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Abstract

This paper gives a description of the head shield of Alona protzi, a rare species of Cladocera (water fleas) whose sepa-
rated head shield has not yet been described in detail. Subfossil head shields of A. protzi were found in sediment cores
taken from lakes in Denmark, Sweden, Finland, Estonia and Poland. Despite the rarity of the species this suggests a
wide distribution of 4. protzi in northern Europe. The ecology of A. protzi is poorly known. The environmental spec-
trum of the finding sites was wide and ranged from relatively nutrient poor clear water lakes to eutrophic turbid water

>q

lakes, indicating that A. protzi is not narrowly restricted. Most of the lakes were, however, meso-eutrophic with neutral
to high pH, and with a relatively low abundance of submerged macrophytes. However, we cannot exclude the possibil-
ity that 4. protzi mainly lives in groundwater and is only occasionally transported into lakes.
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INTRODUCTION

Chydoridae, a diverse family of Cladocera (water fleas),
appear commonly in freshwater habitats. Most of the Euro-
pean chydorid fauna was already described in the early 20th
century. In identification literature, the intact animals are de-
picted from the side and the shape of the head shield is thus
not clearly shown. The head shield and carapace of living
animals are seamlessly attached, implying that the shape of
the posterior margin of the head shield is invisible. When the
animal dies or molts, the head shield is detached from the
carapace by a special ecdysial suture (molting seam).

The chitinous remains of chydorids (e.g. head shields,
carapaces and postabdomens) are usually well-preserved in
lake sediments and can be used to reconstruct past limnologi-
cal conditions (Frey 1986, Korhola, Rautio 2001). This par-
ticular field of paleolimnology developed in the latter half of
the 20th century when David Frey (1958, 1959) described

‘flat’, detached head shields. Their characteristic pore con-
figurations and shapes of the posterior margin enabled their
identification in lake sediment studies. Separate description
of subfossil remains is necessary, because some of the char-
acteristics of living animals, for instance the outer mem-
branes forming part of the surface sculpturing, are not always
preserved.

Since Frey’s pioneer work (1958, 1959), the subfossil
remains of most European chydorids have been described.
However, some of the rarest species, including Alona
karelica Stenroos 1897 and Alona protzi Hartwig 1900, still
puzzle palaeolimnologists. The carapace of A. protzi can be
identified from its characteristic denticles on the poste-
rior-ventral corner of the shell (e.g. Smirnov 1974, Dumont
1983, Reen 1995, Flossner 2000), but the shape of its head
shield has not yet been described in detail. In addition, the bi-
ology of the species is poorly known.

1 This article is a contribution to the Proceedings of the 8th Subfossil Cladocera Workshop in Prague, September 26-27 2006.
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Fig. 1. The 17 finding sites of A. protzi subfossil head shields in Northern Europe. @ — findings in recent sediment (AD 1986-2002), O —

findings in sediment dated AD 18501950, * — findings in old sediments (7000 BC — AD 1300).

In recent studies, the present authors have found un-
known chydorid head shields in lake sediments from Den-
mark, Sweden, Finland, Estonia and Poland. Not until
subfossil specimens with head shield and carapace still at-
tached were found, the previously undetermined head shields
could be identified as belonging to 4. protzi. Flossner (2000)
presented a somewhat sketchy drawing of the head shield of
A. protzi, lacking several features characteristic to the sub-
fossil specimens. In the present paper, we give a detailed de-
scription of the subfossil head shield and an overview of the
environmental characteristics of the lakes in which they were
found. We aimed to examine whether 4. protzi might have an
indicator value in paleolimnological research, assuming that
no evolutionary adaptation of demands has occurred.

SITES AND LABORATORY METHODS

Subfossil head shields of A. protzi were discovered in
sediments from 17 lakes located in Denmark, Finland, Swe-
den, Estonia and Poland (Fig. 1). The findings were divided
into three groups according to sediment type: surface sedi-
ment (AD 1986-2002) with contemporary water chemistry
data, sediment accumulated in recent time (AD 1850—1950)
and older sediments (7000 BC — AD 1300).

