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Abstract. The living benthic foraminiferal assemblages in brackish-marine (fjords and shallow areas of the Kiel Bight),
Kiel Fjord (SW Baltic Sea) were investigated in the years and brackish faunas. A detailed taxonomical and ecologi-
2005 and 2006. The faunal studies were accomplished bygal overview on benthic foraminifera in the south-western
geochemical analyses of surface sediments. In general, se®@altic Sea was provided by Lutze (1965), who found out
iment pollution by copper, zinc, tin and lead is assessed aghat temperature and salinity rather than substrate were the
moderate in comparison with levels reported from other ar-main ecological controls on foraminiferal distribution in this
eas of the Baltic Sea. However, the inner Kiel Fjord is still area. Vice versa, Wefer (1976) observed that the abundances
exposed to a high load of metals and organic matter due to eref foraminifera in sediments off Bokniseck (open Kiel
hanced accumulation of fine-grained sediments in conjuncBight) were regulated by substrate features, hydrodynam-
tion with potential pollution sources as shipyards, harboursics and oxygen content of the bottom water. Foraminiferal
and intensive traffic. The results of our survey show that thefood preferences in the open Kiel Bight were described by
dominant environmental forcing of benthic foraminifera is Sctbnfeld and Numberger (2007b), who reported two repro-
nutrients availability coupled with human impact. A com- duction events oElphidium excavatum clavatufollowing
parison with faunal data from the 1960s reveals apparenthe spring bloom and suggested the “bloom-feeding” strategy
changes in species composition and population densitief this species.
The stress-tolerant speci@snmonia beccariinvaded Kiel The benthic foraminiferal distribution in Kiel Fjord has
Fjord. Ammotium cassisad disappeared that reflects appar- been left out of sight, with the exception of 4 stations inves-
ently the changes in salinity over the last 10 years. Thesgigated by Lutze in 1962—1963, which were taken as refer-
changes in foraminiferal community and a significant in- ence points for our study. Over the 20th century, Kiel Fjord
crease of test abnormalities indicate an intensified environhas experienced a strong anthropogenic impact. For moni-
mental stress since the 1960s. toring purposes, the foraminiferal response to environmental
changes attracts attention under the aspect of rising ecologi-
cal problems.
1 Introduction A number of studies addressed the foraminiferal reactions
to changing environmental parameters as salinity, tempera-

The previous studies in the Kiel Bight only gave a very shortture, oxygen, food availability, pH, (e.g. Bradshaw, 1957,
description of foraminiferal distribution, though they were 1961; Boltovskoy et al., 1991; Moodley and Hess, 1992;
started in 19th century (Bbius, 1888). Ecological obser- Alve and Murray, 1999; Stouff et al., 1999a, b; Gustafs-
vations of foraminifera were initiated by Rhumbler (1935), son and Nordberg 2001; Le Cadre and Debenay, 2003), con-
who used rather descriptive than quantitative methods of infamination by trace metals (Ellison et al., 1986; Sharifi et
vestigation. Next, Rottgardt (1952) distinguished three dif-2al., 1991; Alve, 1991; Alve and Olsgardt, 1999; Yanko et
ferent foraminiferal assemblages in the Baltic Sea, whichal., 1998; Debenay et al., 2001) and sewage effluents (e.g.
are distributed according to the salinity pattern: marine, Watkins, 1961; Schafer, 1973; Tomas et al., 2000). A de-
crease of population density, reproduction capability, en-
hanced mortality, and increasing frequency of test abnormali-

Correspondence toA. Nikulina ties were observed under the high trace metal or organic mat-
BY (anikoulina@ifm-geomar.de) ter levels (Schafer, 1973; Samir and El Din, 2001; Bergin et
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Fig. 1. Study area(a) SW Baltic Sea(b) outer Kiel Fjord,(c) inner Kiel Fjord with bathymetry). Circles indicate here the sampling
stations. For station description see also Supplementary matdti@l/fvww.electronic-earth.net/3/37/2008/ee-3-37-2008-supplement.pdf
Table 1).

