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ABSTRACT
An illustrated key of identification for european Libellulidae's
exuviae featuring the 9th segment spiny dorsaly is provided.
This includes the four species of the genus Trithemis, which
are studied in more details and thoroughly illustrated. A
new character establishing differences between T. annulata
and T. kirbyi is established and permits to identify them in
the field.

RESUMEN
Se proporciona una clave de identificación ilustrada para las
exuvias de Libellulidae europeas con el noveno segmento
espinoso dorsalmente. Incluye las cuatro especies del
género Trithemis que se estudian e ilustran con más
detalle. Un nuevo criterio diferencia T. annulata de T. kirbyi
y permite identificarlas en el campo.

INTRODUCTION
The identification of adult dragonflies has progressed
considerably in recent years. Unfortunately, the larval stages,
and particularly the exuviae, have been much less well
covered. Indeed, DIJKSTRA & LEWINGTON (2006)1, which
provided the definitive European guide, did not brought
larval information. For European larvae and exuviae, only
GERKEN & STERNBERG (1999)2 provided comprehensive
informations addressing to specialists. The recent book by
BROCHARD et al. (2012)3 was the first publication providing
a photographic key as well as species description. However,
this publication dealt only with Northwestern Europe and
described only 84 species in a language which cannot be
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used by most European Odonatologists. Using the same
layout, an English publication describing the exuviae of
all European dragonflies is scheduled to appear in 2015.
The genus Trithemis includes approximately 40 species
primarily centered in tropical Africa. In recent decades,
some members of this genus expanded northwards
and colonized the south of Europe. The species dealt
with in the present paper are T. annulata (most of
southern Europe), T. arteriosa (Cyprus, reported once
in Crete), T. kirbyi (Southern and Eastern Spain, vagrant
in Sardinia) and T. festiva (Rhodos, Cyprus). BOUDOT &
KALKMAN (2009)4 dealt with the distribution of all four
species but provided no larval information. GERKEN &
STERNBERG (1999)2 dealt with T. annulata and T. arteriosa
only basing upon information in AGUESSE (1968)5.
This paper provides a photographic key for all European
Libellulidae that have a dorsal spine on segment 9
(including the four European species of Trithemis cited
above). A description of these four species is also made
using the principles adopted in BROCHARD et al. (2012)3
and that will be used in the future European book.

Material needed to identify exuviae
For the study and identification of dragonflies exuviae,
a stereomicroscope is essential. For the finest details, a
magnification of 40 times or more will ensure the accuracy
and the validity of measurements. However, certain criteria
can or must be measured with a smaller magnification.
A micrometer in the ocular of the stereomicroscope is
necessary in many identification steps. This unit contains a
ruler, divided in 10x10 or 1x100 units. Using this device, a
ratio between two measurements can be calculated and
used in the identification process.

Figure. 1: Exuvia
positioner.
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A particularly useful equipment is the so-called "exuviae
positioner" (Fig. 1). This can be constructed connecting the
foot of a soldering clamp to two ball-and-socket joints. A
small pair of pincers at the end of the second joint holds
a small rectangular piece of cardboard, which forms the
"table" of the positioner. The exuvia to be studied will be
placed on this table and then the table will be turned in
any position for the best view to take measurements. To
prevent exuviae from sliding of the table, adhesive paste
and a piece of wire can be used to hold them in place.

How to use this key
Some criteria are easily keyed with safety. However, in
many cases and particularly where the species are closely
related, the choice between options are difficult and
accurate measurements are required. In order to make such
measurements, the correct positioning of exuviae is critical.
Even the slightest angle in positioning can lead to incorrect
measurement of ratio's leading to misidentifications. For
reliable and accurate measurements, we recommend the
following procedure:
•Placing exuviae correctly on the microscope table
•Making use of the full length of the micrometer (i.e.
using the highest relevant magnification)
•Always start with the measurement of the largest body
part used in the ratio and then measure the other body
part using the same magnification.
As mentioned above, differences in ratio's can be very small
between species and, therefore, accurate measuring is
essential. It is also important to interpret the results correctly
and consistent rounding of numbers is needed for a correct
identification. The standard rounding principal is shown in
the following examples:
•If a ratio of 2.44 is measured, this number will be
rounded to 2.4. If the ratio gives an outcome of 2.45
rounding leads
to a ratio of 2.5.
•The same applies to ratios with two decimals (1.234
leads to 1.23 and 1.235 leads to 1.24).
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Correct measurements can only be taken from clean
exuviae; mud or small grains of sand must be removed.
Cleaning exuviae can be done with a small brush. Water
can be used to soften mud and sand prior to removal and,
where the mud is more persistent, a small needle can be
used to take off it from the exuviae. After cleaning, the
exuviae should be left to dry in the open air.
It is important to emphasise that the ratios on which many
of the species differences rely, have been derived using
large numbers of exuviae. The ratios have then been
tested on further specimens to establish their reliability.
However, despite the rigourous testing applied, there is
always variability in specimens and care must be taken in
establishing identifications based upon single criteria.
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Trithemis festiva (Foto: CB)
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1

