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Abstract. Sympecma fusca and Coenagrion caerulescens mainly deposit their eggs into floating dead parts of emergent plants. In 
their initial choice of oviposition site (selection of landing site) S. fusca  does not distinguish between fresh and dead plant material, 
whereas C. caerulescens significantly prefers dead material. In S. fusca, the missing discrimination of the plant condition in the 
choice of the landing site is explained by its oviposition period in the beginning of the vegetation period when the green plant mate
rial is rare. C. caerulescens reproduces in summer and finds dead and living plants side by side. I suggest that in the latter species an 
early recognition of dead material is advantageous because of the reduction of the expense in searching.

INTRODUCTION
Zygoptera deposit their eggs into plant material. Their choice 

of oviposition site may be divided into three steps, (1) selection 
of a landing site (= “initial preference”; Waage, 1987), (2) 
choice of the insertion site, and (3) the deposition of eggs. In the 
selection of a landing site distinct plant structures, water reflec
tions, size and locality of the substrate as well as conspecifics 
are important stimuli (Martens, 1992, 1993, 1994; Waage, 
1987). Three aspects can be suggested as important: (1) the off
spring should be placed at the best site for further development. 
(2) The ovipositing female or pair should minimise the preda
tion risk. (3) The duration of oviposition should last as short as 
possible to have more time for foraging, for further mate 
searching and to achieve shorter interclutch intervals. The last 
two aspects are especially important because adult females pro
duce eggs continuously during their life span and the reproduc
tive success of both sexes depends on longevity (Banks & 
Thompson, 1985, 1987).

Dragonflies loose considerable time in testing possible ovipo
sition sites without success (Martens, 1992) which prolongs 
their daily reproductive period. A zygopteran species should 
evolve an early recognition of a suitable oviposition site. In this 
paper I will focus on the recognition of plant condition in ovipo
sition site selection. Choice experiments were made with two 
different species, both of which deposit eggs in tandem and 
mainly use dead plant material. However, one species (Sym
pecma fusca) probably rarely encounters living macrophytes in 
the water while the other (Coenagrion caerulescens) does. Thus, 
discrimination is more likely in the second species. This was 
tested by choice experiments with living and dead plant material 
in the field.
MATERIAL AND METHODS

Sympecma fusca (Vander Linden, 1820) is a medium-sized 
zygopteran, widely distributed in Europe, North Africa and 
western Asia (Jodicke, 1997). Both sexes are inconspicuously 
brown. The reproductive period lasts from mid March to early 
May. Oviposition was studied between 1989 and 1995 in the 
“Birkenmoor” (52°27'15"N, 10°27'10"E) near Gifhorn, northern

Germany. The bog pond had a maximum size of 200 x 120 m 
and showed significant markings of overgrowth and eutrophica
tion. The vegetation was dominated by Typha latifolia and 
Carex spp. Beside this Eriophorum sp., Scirpus silvática, 
Juncus effusus and Eleocharis palustris grew in smaller areas. 
In April and early May, the water was rich in dead, floating 
plant material, mostly brown T. latifolia leaves. Only Carex and 
Eriophorum were fully grown, while Typha emerged above the 
water and Potamogeton natans, as well as Nymphaea alba, 
appeared with their first floating leaves.

The choice experiment described here was conducted on 1 
and 2 April 1990. Within an area of 3 x 4 m I removed the plant 
material suitable for oviposition, and exposed 6 green and 6 
brown T. latifolia leaves, each 30 cm in length, alternately in 
two rows. The green pieces were parts fromjust emerged plants, 
the brown ones from dead plants from the previous year. When 
a tandem landed on the substrate, the position, duration of stay 
and behaviour were recorded.

Coenagrion caerulescens (Fonscolombe, 1838) is a medium
sized zygopteran, the body is blue with sexually dimorphic 
black markings. It is distributed in south-western Europe and 
North Africa and inhabits running waters (Schmidt, 1959). The 
flight period lasts from May to August (Wendler & Nüss, 1991).

The species was studied from 20 to 30 June 1993 at the Canal 
de Vergiéres (southern France, 5°18'20"N, 10°4'20"E). This 
canal and its dragonfly fauna were described in detail by Reh- 
feldt et al. (1991) and Schridde & Suhling (1994). Discrimina
tion experiments were performed on a stretch with a width of 
2.2-4.0 m and a maximum depth of 0.5 m. The vegetation con
sisted of Mentha aquatica, Typha angustifolia, Scirpus 
holoschoenus, Potamogeton coloratus, Juncus sp., Chara spp., 
and Rubus ulmifolius.

