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Abstract

A population ofMya arenariawas studied in the Polish coastal zone (up touicel miles) of the
Baltic Sea in the open coast of Polish Middle Pomiara Abundance, wet biomass, and the fre-
quency ofMya were determined in the coastal waters, includstgaies of the Pagm, Wieprza,
Stupia, tupawa, and teba rivers and Wtadystawowhe frequency (F) dflyain the open coast
of the Middle Pomerania amounted to 19.5%. Thendhnce ofMya, in the coastal zone sur-
veyed, ranged from 0 to 265 specimens peofithe bottomX = 10.4 spec. ™). Wet biomass of
this bivalve ranged from 0 to 25.52,gm? (X = 1.56 g, m?). ApparentlyMya arenariahas
found better conditions for living and developménthe central of the Middle Pomerania coast.
The abundance of this mollusc in the estuary opigh(Ustka) was 100-fold higher than in the es-
tuary of Wieprza (Dartowo) and tupawa (Rowy) and wet weight was 11-fold higher, respec-
tively. Mya arenariaplays an important role in the monitoring of berstlod the Baltic Sea, con-
stitutes a food base of animals (fish), and taketip the process of purification of waters of the
coast stretch studied (biofiltration, biosedimeiotat

Key words: Polish Baltic Sea coast, estudvlya arenarig abundance and biomass

INTRODUCTION

Mya arenariais a species widely distributed in the seas amdws of the Northern
Hemisphere (North America, Europe) (Beal 2002, Bart al. 2002, Reise et al.
1999, et al). In the Baltic Sea it is a characterispecies of the macrozoobenthos,
inhabiting the bottom down to some 30 m deep (W&raal994 et al.). It may be-
come a dominant macrozoobenthos species \Whyke arenariaare absent or poorly
representedMacoma balthicagains a substantial biomadglya, because of its
common occurrence in different zones of the botwems used by Warzocha (1995)
for characterizing benthic communities in the Ralfe.g. Macoma balthicaMya
arenaria). Mya similarly how examplélacoma balthicglays also an important
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ecological role in the Baltic constituting a compah of hemiplankton (larval
stages) and benthos (Gunther et al. 1998). Thodlesos, as deposit feeders, con-
tribute to elimination of seston (including bacégriphyto- and zooplankton from
the supra benthic layer and their biosedimentatica form of agglutinates and fae-
ces (Riisgard et al. 2003, Word and Shumway 2004¢. biomass oMya arenaria
constitutes also a rich food base for fish and miaitels including commercially im-
portant fish species (Krzykawski and Zatachowsl83,9Mulicki 1947). The species
surveyed has been studied as a component of Batithos (Demel and Mulicki
1954, Mulicki andZmudzinski 1969, Piesik et al. 2003, Warzocha 198%)e de-
tailed studies were carried out in the Pomeraniay &1d in the Gdsk Bay (Herra
and Wiktor 1985, Osowiecki 2000, Kube et al. 199897, Mastowski 2000, Os-
trowski 1996, Witek 1995Zmudzitski and Ostrowski 1990). In addition to the
above-mentioned authofglya as a component of the macrozoobenthos, was studied
also by Kotwicki (1997)Zmudziiski (1982), Haque et al. (1997mudziiski and
Andrulewicz (1997) who concentrated on the Poleshitorial waters, particularly
the shallowest zone subjected to wave actibh.arenariais an important species
enabling determination of changes in macrozoobenihhanonitoring of the Baltic
Sea. The coastal zone, due to a direct contabtlarnid and receiving waters of pre-
dominantly polluted and eutrophied rivers, is aldhg deepest areas, the most en-
dangered zone of the Baltic Sea.

The aim of the present study was to determine isteiltlition and structure (abun-
dance, wet weight) of the population bfya arenariain the three-mile Polish
coastal zone within the stretch of Kotobrzeg-Wihddy®wo. The acquired data will
help to determine in the future the quantitativardes indicating trends in devel-
opment ofMya in our coastal zone exposed to various factorBushan activity.
This paper is also intended to outline the distidsu and abundance dflya as

a food base for animals, in this number also figres of economical importance.

