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Abstract: Salinity-dependent sieve pore variability in Cyprideis torosa (Jones) is tested and confirmed through a culture
experiment investigating valves from a salinity range between 0.6 and 14.8. In contrast to results from a previous study, the
proportion of sieve pore shapes shows a slight offset at higher values probably caused by relatively lower calcium
concentrations in our microcosms. Besides ion concentration, salinity variability and ion composition are assumed to be driving
factors for sieve pore shapes, as for the case of noding in Cyprideis torosa. Despite some limitations in using sieve pore shapes
as a proxy in quantitative salinity reconstructions in athalassic water bodies, an application for detecting trends and salinity
changes in fossil associations and for quantitative reconstructions in marginal marine waters is feasible and adds a valuable
salinity proxy, especially for the oligohaline to mesohaline salinity range.
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Sieve pores in ostracods are special forms of normal pores,
i.e. canals running from the internal side through the outer lamella of
the valve and opening on its external surface. They occur in species
of the superfamily Cytheroidea Baird (Omatsola 1970). Those
canals are externally closed by a sieve plate composed of one small
opening bearing a bristle and many other small openings arranged
evenly spaced around (Fig. 1). They can be arranged level with the
external surface of the valve or depressed; in Cyprideis torosa
(Jones) they are on the same level as the valve surface (Keyser
1980). The sieve plates have a diameter of about 10 µm, but the tiny
openings around the bristle measure <0.5 µm in C. torosa. The
position of the sieve pores on the valves stays constant but their
number increases through ontogeny (Rosenfeld 1982). More details
on sieve pore structure can be found in Puri (1974).
The function of sieve pores is still unclear. The bristles coming
out of each sieve pore occur in different types (Sandberg &
Plusquellec 1969) and have the function of a tactile sensilla
(Pokorný 1958; Hartmann 1966; Omatsola 1970; Puri 1974) or may
be thermo- or chemotropic (Omatsola 1970). The sieve pore itself,
however, was interpreted as an organ of light perception (Müller
1894; Hartmann 1963) and as openings for microvilli secreting
substances for protection of the sensilla (Puri 1974). Such microvilli
were documented in sieve plates of Cyprideis torosa by Keyser
(1980), or as supporting oxygen uptake by osmosis (Puri 1974).
In 1976, Rosenfeld & Vesper described for the first time a
salinity-dependent variability of sieve pore shapes in the valves of
Cyprideis torosa (Jones). They observed a logarithmic correlation
between salinity of the ambient water and the proportion of round
sieve pores on adult valves of this common brackish-water ostracod
(Vesper 1972). Those observations have significant implications for
its use as a palaeo-salinity indicator because quantitative reconstructions may become possible. Because Cyprideis torosa is a
euryoecious species which tolerates a broad range of salinities
between freshwater and hypersaline conditions (Meisch 2000), it is
often dominant or even monospecific in oligohaline or hypersaline
waters (Pint et al. 2012). In such low diversity associations, mutual
range methods or transfer functions based on species assemblages

are less useful and could be replaced or complemented by a
morphological approach, such as sieve pore variation. Surprisingly,
Rosenfeld & Vesper’s results were rarely used in palaeoenvironmental analysis and never tested with Recent material. Gliozzi &
Mazzini (1998) and Anadón et al. (2002) investigated marginalmarine associations with success in central Italy, whereas Keatings
et al. (2007) and Engel et al. (2012) documented over-estimations of
palaeo-salinity for athalassic associations in Egypt and Saudi
Arabia, respectively. Rosenfeld (1977), Bonaduce & Sgarrella
(1999) and Grossi et al. (2015) tested sieve-pore variations in
another Cyprideis species, Cyprideis agrigentina Decima. For this
species, Grossi et al. (2015) did not find correlations between sieve
pore shape variation and other palaeo-salinity proxies. Reeves et al.
(2007), however, found a correlation of sieve pore shapes and
palaeo-salinity trends in Cyprideis australiensis Hartmann in cores
from the palaeolake Carpentaria in Australia. It seems that
Rosenfeld & Vesper’s (1976) results are only applicable to
Cyprideis torosa valves and should be used with caution in other
species.
In the present study, we test the correlation of salinity and sieve
pore shape variation by analysing Cyprideis torosa populations
grown in microcosms within a known salinity gradient.

