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The uncertainties associated with radiocarbon dating of bulk sediment samples are
thoroughly discussed in Zillén et al. 2008 as well as the quality of the sediment de-
scriptions of the cores used in that study. There is therefore no need to further discuss
these issues in this manuscript. We do make the important statement that improved
time control is needed to better constrain the periods of hypoxia in order to disentangle
the effects of human and climate forcing on the Baltic Sea ecosystem.

It has been demonstrated that short term trends (< 30 years) in hypoxia during the
modern era in the Baltic Sea are related to variations in salt water inflows from Kat-
tegat, with less stratification and less hypoxia during “stagnation periods” (i.e. in the
1920/1930s, 1950/1960s and the 1980/1990s). During these “stagnation periods” the
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salt water inflows are reduced and the salinity of the Baltic Sea decreases by about
0.5 salinity units lower than the mean value (Meier & Kauker, 2003). In addition, we
know that short-term episodic inflows of salt water from the North Sea affect the overall
salinity in the Baltic Proper.

The majority of past salinity reconstructions imply low and relatively stable values from
c. 3000 cal. yr BP to the present. Only the estimates by Emeis et al. (2003) show a
steady increase in salinity from about 3000 cal. yr BP, although higher salinities during
this period are not supported by diatom studies (Andrén et al. 2000a;b) or the recon-
struction by Gustafsson and Westman (2002). The salinity estimates used by Leipe et
al. (2008) are those presented in Emeis et al., (2003) which are derived from 13C/12C
ratio of organic carbon measurements. The sample set used for the δCTOC/salinity
transfer function is sparse and consist of no more than nine data points (Emeis et al.
2003). It also suggests a salinity of 4-6 during the freshwater Ancylus Lake Stage, thus
demonstrate the large uncertainties associated with this method in absolute paleosalin-
ity reconstructions. In the absence of multiple high-resolution salinity reconstructions,
we therefore suggest that hypoxia in the Baltic Proper during the last two millennia
does not show a relationship to any known changes in salinity.

There are no geochemical records, such as Mn, Ca-rich laminae, demonstrating that
inflows of salt water have increased during the last four millennia. These laminae form
when the overlying water column is hypoxic/anoxic and where changes in redox con-
ditions triggers (Mn, Ca)CO3 precipitation. This occurs when sporadic inflows of oxy-
gen rich water reach deep hypoxic waters, where reductive dissolution yields in high
concentrations of dissolved Mn, which allow (Mn, Ca)CO3 laminae to form. The forma-
tion and preservation of these laminae require almost permanent hypoxia to develop
and would therefore not be present in homogenous sediments (e.g. Burk and Kemp,
2004). The presence of Mn-rich lamina in the sediment sequences thus only supports
evidence of saltwater inflow during hypoxic periods, not prior or after the periods of
hypoxia. Consequently, the lack of Mn-carbonates can only be used as an indicator of
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oxic conditions, not as absence of salt water inflows. Moreover, the post-glacial sedi-
ment sequence studied by Burk and Kemp (2004) is no more than c. 2.2 m long and
dated by only one 14C AMS measurement, which show an age of 5050 cal. yrs BP in
the lower part. Based on this single date (which seems far too young) it is impossible
to say anything about the late Holocene development. Furthermore, Burk and Kemp
(2004) performed SEM- analysis at sediment depths between 165-216 cm (i.e. the
lower most part of the core), hence just providing a 51 cm long record of potentially
saline inflows to the Baltic Sea.

There is extensive evidence that the climate anomaly know as the Medieval Warm Pe-
riod, MWP (between c. AD 1000 and 1300; Lamb, 1965) was markedly dryer and
warmer (c. 0.2-0.4 degrees warmer than today (or relative to the time period 1850-
1995; Mann et al, 2008) than the following LIA, especially in summer temperatures of
Europe. Dry conditions during the MWP are supported by European dendroclimate
precipitation reconstructions (Helama et al., 2009) and tree-line and lake-level recon-
structions in the Kola Peninsula, Russia (Kremenetski et al., 2004) where submerge
tree-stumps of medieval age indicate severe drought with low lake-levels during this
time period followed by wetter conditions. Minimum spring snow-melt discharges in
River Ångermanälven (one of the largest rivers in northern Sweden) during the MWP
accompanied by significantly increased discharges during the time-span of the LIA
have been reconstructed from studies of clastic varves in the Ångermanälven’s es-
tuary (Sander, 2003). Furthermore, dry conditions during the MWP have been reg-
istered in various European palaeoenvironmental archives including peat deposits in
northern Poland (Lamentowicz et al., 2008) and oxygen isotope (δ18O) concentra-
tions in speleothems in Norway (Lauritzen and Lundberg, 1999) and lake sediments
in northern Sweden (Hammarlund et al., 2002). Less precipitation in combination with
high evaporation rates caused decreased net precipitation (Hammarlund et al., 2003;
Jessen et al., 2005; de Jong et al., 2006). Both warmer summers and winters during
the MWP has been inferred from lake sedimentary records (Weckström et al., 2006)
with possible diminished winter snow-cover in west-central Sweden and southern and
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eastern Finland (Zillén, 2003; Halta-Hovi et al., 2007). Due to a more northerly posi-
tion of Polar Front, sea-ice in the North Atlantic region was reduced (Lamb, 1965) and
westerly winds at latitudes between c. 50 and 65◦N were presumably weaker and less
prevalent (de Jong et al., 2006; Aagaard et al., 2007; Clarke & Rendell, 2009).