All samples were heated in 10% KOH and washed on a
sieve (Korhola, Rautio 2001). Two different methods were
applied. In the first method, 42—50-pm mesh size was used

and the samples were counted on slides under light micro-
scope (samples from Finland, Estonia and Poland) (Korhola,
Rautio 2001). In the other method, fragments >80 um were
counted in water under a magnifying glass and an inverted
light microscope (samples from Denmark and Sweden). The
total number of cladoceran remains counted varied between
samples and analysts: 700-2800 (Danish lakes), 200-250
(Lake Viike Juusa, Estonia), 450 (Hamptrask, Finland), and
300-1000 (Polish lakes). One head shield was found in
Krowie Bagno (Poland) during a screening of more than 20
slides containing hundreds of cladoceran remains. In Lake
Vesijarvi (Finland) minimum 400 individuals (converted
from remains) were counted per sample.

RESULTS AND DISCUSSION
Subfossil remains of A. protzi

Findings of subfossil remains

We found 84 head shields distributed in 53 sediment
samples from 17 lakes (the first finding was made in October
2002) (Table 1). All head shields had a peculiar shape with a
notched posterior margin and a short, broadly rounded ros-
trum (Fig. 2). The shape resembled that of A. phreatica in
Alonso (1996), a closely related and rare species with a rela-
tively narrow distribution within Europe (Dumont 1987,
1995, Alonso 1996, Dumont, Negrea 1996, Brancelj, Du-
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A) The subfossil head shield and carapace of Alona protzi from Lake Sarup (ca. 6470 BC), Denmark. An arrow indicates the

denticles on the posterior-ventral corner of the carapace. B) A detail of the opened molting seam between the head shield and carapace of 4.
protzi showing the head pores and the notched posterior margin of the head shield and the corresponding notched margin of the carapace. C)
A. protzi head shield, Lake Jelonek (ca. 1000 AD), Poland. D) Drawing of A. protzi head shield, original from Lake Viike Juusa (post 0 AD;
Koffet al. 2005), Estonia. E) A. protzi head shield, Lake Krowie Bagno (ca. 7000-6300 BC), Poland, the curvature of the head shield makes

it look exceptionally narrow. Scale bar = 100 pm.

mont 2007). However, when compared to the drawing of 4.
phreatica in Alonso (1996), the notched structure of the head
shield appeared more pronounced and symmetric. Intact 4.
phreatica was first described by Dumont (1983) and Sabater
(1987) (male) and was reported to be similar to A. protzi but
lacking the denticles on the posterior-ventral corner of the
carapace. 4. phreatica is entirely limited to a groundwater
mode of life (stygobiont) (Dumont 1983, 1987, 1995, Du-
mont, Negrea 1996, Brancelj, Dumont 2007).
Identification of the head shield remained uncertain until
the finding of five specimens with head shield and carapace
still attached (Fig. 2A,B). The valves of Alona protzi differ
from most of the European 4/ona by the presence of denticles
on the postero-ventral corner of the carapace (Smirnov 1974,
Raen 1995, Flossner 2000). The only other Alona species
with denticles, 4. affinis (Leydig, 1860) var. dentata, is
clearly larger than A4. protzi, the length of adult specimen ex-
ceeding 0.7 mm (see Smirnov 1974, Sinev 1997). Denticles

are also found on the valves of Karualona iberica (Alonso,
Pretus 1989), a former member of the Alona genus (Dumont,
Silva-Briano 2000). K. iberica has 4-5 small, sharp, equally-
sized denticles, which are located at significant length from
each other on the valves that are covered by prominent lines
with fine striae in between (Alonso, Pretus 1989). A. protzi
normally has only 2-3 closely clustered denticles, which are
blunt and have a relatively wide base. In addition, these spe-
cies clearly differ in the number of head pores. A. protzi has 3
head pores, while A. affinis var. dentata and Karualona
iberica have 2 head pores (Smirnov 1974, Alonso, Pretus
1989).

