significant differences between
the living species, even taking into account that
the diagnostic characters of these species are based
on a few specimens (obviously forced in the case of
their fossilised relatives), and sometimes only on
one sex as in the case of M. omatakoense and
M. zephyrum (only one male) and M. gamsbergense
(only four females). Regarding the comparisons
within the genus Mantophasma, we can immedi-
ately rule out that our specimens may belong to
the species M. zephyrum whose male has much
higher values for all traits, in addition to a different
body colouration, a different conformation of
head and eyes, and so on.

Regarding M. gamsbergense, the comparison can
be made only for females (Table 1). The specimens
of this species are much smaller than ours; more-
over they have darker stripes on back that are
absent in our females and the eyes less tall and
longer. Mantophasma kudubergense, unlike our
specimens, has a longitudinal red stripe in the
dorsal half of the eyes. The comparison of the vari-
ous morphometric characters is however possible

for both sexess (see Table 1). As for the males of this
species, the measurements of many of the charac-
ters considered tend to be slightly higher than
those of our specimens; while width of meso-
notum and the length of mesotibiae are clearly
greater. Note in particular that the eyes in both
cases have inverted dimensions (height 0.45–0.6;
length 1.0–1.1 in M. kudubergense vs height
0.85–1.00; length 0.45–0.54 in our specimens). The
females are larger and have lengths of profemora
and antennae and width of head significantly
greater. Regarding the size of the eyes, the same
situation described for males is observed, and spe-
cifically height 0.5–0.6; length 1.0–1.3 vs height
1.05–1.19; length 0.52–0.59 in the two cases. Our
specimens have a general appearance resembling
that of M. omatakoense (Zompro et al. 2006),
although some differences are detectable by com-
paring the measurements of male traits. In particu-
lar, in our males pronotum width, metanotum
length and antenna length have higher values, in
contrast to mesonotum width and protibia length
which share smaller values than in the single
described male of M. omatakoense (Table 1).

Reproductive traits of living fossils
As far as oviposition is concerned, data on

Mantophasmatodea are little known, and their
breeding was often unsuccessful (Roth et al. 2014).
This probably depends on the difficulty encoun-
tered in observing this activity in the natural habi-
tat of these insects and their reluctance to naturally
behave under simplified laboratory conditions
(Roth et al. 2014). In some cases, it was possible
to calculate the number of eggs laid during the
female adulthood. For example, in the Austro-
phasmatidae Karoophasma biedouwensis this num-
ber varies between 10 and 12 in each ootheca for a
total of 50–100 eggs within four egg pods (Tojo et al.
2004; Machida et al. 2004). In Tyrannophasma gladia-
tor, Roth et al. (2014) obtained in their laboratory
more than 30 egg pods from 20 females. In our
laboratory conditions we observed in each of three
successive ovipositions 20–25 eggs at a time; and
we succeeded in following the complete larval
development and to record the number and
timing of the moults until the adulthood was
reached. We distinguished five nymph instars
after hatching, as described for other heelwalkers
(Hockman et al. 2009); however, in our laboratory
conditions nymphs that hatched completed their
development in just over a month, while for other
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species of heelwalkers the achievement of adult-
hood occurred over a longer period of time. For
example, in Tyrannophasma gladiator nymphs
reached adulthood after 3.5–4 months (Zompro
et al. 2003). Certainly the duration of this period is
strongly influenced by environmental conditions
(Tojo et al. 2004; Eberhard et al. 2018), which in the
laboratory are evidently very different from those
of the current natural habitat. On the other hand,
this phenomenon also shows that these insects
have a certain temperature tolerance and are not
necessarily shade-tolerant.

Behavioral traits of living fossils
As far as feeding behaviour is concerned, both

nymphs and adults we observed are generalists, as
they accepted almost all the preys items that we
made available to them. And sexual behaviour also
reflects the standards of the Mantophasmatodea.
In fact, both the drumming courtship and the
mating pattern are very similar to those described
for various other species in this order of insects. We
have not observed aggressive behaviour of the
female towards the partner, nor situations of
particular agitation of the female when the male
approaches her, as sometimes noted by Zompro
et al. (2003) in Mantophasma zephyrum. We also
think that the sexual cannibalism is quite unlikely
for these insects, differently from what can occur
between the Mantodea. In fact, the prolonged
courtship, the speed of the male jump on the back
of the female, the same mating body position and
the smaller size of the male make homophagy
during the copula unlikely in the heelwalkers. The
jump with which the male jerks away from the
female at the end of the copula further excludes
the risk of aggression by the partner. Moreover, the
prolonged duration of mating does not exclude
that the female in copula continues to hunt and
feed. The copulation time observed by us did not
exceed 21 h, while for some species of Manto-
phasma a much longer possible duration was
detected, up to 72 h for M. kudubergense (Roth et al.
2014).

