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Abstract: The living euryhaline species Cyprideis torosa (Jones) undergoes morphometric variations in size, noding and
sieve-pore shape linked to environmental parameters. In particular it is known that salinity values around 8–9‰ represent the
osmoregulation threshold and the turning point between smaller and greater valves and prevailingly noded as opposed to
un-noded valves. Here, a character never studied before is analysed: the relationship between salinity and the C. torosa valve
outlines, especially the morphology of the ventral border. Geometric–morphometric analysis was carried out on different
populations of C. torosa collected in oligohaline (Massaciuccoli marsh, Tuscany, and Lake Trasimeno, Umbria) and
hyperhaline waterbodies (Trapani–Paceco salt pans, Sicily). The results indicate that the species displays two morphotypes: a
dominant one, characterized by a straight ventral border; and a morphotype with a sigmoidal profile ventral border. This latter
morphotype seems to be related to higher salinity: the oligohaline waters are characterized only by C. torosa individuals with
straight ventral outline, while the hyperhaline environments are marked by the occurrence of 17.6% of sigmoidal individuals.
Furthermore, the sigmoidal ventral border is more emphasized in males than in females.

Keywords: Ostracoda,Cyprideis, geometric–morphometric analysis, ecophenotypic morphotypes, oligohaline environments,
hyperhaline environments, Italy

Received 13 May 2016; accepted 6 June 2016

Among benthic invertebrates, ostracods are particularly sensitive to
environmental changes, being strongly dependent on several
physico-chemical parameters: temperature, waterbody turbidity,
energy level, chemistry of the water, dissolved oxygen content, food
supply and nature of the substrate (Rodriguez-Lazaro & Ruiz-Muñoz
2012). Thus, they represent valuable proxies for environmental and
palaeoenvironmental reconstructions.

The euryhaline species Cyprideis torosa (Jones) can withstand and
thrive in a very wide range of salinity (from 0.4 to 150‰ according to
Neale (1988) and Griffiths & Holmes (2000)), but its carapace records
salinity variations through changes in some morphological traits. This
species is thus commonly regarded as a valuable palaeosalinometer for
the Quaternary marginal-marine and athalassic brackish deposits (Pint
et al. (2012)with references therein).Many ecophenotypic studies have
been carried out on C. torosa. Since the pioneering studies by Schäfer
(1953), Sandberg (1964), Vesper (1975) and Rosenfeld & Vesper
(1977), it is known that this species undergoes morphological
variations in size, ornamentation, noding and sieve-pore shape linked
to physical and chemical environmental parameters (especially
salinity), testifying to a clear environmentally cued polymorphism
(Carbonel 1982; Aladin 1993; Van Harten 1996, 2000; Keyser &
Aladin 2004; Keyser 2005; Boomer & Frenzel 2011; Frenzel et al.
2011, 2012; Boomer et al. 2016, among others). Gliozzi et al. 2016
have shown that the valve outline is genotypically fixed, independent
from environmental changes. However, in some populations of C.
torosa a few specimens occur that display an anomalous sigmoidal
ventral margin in lateral outline (Fig. 1). The aim of this work is to
evaluate the occurrence of this trait through geometric–morphometric
analysis and look for possible correlations with the salinity range.

Material and methods

Living and Recent populations of C. torosa from different
environmental conditions were sampled from the Massaciuccoli
marsh (Tuscany, Recent), Lake Trasimeno (Umbria, living) and
Trapani and Paceco salt pans (Sicily, Recent) (Fig. 2; Table 1).

TheMassaciuccoli palustrine marsh is amongst the most important
wetlands in Tuscany. It is a coastal lagoon with fresh to oligohaline
water located at the foot of the southern Apuan Alps, which drains a
total basin area of about 112 km2 and opens to the sea by way of an
artificial channel (Baneschi 2007). A sampling campaign of the
present palustrine bottom was carried out during June 2015.
Cyprideis torosa populations analysed in this work are from 5
samples collected on the NE shore of the lake at depths between 0.9
and 2 m, bottom temperature from 24.5 to 26°C, bottom pH 7.65 – 8
and salinity values between 0.6 and 0.77‰, in the oligohaline range.