MATERIAL AND METHODS

Mya arenariawas studied from 1998 throughout 2003, within ttivee-mile Polish
coastal zone of the Baltic stretching from Kotolgrze Wiadystawowo (Fig. 1). The
bivalves were sampled from a total of 58 sites waitVan Veen bottom sampler, cov-
ering the area of 0.19mA double sample was taken from each site, whighstates
to a total of 116 samples. The precise locatiothefprofiles and the sampling sites
was determined using the Global Positioning Sysf&RS) and a radar bearing.
A total of 11 bottom profiles perpendicular to thigoreline were designated within
the coast stretch studied. The profiles were thiagical-mile-long, except for Wia-
dystawowo, where the profile was only two-mile-loMyithin the latter, two addi-
tional sites were designated 1 mile from the slaor@ 1 mile to the west and to the
east. Fig. 1 presents the location and the disténmoen the shore (in nautical miles)
and the number of sampling sites on individual ifgsf The material collected was
strained on a benthic sieve with a 1-mm mesh sizkesabsequently fixed in a 4-%
formaldehyde solution. In the laboratory, the matewas sorted and the number of
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the bivalves was related to nThe wet weight oMya, dried on a filter paper (in-
cluding the water present in the mantle cavity) @etermined on a laboratory bal-
ance to the nearest 0.001 g and related to thfeoirhe bottom. Also the type of
substrate and the depth were noted on the indiviltes (Tab. 1). In the face sink-
ing oneself this bivalves in sediments bottom atadiresults biomass appear under-
stated.

RESULTS

The dominant four species, presently observed énstidied stretch of the Polish
coastal zone (Kolobrzeg-Wiadystawowo) witacoma balthicgL.), Mytilus edulis

L., Mya arenariaL. andCardium edulePetersen, all of them typical representatives
of shallow areas of the Baltic Sea. The leadingigseM. arenariawas surpassed in
its abundance and biomass, first of Bijtilus edulis, Macoma balthicgexcept the
areas of Dartéwko and Rowy in the Middle Pomeratsa Cardium glaucur The
abundance oM. arenariain the studied zone was significantly diversifigcbm O

to 265 specimens perdrand in the profiles Dartéwko and Rowy hya was found
(Tab. 2). The abundance bfya on the bottom of the coastal zone of the central
Middle Pomerania was over 42-fold higher compacethéir abundance in the West
Polish Baltic coastal zone and 4.5-fold higher careg to their abundance in the
East Polish Baltic coastal zone and it reachedvtiee of 54.5 ind. per mThe
highest mean densities bfya in the waters of middle Pomerania were recorded on
profiles VI (Ustka East) and IX (Leba West) and ytheamounted to 100 and
7.1ind. i, respectively.

Transformed raw data indicate that the abundanddyafincreases along with the
distance from the shore, up to 1.0 Nm:

Middle Pomerania0.25 0.5 1.0 15 2.0 25 3.0 Distance from shore
line [Nm]

0 45 250102 48 7.5 10 Abundance [spec’m

Detailed data on the abundancevfa arenariaon the profiles studied are shown in
Table 2.

More detailed data on the mean wet weightlgh on the entire studied area and the
full range of depths covered confirms in generahtethe grow smaller of the mean
biomass along with the growing distance from thershwhich is associated with
the depth increase:

0-9.9 m depth - 0.05g, m?

10.0-14.9 mdepth -  39.91,g m?
15.0-19.9 mdepth -  26.06,g m?
20.0-24.9 mdepth - 22.2Q.g m?