Some attention was given to the vibrational sig-
nals issued by both South African and Namibian
Mantophasmatodea (Eberhard & Picker 2008;
Eberhard et al. 2010; Eberhard & Eberhard 2013;
Roth et al. 2014). This form of acoustic communica-
tion occurs between males and females during
courtship, and, therefore, as it has been argued for
a long time, it constitutes in several animal species,

especially if sympatric, a form of behavioural
barrier aimed at guaranteeing specific reproduc-
tive isolation (Mayr 1963). In fact, the species-
specificity of drumming behaviour has been dem-
onstrated in sympatric species of Mantophasma-
todea (Eberhard & Picker 2008); for species that
live at a distance from each other and do not have a
high mobility, the need for species recognition
via courtship call loses some importance. This
emerged, for example, from the analysis of vibra-
tional communication in numerous species of
heelwalkers, both South African and Namibian
(Eberhard & Eberhard 2013), among which, how-
ever, slight differences in drumming parameters
have been detected. Roth et al. (2014) studied
vibrational signals of males belonging to unde-
fined species of Mantophasma and Sclerophasma
paresisense. Compared to the values of the parame-
ters indicated by them, we note a clear difference
with regard to the pulse repetition time, which in
their case has averages included in the range
21.3–78.8, while for our males it has a significantly
higher average (117.0); the other measured para-
meters of the male call do not show significant
differences.

CONCLUSIONS

With the present study we found several differ-
ences between our Namibian specimens and those
of the living species of Mantophasmatodea so
far described, although it is not our purpose to
describe a new species, increasing the taxonomic
confusion. The aforementioned differences con-
cern various aspects of morphology, biology and
behaviour of these animals, but at a glance living
and fossilised Mantophasmatodea are morpho-
logically really close relatives despite the huge
temporal and spatial distances. This is far from
unlikely as many other invertebrates originally
had a much more widespread, i.e. Gondwanan,
distribution. Solifugae in general, and Ceromidae
in particular, are other relevant fossil examples
from Baltic amber (Dunlop & Klann 2009; Dunlop
et al. 2004); they are known as specialised inhabit-
ants of deserts, with Ceromidae restricted to
southern African deserts like present-day Manto-
phasmatodea.

We are not aware of other habitats that in this
way could link open savannas of southern Africa
to the dark forests usually proposed for the Baltic
Eocene, nor do these invertebrates suggest any.
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Based on our study, there is a certain biogeo-
graphical evidence that they occurred in the
so-called ‘Palaeotropical Element’, southern of the
Arcto-Tertiary Element (sensu Engler 1882). As a
matter of fact, Mantophasma share behavioural and
morphological traits typical for warm although
not necessarily dry open landscapes. We can drive
two major conclusions: (I) it is likely that the
palaeoclimate in the Baltic area during the Eocene
was much warmer than commonly thought,
although not as torrid as in modern Africa; and (II)
despite the limited number of fossilised and living
individuals currently described, synergistic
aspects clearly support the idea that the Eocene
landscape was also much more open than
commonly thought.

Our conclusions (I and II) are important because
palaeodata from southern Africa are scarce as
the erosional nature of this subcontinent was
unfavourable for accumulation and preservation
of organic matter (Scott et al. 1997; Mulder & Ellis
2000) and modern equivalents of the Baltic
Eocenic landscape are clearly lacking. This makes
this modern southern African biome, established
already by the end of the Miocene, so unique and

the many endemic living fossils, ranging from
Gnetales up to Mantophasmatodea, so relevant
for planetary climate models. We hope to have
made in this way a useful contribution to the
palaeontological knowledge on the role played
during the Eocene by these extraordinary insects
and we are convinced that further systematic
samplings in southern Africa will be helpful to
address certain taxonomic and palaeoenviron-
mental difficulties in the Eocene amber. We
strongly believe, as shown here, that our present is
the key to the past.
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