Lake Trasimeno (Umbria) is the largest Italian shallow endorheic
lake (average depth around 4.7 m) located within the central
Apennine chain at an elevation of 252 m above sea-level. The
present lake bottom was sampled during July 2014 along the
southern and southeastern shores of the lake and on a north–south
transect from Polvese Island to the Anguillara Channel
(Marchegiano, M., Gliozzi, E., Ceschin, S., Mazzini, I., Mazza,
R. & Ariztegui, D. submitted. Investigating the living ostracod
assemblages of Lake Trasimeno (Umbria, central Italy). Journal of
Limnology, Pallanza). Cyprideis torosa specimens were collected
from 22 samples at depths between 1.4 and 5.2 m, bottom
temperature from 23 to 25.3°C, bottom pH 7.4–8.7 and salinity
values between 0.84 and 0.89‰, in the oligohaline range.
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The Trapani–Paceco salt pans (southwestern Sicily) are one of the
most important natural reserves of the region (Maccotta et al. 2013)
and, at present, they produce more than three thousand tons of salt
per year. Cyprideis torosa specimens were collected during May
2015 from four different salt pans: Salinella, Bella, Maria Stella and
Galia. Measured salinities in situ gave hyperhaline values of 60, 99,
119 and 137‰, respectively, but since only dead carapaces and

loose valves were recovered, the salinities of the different ponds
were calculated through the transfer function elaborated by Frenzel
et al. (2011) and Pint et al. (2012) on the basis of the percentage of
the rounded sieve pores (the correlation coefficient between
measured and estimated salinities of this transfer function is
R2 = 0.95). Consequently, the salinities inferred at the moment
when C. torosa was living are as follows: Maria Stella 44‰, Galia
61‰, Salinella 70‰ and Bella 80‰, still in the hyperhaline range.

Samples from Massaciuccoli, Trasimeno and Trapani–Paceco
were preserved in the field in 75% ethanol, washed in the laboratory
with tap water through a 125 μmmesh sieve and dried in an oven at
40°C. Manual picking was carried out under a stereo-microscope on
the dried sieved samples to reach up to 300 valves. Using stereo-
microscope and scanning electron microscope (SEM) photographs,
geometric–morphometric analysis on female and male valves was
performed. Photos were processed with the tpsDig software (Rohlf
2009) to digitize the valve outline. Outlines were analysed using
Morphomatica (Linhart et al. 2006) and the results were processed
through multivariate analyses using different algorithms: Cluster
Analysis (UPGMA, Euclidean distance) and ANOSIM Pairwise
Tests by means of the Primer software (Clarke & Gorley 2006).

Geometric–morphometric analysis of the valve outlines

Geometric–morphometric analysis of Cyprideis torosa valve
outline was performed on the male and female, right and left
adult valves. Since no differences were detected between right and
left valves herein, we present only the results provided by the male
and female right valves.

Figures 3–5 illustrate the results of the geometric–morphometric
analysis of right male valves from the different analysed localities.
Figure 3 shows the superimposition of the outlines in ‘normalized for
area’ mode: the specimens from Massaciuccoli (Fig. 3a) do not show
any undulation of the ventral margin, which, on the contrary, is just
detectable in the Trasimeno specimens (Fig. 3b) and rather more
clearly evident in some specimens recovered in the Trapani salt pans
(Fig. 3c–f). Figure 4 illustrates the superimposition of the mean
outlines of the ‘straight’ morphotype (blue line) and the ‘sigmoidal’
one (red line) for each locality in ‘normalized for area’mode in the left

Fig. 1. Scanning electron microscope
(SEM) images of Cyprideis torosa right
valves with straight and sigmoidal ventral
border: 1, male valve with straight ventral
border, Lake Trasimeno (PAN15); 2, male
valve with sigmoidal ventral border, Lake
Trasimeno (PAN15); 3, male valve with
straight ventral border, Galia salt pan; 4,
male valve with sigmoidal ventral border,
Galia salt pan; 5, female valve with
straight ventral border, Galia salt pan; 6,
female valve with sigmoidal ventral
border, Bella salt pan. Scale bar 100 μm.