Occiput sharply angled
at rear border and with
tubercules

3

→ Zygonyx torridus
1’

Occiput rounded
without tubercules

3’

→2
2

4

Dorsal spine on
segment 9 present
9

8

7

6

5

→3
2’

Dorsal spine on
segment 9 absent

9

8

7

6

4’
5

9

8

7

6

5

→not included in this key
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3

Lateral spine on
segment 7 present

9

8

7

6

5

→ Leucorrihnia caudalis
3’

Lateral spine on
segment 7 absent
9

4

→4
Eyes small.
Length of eye (L) /
distance between base
of antennae (scapi) (S)
is <0.75

8

7

S

6

5

L

→ Libellula fulva
4’

Eyes large.
Length of eye (L) /
distance between base
of antennae (scapi) (S)
is >0.75

S

L

→5
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5

Lateral spines on
segment 9 projecting
to or beyond half
length of cerci

7
9

8

7

6

Data
T. ki

→ Brachythemis impartita
5’

Lateral spine of
segment 9 not
projecting up to half
length of cerci

7’

9

8

7

6

Data
T. an
T. fe

→ 6 (Trithemis)
6

Length of prementum
(M) / length of
paraprocts (PP)
is >2.75

8
PP
9

8

Data:
T. arteriosa: n= 43 range (2,81-3,54)

M

Data
T. an

→ Trithemis arteriosa
6’

Length of prementum
(M) / length of
paraprocts (PP)
is ≤ 2.75

Data:
T. annulata: n= 50 range (1,73-2,68)
T. festiva: n= 9 range ( 2,10-2,67)
T. kirbyi: n= 22 range (1,94-2,37)

8’
PP
9

8

M

Data
T. fe

→7
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7

Dorsal spine on
segment 6 flattened.
Base (B) / height (H)
is ≥1.95

H

B

Data:
T. kirbyi: n= 35 range (2,00-3,88)

9

8

7

6

5

9

8

7

6

5

9

8

7

6

5

9

8

7

6

5

→ Trithemis kirbyi
7’

Dorsal spine on
segment 6 pointing
upwards. Base (B) /
height (H) is <1.95

H
B

Data:
T. annulata: n= 50 range (0,92-1,28)
T. festiva: n= 12 range (1,37-1,86)

→ Trithemis annulata

(When exuviae found on Rhodes
→ 8)

8

Dorsal spine on
segment 6 narrow at
the base. Base (B) /
height (H) is <1.35

H
B

Data:
T. annulata: n= 50 range (0,92-1,28)

→ Trithemis annulata
8’

Dorsal spine on
segment 6 broad at
the base. Base (B) /
height (H) is ≥1.35

Data:
T. festiva: n= 12 range (1,37-1,86)

H
B

→ Trithemis festiva
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Trithemis annulata

Distribution

Description

Comparison

Habitat

This is the most widely distributed species of Trithemis found in
Europe; it is common throughout Iberia, central and southern
Italy and parts of the Balkans. The species expanded regularly its
European range since 1978 and is now met up to southern France.
A reasonably large exuvia (Length 15-20 mm.) with a short
prementum. Like other Trithemis species, it has dorsal spines on
abdominal segments 3 to 9 which are mostly strongly pointing
upward. The dorsal spine on segment 6 is pointing upward but is
quite narrow at base. Abdominal segments 8 and 9 have relatively
long lateral spines; however, the lateral spines on segment 9 never
reach beyond half the length of the cerci. The paraprocts are long.
The exuviae of this species are very variable in color, from almost
transparent to dark.
This species belongs to the group of Trithemis with short
prementum and long paraprocts, which includes also T. kirbyi and
T. festiva. The strongly upward pointing dorsal spine on segment 6
recalls T. festiva; however, the spine of T. annulata has a relatively
narrow base whilst the one of T. festiva is broader. In the majority
of cases, the exuviae of T. annulata are large whilst those of T.
festiva are small, although in some cases both species overlap in
size. Trithemis arteriosa differs in that it has a long prementum and
short paraprocts and has more flattened dorsal spines, along with
T. kirbyi.
As other Trithemis species, T. annulata, looks similar to Brachythemis
impartita; however the latter has no dorsal spine on segment 3 and
has lateral spines on segment 9 that reach at least half the length
of the cerci. Other species, including Selysiothemis nigra or some
Sympetrum spp., also recall Trithemis but these species don't have
a dorsal spine on segment 9.