During previous observations it was striking that pairs con
centrated on distinct localities and females mainly oviposited 
into dead brown plant material. For this reason I undertook an 
experiment which tested simultaneously aggregation behaviour 
and the preference for a distinct plant material. A pair of 
wooden sticks forming a frame were placed in a floating Chara 
mat at a distance of 0.7-0.9 m from the bank. Between these 
sticks I pinned different pieces of Scirpus holoschoenus leaves,
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30 cm long and 0.4 cm wide. Two sites consisted of one green 
and one brown piece at a distance of 30 cm.

Dead conspecifics were used as models in the experiment. 
Specimens were caught and prepared just before starting. The 
models were fixed to one pair of leaves with insect pins. 
Females were placed in an egg-laying position, while males 
were fixed at the level of the prothorax of the female in a ver
tical position. In a second treatment the tandem was replaced by 
a male in vertical position.

When a tandem landed at one of the prepared substrates the 
direction of approach, the landing site, the duration of stay and 
behaviour of the pair were recorded. If a female touched the 
plant material with her abdomen this behaviour was considered 
as an attempt to oviposit. After the tandem had flown off, the 
model was pinned to the alternative site. C. caerulescens and C. 
mercuriale, which are very similar in size, colour and body 
markings, were present during the same period on the canal. 
Using a field monocular I could distinguish between this species 
and C. caerulescens by the abdominal markings on segment 6 of 
the male (Wendler & Nuss, 1991).
RESULTS
Sympecmafusca

In the Birkenmoor, S. fusca  females mainly oviposited into 
floating fragments of Typha latifolia grown the year before but 
they also used dead parts of Eleocharis palustris and Carex spp. 
Eggs were always placed in horizontal material. They were 
inserted in the upper side or laterally in wet plant parts at orjust 
below the water surface. Each egg was inserted into its own 
incision in irregular patterns but parallel to one another in plant 
tissue. Females also palpated fresh floating Carex leaves, but 
there was no evidence of any oviposition. In one case, eggs 
were deposited into the fresh floating leaves of Nymphaea alba, 
where, contrary to all other plants recorded here, eggs were 
visiblejust after deposition.

During the experiments the pairs showed no clear preference 
for dead brown material with 12 landings on green and 17 on 
brown plant pieces (%2 = 0.86; d.f. = 1; N.S.). In landing, the 
tandem-male settled and took a horizontal position. The female 
then curved her abdomen and touched the plant material with 
her ovipositor, brown pieces for a mean of 24.3 s (± 17.0 s; n = 
8), green ones for 13.2 s (± 6.2 s, n = 5). In three further land
ings, two of them on green pieces, the female held her abdomen 
straight.

I removed floating leaves from the water surface without dis
turbing oviposition. Thus the movement of the ovipositor could 
be examined from close up. However, although deposition of 
the eggs was not clearly observable, the tip of the valvulae 
including the styli touched the substrate, the sabre-shaped proc
essor was spread out and placed on the surface. Both leaves of 
the processor sank into the plant material to their base and the 
ventral part of the valvulae came in contact with the plant mate
rial. During the drawing out movement, the processor was 
spread out less significantly. Insertion movements followed 
each 12.7 s (± 2.4 s s.d.; n = 42). The insertion rate for series of 
more than 5 incisions without interruption was 5.5 incisions per 
minute (± 2.3 incisions per minute s.d.; n = 5). Beside deep 
insertions females also made shallow incisions, not leading to 
egg deposition. Between insertion movements the female pal
pated the material for a short time. During these periods, as well 
as during insertion movements a water meniscus connected the 
ovipositor and the substrate. When the substrate had no water 
contact it started to become dry on the surface. When the 
meniscus disappeared the female stopped palpating and the 
tandem took off. By moistening the material continuously I suc

ceeded in prolonging the stay and oviposition of a tandem for up 
to6.5 min.
Coenagrion caerulescens

After copulation the males accompanied their mates in tan
dem. The females settled; males remained in a vertical position 
on the prothorax of the female without moving. Only during 
windy conditions did they settle too. Pairs commonly per
formed oviposition behaviour on dead floating leaves of Scirpus 
and Juncus. From 46 cases observed 73.9% lasted up to 20s 
(minimum = 2 s), 15.2% longer than one minute (maximum = 
14 min 43 s). They formed groups of up to 5 tandems on a 20 
cm long section of a Scirpus leaf. In one case an egg laying 
female became submerged, only her wings distal of the nodus 
remained outside of the water, the tandem male grasping a blade 
submerged to his third abdominal segment.

In the course of the experiments tandems landed on sites with 
models of conspecifics only (Table 1). They preferred the dead 
brown leaves significantly (Table 2). In 27 landings (= 90%) the 
female curved her abdomen immediately and touched the sub
strate for a mean of 11.0 s ± 8.6 s s.d. (maximum = 44 s, n = 
20). Three times the female held her abdomen straight (twice at 
green, once at brown piece). In tandems landing a second time 
(Table 2) the females always touched the substrate with their 
ovipositors. Pairs of C. mercuriale which passed the experi
mental site never landed on the Scirpus leaves. However, they 
landed on nearby Chara.
DISCUSSION

Sympecma fusca  and Coenagrion caerulescens deposit their 
eggs in dead plant tissue, but they have different means of ovi
position site selection. This may be closely related to their dif
ferent flight seasons. Before comparing both species the results 
will be discussed for both species separately.