No statistically significant correlation, howeveras demonstrated between the
abundance and the wet weight of Mya—and the defpits occurrence in the coastal
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zone. The wet weight dflya, similarly as the abundance and frequency werkehig
in the central Middle Pomerania compared to thet\Ald East Polish Baltic coastal
zone. The value of the mean wet weight was 11-fidgher in the Ustka estuary
(X = 11.31 g, m? compared to the wet weigh of that's specimenshin stu-
died west coastal zone of the Polish Baltic coastale (0.01 g, m?) and was
2-fold higher in the studied east coastal zonehef Polish Baltic coastal zone
(5.82 gw M?, Tab. 3). Similarly as the abundance, the valli¢beowet weight var-
ied within a wide range (0.0-25.52,gm™). The highest wet weight &f.. arenaria
was observed in the area of Ustka and teba (trémis€t 1X). On six transects
(1, m, v and VII, VI, X) where Mya was absent, the lowest value of the wet
weight of this bivalve was observed on profiledbfobrzeg East), (Tab. 3).

The frequency (F) oMya arenariawas distinctly higher in the Stupia estuary
(Ustka) (60%) compared to the frequencyMfa in the coastal waters of the West
zone Middle Pomerania (2.5%)lya was recorded at all sites (F = 100%) only in
the area of Ustka East (transects VI). The lowesjuencies oMya were stated in
the areas of Dartdwko, Rowy, and teba (transedtsl\] VII, VIII, Tab. 3). Age
structure ofMya arenariawas studied on two profiles (Stupia estuary — W, Mt is
evident from the present study that in the Polisastal zone these bivalves live up
to 3 years (which is perhaps affected by a speeigl of reading age rings on the
shell). In the area of the Polish Baltic coastalethe age structure blya arenaria
was studied on the Ustka profile, where dominateetijile bivalves, the group 1+
being the most abundant (63% of the populationps€hdata which is probably
caused by predation impact of fisRlgtichthys flesugL.), Platessa platessé..),
Scophthalmus maxims.) and others.

The study of the size structure (shell width, meadifrom the apex) dflya are-
naria demonstrated that the width of shell of bivalvesthe studied zone of the
Polish Baltic coastal reached 9 mm. It is interggthat in general, the mean width
of Mya oneself did not differ on profiles eastern andtessStupia estuary (Fig. 2).

DISCUSSION

The surveyed coastal zone of the Baltic Sea (Figs the most extensively exposed
to the action of frequently unfavourable factorghe proximate land and it is par-
ticularly true for the estuary areas. The extdémiver impact on the coastal zone is
dependant, predominantly on the flow velocity afiver, level of its pollution and
eutrophication (Tab. 4). It is also very importérthe river estuary contains a larger
body of water acting as a sedimentation area. utth $odies of water, substantial
amounts of abiseston, heavy metals, PCBs and stiistances harmful to hydrobi-
onts are eliminated. On the other hand those badiesater (Gardno Lagoon, teb-
sko Lagoon) promote an intense increase of prinpaoguction (development of
bacterioplankton, phytoplankton) and secondary yetdn e.g. zooplankton. In-
tensely developing plankton (bioseston) from thaxsas is carried out to the coastal
zone of the sea. It substantially enriches the foaske of a number of hydrobiont
species, in this number also benthic forms, pderbyu water-filtering bivalves.
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Table 4
A checklist of pollutants load (tons/year or inyegr) in the estuary areas
of rivers according to “IMGW Gdynia (1999)”

Rega Wieprza Stupia tupawa teba

River River River River River
BODs 2181.2 1160.0 1708.3 795.8 1337.4
COD Mn 39012.6 19774.9 11150.8 4375.4 10793.7
T-N 2585.8 1244.6 1114.0 636.3 1083.6
N-NH,4 230.4 147.7 41.4 26.2 81.8
N-NO, 1578.6 696.7 643.3 433.3 517.3
N-org. 775.0 398.9 429.6 176.6 484.6
T-P 215.5 119.4 77.9 32.7 72.0
Calcium (Ca) 66169.8 30872.6 30101.F 13304(8 28179.
P-PQ 53.1 38.7 48.2 195 48.0
Chromium total (Cr) 1.1 0.606 0.565 0.251 0.430
Zinc (Zn) 2.58 111 11.48 4.30 10.55
Cadmium (Cd) 1.10 0.606 0.056 0.025 0.043
Copper (Cu) 1.47 0.940 0.846 0.430 0.639
Lead (Pb) 1.49 0.87 1.26 0.55 1.58