Trithemis annulata is rather catholic in its habitat requirements. It
can be found in large numbers on man-made reservoirs, but also
on large open lakes and lowland rivers. It occurs with other species
of the genus but appears to avoid small ponds.			
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Trithemis annulata
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Trithemis arteriosa

Distribution

Description

Comparison

Habitat

Like T. annulata, this species is one of the commonest African
dragonflies and occurs throughout much of Africa, Arabia and
the middle east up to southern Turkey in the east. It is well known
in the Canary Islands in the west. This species has shown limited
expansion in the Eastern Mediterranean including Cyprus and
Southern Anatolia. There has also been a single record from Crete.
This species is probably only a vagrant here.
A reasonably large exuvia (Length 15-20 mm.) with a long
prementum. Like other Trithemis species, it has dorsal spines on
segments 3 to 9, which are mainly thin and more or less flattened.
Exuviae from Asia (Turkey and Israel) show quite flattened dorsal
spines on segments 5 and 6, whilst those from the Canary Islands
are more upright. The dorsal spine on segment 9 is usually very
small. Segments 8 and 9 have small lateral spines. The paraprocts
are short. The exuviae are very variable in colour, from almost
transparent to dark. Exuviae from the Canary Islands show a
variable dark patterning on the dorsum.
This species is the only Trithemis with a long prementum and short
paraprocts. Because of its more or less flattened dorsal spines, the
species recalls T. kirbyi but the latter has a shorter prementum and
long paraprocts. Trithemis annulata and T. festiva have strongly
upward pointing dorsal spines, a short prementum, long paraprocts
and relatively long lateral spines on segments 8 and 9.
As other Trithemis species, T. arteriosa, looks similar to B. impartita;
however the latter has no dorsal spine on segment 3 and has
lateral spines on segment 9 that reach at least half the length of
the cerci. Other species, including Selysiothemis nigra or some
Sympetrum spp., also recall Trithemis but these species don't have
a dorsal spine on segment 9.
This species is rather catholic in its habitat requirements. It can be
found on man-made reservoirs but also on large open lakes and
lowland rivers and even in smaller water bodies like ornamental
ponds.
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Trithemis arteriosa
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Trithemis festiva

Distribution

Description

Comparison

Habitat

This species is essentially Asiatic in distribution, occurring in southern
Turkey and in Europe only on the nearby Rhodos Island. There is
no evidence that this species is expanding in Europe.
A small exuvia (Length 13-20 mm.) with a short prementum.
Like other Trithemis species, it has dorsal spines on segments 3
to 9 which are well developed. The dorsal spine on segment 6 is
strongly pointing upward and broad at its base. Segments 8 and
9 have relatively long lateral spines; however, the lateral spines on
segment 9 never reach beyond half the length of the cerci. The
anal pyramid has long paraprocts. The exuviae are mostly brownish
to dark without large colour variation.
This species belongs to the group of Trithemis with short
prementum and long paraprocts, which includes also T. kirbyi and
T. annulata. The strongly upward pointing dorsal spine on segment
6 recalls T. annulata; however that of T. festiva has a relatively
broad base whilst the one of T. annulata is much narrower. In the
majority of cases, the exuviae of T. festiva are small whilst those of
T. annulata are large, although in some cases both species overlap
in size. T. arteriosa differs in that it has a long prementum and short
paraprocts and, along with T. kirbyi, T. arteriosa has more flattened
dorsal spines. As other Trithemis species, T. festiva, looks similar to B.
impartita; however the latter has no dorsal spine on segment 3 and
has lateral spines on segment 9 that reach at least half the length
of the cerci. Other species, including Selysiothemis nigra or some
Sympetrum spp., also recall Trithemis but these species don't have
a dorsal spine on segment 9.
This species throughout much of its range has a clear preference
for brooks and shallow rivers with a sandy substrate covered with
boulders, often in forested hilly regions. It can be found with other
Trithemis species like T. arteriosa and T. annulata.
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Trithemis festiva
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Trithemis kirbyi