al., 2006; Burone et al., 2006; Ernst et al., 2006; Di Leonardol10°22 E). The Friedrichsort Sound divides the fjord into a
etal., 2007). On the other hand, it was shown that populatiorsouthern, inner fjord with width to 250 m, and a northern,
density of foraminifera may increase in vicinity of sewage outer fjord, which expands up to 7.5 km and passes into Kiel
outfalls (Watkins, 1961; Tomas et al., 2000). Culture exper-Bight (Fig. 1). The inner Kiel Fjord is mostly 10 to 12m
iments revealed thaA. beccariiproduces abnormal cham- deep. A system of up to 16 m deep channels connects the
bers at 10—-2@.g/l of copper in seawater (Sharifi et al., 1991; inner with the outer fjord. The outer fjord itself is more than
Le Cadre and Debenay, 2006) and dies at concentrations ex20 m deep.

ceeding 20Qug/l (Le Cadre and Debenay, 2006). Therefore,  as the entire Kiel Fjord is relatively shallow and isolated,
foraminifera appear to be a rather sensitive tool for the mon-ts hydrographical characteristics weakly depend on the salt-

itoring of pollution, though should be used with caution, be- rich inflow water from the Belt Sea. The only river discharg-

mental variables (Alve and Olsgardt; Stouff et al., 1999a, b;
1999; Le Cadre and Debenay, 2006).

The aim of this study was (1) to describe the distribution
of living (stained) benthic foraminifera in the Kiel Fjord, (2)
to investigate the distribution pattern of main geochemical
parameters of surface sediments, (3) to outline the level o
pollution by trace metals, and (4) to assess the foraminifera
response to environmental changes during the past decadeﬁ.

The water masses of the inner fjord are homogenously
mixed, except during summer. Then, surface water has a
temperature up to 2& and a salinity of about 14 units. The
underlying deep water has a temperature of abotCEhd a
]salinity of up to 21 units. In winter, the temperature does not

hange significantly with depth and may decrease°t. 2
he salinity is constant with depth as well (Schwarzer and
hemann, 2003).

Coastal and near-shore erosion of Pleistocene till is the

2 Study area most important source of sediment in this area. Lag sed-
iments with coarse sand and gravel prevail in the shallow

Kiel Fjord is a 9.5km long, N-S extending and narrow in- coastal areas. They pass into sandy muds and silts in the
let of southwestern Kiel Bight (349-54°30' N; 10°06— deeper basins. In the innermost fjord, dark organic-rich
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muds are encountered even in shallow areas. Sand venee8s Material and methods
are found in the Friedrichsort Sound due to relatively strong _
currents between inner and outer fiord (Schwarzer and The3.1 Sampling

mann, 2003). . ) :
Kiel Fjord has seen a strong anthrapogenic impact for theThls study is based on 89 surface sediment samples collected

last 70 by © infrastruct hi q it dat 4.5-18.1 m water depth between December 2005 and May
as th yiars y 3\’;?3 n :as ru<t: ufrfe,ts;] lpyarr] If :ncl:' ar)|/ ernh 2006 on seven daily cruises with R/V Polarfuchs. The sam-
sportharbours and the intense fraftic througn #iel Lanal. eples were retrieved with a Rumohr corer with a plastic tube of
shipbuilding industry has led to a substantial trace metal pol-,

lution in places. Dredging to keep the seaways clear, and th55 mm inner diameter_and a Van-Veen Grab. The latter was
hio traffic it h; h dast disturb f ‘ fised when sandy sediments were encountered. The Ruhmor

Ship traftic 1Selt have caused a strong disturbance of SUiace, o \yas deployed three times at each station in order to

sediments. avoid errors associated with spatial patchiness. The upper-
most centimeter of the sediment was removed on each de-

2.1 Previous pollution surveys ployment with a spoon, and with cut-off syringes when a
Van-Veen Grab was used. The sediment was placed into a

Despite the long-term anthropogenic load in study area, reglass vial, thoroughly mixed, and subsamples for geochem-

ports on the early history of pollution of Kiel Fjord are rare. ical analyses were taken from this mixture at first. The

Recently, the monitoring of metals concentration at a fewremaining sample was transferred to a PVC vial, and pre-

stations in Kiel Bight by the Institute for Marine Research, served and stained with a solution of 2g Rose Bengal per

Warneniinde (IOW) indicates no significant temporal trend litre ethanol in order to mark foraminifers living at the time

in trace metal content for 1998—2000 with respect to the ob-0f sampling (Murray and Bowser, 2000).

served high interannual variability (e.g. Nausch et al., 2003b; )