After overwintering in the adult stage S. fusca  is the first 
dragonfly which appears in Central Europe. Reproduction 
mainly takes place in April, oviposition being well described by 
Geijskes (1929), Klein (1932), Loibl (1958), Munchberg (1933)

Table 1. Choice of oviposition site of Coenagrion caerules
cens. Models of conspecifics were alternately fixed to one of 
two pairs o f Scirpus holoschoenus leaves.

Model
Landing on site Difference from 1:1
with
model

without
model x 2 P

Ovipositing tandem 14 0 14 <0.001
Vertical male 13 0 13 <0.001

and Robert (1958). As a rule, the female deposits eggs into dead 
plant material, but, as shown in the experiments, there is no 
preference. Tandems land on all floating plant pieces and 
females utilise them if suitable, as suggested by Robert (1958). 
During the reproductive period of S. fusca, from March to May, 
plant debris formed by waves and ice-floes is floating on the 
water. S. fusca  uses them for oviposition when they are soft. 
Other plants suitable for oviposition are mainly missing at that 
time. Water plants have just started to grow and fresh parts are 
rare on the water surface. Vertical stems and leaves of emergent 
plants are less suitable. Above the water they are too dry and the 
eggs probably can not develop. The small section below the 
water surface which is in reach of the female's ovipositor 
without submerging may dry out too rapidly, when the water 
level decreases in springtime. Therefore, wet pieces floating on 
the water are optimal.
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Table 2. Choice of oviposition site of Coenagrion caerules- 
cens. Test between fresh green and dead brown leaves of 
Scirpus holoschoenus. The first and second, subsequent landing 
of pairs were recorded, no other dragonflies were present 
during this time.
Number of 
landings

Landing and 
ovipositor contact on Difference from 1:1

brown leaf green leaf x 2 P
First 26 1 23.1 <0.001
Second 16 1 13.2 <0.001

Robert (1958) reports that S. fusca  inserts eggs every 2-3 s. 
This corresponds to an oviposition rate of 20 to 30 eggs per 
minute. Bick et al. (1976) refer to Robert, but state an egg depo
sition rate of 120-180 eggs per minute. This erroneous state
ment is cited by others (e.g. Waage, 1978) and is important, 
because, if being correct, it would be by far the highest known 
deposition rate of an odonate depositing eggs endophytically. I 
cannot confirm this rate. With a mean of 5.5 insertions per 
minute S. fusca oviposits significantly slower than reported by 
Robert (1958).

The reproductive behaviour and habitat selection of Coenag
rion caerulescens has not been thoroughly investigated so far. 
According to Jurzitza (1988), C. caerulescens deposits into 
living and dead plant pieces, Schmidt (1959) observed oviposi
tion behaviour on Nasturcium sp. According to the experiments 
described here, one can suggest that dead wet plant tissue is 
nearly exclusively used for oviposition. The experiments clearly 
show that dead soft material is significantly preferred. This is 
necessary because during the flight season of C. caerulescens an 
entanglement of dead and fresh plant debris lie in the water. 
Both materials are comparable in their size and position, but 
dragonflies may distinguish them by their surface characteristics 
or colour. The ability or motivation to quickly distinguish 
between them is particularly required when one of the substrates 
present is not suitable and searching for a suitable oviposition 
site costs time and energy. In the case of emergent plants I sug
gest that Odonata species which have no diapause in the egg 
stage only successfully oviposit into dead and therefore soaked 
parts. Fresh tissue has a lower water content than dead plant 
material in water. Moreover the tough epidermis of the living 
plant better resists to female’s ovipositor.

Additionally, oviposition site selection in C. caerulescens is 
influenced by the presence of conspecifics and often groups of 
ovipositing pairs form up, as in other Coenagrion species (Mar
tens, 1989, 1994). The vertical tandem-male is a sufficient 
stimulus.

The genera Sympecma and Coenagrion have no diapause in 
the egg stage (Geijskes, 1929, Waringer & Humpesch, 1984) 
and they have to deposit their eggs in a wet milieu. For S. fusca 
and C. caerulescens, the floating dead parts of emergent macro
phytes are the best sites for oviposition. Living emergent plants 
should be avoided. But, mechanisms of oviposition site selec
tion are quite different in both species. S. fusca  is not familiar 
with fresh emergent plants and can not discriminate whereas C. 
caerulescens which finds dead and living plants side by side 
selects clearly.
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