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Abstract:

Lepidurus couesii PAcKARD, 1875, a new large branchiopod species for Serbian fauna was reported. Speci-

mens of both sexes were collected on the periphery of the city of Belgrade in northern Serbia, in the
flooded area of the Sava River. The finding is based on the analysis of mature individuals of both sexes.
The evidence of new taxon has derived from a level of development of the main body parts which are
considered as diagnostic for this species. Present results will expand the knowledge of distribution of this
species in Europe to the area of Western Balkans. Since the bisexual population is recognized as highly
female-biased, there is a need for further detailed information about the mode of reproduction in Serbian

population of L. couesii.
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Introduction

The Notostraca are branchiopod crustaceans with
a world-wide distribution. Recent Notostraca are
present in all continents, except Antarctica (BRTEK &
THIERY, 1995, BRENDONCK ef al. 2008). Data derived
from the recent and fossil records, revealed a high
morphological stasis in this group of crustaceans
(WaLLOsSEK 1993, MATHERS et al. 2013). Remarkable
fossil evidence has been dating back to the Devonian, pro-
viding notostracans to be referred to as “living fossils”
(DARWIN 1859, OLeseN 2007). However, based on mo-
lecular data, current species have evolved quite re-
cently and are not living fossils. Its close resemblance
with fossil taxa is result of the highly conserved gen-
eral morphology and of homoplasy, rather than the
evolutionary stasis in this group (VANSCHOENWINKEL
et al. 2012). The only family, Triopsidae, has two
extant genera: Triops ScHRANK, 1803 and Lepidurus
LEAcH, 1816. These two genera show clear morpho-

"Corresponding author draganam@bio.bg.ac.rs

logical differentiation, and can be distinguished on
the basis of caudal lamina (supra-anal plate, accord-
ing to LINDER 1952), present only in Lepidurus.
Within the genus Lepidurus, the most wide-
ly distributed species is L. apus L. referred from
Europe, Asia, Africa, America, New Zealand and
Australia (LONGHURST 1955, BRTEK & THIERY, 1995).
The North-American endemics are L. bilobatus
Packarp, 1877, L. lemmoni HoLMES, 1894 and L.
packardi Smon, 1886 (KNG & HanNeEr 1998) as
well as L. lynchi LINDER, 1952 and L. cryptus D. C.
Rogers, 2001, which has been described recently
from Nevada and California (LINDER 1952, ROGERS
2001), respectively. For the taxon L. apus lubbocki
BrAUER, 1873 (which distribution is limited to the
Mediterranean region), MaNTovaNI et al. (2009)
suggested full species status as L. lubbocki BRAUER,
1873. Same authors also documented a sister rela-
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tionship between the Holarctic species L. couesii
Packarp, 1875 and the circumpolar, glacial relict L.
arcticus (PaLLas, 1793) (MaNTOvaNI et al. 2009).

L. couesii was first described from the North
American continent (PAckArD 1875). However, this
species is considered as a widely distributed complex
(according to MaTHERS ef al. 2013), which presence
was being subsequently reported from Mongolia
(BRrTEK et al. 1984), Syria (THiERY 1996), Apennine
Peninsula (ScanaBist ef al. 2006), Romania (DEMETER
& Stoicescu 2008), and from the European part of
Russia (Siborovsky et al. 2014). According to BRTEK
& Thikry (1995), it is a typical “North American and
Asian species that has spread westwards to eastern
Romania”.

So far, only L. apus has been recorded in Serbia
(PeTrROV & CvETKOVIC 1997). This species occurs
mainly in spring in a wide variety of ephemeral wet-
land habitats, and may be able to tolerate temporary
drying conditions. Beside their adaptation to desic-
cation, another adaptation to the habitat ephemeral-
ity is the short life cycle of two weeks (CVETKOVIC-
MiLicic & PETrov 1999). However, during the period

2008-2016, we identified several new sites with large
branchiopods (Luki¢ ef al. 2012). For some samples,
an additional taxonomic analysis was needed.

This paper reports the first record of L. couesii
in the territory of Serbia and Western Balkans, con-
tributing to the knowledge of the distribution range
of this species in Europe.