Pohl et al., 2005). Kiel Fjord itself is considered by LANU 3:2 Hydrographic measurements

gTeZ?aiS%ZE?eI Sﬂ;‘fﬂgg@?ﬁ?l azrgicgmﬁ?neg ;yir%fptgﬁ a?]l:To_The selinity, temperature and dissolved oxygen content of the

cal hot spots of cadmium, lead, copper, and zinc <:ontamina9verly'n:q water in the Rumo_h_r corer tube was measured on

tion in the coastal waters of Schleswig-Holstein. In the yearboard with Oxi- and Conductivity meters (WTW Oxi323/325

2000 for instance, the concentrations of Cu, Zn and Pbin sed"Emd LF320). As the measurements were made within min-

iment fraction<20um were 82, 300 and 130 mg/kg in the t‘ItTIS ﬂﬁehr re{trr]levazlr,] and ta|r ttempera;tures were nofc dsul:t)ﬁtan-
inner fjord correspondingly (Haarich et al., 2003), whereas 'afly higher than the waler lemperatures, we consider these

in outer fiord Cu, Zn and Pb content was estimated to 30 values as representative for the near-bottom water. In the
' . . 'Schwentine river mouth, at three stations CTD-profiles were
210 and 60 mg/kg, respectively (LANU archive: Ostseemon- . . . )
9'g b y( done with WTW Profiline 197 TS in 1-m intervals to locate

itoring Programme). No clear temporal trend of metals con- he boundary bet iverine fresh wat d hiah i
centrations in 1995-2004 was observed in sediments of Kiet.oer q Svl;?egry etween riverine Iresh water and higher- saline

Fjord. Extremely high concentrations of organically bound J
fun (407-2556ug TBT-Sn/kg) were found in the fjord sed- 3.3 Geochemical analysis
iments; they are supposed to cause the aberrant changes in
reproduction system of the periwinkle (LANU, 2001). High supsamples for geochemical analysis were freeze-dried and
Concentrations of Cu and Zn were found in f|Sh (Senocak,powdered in an agate mortar. Measurements &é'cotaj
1995) and mussels (ter Jung, 1992) from the inner Kiel Fjord.carbon (TC) and total nitrogen (TN) were performed with a
But the organisms in the outer fiord showed the lowest metalscario Erba NA-1500-CNS analyzer at IFM-GEOMAR with
content for all Schleswig-Holstein waters. accuracy better thas1.5%. Chlorophylla and phaeopig-
Kiel Fjord has been affected by eutrophication induced byments were determined after acetone extraction with a Turner
a high load of nutrient and organic carbon from the city andTD-700 Fluorometer at IFM-GEOMAR. The precision of
surrounding area (Gerlach, 1984). Herein, the nutrient conthe method ist10%. Biogenic silica (opal) measurements
centrations and primary production showed a southward inwere done according to an automated leaching method for
crease to the inner fjord (Schiewer and Gocke, 1995). Thdahe analysis of Si@in sediments and particulate matter de-
construction of a central treatment planti{B, Klarwerk)  scribed by Miller and Schneider (1993) using a Skalar 6000
in 1972 has reduced the input of nitrogen and phosphoruphotometer with precisiont1%. For trace metal analy-
significantly (Kallmeyer, 1997; Rheinheimer, 1998), but the ses, the sediment samples were digested in an HNB
deep-water oxygenation improved not early than in the 199044CIO4-HCI mixture solution. The solution was diluted and
(Gerlach, 1996; Haarich et al., 2003; LANU, 2003). Nev- measurements were performed with an AGILENT 7500cs
ertheless, oxygen deficiency may occur at specific weathetlCP-MS at the Institute of Geosciences, University of Kiel
conditions in the fjord regularly in late summer due to a sta-(Garbe-Schnberg, 1993). Blanks and the international stan-
ble water stratification (Gerlach, 1990). dard MAG-1 were repeatedly analyzed together with the
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samples in order to evaluate the precision and accuracy obecember 2005. The overlying water had oxygen saturation
the measurements. The accuracy of analytical results as esfl-1%; the sediments were muddy-sand. At 1 mm sediment
mated from replicate standard measurements was better thatepth, the oxygen saturation was still more than 50%, and a

+1.5%. zero oxygen level was encountered at 3.5mm. As compared
o _ with a usual 2 to 5 cm thick oxic layer in normal marine set-
3.4 Foraminiferal studies tings, the oxygenated surface layer in this core was quite thin.