Material and methods
The present study uses material from a Cyprideis torosa culture
experiment published by Frenzel et al. (2012) investigating valve
noding.
Four replicates of microcosms, each in eight salinity levels
between initially 0.5 and 13 ( psu), were set up in 2002. Each
microcosm was kept in glass jars of 4.5 – 7.5 cm diameter and
3 – 4 cm height filled with several millimetres of fine to medium sand,
which was previously heated at 60°C for 16 h to kill other organisms
and their eggs and cysts. After cooling, the sand was covered by water.
This water with a salinity of 13 was collected from the Salzhaff, a large
lagoon at the southern Baltic Sea coast between the cities of Wismar
and Rostock. The intended salinity levels of 0.5, 1, 3, 5, 6, 7, 9, 11 and
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Fig. 1. Light microscope photograph of a male left valve of Cyprideis torosa (arrows indicate sieve pores of the dorsal area) from a microcosm of lowest
salinity and, below (from left to right), scanning electron microphotographs (SEM) of two round sieve pores of a fossil (Holocene) valve and a Recent
valve, respectively, as well as an irregular and an elongate Recent sieve pore from the southern Baltic Sea coast. Scale of 10 µm applies to all SEM
photographs.

13 were obtained by adding distilled water to the natural brackish
water thus diminishing ion concentrations. To keep those salinity
levels, glass lids were placed over the microcosms to hamper
evaporation and salinity was checked every one to three weeks using
a conductivity probe. Each time, distilled water was added until the
required salinity was restored. Thus, salinity varied only slightly,
reaching a mean standard deviation of only 0.7 (max 1.9).
The ostracods used for the experiment were obtained by sampling
surface sediments from shallow water of the Breitling, a lagoon in
the Warnow estuary in Rostock, four times between March and
April 2002. Ambient salinity ranged between 6.8 and 12.5 and the
water temperature ranged between 5.0 and 6.5°C. Adult individuals
were picked from the sediment samples using tweezers under a low
power stereo-microscope. Every microcosm consisted of ten female
and five male individuals, thus reflecting the average sex ratio of the
original lagoon population. The culture was kept at room
temperature (18.3 – 26.8°C) under shaded natural light conditions.
Diatoms (Nitzschia sp.) and a piece of sea grass were added to each
microcosm as food source for the ostracods. When checking
salinity, bacteria films at the water surface of the microcosms
appeared in some of the jars. Those films were removed in order to
improve oxygen diffusion. Adult individuals were extracted from
the microcosms after juveniles were observed in most of them. This
was done between 84 and 113 days after starting the microcosms to
ensure that later all adult individuals from the microcosms were
individuals that would have moulted for their whole life time within
the microcosms under defined conditions. The culture was
monitored for 526 days in total and then ostracods were fixed
with 70% ethanol.

After culturing was completed, all adult individuals were picked
from the microcosms. Soft parts were removed with a fine brush after
treatment with 10 – 15% NaOH. The isolated and cleaned valves were
examined in water under a microscope in transmitted light using a
magnification of ×200. We first used stacked light microscope
photographs for sieve pore shape analysis, but changed to a classical
single focus level thereafter because of identification problems:
Irregular sieve pores tend to appear round if stacked photographs are
used. This phenomenon causes overestimation of round sieve pore
proportions and a much lower change of proportion along the salinity
gradient making application for palaeo-salinity reconstruction much
less exact. Following the procedure of Rosenfeld & Vesper (1976),
we discriminate between round, elongate and irregular sieve pores.
Elongate and round sieve pores are distinguished by a largest diameter
of more than 1.5× the shortest diameter for elongate and less
difference for round outlines. An irregular shaped pore was identified
by a clearly triangular, y-shaped or heart-shaped outline. It is
noteworthy that round sieve pores may appear heart-shaped but in a
less concise pattern; however, if there was a concave embayment
recognizable at the periphery, we classified such a sieve pore as being
irregular (Figs 1 and 2). At least 15 valves per microcosm, if available,
were investigated by counting 30 sieve pores per valve, and also by
avoiding those on the steep ventral, dorsal and posterior parts of the
valves. The numbers of sieve pore types were documented for all
specimens individually and averages for microcosms were calculated
as an average over all individuals and not by comparing sums of all
sieve pore types of a given microcosm as applied by Rosenfeld &
Vesper (1976) for their samples. This gives us the opportunity to
document variance within the populations of microcosms.
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Fig. 2. Light microscope photographs of several types of round, elongate and irregular sieve pores of Cyprideis torosa grown during our experiment. The
photographs give the standard counting images.