Material and Methods

Site description

The survey for this study was carried out in dif-
ferent periods between April and September 2008 in
the several parts of Serbia. During the survey period,
we visited many potential habitats and identified
some new sites with the large branchiopod fauna.
One of the sites lies in the vicinity of Belgrade in
the flooded area near Sava River (N 44.770445;
S 20.350340) at the altitude of 132 m (Fig. 1).
Geographical position of the site and the altitude
were recorded by a handheld GPS. This area is a part
of the wider drainage canal network, constructed in
the purpose of controlling the regime of groundwa-
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Fig. 1. Geographic position of the site referred to in this study (the original habitat is shown in small picture)
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ter and prevention the overflow of excess water from
the northern lowlands. The amount of water and the
water retention at the site is also affected by precipi-
tation and hydrological characteristics of the Sava
River. Area receives about 680 mm of precipitation
a year, with late spring being wettest. The annual hu-
midity is between 60% and 80%. In the period of
sampling, average air temperatures were between 12
and 22°C.

The sampling habitat is situated in a marshy area
near the channel. It was covered with grassy vegeta-
tion, and scarce forest alongside the river flood plain.
The depth was between 10 and 50 cm. Specimens
were collected from 0.3-0.5 m deep zone. The bot-
tom was covered with rotting leaves, mud and soil.
Physical properties of water were as follows: tem-
perature 19°C, conductivity 0.04 S m™, salinity 0.02
mg/l, pH 7-8, dissolved oxygen concentration 6.8
mg/l. Parameters were measured in the field using the
WTW Multi-Parameter Meter 340i Set. Other inver-
tebrates, i.e. cladocerans, copepods, ostracods, gastro-
pods, insect larvae and the freshwater cnidarian Hydra
sp. were main co-existing animals at the site.

Sample analysis

Samples were collected with a hand nets (mesh
size150 pm for plankton and 1 mm for epibenthos)
and immediately fixed in sifu in ethanol. The taxo-
nomical diagnosis of species was based on analy-
sis of individuals collected in May 2008. Smaller
specimens have not attained complete development,
and males may resemble young females of the same
length. Due to this reason, we used only the speci-
mens with a carapace length of 15 mm or more for
morphological analysis (LyncH 1972, RoGers 2001).
Sex was identified by the presence of a hemispheri-
cal ovisac in the eleventh thoracopod, which is the
character that unequivocally separates females (and
hermaphrodites) from the males (MATHERS et al.
2013). Specimens were determined according iden-
tification keys given by LoNGHURST (1955), LINDER
(1952), LyncH (1972) and Rocers (2001). All speci-
mens were stored in the Institute of Zoology, Faculty
of Biology in Belgrade.

A total of 5 males and 32 ovisac-bearing indi-
viduals (females) of the same size class were select-
ed for taxonomical analysis. Due to the fact that we
found a small number of males, only ovisac-bearing
individuals were considered for statistical analysis.
However, since the male characters occur as an inte-
gral part of species descriptions in the literature, we
included them in morphological analysis. However,
we considered them only for descriptive purpose
and to obtain the tentative impression of sexual di-

morphism in examined population. Taxonomically
important morphological characters were studied
in both sexes, as follows: a total body length (“'L),
measured from the anterior edge of carapace to the
end of caudal lamina (without the rami); length of
carapace measured along the median line and width
of carapace (CL and CW); length of abdomen (AL);
and length of the caudal lamina in dorsal view (°IL).
The ratios of “L/CL, AL/CL, CL/CW were calcu-
lated from each individual. A total number of pairs
of legs (PL), number of body rings not covered by
the carapace (PS) and number of legless rings (L, _S)
were counted. All variables were tested for normal-
ity. We also recorded the following character states:
the number of body rings, the arrangement of the
spines on posterior margin of the carapace (sulcus
according to RoGers 2001), the presence/absence of
spines of dorsal side of carapace (the carinal arma-
ture). We also studied the shape of exopodit of the
first trunk appendage, as an important distinctive
character between L. apus and L. couesii (according
to BRTEK ef al. 1984). Further, we observed a posi-
tion of a nuchal organ with respect to the zone of the
compound eyes (LINDER 1952).

A Carl Zeiss Stemi 2000 binocular stereomi-
croscope with an AxioCam MRc digital camera was
used in this study. Digital images of whole speci-
mens were taken with Sony DSC F828 (resolution
8.0 MP; Sony Corp., Tokyo, Japan). All measure-
ments were made on digital photographs using the
program AxioVision SE64 Rel. 4.9.1 Software (ver.
4.2 for Windows, Carl Zeiss, Miinich, Germany).
A detailed morphological structure of diagnostic
body parts significant for determination of species
were examined with a Nikon SMZ 1270 binocular
stereomicroscope connected with a Nikon DS-Fi2
digital camera and Nikon DS-L3 camera controller.
Statistical analysis was conducted with IBM SPSS
Statistics software.