Some, typically freshwater plankters, in contadhvmore salty waters (7-8 PSU) of
the Baltic die off in bulk, enriching the bottomanganic matter, which in turn may
be utilised by benthos. Rivers bring mineral sttthe coastal zone, in this number
nutrients, promoting increase of primary productibmough increased development
of autochthonous Baltic planktonic algae (Friedréetd Wilamski 1985, Krzymski

et al. 1999, Niemkiewicz 1999, Poleszczuk and Sie85, Trojanowska et al. 2001,
Trzosihska 1990). Substantial amounts of organic sestigih (ROD5; Tab. 4) and
allogenous biogenic substances enhancing primagugtion in the marine areas of
estuaries influence development of macrozoobenihodis number bivalves. For
example, near théwina mouth, the wet weight dflya arenariareaches 2 kg
(Piesik et al. 2003). Comparing the data from talleand 5 we can conclude that
Mya developed most extensively in the estuary argaeftoastal zone the mouths
of Slupia and teba, where the waters bring thedsghmounts of bioseston and nu-
trients, compared to the other estuaries surveyhd. presently determined mean
values on the abundance and wet weigh¥lgé in the estuary zone of the coastal
waters and in the areas of open shore do not etmbl@w an explicit conclusion on
the gross effect of rivers (trophic conditions) supposedly more extensive devel-
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Table 6
Comparison of the abundance, biomass, and thedreguwfMya arenariain the coastal
zone of river estuaries (first order estuary) drelWiadystawowo

Estuary Open coast Estuary Open coast
Region abundance ind. ™ bloma_sés F bloma_sés F
Guw M Gww M

range| X |rangel X range | X % |rangg X (%)

Polish Baltic

0-265| 13.2| 0-20| 5.0| 0-22.5p1.62 | 10.5| 0-2.6 0.39| 42
coastal zone

opment ofMya (Tab. 6). It is possible, however, that big poméaa rivers such as
Slupia, teba may enhance development of macrozalobgnin this numbeMya
(Tab. 5). Also hydrological factors may be impottémansfer of sediments by ben-
thic water currents), as well as the type of sabstrand biotic factors (predation).
Mya arenariafor many reasons constitutes a young and impoiantponent of
macrozoobenthos inhabiting the floor of the Ba8iea, down to 30 m depth (Wa-
rzocha 1994). Because of its permanent occurrendefined zones of the bottom of
this sea Warzocha (1987) distinguished macrozobberguilds, where thklya is

a componentMya arenariaMacoma balthicaAlso in other seas e.g. the Norwegian
Sea Oug (2001) distinguishedviga “community”. In the Pomeranian Bay, depend-
ing on the distance from the discharge points ef@ura River waters, which is as-
sociated with detritus enrichment of the bottong ttominant species akya are-
naria andMytilus edulis(cf. Powilleit et al. 1995).

It is evident from the data that in the three-naitmstal zone of the middle Pomera-
nia, the BalticMya was not the dominant species in the macrozoobsrtbmmu-
nity. The exception was the area of Ustka and H@taasect VI, IX) where these
bivalves were the subdominant together frpraperly Cardium glaucunor Maco-
ma balthica