Fig. 2. Geographical map of Italy with the studied locations: (a)
Massaciuccoli marsh; (b) Lake Trasimeno; (c) Trapani–Paceco salt pans.
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column and ‘not normalized for area’ mode in the right column. This
type of output better illustrates that specimens from Lake Trasimeno
(Fig. 4a) do not show a substantial undulation of the ventral margin,
while it is evident in the salt pans populations (Fig. 4b–e), especially in
the Bella salt pan (Fig. 4e). Cluster Analysis (UPGMA, Euclidean
distance) and ANOSIM Pairwise Tests were performed to assess if
these male outline differences were statistically significant, and the
results are shown in Figure 5. The dendrogram obtained for the Lake
Trasimeno outlines (Fig. 5a) shows a mixing of ‘straight’ and
sigmoidal specimens, while those for Maria Stella and Salinella salt
pans (Fig. 5b and c) show that straight and sigmoidal morphotypes are
split into two different clusters, characterized by an intrapopulational
dissimilarity close to the value of 40. The Global R values calculated
by the ANOSIM Pairwise Tests are 0.14 (Lake Trasimeno), 0.99
(Maria Stella salt pan) and 0.90 (Salinella salt pan), respectively. This
last result confirms that C. torosa male valves collected in Lake
Trasimeno are not characterized by a statistically significant dissimi-
larity, whilst in theMaria Stella and Salinella salt pans themorphotypes
are very different.

Figures 6–7 show the same analyses performed on the right
female valves. Massaciuccoli and Trasimeno female valves (Fig. 6a
and b) do not show any ventral undulation, whilst some females
collected from the Salinella and Bella salt pans display a sigmoidal
ventral margin (Fig. 6e–f ) very similar to those of the males,
although the undulation is less accentuated and the sigmoidal
morphotype is present with very low percentages (see Table 2).
Mean female outlines of the last two localities are shown in
Figure 7, where it is evident that the differences between the two
morphotypes are less accentuated than in the male valves. This is
further confirmed by the multivariate analysis that shows no cluster
subdivisions (Fig. 8) and Global R values calculated by the
ANOSIM Pairwise Tests of 0.478.

Discussion

The results of the geometric–morphometric analyses carried out on
different populations of Cyprideis torosa collected in oligohaline
and hyperhaline waterbodies indicate that the species displays two

Fig. 3. Results of the geometric–morphometric analysis in ‘normalized for area’ mode performed on the right male valves of Cyprideis torosa: (a)
Massaciuccoli marsh; (b) Lake Trasimeno; (c) Maria Stella salt pan; (d) Galia salt pan; (e) Salinella salt pan; (f ) Bella salt pan.
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Fig. 4. Results of the geometric–morphometric analysis in ‘normalized for area’ mode (left column) and ‘not normalized for area’ mode (right column)
performed on the right male mean outlines of Cyprideis torosa with straight ventral border (1, blue line) and sigmoidal ventral border (0, red line): (a) Lake
Trasimeno; (b) Maria Stella salt pan; (c) Galia salt pan; (d) Salinella salt pan; (e) Bella salt pan.
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Fig. 5. Results of the Cluster Analysis (UPGMA, Euclidean distance) performed on the right male valves of Cyprideis torosa with straight ventral border
and sigmoidal ventral border: (a) Lake Trasimeno; (b) Maria Stella salt pan; (c) Salinella salt pan.
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morphotypes: a dominant one characterized by a straight ventral
border, and a subordinate morphotype with a sigmoidal ventral
profile in lateral view. Table 2 and Figure 9 show the percentage
occurrence of the two morphotypes that appears to be strictly related
to salinity: theMassaciuccoli and Trasimeno oligohalinewaters host
only C. torosa with a straight outline, while the hyperhaline salt
pans are characterized by the occurrence of 17.6% of sigmoidal
male and female individuals. While males show a variable
percentage of the sigmoidal morphotype in all the sampled salt
pan populations, females display undulated ventral borders only in
the more hyperhaline salt pans (Salinella and Bella). Furthermore,
male results are more affected by this feature than female, up to
27.5% (Table 2), and the sigmoidal profile of the ventral border is
even more emphasized.