Results

Data of the occurrence of L. couesii in Serbia are
based on the analysis of several morphological char-
acters significant for determination of species. The
bisexual population is recognized as highly female-
biased. The mean male/female ratio in population
was of approximately1/25, and males comprised a
mean of 3.94% of the whole population. The range
of the key characteristics (based on females’ mor-
phology) and measurements (mean, minimum, max-
imum and standard deviation) is provided in Table 1.
The extent to which diagnostic body parts were de-
veloped is presented on illustrations (Fig. 2 and 3).
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Table 1. Body characteristics of L. couesii from Serbia (based on female data):CL=carapace length, CW=carapace width,
AL=length of abdomen not covered by the carapace, “L=length of caudal lamina, “'L= total length, PS=number of posterior seg-
ments not covered by the carapace, L, S= number of segments without legs, PL= pair of legs (lengths expressed in mm, measured

to the nearest 0.1 mm)

CL CwW AL L fof,

PS | LS | PL | “L/ICL | CLICW | AL/CL

Mean 18.43 11.06 1.85 3.04 23.33

3.19 431 37.31 0.16 1.67 0.10

Min 15.86 9.85 0.21 2.32 19.14

34 0.14 1.46 0.01

Max 21.06 12.51 4.05 3.66 27.36

39 0.20 1.79 0.23

SD 1.49 0.74 1.08 0.39 1.94

2.07 0.47 1.23 0.01 0.08 0.06

Relative size of the caudal lamina to the cara-
pace length (°L/CL) was in range of 0.14-0.20. It
surely represents the most relevant taxonomic cri-
terion of those tested here, at least in gonochoric
females (SD=0.01; N=32). Also, variability of the
characters CW, “L, L _ S, CL/CW and AL/CL were
comparatively low. On the other hand, a total body
length and number of posterior segments not covered
by the carapace were the most variable characters.

Large, shield-like carapace covers the anterior
half of trunk of animals (Fig. 2 a,b). All analyzed
specimens possess an elongated caudal lamina (su-
pra-anal plate), which is slightly widening medially,
then narrowing towards the apex. Its median carina
is slightly bulging, covered with numerous spines
of different size (Fig. 2 c,d). Other diagnostic body
parts significant for determination of species are pre-
sented on Fig. 3. Oval nuchal organ lies partly be-
tween the lobes of the ocular tubercle of fused eyes,
as is shown in Fig. 3a. Medio-dorsal carina on the
carapace is smooth. The spines on carina were not
recorded in any specimen. Terminal carina-spine is
present in both sexes. Larger sulcal spines are slight-
ly rounded and single smaller spines separating the
larger ones (Fig. 3b). Exopodite of the first thoracic
appendage is elongated proximally and distally, with
medial constriction (Fig. 3c, arrow).

Differences between sexes

A total body length of females from anterior margin
of carapace to tip of caudal lamina (without the cer-
copod rami) was 19.14 to 27.36 mm. The number
of body rings (body segments) was 25 — 27. Mature
females have segmented body with 34 to 39 pairs of
legs (trunk limbs) and 4 — 5 apodous segments, re-
spectively. Carapace is elongated, covered almost all
trunk segments. It is bent ventrally and completely
covers the lateral sides of the body. Sulcus is with
45 — 69 spines. The number of posterior segments
not covered by the carapace was 0 to 7.

Similarly as in females, males had body length
of 19.26-24.53 mm. The number of body rings was
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Fig. 2. General aspect of adults (dorsal view): a) Male
external morphology; b) female external morphology; ¢)
degree of development of the caudal lamina in males; d)
degree of development of the caudal lamina in females

25-26. They had 33-38 pairs of legs and 4-5 apodous
segments. However, they possessed shorter, flatter and
more rounded carapace than the females. On average
carapace covered a smaller area of the trunk than in
females. Sulcus was with 41-62 spines. Males had
smaller telsons but longer caudal lamina relative to
the females (Fig. 4). Also, the relative size of the cau-
dal lamina to the carapace length (L/CL) had higher
values in males compared to females (Fig. 5).