The sub-samples for foraminiferal analysis were stored in a2  Organic carbon and C/N ratio

fridge for two weeks to effect a sufficient staining with Rose

Bengal. The samples were first passed through a 2600 The organic carbon content in the surface sediments ranged
screen in order to remove molluscs’ shells or pebbles, androm 1% in Friedrichsort Sound to 7.8% in muddy sediments
then gently washed through a 63n sieve. Sediments of of the inner fjord (Fig. 2), and it is negatively correlated with
the Baltic Sea have a high content of organic detritus. Afterthe sand content-€0.793,n,=89). Though the changes in
drying, the detritus creates a film layer on the sample, whichmean Gg values through the year were not substantial, we
has to be disintegrated before picking (Lutze, 1965). In or-observed an increasedgcontent associated with the spring
der to achieve a separation of the organic detritus, the 63-bloom in February and March (Graf et al., 1982; Wasmund
2000um size fraction was transferred into a cylinder with et al., 2005). Generally, theqfg content was higher than
some tap water and left for a while. Then the supernatant wareported by Leipe et al. (1998) for the open Mecklenburg and
ter was poured through a filter paper to collect the suspende&iel Bights (5% for the fine fraction).

organic debris. During drying, the organic flocks stuck to the The mean C/N ratio depicts a substantial input of organic
filter paper and foraminiferal tests could be easily brushedmatter from the hinterland (Fig. 2). The C/N ratio increases
off (Lehmann and Rttger, 1997). The 63-2008m and  southwards from 4 in the outer fjord to 15 in the inner fjord,
>2000um fractions were dried at 6C, weighed, and split-  which is in the range of values for the southern Baltic Sea
ted. Well-stained foraminifers that were considered as living(Pertilla et al., 2003). Seasonally, the C/N ratio changed not
at the time of sampling were picked from respective aliquots,significantly but has the lower values in February-March that
sorted at species level, mounted in Plummer cell slides angirobably mirrors the accumulation of fresh detritus charac-
counted. Both normal and abnormal tests were counted sepaerized by low C/N values of 5.6 to 7 (Graf et al., 1982).
rately. The standing stock was expressed as number of spec-

imens per 10 cof sediment. The main species were pho- 4.3  Biogenic silica

tographed with Cam Scan Scanning Electronic Microscope_. o ) ] ]
at the Institute of Geosciences, Kiel University. Biogenic silica (opal) content in surface sediments of Kiel
’ Fjord was higher in spring as compared to December

(0.1wt.% to 8wt.%), and showed a maximum in the inner

4 Results and discussion fjord (Fig. 2). The maximum of diatom biomass and biogenic
silica flux to the sea floor was recorded in early April in the
4.1 Hydrography SW Baltic Sea (Wasmund et al., 2005, 2006). Apparently,

o .. the increase of opal in sediments of Kiel Fjord in February

The temperature and salinity of near-bottom water in Kiel ofiected the spring bloom of diatoms in late February and
Fjord showed a pronounced seasonality. Temperature déyarch. Surface sediment biogenic silica content clearly re-
creased from & on average in December 2005 ®2in  fects spatial differences in surface water primary productiv-
February, and raised again 67 in May 2006. l,n Decem-_ _ity, and at low depths and under relatively high sedimentation
ber 2005, the near-bottom water showed the highest salinity,es it could refer to seasonal changes of primary produc-

with 23.2 units and minimum values of 16.5 units in May. ity (Rathburn et al., 2001: Bernardez et al., 2006). At the
In the Schwentine river mouth, the boundary layer be-game time, Schwentine river might also be a source of opal
tween riverine fresh water and saline fjord water was encounsoy the inner fiord sediments because in the suspension of its

tered at approximately 1 m depth in February. With an av-yater the opal values exceeded 15wt.% owing to freshwa-

erage discharge of 7.3%s (Schulz, 2000), the Schwentine (g giatoms. As the maximum of biogenic silica in the inner

substantially freshens the waters of the inner fjord. fiord sediments was not found in the vicinity of Schwentine
The oxygen concentration mostly exceeded AG®I  4,th we consider the primary productivity in the fiord as

and decreased slightly only in the deep basins. The satupe main cause of seasonal and spatial variations in biogenic
ration levels varied from 58% to 100%. As such, a sinceregjjica concentrations.

oxygen deficiency in the near-bottom waters of Kiel Fjord
was not recognized. 4.4 Chlorine and phaeopigments
The oxygen content of near-surface sediments was mea-
sured with a Unisense microelectrode (Revsbech, 1989) irChlorine concentrations in surface sediments varied from
a short core taken from the inner fjord at the beginning of 7000 to 600 000 ng/g dry sediment (Fig. 2). The values were
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Fig. 2. Seasonal distribution of organic carbon (%), biogenic silica (wt.%) and chlorine (ngtg:instead of ng/g by other authors) in Kiel
Fjord. Sampling stations are shown here as black dots.
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Fig. 3. Trace metals (Cu, Zn, Pb, Sn) distribution in Kiel Fjord.