A similar sigmoidal trait has been observed also in other species
of Cyprideis. For example, in some specimens of Cyprideis
agrigentina Decima collected in the Messinian succession of
Eraclea Minoa (Grossi et al. 2015) straight and undulated ventral

outlines are observable both in male and in female valves
(Fig. 10:5,10:6). On the basis of a molecular biogeochemical
study, Mezger (2012) suggests, for Eraclea Minoa waterbodies,
hyperhaline salinities around 55–80‰. Other species such as
Cyprideis rooki Ligios & Gliozzi, Cyprideis arvedoi Ligios &
Gliozzi and Cyprideis toscana Ligios & Gliozzi from the middle
Tortonian–early Messinian of the Baccinello Basin (Tuscany,
central Italy) (Fig. 10:1–4) and Cyprideis ventroundulata Krstic ́
(not figured) normally display a male sigmoidal morphotype,
particularly emphasized in the right valve (Krstic ́ 1968; Ligios &
Gliozzi 2012). In those cases no information concerning possible
hyperhaline environments has been recovered (Ligios et al. 2008).

The present study reveals that the sigmoidal ventral border can be
a distinctive morphological trait for some species, but also one
possible morphotype that co-occurs with the more frequent
‘normal’ straight morphotype in others, suggesting, in this latter
case, a possible relationship between the morphology of the ventral
border and salinity. Perhaps this feature was not observed before in

Fig. 6. Results of the geometric–morphometric analysis in ‘normalized for area’ mode performed on the right female valves of Cyprideis torosa: (a)
Massaciuccoli marsh; (b) Lake Trasimeno; (c) Maria Stella salt pan; (d) Galia salt pan; (e) Salinella salt pan; (f ) Bella salt pan.
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Fig. 7. Results of the geometric–morphometric analysis in ‘normalized for area’ mode (left column) and ‘not normalized for area’ mode (right column)
performed on the right female mean outlines of Cyprideis torosa with straight ventral border (1, blue line) and sigmoidal ventral border (0, red line): (a)
Salinella salt pan; (b) Bella salt pan.

Fig. 8. Results of the Cluster Analysis
(UPGMA, Euclidean distance) performed
on the right female valves of Cyprideis
torosa with straight ventral border and
sigmoidal ventral border in the Salinella
salt pan.
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Fig. 9. Percentages of straight and
sigmoidal ventral borders in male (below)
and female valves (above) of C. torosa
plotted against salinity. The asterisk marks
the Bella salt pan for which there are few
data points.

Fig. 10. SEM images of some Cyprideis spp. right male valves: 1, Cyprideis arvedoi, Baccinello Basin (BA38); 2, Cyprides toscana, Baccinello Basin (BA48);
3, Cyprideis rooki, Baccinello Basin (BA40); 4, Cyprideis rooki, specimen with postero-ventral atrophy in dorsal view, Baccinello Basin (BA83); 5, Cyprides
agrigentina, sigmoidal morphotype, Eraclea Minoa (EM6″-5); 6, Cyprideis agrigentina, straight morphotype, Eraclea Minoa (EM8-5). Scale bar 100 μm.
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C. torosa because it is particularly remarkable only in hyperhaline
environments, while in oligo- and mesohaline waterbodies it is
absent or just detectable. At present we are not able to give further
explanation as to why the shells of C. torosa (and C. agrigentina)
undergo such a modification. The sigmoidal shape somewhat
enlarges the postero-ventral area: could this fact be explained as
another morphological modification of the valves linked to the
osmoregulation processes or could it reflect modifications of the
genital apparatus? And, in this latter case, why should it be modified
in hyperhaline environments? Could the ventral undulation also be a
reaction to parasites? Some cases of parasites that affect the
reproductive organs have been hypothesized in the Cyprideis
species occurring in the middle Tortonian levels of the Baccinello
sedimentary succession (Ligios & Gliozzi 2012). Here, Cyprideis
valves are affected also by an abnormal lateral depression of the
postero-marginal area in the female and male right valves (Fig. 10).
This morphological feature was described by Ruggieri (1962, p. 24)

for some specimens referred to Hermanites, Carinocythereis and
Occultocythereis as ‘right postero-ventral atrophy’ that could most
probably be linked to a sort of unilateral parasitical castration,
induced by dinoflagellates, bacteria or trematodes, reported to occur
in other crustaceans (Reinhard 1956; Feldmann 1988; Zelmer &
Esch 1998; Hall et al. 2007; Lafferty & Kuris 2009).

Whatever the ultimate explanation of the modification of the
ventral border, if further studies can confirm the correlation with
salinity, this feature could be another ecophenotypical character
linked to salinity variations, such as the well-known adaptation to
develop nodes as a reaction to difficult osmoregulation processes
(Frenzel et al. (2012) with references therein).
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