Distribution

Description

Comparison

Habitat

This species ranges throughout Africa, Arabia and India. The
species managed recently to colonize Europe, crossing successfully
the Gibraltar Straight and expanding subsequently in the south
and the East of Iberia. Single records from Sardinia and Lampedusa
referred to vagrant individuals only and the species could not
establish there. It is expected that a large part of Iberia will be
colonized up to the foothills of the Pyrenees in the near future, but
its ability to spread more North or in other European countries is
unknown.
A quite small exuvia (Length 14-20 mm.) with a short prementum.
Like other Trithemis species, it has dorsal spines on segments 3 to 9
which are mainly strong and flattened. The dorsal spine on segment
6 is almost horizontal, flattened and broad at its base. Segments 8
and 9 have relatively long lateral spines, but the lateral spines on
segment 9 never reach beyond half the length of the cerci. The
paraprocts are long. The exuviae show little colour variation and
are mostly light brownish to almost transparent..
This species belongs to the group of Trithemis with short
prementum and long paraprocts which includes also T. festiva and
T. annulata. Because of its more flattened dorsal spines, exuviae
of T. kirbyi recall those of T. arteriosa, but the latter has a longer
prementum. T. annulata and T. festiva have upward pointing dorsal
spines, especially on segment 6. In T. kirbyi, the dorsal spines are
mainly flattened. As other Trithemis species, T. kirbyi, looks similar
to B. impartita; however the latter has no dorsal spine on segment
3 and has lateral spines on segment 9 that reach at least half the
length of the cerci. Other species, including Selysiothemis nigra or
some Sympetrum spp., also recall Trithemis but these species don't
have a dorsal spine on segment 9.
In Spain this is primarily an insect of sluggish or even quite fast
flowing open rivers with rocky or stony banks and avoiding shaded
areas. In the Maghreb, the species is met on brooks, man-made
ponds in dry wadi and rocky rivers, both with slow and fast flowing
water.
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Trithemis kirbyi
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APPENDIX

Trithemis annulata

Length 15-20mm

1:1

Trithemis arteriosa

Length 15-20mm

1:1
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Trithemis festiva

Length 13-20mm

1:1

Trithemis kirbyi

Length 14-20mm

1:1
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CONCLUSION
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The identification key presented in this article shows that it is
possible to identify the exuviae of the four European species
of Trithemis. The genus Trithemis itself is relatively easy to
separate from other genera; however, the identification
within the genus remains one of the most difficult tasks for
Odonatologists.
The separation of T. annulata and T. festiva is the most
difficult as the differences are small and the respective ratios
must be measured with great accuracy. At present, the
distribution of T. festiva in Europe is limited to the island of
Rhodos in Greece and hence the difficulty is an issue only on
this island. More study of the exuviae of T. festiva is required
using a larger test sample to be measured and, therefore, to
confirm that the presently suggested characters are valid. In
addition, other identification features should be examined
although none could be recognized to date. The currently
known distribution of T. festiva excludes this species for
most of Europe; however a possible future expansion
would result in its current geographical distribution to be
an unreliable feature for separation.
The remaining two species: T. arteriosa and T. kirbyi show
greater differences and their separation is much more
straightforward.
Searching for exuviae can be difficult; timing is essential.
Too early in the season, the larvae are still in the water,
waiting for the perfect moment to emerge. Searching
too late in the season can cause the exuviae to have
been blown or washed away or to be destroyed by other
animals (ants, spiders, birds etc.). Visiting a site regularly is
the only reliable solution with an element of luck for real
success. For most Trithemis species, emergent vegetation
and shrubby margins at the edge of water bodies are most
likely to produce good collects along with boulders or logs
near the water. Exuviae should be stored completely dry in
boxes to prevent mould and in the dark to ensure colour
conservation.
Studies of exuviae can provide new insights into
populations size, biology and dynamics (RAEBEL et al.
2010, BROCHARD & VAN DER PLOEG, 2013)6, 7. Whereas
adult dragonflies can cover larger distances, exuviae
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remain in place as far as they will not be eliminated by
natural events and provide definite proofs of successful
breeding. In addition, estimating population size using
adults is generally unreliable due to imagos behaviour
(nomadism, vagrancy, migrations, territoriality, etc.) and
weather conditions, even using mark recapture technics.
Comparatively, daily or so collect of exuviae provides
realistic estimates of populations (BOUDOT, 2010)8.
In summary, the most reliable information on the status of
dragonflies in any particular area should be based both
upon exuviae and adult individuals.

(8) BOUDOT, J.-P., 2010.
Abondance, synchronisme
et sex-ratio à l’émergence
chez Epitheca bimaculata
(Charpentier, 1825) en
Lorraine (NE France).
Martinia, 26 (1/2): 9-17.
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