Table 1. Mean (range) concentrations of trace metals (Cu, Zn, Sn, Pb, mg/kg) in the surface sediments of Kiel Fjord and their correlation
with organic carbon and sand content, number of sampt&s.

Trace metals, Kiel Fjord, Correlation coefficien) ( Correlation coefficientr)
mg/kg mean (range) withdzg, % with sand content, %
Cu 62.3 (1.79-162) 0.726 —0.581

Zn 185 (11.2-434) 0.770 —0.621

Sn 4.97 (0.24-18.4) 0.549 —0.404

Pb 118 (6.81-260) 0.672£52) —0.579 @=52)

generally higher in March than in December. The spatialcantly positively correlated with thedg contents and nega-
distribution of chlorine concentrations was irregular. In De- tively correlated with the sand content. The correlation sug-
cember and February, the highest concentrations were olgests that most of the trace metals are bound to organic mat-
served in the innermost fjord, while in March and May the ter, that they accumulate in muddy sediments, and that they
chlorine levels were elevated towards the outer fjord. Asare winnowed from of sandy sediments. In fact, elevated
chlorine content is a proxy for productivity (Harris et al.,, metal levels were recorded in the innermost and central fjord
1996), this pattern seems to depend on the development dfFig. 3). Moreover, exceptionally high metal concentrations
the spring bloom, sequential growth of different algal groupswere found in surface sediments close to Lindenau shipyards
and changes in hydrographical conditions (Graf et al., 1982at Friedrichsort, and at Tirpitzhafen Navy base.

as well as terrigenous input. The ratio of chlorophylie The long history of human impact in Kiel Fjord suggests

phaeopigments generally increased from February 10 Mayyhat metal concentrations are substantially higher than the re-
which infers a flux of fresh organic matter to the sea ﬂoorgional background (HELCOM, 1993). Except in the inner-

(Greiser and Faubel, 1988; Reuss et al., 2005). most fjord, trace metal concentrations are well in the range
45 Trace metals pollution of values reported from elsewhere in Kiel Bight for the years

' P 1999 to 2004 (Leipe et al., 1998; Haarich et al., 2003; Pohl
The concentrations of copper, zinc, tin and lead in surface®t al., 2005).

sediments of Kiel Fjord show a high variability (Table 1).  Nonetheless, a trace metal study from a sediment core
With a sample thickness of one centimeter and presumablé&om Kiel Bight demonstrated that the metal concentrations
sedimentation rate in Kiel Fjord about 1 mm per year (Er- systematically increased since the 1830s and reached maxi-
lenkeuser et al., 1979; Balzer et al., 1987), one has to keemum in 1950-1970s (Erlenkeuser etal., 1974). The youngest
in mind that the trace metal concentrations present an aver€u, Zn and Pb contents were estimated as 70, 230 and
age over the last 10 years. The concentrations are signifi80 mg/kg, respectively. We found the average values of 62,
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Fig. 4. Foraminiferal relative abundances and test abnormalities percentage in Kiel Fjord, here X indicates the stations revisited after Lutze
(1965).

185 and 118 mg/kg Cu, Zn and Pb. As such, no significantshipyards despite the recent restriction of tin-containing an-
changes in heavy metal concentrations took place during ladifouling paints (IMO, 2005).

40 years. To the north of Kiel Canal, we found even lower

concentrations than in the 1960s, presumably referring to en4.6  Foraminiferal population density and species composi-
vironmental protection measures, in particular, a banning of tion