The age structure dfl. arenariastudy in the area estuary Stupia (Fig. 1). The for
mer zone was inhabited only by smalMya aged 0 to 2+ (three-year-olds). The
bottom of the estuary Stupia (east of Ustka) wasemd mainly by greate¥lya
(Fig. 2). Such atypical age structure of the pafioh studied was possibly linked to
a specific predation. Large specimendviyfa are probably intensively eaten up also
by turbot,Scophthalmus maximuattaining the length of 55 cm in the Baltic Sea.
Juvenile specimens of flatfishes, particularly ummsner, feed on the bottom in
warmer waters close to the shore. During theirifegethey may bite off siphons of
Mya, protruding above the bottom. The bivalves witlssing terminal parts of their
siphons are forced to dig up immediately below sh&face of the bottom and are
this way more vulnerable to predation (flat fistseeh as European plaiceleu-
ronectes platessar water birds), (Goeij et al. 2000). The preseatiquired data on
the occurrence, abundance, and the biomasd.airenaria in the studied Polish
coastal zone of the Baltic, indicate that thosebies are affected in different inten-
sity by abiotic factors (water current, type oftbat) and biotic (autochthonous and
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allochthonous bioseston content, predatith)arenariaoccurred commonly and its
frequency (F) ranged from 0 to 100%. In individuahstal zonedylya encountered
variable conditions for their development, whichcenfirmed by variable abun-
dance, and the wet weight (Tab. 5). In the studiegtch of the Middle Pomerania,
the abundance dflya were as many as 300-fold lower (328.3 specimensngin
relation to the data of Waoiak (2004).

Analysis of the wet weight dflacomaindicates that the food base for aquatic fauna,
including commercially important fish species, pdmd by this mollusc develops
the most intensively in the coastal zone of Usthd Beba (transects VI-IX) in the
Middle Pomerania.

CONCLUSIONS

1. Mya arenariais a bivalve not commonly occurring in the studilecee-mile Pol-
ish coastal zone of the Baltic. The frequency (Fthis species ranged from
0 to 100%. The highest frequency was recorded enaffeas of Ustka (100%).
The frequency for the coastal zone of Polish Batti@stal has amounted to
19.5% (on the average).

2. The abundance of Baltitya was diversified (from 0 to 265 specimens p&)m
(X = 10.4 spec. per T In the Stupia estuary it was over 50-fold higk®4.5
spec. per ff) than that in the estuary of Wieprza and tupawa.

3. The wet weight ofM. arenaria in the coastal zone studied (Kotobrzeg-
Wiadystawowo) ranged from 0 to 25.52,gm? (X = 1.56 g m?). In the Shu-
pia estuary the mean wet weight (5.65 gn®) was 5-fold higher in relation to
the mean wet weight of this species in the Wieprmht upawa estuary.

4. Mya lived up to 3 years (according to the present oetbf age reading). The
age structure of the population i arenariastudied in the estuary Stupia was
not strongly diversified and the dominant groupsenet.

5. The analysis of the mean abundance, wet wedgttt,the frequency points out
thatMya population in the Stupia and teba estuary, compévehe areas of the
Wieprza and tupawa estuary exhibited more intengiaditative growth, which
was probably caused by more convenient trophic itond, weakened, and se-
lective pressure of flatfishes and more favourdiylérological conditions modi-
fying the sandy bottom.
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MYA ARENARIAL.) W POLSKIEJ STREFIE PRZYBRZANEJ BALTYKU (KOLO-
BRZEG — WLADY SLAWOWO)

Streszczenie

Badano populagj mata Macoma balthicaw polskiej strefie przybrzmej Baityku
(do 3 Mm) w otwartym wybrzai PomorzaSrodkowego (Middle Pomeranian). Okieno
zagszczenie, biomasmokr oraz frekweng Mya w wodach przybrzaych, w tym w re-
jonach u§¢ rzeki Wieprzy, Stupi, tupawy i teby. Wako frekwencji Macomaw strefie
przybrzenej otwartego morza (Pomor&modkowego) wynosita — F = 19,5%. Zsgcze-
nie Mya w badanej strefie przybrzeej wahato si w granicach od 0 do 265 ind.mina
(X — 10,4 osobn. ). Wartdi¢ masy mokrej tego gatunku matwahata s od 0 do
25,52 gm M2 (X — 1,564, M?). Mya arenariaznajdowata dogodniejsze warunki dla rozwo-
ju w estuarium Stupi, gdzie zeggczenie tego mad byto 100-krotnie wysze, a masa mokra
11-krotnie wyisza w poréwnaniu z estuarium Wieprzy i tupawjya arenariaodgrywa
wazna role w monitoringu bentosu Morza Battyckiego oraz utziegy w procesie doczysz-
czania wod badanej strefy przybrmej (biofiltracja, biosedymentacja).