Two of the five specimens found with head shield and
carapace attached clearly exhibited an A4. protzi carapace
with three characteristic denticles in the posterior-ventral
corner (Smirnov 1974, Reen 1995, Flossner 2000) and a sur-
face sculpture of horizontal lines typical to 4. protzi (Kay van
Damme, pers. communication). The carapace closely resem-
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bled the picture and description of the subfossil 4. protzi car-
apace in Nykdnen, Sarmaja-Korjonen (2007). Two other
specimens exhibited at least one and two denticles, respec-
tively, but without visible horizontal lines. The exact number
of denticles was impossible to determine because of debris
covering them on the permanent (mounted in glycerol gela-
tine) slide. The fifth specimen had neither lines nor denticles,
but the shape of the carapace closely resembled those in
Nykénen, Sarmaja-Korjonen (2007). According to Flossner
(2000), denticles may be missing on rare occasions.

Description of A. protzi head shield

The head shield of 4. protzi (Fig. 2B—E) is small, only ca.
200 pm long (the measured head shields ranged from 194 to
230 pm; n = 15). Its width is difficult to estimate due to the
frequently occurring curvature of the head shield on sample
slides, which creates a false impression of it being narrower
than in reality (Fig. 2E). Three specimens appeared entirely
‘flat” (Fig. 2C, D), two of which were 167 um and one 170
pm wide.

The posterior margin is notched and more tapered than
for other small European A/ona species. The notches begin
slightly anterior to the first median pores and the lateral
pores. The depth of the notches varies between specimens.
Three median pores are narrowly connected and situated
close to the posterior margin. The postpore distance (the dis-
tance between the posterior pore and the posterior margin) is
smaller than the interpore distance (the distance between the
anterior and posterior pores). Two minor pores are situated
laterally at approximately the level of the anterior pore. In
subfossil head shields the minor pores appear as narrow ob-
long depressions at the same angle as the posterior margin.
The head shield is widest just behind the fornices. The ros-
trum is short and very broadly rounded, sometimes almost
flat. Chitin appears thickened in the anterior region and in
many specimens the posterior edge of the thickening is undu-
lating.

Abundance of A. protzi head shields in sediments

Generally, A. protzi is referred to as a rare species
(Dumont 1983, Raen 1995, Flossner 2000). Most zooplank-
ton investigations and monitoring programs focus on pelagic
samples and do not encompass the littoral zone, which may
partly explain the rarity of the species in contemporary sam-
ples. However, in paleolimnological studies, as well as in in-
vestigations where living individuals have been sampled
directly in the littoral zone, 4. protzi has also been rare, even
in studies including numerous lakes (Smyly 1958, Whiteside
1970, Jones 1989, Cotten 1985, de Eyto et al. 2003, Bjerring
et al. unpublished, Nykénen et al. unpublished). Admittedly,
in our samples the abundance of subfossil A. protzi head
shields was low, constituting a median of only 1% and 0.6%
of'the total subfossil Chydoridae head shields per sample (n=
47 samples) and per lake (n=13 lakes, Table 1), respectively.
Generally, the percentage was lower than 0.5% of all counted
cladoceran remains in the samples (n = 45). To our knowl-
edge, with one exception (Nykédnen, Sarmaja-Korjonen
2007), comparable abundance data have not been reported in
the literature. The low abundance has prevented the inclusion

of this species in studies of the relationship between
cladocerans and their environment, even in multi-lake stud-
ies (>70 lakes) (e.g. Whiteside 1970, Jones 1989).

Environmental characteristics of the lakes

Characteristics of the sites with contemporary findings

Contemporary (1986-2002) morphological and limno-
logical data were available for 613 lakes depending on the
variable in question (Table 1). Additionally, we had contem-
porary data for 4 lakes in which A. protzi has previously been
found in the form of subfossil carapaces in the sediment or as
intact animals in the littoral zone (Nykénen, Sarmaja-Korjo-
nen 2007). The lakes varied widely in area and depth, exhib-
iting no clear pattern. This is in contrast to Reen (1995) who
claimed that 4. protzi prefers small clear water lakes. Most of
the discovery sites were meso- to eutrophic (Table 1), al-
though two findings were made in lakes (Lake Velling Igelso
and Lake Riikoisten Valkjarvi) with relatively low phospho-
rus (15 pg total P L") and low chlorophyll ¢ concentrations
(10 pg chl @ L™"). These two lakes also had low alkalinity
(£0.2mmol L"), while alkalinity was moderate (median: 0.7
mmol L) and pH values predominantly neutral to high
(6.2-8.7; median 7.8) in the other lakes. Thus, for most con-
temporary variables one or two measurements were in the
low or high end of the spectrum (Table 1), indicating that A.
protzi may be rather widely distributed seen from an ecologi-
cal perspective.