lead additives in gasoline during the last decades. This may

explain the today’s low concentrations of lead in Kiel Fjord The foraminiferal population density in Kiel Fjord
keeping in mind that its main sources in the Baltic region areranged from 3 to 4895ind./10&n on average 200 to
atmospheric input and surface runoff (Bmann, 1996). Tin  400ind/10 cm. The living benthic foraminiferal com-
concentrations were not reported in early investigations. Inmunities were dominated bfmmonia beccarii(52% on
Kiel Fjord the concentration of tin in the sediment fraction average) and subspecies Eiphidium excavatunitogether
<2000um (LANU archive: Ostseemonitoring Programme) 44% on average)Elphidium incertum, Elphidium albium-
was 24 mg/kg in 2004 whereas in other fjords and bays ofbilicatum and Elphidium gerthiwere common (5.3 and 3%
Kiel Bight it varied from 4 to 17 mg/kg. Our measurements on average). Ammotium cassis, Reophax dentaliniformis
range from 0.2 to 18 mg/kg and confirm the elevated levelsregularis, Elphidium williamsoni and Elphidium gunteri

in the inner fjord. This can be related to sport harbours andvere rare (maximal 2%). The stations with predomi-
nance ofA. beccarii generally have a lower abundance
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stations revisited after Lutze in February 2q@h Panel(d) shows the changes in population density (log scale) since 1960s (Lutze, 1965).

of E. excavatum excavatumnd vice versa (Supplemen-  Positive correlations of population density with biogenic
tary material: http://www.electronic-earth.net/3/37/2008/ silica (=0.475;n=21) and chlorophylk (»r=0.600; n=21)
ee-3-37-2008-supplement.pdiable 2, Plate 1). We do not were found for samples taken in December. This under-
recognize any physical, biological or chemical parameterpins the strong relationship of the availability of food, in
that would explain this spatial change in dominance. But weparticular diatoms, and foraminiferal population density (Al-
cannot entirely rule out, that these species occupy differentenbach, 1992; S¢imfeld and Numberger, 2007b).

ecological niches. As such, we can presume a substitution |n order to reveal the stress response capability of the ben-
of these species. E. incertumand E. albiumbilicatum  thic foraminiferal fauna, we calculated the ration of the toler-
co-occurred with moderate abundances to both sides ofnt specied. beccariivs. the specializel. excavatunA/E
Friedrichsprt Sound. E. gerthi and E. Williamspni were Index), firstly described by Sen Gupta et al. (1996) as a proxy
recorded in shallow and near-shore samples (Fig. 4). of hypoxia. The highest A/E values were found in the central

The arenaceous speciBs dentaliniformis regulari@nd  part of Kiel Fjord. They coincide with high &g (7%) and
A. cassiswere recorded only sporadically in our samples. tin concentrations (18 mg/kg).

The situation was quite different in the 1960s, for instance,
Lutze (1965) reported. cassiswith up to 2% of the living
fauna in Kiel Fjord (Fig. 5b). We re-examined 4 of Lutze’s

In the inner part of Kiel Fjord, we recorded high frequen-
cies of test abnormalities (up to 17%). This is considerably

higher than the typical value of 1% under natural undisturbed

samples curated at the Institute of Geosciences (Universit)é o ) L
) . ) ) ) . onditions (Alve, 1991; Yanko et al., 1999). The majority of
of Kiel) and revisited his stations in February 2006 (Fig. 5a, abnolrrl’nal tfast\; were observedAn beccarii) A high r{ur’lnty

c)- The sample§ 'Faken n 2006. revealeq_ a 5 to 445-fold "Nber of test abnormalities preferentially occurred in the inner
crease of foraminiferal population densities as compared t

the 1960s. We also did not find. cassis This species (ﬁord,where the highest trace metal levels were marked.

was common elsewhere in Kiel Bight until the mid 1990s _ E- albiumbilicatum has been described as a typical
(Sctonfeld and Numberger, 2007a). Our results infer thatshallow—water species (Lutze, 1965). Here, it inhabits the
A. cassishas apparently disappeared in the 2000s from Kieltransitional area of Friedrichsort Sound where sandy sedi-

Fjord too, and that it has been presumably replaced.inec- ments prevailed. The high water turbulences seemingly pre-
carii. vent the accumulation of organic matter bound trace metals

here. On the other hand, it was suggested that species living
in turbulent waters develop spines (Boltovskoy et al., 1991).
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Tests ofE. albiumbilicatunrpossess the numerous pustules in mens smaller than &m observed in the western Baltic Sea
apertural and umbilical areas making the test surface rougliSctonfeld and Numberger, 2007a: p. 85). Therefore it is
and enabling this species to withstand the higher water turunlikely that G.-F. Lutze missed or washed away a signifi-
bulences in this sound. cant proportion of the fauna. Most residues of Lutze’ sam-