Table 1. Results of sieve pore analysis from the lab culture
Microcosm
A1/2
A1/3
A1/4
A2/1
A2/2
A2/3
A2/4
A3/2
A3/3
A3/4
A4/2
A4/3
A4/4
A5/1
A5/2
A5/3
A6/1
A6/2
A7/1
A7/2
A7/3
A7/4
A8/1
A8/2
A8/3
A8/4
A9/1
A9/2
A9/3
A9/4

Mean salinity

SD of salinity

Number of analysed individuals

Proportion of round sieve pores (mean in %)

SD of sieve pore proportion

14.9
14.8
14.0
11.4
11.6
12.1
12.6
9.5
10.0
9.7
7.6
7.5
7.8
7.1
7.2
6.5
6.5
6.1
3.6
3.6
4.5
3.6
1.2
1.2
1.2
1.2
0.7
0.7
0.6
0.7

1.9
1.9
1.1
0.9
0.6
1.2
1.5
0.6
1.0
0.4
0.4
0.4
0.8
1.1
0.7
0.5
0.9
0.6
0.3
0.3
1.6
0.3
0.2
0.1
0.2
0.1
0.2
0.2
0.1
0.1

2
14
15
30
15
15
15
15
15
14
15
15
15
15
5
15
12
14
15
15
15
8
12
10
15
15
13
10
15
14

40.0
41.2
47.3
52.0
51.7
53.6
54.2
57.6
56.9
58.6
59.3
54.7
51.1
58.3
48.0
62.9
51.1
47.6
74.2
67.6
67.1
64.4
68.0
66.0
67.0
69.8
81.8
80.6
81.3
83.8

0.0
4.0
2.5
3.6
3.2
4.9
1.5
3.5
3.5
3.3
1.3
2.0
4.1
3.1
5.4
3.4
3.1
2.9
4.6
5.2
5.4
4.1
2.9
4.1
3.3
3.8
3.8
3.6
3.4
2.8
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Fig. 3. Proportion of round sieve pores in
adult Cyprideis torosa (both sexes) from
the culture experiment v. salinity. Every
data point represents an average value for
all valves analysed within one single
microcosm. Microcosms with <10 valves
are omitted.

Results
Only one out of 36 microcosms in total failed to produce adult
specimens of Cyprideis torosa. The number of analysed adult
individuals varies between 2 and 30, with an average of 13.8
(Table 1). The abundance of adults shows a decreasing trend with
salinity increase except for a step-like offset at a salinity of around 7
where the maximum number of adults hatched and grown up within
the microcosms prevailed (Frenzel et al. 2012).
Concerning the proportion of round sieve pores along the salinity
gradient (0.6 – 14.8) for single microcosms, a decreasing trend in
proportion from about 75 to 45% is recognizable (Table 1 and

Fig. 3). The correlation between salinity and the proportion of round
sieve pores is 0.74 if regarding only microcosms with at least 10
analysed valves. There is, however, no significant correlation
between variability of round sieve pore proportion and salinity
within any individual microcosm, nor between variability of sieve
pore proportion and salinity variability (Fig. 4).

Discussion
The correlation between salinity and sieve pore shapes shows a clear
(R 2 = 0.74) relationship for salinities up to about 15 (Fig. 3). This
indicates sieve pore shape distribution to be a physiologically driven

Fig. 4. (a) Variability of round sieve pore
proportions expressed by standard
deviation along the salinity gradient
covered within the experiment and (b)
variability of round sieve pores compared
to salinity variability (SD) within the
microcosms.
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Fig. 5. Plot of salinity on a log scale
v. round sieve pore proportion from the
present culture experiment (black circles)
with those published by Rosenfeld &
Vesper (1976) for marginal-marine waters
from the southwestern Baltic Sea and
Israel coast (grey circles). The lowermost
value was obtained from Lake Kinnereth,
a very saline athalassic water body in
Israel.