Due to the use of different sampling protocols there were
no consistent and comparative data on macrophytes between
sites. However, six lakes investigated for submerged macro-
phytes all showed very low or zero percente plant-filled vol-
ume of the lake (Table 1). Area-based may though be larger
in some lakes owing to small macrophyte inhabitants, such as
isoetids.

Characteristics of the sites with findings in older
sediments

In 4 Danish lakes A. protzi head shields were found in 6
sediment samples (1850—-1950 AD). Recently, i.e. in year
2000, these lakes differed as to nutrient state, alkalinity and
land cover of catchments. The diatom-inferred epilimnetic
total phosphorous (DI-TP) level in concurrent, old samples
varied widely, from 14 to 164 ug TP L™ (Bradshaw et al.
2006, Amsinck et al. 2003). The dominance of Chydorus
sphaericus in Lake Molle Se and Lake Ved Sg, as well as the
dominance of Alona quadrangularis in Lake Hvidse, indi-
cated relatively eutrophic conditions in these lakes. Instead,
Lake Velling Igelso (DI-TP 14—18 ug L") was dominated by
Alonella excisa and Acroperus spp. In this lake, as well as in
the C. sphaericus dominated Lake Molle Sg, A. protzi head
shields occurred also in the surface sediment. These two
lakes differed greatly in DI-TP values (18 and 152 pg L', re-
spectively), but shared the feature of a relatively constant
DI-TP through 18502000 AD (Amsinck et al. 2003).

In six lakes, 4. protzi remains were found in sediments
older than 1400 AD. One head shield was found in Lake
Hamptrésk, Finland (Fig. 1, Table 1) (Nevalainen, unpub-
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lished), where the depth of the sample (44 cm) corresponded
to the 14th century. The concurrent cladoceran assemblage
suggested relatively low trophy. However, the dominance of
C. sphaericus and the presence of Disparalona rostrata sug-
gested that Lake Hamptriisk was probably mesotrophic, the
latter species being untypical for Finnish oligotrophic lakes
(TP < 10 pug L™"). Seven head shields were found in Lake
Viike Juusa, Estonia (Fig. 1, Table 1) (Koff et al. 2005), with
an approximate time range from 2000 BC to AD 1000. The
cladoceran assemblage (e.g. Alona rectangula, Leydigia spp.
and Pleuroxus spp.) indicated eutrophy. The disappearance
of the species was likely connected to the transformation of
the lake shore into a mire.

Nine head shields were found in Poland (Fig. 1, Table 1).
Five of them occurred in Krowie Bagno Basin (ca. 7000—
6300 BC) before it turned into a mire, and the concurrent fau-
nal assemblages suggested eutrophic conditions (Szero-
czynska2003). Three head shields were found in Lake Wigry
(ca. 6300 BC) in a sample indicating mesotrophic conditions
(Zawisza, Szeroczynska 2007). The head shield from Lake
Jelonek corresponded to ca. AD 1000, and the cladoceran as-
semblage indicated meso/eutrophic conditions (Zawisza, un-
published). In total 21 head shields were found in Danish
Lake Sarup (ca. 6700—6000 BC) with 1 to 4 head shields en-
countered per sample. Generally, the assemblages indicated
meso/eutrophic conditions with a trend towards increased
productivity during the investigated period (Bjerring 2007).

Ecology and distribution of A. protzi

Our results showed that A. protzi occurs under various
environmental conditions and has no clear preference to, for
instance, lake area or depth. The species appeared mainly in
meso-eutrophic lakes with neutral or high pH and was not
found in lakes with TP < 14 ug L™ or pH < 6.