Since only 5 males were available for morpho-
logical analysis, morphological parameters indicat-
ing the sexual dimorphism are rather descriptive and
should be considered with caution.
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Fig. 3. Diagnostic body parts significant for determination of species: a) Shape and position of nuchal organ; b) spine-
less carina with the terminal carina-spine (*), and sulcus with spines (arrows); ¢) exopodit of first leg.
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Fig. 4. Mean carapace length (CL) values and mean length
of caudal lamina (“'L) values for females and males, with
one standard deviation. Values are expressed in mm

Discussion

Despite of the extensive publishing of new data on
distribution of large branchiopods, information of
L. couesii in Europe has remained scarce. So far,
this species was reported from several habitats in
Mediterranean region (eastern Italy) and from steppe
zone of Eastern Balkans in Romania (BRTEK & THIERY
1995, Scanagist et al. 2006). This also suggested to
the possibility that L. couesii could also inhabit other
steppe lowlands of Balkan Peninsula. The new record
in Serbia presented herein extends distribution of this
species to the territory of Western Balkans.

Based on common morphological criteria (cf.
LonNGHURST 1955), the size of the supra-anal plate
in the recently founded population is distinctively
larger than in the closely related species L. apus,
which has previously been reported from Serbia
(Cvetkovie-MiLicie & Petrov 1999). In addition,
the long caudal lamina (supra-anal plate) with prom-
inent median carina (“middorsal keel” according to
LinpER 1952) and other characters provided a strong
correlation with the species L. couesii (compared to
data published in LINDER1952, LyNcH 1972, BRTEK et
al. 1984, Rocers 2001). According to body length,
our specimens could be attributed to the small

Ratio

0.4 1 DOFemales
B Males

0.3 1
0.25 -

0.2 1

0.15 4

0.1 A

0.05 1

ler

Fig. 5. Mean ratio of caudal lamina length and carapace
length (“L/CL) values for females and males, with one
standard deviation

ones (sensu Rogers 2001). Body length was simi-
lar in males and females. However, LINDER (1952)
and LoNGHURST (1955) suggested that this character
might not be of a higher discriminatory power due
to a high variation, even within the same population.
This is because the body segments can be naturally
incomplete, partially reduced, extended or even spi-
ral-developed. Also, there is no always strong cor-
relation between the number of legs and the body
rings. This plasticity in external morphology and
extensive variation in individual characters makes
the obstacles in accurate classification of species
(Rogers 2001).Variation in body size could be also
appear due to contraction of segments when placed
in ethanol, since the fixation fluids can affect the size
of soft tissues of crustaceans (BELADJAL & MERTENS
1999, JARVINEN et al. 2014). However, shrinkage
takes place only in the body segments, not in the
chitinized parts such as the carapace, or last segment
(telson) with caudal lamina. Results obtained from
Serbian specimens proved that those characters are
the most relevant for taxonomy and very useful for
distinguishing males from the females in the particu-
lar population.

Data reported here also indicate that carapace
measurements showed a relatively low variability
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within population, and that the shape of the carapace
can be relevant for distinguishing males from the fe-
males. Carapace widely covers the animal body in fe-
males, which means better protection from predators
and greater safety for the eggs. This could have a strong
influence on survival, since the Serbian population of
L. couesii is located nearby the permanent water body
(the Sava River) from which predators could switch
to the habitat. On the other hand, broader, flattened,
short, and rounded carapace of the males is probably
associated with the increased general mobility and a
more active behaviour. Long and freely abdomen not
covered with carapace can provide better swimming
and searching for prey (Lakka 2015). In environment,
the above differences can also be seen as a response to
predation pressure (Korn & HUNDSDOERFER 2016) and
to other local environmental factors, or even as adap-
tation to escaping, or avoiding cannibalism, which is
common in Notostraca (Lakka 2013, 2015; personal
observations). Cannibalistic behaviour by females
can make increasing mortality rate in males, which
could lead to biased female/male ratio in population
(BERNING et al. 2012).

Even the small abundance of males suggests
bisexual nature of Serbian population of L. couesii,
with assumed presence of cross-fertilization within
the population. It was to be expected, considering
that glacial refugia in the southern parts of Europe
(where the Balkan Peninsula is geographically lo-
cated) was marked as area of spreading the bisexual
populations of Notostraca with high haplotype di-
versity. In accordance with this, the presence of gon-
ochoristic mode of reproduction has been hypoth-
esized to be the ancestral state in the group (ZI1ErRoLD
et al. 2007).

On the other hand, the hermaphroditic and an-
drodioecious reproductive modes could be rather
found at higher latitudes (at about N49.329 and
above) compared to gonochoric ones (MATHERS et al.
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