reaction of Cyprideis torosa to salinity of the ambient water. It is not
clear, however, what role sieve pores play in osmoregulation and
why they change their outline. A distortion of sieve pores by node
formation is rare (Keyser 2005) and not the reason for trends in the
proportion of round sieve pores along the salinity gradient.
Elongated and irregular shapes increase in frequency with salinity
whereas noding increases in low salinity waters. De Deckker (2002)
relates the variation in sieve pore shape to calcification problems
under stressed highly saline conditions in estuarine systems of arid
regions. This would explain high proportions of irregular shapes in
such environments due to poor calcium concentrations. In our
experiment, however, irregular shapes did not increase in proportion
with lower calcium concentrations, i.e. lower salinity.
There is no recognizable change in sieve pore shapes at the
osmoregulation switching point as was documented for reproduction, noding (Frenzel et al. 2012) and length (Boomer et al. 2016).
This switching point lies between a salinity of about 7 and 9 and was
studied physiologically by Aladin (1993). Below this salinity,
Cyprideis torosa leaves the osmotic equilibrium point and regulates
its higher internal osmotic pressure by excreting water. We cannot
exclude the possibility, however, that the linear correlation shown in
our graph (Fig. 3) may be modified by adding higher salinity data
points. A change in the salinity–sieve pore relationship was
documented by Frenzel et al. (2011) for a salinity series with
mixed seawater and lake water at about 7.5 psu where the inclination
of the trend line changed from −0.51 below to −0.07 above this
point. The use of distilled water for dilution in our experiment could
have an influence on sieve pore variability because of different
proportion of ionic strengths compared to natural conditions.
Variation of ambient salinity does not seem to affect sieve pore
variability within a population, as shown in our experiment. The low
and slow salinity variation (SD < 2) within the microcosms may be a
reason for missing such a correlation. We cannot exclude an
influence of highly variable salinity on sieve pore variability.
Thanatocoenoses from estuaries or lagoons may well reflect the
strong and partly unpredictable salinity variations typical in such
environments.
Comparison of our results with those of Rosenfeld & Vesper
(1976) reveals very similar proportions of round sieve pores at the
lower limit of brackish water, which is 0.5 according to the Venice
system of the classification of brackish waters, but slightly higher
ones with increasing salinity (Fig. 5). Furthermore, while we can
apply a linear trend, Rosenfeld & Vesper (1976) found a logarithmic
correlation. The diverging curves may be explained by the same
model as proposed by Frenzel et al. (2012) for noding: While noded
valves may dominate associations at salinities below 2 in nature,
they always make up <10% in associations between 2 and c. 7 and

disappear above the latter value in the field. This is explained by
much higher salinity variability in the field than in the cultures.
Individuals in natural conditions may perhaps wait for better
osmotic conditions to start moulting. This behaviour would enable
them to avoid deformation of their valves through noding to some
degree. The sieve pores are fixed as in the case of nodes during
mineralization after moulting and could therefore also represent
ecologically ‘better’ salinity values, i.e. closer to the osmotic
optimum, as the average situation within the salinity range
inhabited. Ostracods living in the microcosms do not have much
choice but to accept the given salinity and ionic composition for
moulting, thus reflecting it by noding intensity proportional to
average salinity. This effect may explain the two different types of
trend lines in Figure 5 but not the offset between both. At lower
salinities, using distilled water for the dilution of seawater may
create a limitation of ions important for osmoregulation and lowers
alkalinity which is important for calcification, as discussed for Ca
by Hirschmann (1912), Keyser (2005) and Frenzel et al. (2012).
The samples studied by Rosenfeld & Vesper (1976) derive mostly
from the southwestern coast of the Baltic Sea where tills with
reworked chalk provide Ca and bicarbonate via erosion to the
coastal waters. An additional factor creating such an offset could be
the rising proportion of irregular sieve pores with increasing
salinity: While round and elongate sieve pores are quite easy to
discriminate using the criteria defined by Rosenfeld & Vesper
(1976), irregular sieve pores are hard to separate from round ones
because the position of the associated bristle often creates an
indentation of the circular shape. We consider it possible that we
slightly underestimated the proportion of irregular sieve pores
compared to Rosenfeld & Vesper (1976) because of this
indentation.