The species composition of dead assemblages at statiores contained a very few or no living specimens whereas the
revisited after Lutze was the same as the living assemblagesespective flotation concentrates were very rich. Therefore,
Lutze (1965) reported that thanatocoenoses in the 1960even if Lutze examined only concentrates but not the whole
also resembled the living communities. In 2006, the liv- samples, his results on the population density would not dif-
ing:dead ratios varied from 0.3 in the inner part to 3.2 in thefer by two orders of magnitude to the results we obtained in
outer Kiel Fjord, which is on average 5 times higher, than it our 2006 survey. Thus, we finally consider the differences in
was in the 1960sh{tp://www.electronic-earth.net/3/37/2008/ methods in this study comparing to the 1960s to be of minor
ee-3-37-2008-supplement.pdable 3). influence on the final result.

The remarkable increase in population densities as com-
pared to previous studies in Kiel Fjord arises a question: why4.8 Invasion and opportunistic behaviour of
living foraminifera became so abundant since the 1960s, es-  Ammonia beccarii
pecially in the presence of trace metals? According to Yanko
et al. (1999), some foraminifera might respond positively A. beccariihas an ubiquitous distribution in the Kiel Fjord
when the environmental impact is continuous. On the othewhereas bottE. excavatunsubspecies show avoidance of
hand, there are no data on trace metal concentrations in Kidhe central fiord with silty sediments enriched inrg£and
Fjord from the 1960s and therefore one cannot conclude thalin. In the North Sea, Sharifi (1991) describEd excava-
trace metals are the only factor that is responsible for the obtumas more frequent thah. beccariiin sediments polluted
served changes. Moreover, after the setup of sewage treaby Zn. According to Alve (1995), abundant and geograph-
ment plants and strict environmental protective politics in ically widespread species are to be considered as most tol-
the 1990s (e.g. Danish Action Plan (I); HELCOM), which erant to environmental pollutionA. beccariiis commonly
caused a decrease of industrial discharges and agriculturdlequent in coastal and paralic environments (e.g. Stouff et
load, a general decrease of nutrient inputs and stabilizatio@l., 1999a, b). Taking all this into account, we consider that
of oxygen levels in the SW Baltic took place (Nausch et al., the main reason whi. beccariiis so abundant in Kiel Fjord,
2003a, 2004). Despite the slight decline in nutrient levelsits opportunistic behaviour and high potential to survive un-
since the mid 1990s, an increase of primary production byder high input of nutrients and trace metal concentrations.
roughly 40% during the past 30 years has been suggested
for the western Baltic Sea (Wassmann, 1990:¢®ébld and 4.9 Disappearance éfmmotium cassis
Numberger, 2007a). Provided this is applicable for Kiel
Fjord too, even a doubling in primary production can not ex- Sample PO220-37-2 taken in the Kiel Bight in 1996 had 90%
plain a 67-fold increase in foraminiferal population densities Of A. cassisbut did not contain any calcareous foraminifera.
from 23ind/10cm on average in 1963 to 1582ind/10&m It may well be, that due to bad storage conditions, all the

on average in 2005 and 2006. calcareous tests were dissolved in this sample. For this rea-
son, we revisited station PO220-37-2 in December 2005 but
4.7 Re-examination of Lutze’s material we did not find living A. cassisany more. Lutze (1965)

stated that foraminifera in the Baltic Sea are mainly salinity
Differences in results shown at Fig. 5a and b may referand temperature dependant, and #hatassiss adapted to
to discrepancy in taxonomy, sampling seasons, size fraca strong halocline between surface and deep waters in Kiel
tions (>63um in this study and>100um by G.-F. Lutze)  Bight. Sclonfeld and Numberger (2007a) suggested cyclic
and study of the whole samples (in 2006) vs. concentrateshanges ofA. cassisabundances depending on saltwater in-
(1960s). Figure 5b shows. excavatunsubspecies, lumped bursts in the Kiel Bight and high salinity contrasts between
together in 1960s, as the dominant elements of the livingsurface and deep waters. As we observed only isolated speci-
fauna.E. incertumhad higher abundances, wherdagassis mens in some places, the inner Kiel Fjord is currently almost
andR. dentaliniformiswvere rare. Lutze did not repoi. al- unpopulated byA. cassis This pattern may be due to the fact
biumbilicatumandE. gerthj which we found in his samples. that the inner fjord is shallower, more closed and less saline
Apparently he recognized both species as varian®.@x-  than the open Kiel Bight. As such, the deep boundary layer,
cavatum Lutze’s sampling campaign started in spring 1962 which is a necessary condition for nutritionAf cassiscan-
and continued until fall 1963. Regarding the difference in not establish in Kiel Fjord (Olsson, 1976).
sample numbering (342 vs. 239), it well might be that sam- It is conceivable that with faunal change from very large
pling in the 1960s also comprised several seasons per yeah. cassito much smalleA. beccarij the total biomass might
as we did in the current study. Concerning the differences irdecreased. However, as the population density increased sig-
size fractions, it was shown that there were no living speci-nificantly since 1960s, we may assume that biomass today
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is higher than it was in 1960s and 1990s, whanmotium  Sclbnfeld and Numberger (2007a, p. 52, pl. 1, Fig. 4). (Note:
cassiswas abundant in the Kiel Bight. Elphidium asklundBrotzen, 1943, of Lutze, 196%&ribroel-
phidium albiumbilicatunof Frenzel, 2005).