Generally, 4. protzi is described as a pelophilic and
phytophilic species living in silt, on algae-covered stones or
among macrophytes (Reen 1995, Dumont, Negrea 1996,
Flossner 2000). In correspondence with this, two intact indi-
viduals of the species were found on a sampling site with
rocky bottom and only sparse vegetation in Lake Sylvojéarvi,
Finland (Nykénen, Sarmaja-Korjonen 2007). In Lake
Lovonjarvi, Finland, 4. protzi inhabited artificial substratum
placed among submerged littoral macrophytes (Uimonen
1985). However, the 6 lakes investigated for submerged
macrophytes in this study all showed very low or no plant-
filled volume of coverage (Table 1). At our finding sites, the
overall submerged plant-filled volume seemed insignificant
for A. protzi. Furthermore, A. protzi abundance correlated
significantly (p <0.05,n=21 samples) with the abundance of
the sediment-associated species Leydigia leydigi and Pleuro-
xus uncinatus, as well as with the sum of all sediment-associ-
ated Cladocera species found in the old sediment of Lake
Sarup (Bjerring et al., unpublished).

The obvious rarity of A. protzi and the relatively wide en-
vironmental spectrum of finding sites (Table 1) may have
two explanations: (i) unknown species specific requirements
or (ii) the proposed connection of 4. protzi to groundwater,
which implies that 4. protzi only occasionally appears in
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open fresh water or streams (Dumont 1983, 1987, 1995, Du-
mont, Negrea 1996). Formerly, Dumont and Negrea (1996)
classified 4. protzi as a stygophile, because the species had
been found both in and outside of groundwater. Recently,
however, Brancelj and Dumont (2007) reviewed the expand-
ing studies of caves and gravel-beds and reclassified 4. protzi
as a stygobiont, implying more strict connection to subterra-
nean waters. With a new sampling method the species had
been found regularly in the interstitial zone in Europe. How-
ever, strict stygobionts may lack eyes and ocelli, and 4. protzi
has both. Therefore, the species may still occur both in
ground- and surface (epigean) waters (Brancelj, Dumont
2007). Six of our Danish finding sites and at least 2 of the Fin-
nish sites containing 4. protzi head shields or carapaces are to
some extent groundwater fed (Bradshaw et al. 2006, Nyka-
nen, Sarmaja-Korjonen, Bjerring, unpublished data). There-
fore, we cannot exclude the possibility that the species
mainly lives in groundwater and is only occasionally trans-
ported into lakes.

All the lakes of the present study, except Krowie Bagno
(presently abog), are situated inside the area of the Scandina-
vian Ice Sheet and were created after the retreat of the glacier
in the late Pleistocene or the early Holocene. Therefore, A.
protzi must have spread northwards from unglaciated refu-
gia, together with other cladoceran species, colonizing new
water bodies. Our results indicate that in spite of its rarity the
species has a relatively wide geographical distribution in
northern Europe. According to the recent data, Alona protzi
is distributed mostly in Europe. It has been found in the Euro-
pean part of Russia from Karelia to Caucasus, North and
Central Europe, including Scandinavia and Finland, Ireland,
England, Belgium, Germany, Poland, the Czech Republic,
Slovakia, Hungary and Romania (see Smirnov 1974, Negrea
1988, Flossner 2000, Brancelj, Dumont 2007). It has also
been observed in Turkey (Ustaoglu 2004), but not in Italy or
Spain (Alonso 1996, Margaritora 1985).

CONCLUSIONS

In this study, we described the subfossil head shield of
Alona protzi, which can be distinguished by its characteristic
shape with a short rounded rostrum and a tapering, notched
posterior margin. The head shield of 4. protzi closely resem-
bles that of Alona phreatica in Alonso (1996), although the
notches of 4. protzi seem more pronounced and symmetric.

We found A. protzi head shields and carapaces in lake
sediments from Denmark, Sweden, Finland, Estonia and Po-
land, and A. protzi is thus relatively widely distributed in the
northern part of Europe. Despite its wide distribution, the
abundance numbers were low. The environmental spectrum
of'the finding sites was wide, ranging fromrelatively nutrient
poor clear water lakes to highly eutrophic, turbid lakes. Most
lakes, however, were meso-eutrophic with neutral to high pH
and relatively low abundance of submerged macrophytes.
Therefore, provided that the occurrence of 4. protzi in lakes
is not merely occasional due to a groundwater mode of life
(c.f. Brancelj, Dumont 2007), its remains in lake sediments
could tentatively be used as indicators of higher trophy and
pH.
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