Conclusions
Our results show the influence of ambient water salinity on sieve
pore shapes in Cyprideis torosa. Increasing salinity corresponds
well to a decreasing proportion of rounded sieve pores. The curve
deriving from the culture experiment differs slightly from field
observations made by Rosenfeld & Vesper (1976) and may better
reflect stable salinity conditions such as might be expected in larger
athalassic waterbodies, but not in marginal-marine ones. However,
an ionic composition different from this one in marginal-marine
environments may produce an offset of sieve pore values as already
proposed by Keatings et al. (2007). Sieve pore data from marginalmarine waters most likely reflect values closer to the osmotic
optimum within the natural salinity variation at the site, not average
values. This complex system of influencing factors makes the
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quantitative use in palaeoenvironmental reconstructions difficult
and needs further investigation. Culture experiments with ionic
composition of the water different from the marine one and valves
from natural habitats with salinity between 20 and 60 may provide
essential information. Past salinity trends in marginal-marine
waters, however, may be already successfully reconstructed using
sieve pores in Cyprideis torosa as a proxy for palaeo-salinity.

Acknowledgements and Funding
We appreciate the constructive criticism of the reviewers Patrick De Deckker
and David Horne and the editor Alan Lord for substantially improving our
manuscript. The study is part of the project CLEAR funded by the German
research Foundation (DFG FR1489/5-1).

Scientific editing by Alan Lord

References
Aladin, N.V. 1993. Salinity tolerance, morphology and physiology of the
osmoregulation organs in Ostracoda with special reference to Ostracoda from
the Aral Sea. In: Jones, P. & McKenzie, K.G. (eds) Ostracoda in the Earth and
Life Sciences. A. A. Balkema, Rotterdam, 387–403.
Anadón, P., Gliozzi, E. & Mazzini, I. 2002. Paleoenvironmental reconstruction of
marginal marine environments from combined paleoecological and geochemical
analyses on ostracods. In: Holmes, J. & Chivas, A. (eds) The Ostracoda:
Applications in Quaternary Research. Geophysical Monograph, 131, 227–247.
Bonaduce, G. & Sgarrella, F. 1999. Paleoecological interpretation of the latest
Messinian sediments from southern Sicily (Italy). Memorie della Società
Geologica Italiana, 54, 83–91.
Boomer, I., Frenzel, P. & Feike, M. 2016. Salinity-driven size variability in
Cyprideis torosa (Ostracoda, Crustacea). Journal of Micropalaeontology first
published online July 19, 2016, http://doi.org/10.1144/jmpaleo2015-043
De Deckker, P. 2002. Ostracod palaeoecology. In: Holmes, J. & Chivas, A. (eds)
The Ostracoda: Applications in Quaternary Research. Geophysical
Monograph, 131, 121–134.
Engel, M., Brückner, H. et al. 2012. The early Holocene humid period in NW
Saudi Arabia – sediments, microfossils and palaeohydrological modelling.
Quaternary International, 266, 131–141.
Frenzel, P., Schulze, I., Pint, A., Boomer, I. & Feike, M. 2011. Salinity dependant
morphological variation in Cyprideis torosa. Joannea Geologie und
Paläontologie, 11 (7th European Ostracodologists’ Meeting), 59–61.
Frenzel, P., Schulze, I. & Pint, A. 2012. Noding of Cyprideis torosa valves
(Ostracoda) – a proxy for salinity? New data from field observations and a
long-term microcosm experiment. International Review of Hydrobiology, 97,
314–329.
Gliozzi, E. & Mazzini, I. 1998. Palaeoenvironmental analysis of Early
Pleistocene brackish marshes in the Rieti and Tiberino intrapenninic basins
(Latium and Umbria, Italy) using ostracods (Crustacea). Palaeogeography,
Palaeoclimatology, Palaeoecology, 140, 325–333.
Grossi, F., Gliozzi, E., Anadón, P., Castorina, F. & Voltaggio, M. 2015. Is
Cyprideis agrigentina Decima a good paleosalinometer for the Messinian
Salinity Crisis? Morphometrical and geochemical analyses from the Eraclea