Elphidium excavatum excavatuifTerquem) = Polis-
tomella excavata
Terquem (1875), Miller et al. (1982, p. 127, pl. 1, Figs. 11—

The results of the present study showed that labile or-, - . .. ;
ganic compounds (biogenic opal, chlorinesydEin sedi- 12); Sclnfeld and Numberger (2007a, p. 52, pl. 1, Figs. 12—

ments of the Kiel Fjord were subjected to a strong seasona?’s’)'

- . . L ; : Elphidium excavatum clavatum
variability. Their concentrations are significantly higher in N . )
springtime. The spatial distribution of labile organic com- Cushman (1930); Miller et al. (1982, p. 127, pl. 1, Fig. 8);

pounds is mainly determined by sediment type. Gener-scmnf_ek_j and Numberger (20072, p. 52, pl. 1, Figs. 7-9).
Elphidium gerthi

ally, the levels of concentrations of biogenic compounds h 957)- 9 9 pl .
are comparable to those reported from the open Kiel Bight.van Vc-)ort.buysen.(l Ef)' Lur:_z? (1 55' P- 159, pl. 15, Fig. 45)
Markedly low levels of food in Friedrichsort Sound establish (Note.(_:r_| rononion ct. gerthiof author).

Elphidium gunteri

quite unfavourable conditions for many benthic foraminiferal )

species. The surface sediment pollution by copper, zinc, tifc0!€ (1931); Frenzel etal. (2005, p. 73, Fig. 2., no. 2) (Note:
and lead principally could be considered as moderate because/iProelphidium gunterof authors). 3

the levels of metals are comparable to those elsewhere in the EIPhidium incertum(Williamson) = Polystomella umbili-
Baltic Sea. Nevertheless the inner Kiel Fjord is distinguishedCatula(Walker) varincerta

by a high load of heavy metals. The high tin concentrations'Villiamson (1858); Sconfeld and Numberger (20072, p. 52,
in surface sediments apparently depend on its accumulatioR!- 1+ Figs. 5-6)- _

in muddy sediments for previous decades. Elphidium williamsoni _ _

The analysis of foraminiferal population density shows a Haynes (1973) (NoteCribrononion cf. alvarezianum Or-
patchy distribution and a response to food availability, which Pigny. 1839 of Lutze, 1965; Frenzel et al., 2005, p. 73,
is depicted by Si@and Chle in the sediments. The strong Fig. 2., no. 8) (Note:Cribroelphidium williamsoniof au-
increase of population density since the 1960s remains enigors). o _
matic. It cannot be attributed to an increase in organic matter R€ophax dentainiformis f. regularis
supply and a slight reduction of pollution. Furthermore, we H0glund (1947); Scbnfeld and Numberger (2007a, p. 52,
observed significant changes in foraminiferal species comP!- 1, Fig. 11).
position in 2005-2006 as compared to the 1960s. The stress-
tolerant specied\. beccariiinvaded Kiel Fjord. We sup- AcknowledgementsThe authors thank Wolfgang Kuhnt who
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Ammonia beccari{Linné) =Nautilus beccarii Edited by: S. Spezzaferri

Linné (1758); Schnfeld and Numberger (2007a, p. 52, pl. 1,
Fig. 2). (Note:Ammonia tepidaDe Noijer, 2007, p. 24, pl. 1,
Fig. A; molecular types oAmmonial'l and T2, Hayward et
al., 2004, p. 256-258, pl. lI-1V).

Ammotium cassi@Parker)= Lituola cassis
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