Minoa section (Sicily). Palaeogeography, Palaeoclimatology, Palaeoecology,
419, 75–89.
Hartmann, G. 1963. Zur Phylogenie und Systematik der Ostracoden. Zeitschrift
für Zoologische Systematik und Evolutionsforschung, 1, 1–154.
Hartmann, G. 1966. Ostracoda (1. Lieferung). In: Gruner, H.-E. (ed) Dr. H.G.
Bronns Klassen und Ordnungen des Tierreichs. Fünfter Band: Arthropoda,
I. Abteilung: Crustacea, 2 (4). Gustav Fischer, Jena, 1–216.
Hirschmann, N. 1912. Beitrag zur Ostracodenfauna des Finnischen Meerbusens.
Acta Societas Fauna et Flora fennica, 36, 1–65.
Keatings, K.W., Hawkes, I., Holmes, J.A., Flower, R.J., Leng, M.J., Abu-Zied, R.H.
& Lord, A.R. 2007. Evaluation of ostracod-based palaeoenvironmental
reconstruction with instrumental data from the arid Faiyum Depression, Egypt.
Journal of Paleolimnology, 38, 261–283.
Keyser, D. 1980. Auftreten und Konstanz von Poren und Borsten auf der Schale
von Podocopa (Ostracoda, Crustacea). Verhandlungen naturwissenschaftlicher Verein Hamburg, N.F. 23, 175–193.
Keyser, D. 2005. Histological peculiarities of the noding process in Cyprideis
torosa (Jones) (Crustacea, Ostracoda). Hydrobiologia, 538, 95–106.
Meisch, C. 2000. Crustacea: Ostracoda. In: Schwoerbel, J. & Zwick, P. (eds)
Süßwasserfauna von Mitteleuropa, 8 (3), Spektrum Akademischer Verlag,
Heidelberg, 1–522.
Müller, G.W. 1894. Die Ostracoden des Golfes von Neapel und der angrenzenden
Meeres-Abschnitte. Fauna und Flora des Golfes von Neapel, 21, 1–404.
Omatsola, M.E. 1970. On structure and morphologic variation of normal pore
system in Recent cytherid Ostracoda (Crustacea). Acta Zoologica, 51,
115–124.
Pint, A., Frenzel, P., Fuhrmann, R., Scharf, B. & Wennrich, V. 2012. Distribution
of Cyprideis torosa (Ostracoda) in Quaternary athalassic sediments in
Germany and its application for palaeoecological reconstructions.
International Review of Hydrobiology, 97, 330–355.
Pokorný, V. 1958. Grundzüge der zoologischen Mikropaläontologie, 2.
Deutscher Verlag der Wissenschaften, Berlin.
Puri, H.S. 1974. Normal pores and the phylogeny of Ostracoda. Geoscience and
Man, 6, 137–151.
Reeves, J.M., Chivas, A.R., Garcia, A. & De Deckker, P. 2007. Palaeoenvironmental
change in the Gulf of Carpentaria (Australia) since the last interglacial based
on Ostracoda. Palaeogeography, Palaeoclimatology, Palaeoecology, 246,
163–187.
Rosenfeld, A. 1977. The sieve-pores of Cyprideis torosa (Jones, 1850) from the
Messinian Mavqi’im formation in the coastal plain and continental shelf of
Israel as an indicator of paleoenvironment. Israel Journal of Earth Sciences,
26, 89–93.
Rosenfeld, A. 1982. Distribution patterns and development of sieve-pores in two
Recent ostracode species. Micropaleontology, 28, 372–380.
Rosenfeld, A. & Vesper, B. 1976. The variability of the sieve-pores in Recent and
fossil species of Cyprideis torosa (Jones, 1850) as an indicator for salinity
and palaeosalinity. In: Löffler, H. & Danielopol, D. (eds) Aspects of
Ecology and Zoogeography of Recent and Fossil Ostracoda. Junk, The
Hague, 55–67.
Sandberg, P.A. & Plusquellec, P.L. 1969. Structure and polymorphism of normal
pores in cytheracean Ostracoda (Crustacea). Journal of Paleontology, 43,
517–521.
Vesper, B. 1972. Zur Morphologie und Ökologie von Cyprideis torosa (Jones,
1850) (Crustacea, Ostracoda, Cytheridae) unter besonderer Berücksichtigung
seiner Biometrie. Mitteilungen Hamburger Zoologisches Museum und
Institut, 68, 21–77.