During the LIA, European mean annual temperatures were c. 0.8. ◦C colder than today
(or relative to 1901-1995; e.g. Mann et al., 2008). Increased sea-ice in the North At-
lantic region, including the Greenland Sea, caused increased air pressure near Island
and a large southward displacement of the polar front (Lamb, 1965; Clarke & Ren-
dell, 2009). As a result, the Polar Front Jet and the associated cyclone track shifted
southward creating an increased thermal gradient between 50◦ N and 65◦ N bring-
ing frequent storms to Northwest Europe (Lamb, 1995; Dawson et al., 2002; Clarke &
Rendell, 2009). Increased wind velocities in North West Europe are thus associated
with two different atmospheric situations i.e. a positive NAO index and a southerly dis-
placement of the Polar Front (the latter probably more important on long time-scales
(Dawson et al., 2002). In both two cases, atmospheric pressure contrasts are en-
hanced and storminess increased (Dawson et al., 2002). Increased storminess with
frequent passages of cyclones during the LIA has been reconstructed from sand-drift
studies in a variety of places in North West Europe (de Jong et al., 2006; Aagaard et
al., 2007; Clarke and Rendell, 2009). Furthermore, relative wet conditions in bogs and
lakes in south-west Sweden (Hammarlund et al., 2003; Jessen et al., 2005; de Jong et
al., 2006) indicate more wet and moist conditions during this time period caused by in-
creased transport of moist Altantic air by westerly air-flows. Also, as pointed out in the
comment by J.W. Dippner, various climate reconstructions of the last 1000 years show
an increase in precipitation between c. AD 1240-1800. The hypothesis that increased
precipitation during the MWP would have caused increased runoff and nutrient loads
is therefore not supported by paleoclimate scenarios. In contrast, it is more likely that
increased land-use changes caused such changes.

Hypoxia between c. 2000-800 cal yr BP does overlap with the warmer MWP. However,
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temperatures have no proven effects on the oxygen conditions in the Baltic Sea and
the relationship between primary production and climate change is not linear (Richard-
son & Schoeman, 2004). The link between phytoplankton abundance and sea surface
temperature is only indirectly coupled to temperature. The ecological response to NAO
(North Atlantic Oscillation) has been reviewed and several correlations between cli-
mate and ecological changes have been verified, although the mechanism behind is
not understood (e.g. Ottersen et al. 2001). At the Swedish west coast a strong correla-
tion between phytoplankton biomass and NAO has been found, possibly caused by an
increased stratification in Skagerrak (Belgrano et al., 1999). In the North Sea there has
been an increase in phytoplankton season length and abundance since the mid 1980’s
interpreted as a response to climatic forcing (Reid et al., 1998). Although NAO is well
known to influence climate conditions in the Baltic Sea during the last c. 100 years,
no direct links between NAO, hypoxia and inflow of salt water have been firmly estab-
lished. Large scale land-use changes and eutrophication in the Baltic Sea watershed
(Renberg et al. 2001; Bradshaw et al. 2005) is an equivalent independent potential
forcing mechanism on increased productivity and hypoxia, as climate variability.
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enceReviews 22, 353-370, 2003. Helama, S., Meriläinen, J. and Tuomenvirta, H. Multi-
centennial megadrought in northern Europe coincided with a global El Niño_Southern
Oscillation drought pattern during the Medieval Climate Anomaly. Geology 2, 175–
178, 2009. Jessen, C.A., Rundgren, M., Bjorck, S., Hammarlund, D. Abrupt climatic

C1321



changes and an unstable transition into a late Holocene thermal decline: a multiproxy
lacustrine record from southern Sweden. Journal of Quaternary Science 20, 349-362,
2005. Kremenetski, K.V., Boettger,T., MacDonald, G.M., Vaschalova, T., Sulerzhitsky,
L. Hiller, A. Medieval climate warming and aridity as indicated by multiproxy evidence
from the Kola Peninsula, Russia. Palaeogeography, Palaeoclimatology, Palaeoecol-
ogy 209, 113– 125, 2004. Lamb, H.H. Climate, History and the Modern World, sec-
ond ed. Routledge, London, 433pp. 1965. Lamentowicz, M., Cedro, A., Gałka, M.,
Goslar, T. Miotk-Szpiganowicz, G., Mitchell, E.A.D. and Pawlyta, J. Last millennium
palaeoenvironmental changes from a Baltic bog (Poland) inferred from stable isotopes,
pollen, plant macrofossils and testate amoebae. Palaeogeography, Palaeoclimatology,
Palaeoecology 265, 93–106, 2008. Lauritzen, S.-E. and Lundberg, J. Calibration of
the speleothem delta function: an absolute temperature record for the Holocene in
northern Norway. The Holocene 9, 659–69, 1999. Leipe, T., Dippner, J. W., Hille, S.,
Voss, M., Christiansen, C., and Bartholdy, J.: Environmental changes in the central
Baltic Sea during the past 1000 years: inferences from sedimentary records, hydrog-
raphy and climate. Oceanologia, 50, 23-41, 2008. Mann, M.E., Zhang, Z ., Hughes,
M.K., Bradley, R.S., Miller, S.K., Rutherford, S. and Ni, F. Proxy-based reconstructions
of hemispheric and global surface temperature variations over the past two millennia.
Proceedings of the National Academy of Sciences of the United States of America
105, 13252–13257, 2008. Meier, H.E.M., and Kauker, F. Sensitivity of the Baltic Sea
salinity to the freshwater supply. Climate Research 24, 231–242, 2003. Ottersen, G.,
Planque, B., Belgrano, A., Post, E., Reid, P. C. and Stenseth, N. C. Ecological effects
of the North Atlantic Oscillation. Oecologia 128, 1-14, 2001. Renberg, I., Bindler, R.,
Bradshaw, E., Emteryd, O., and McGowan, S.: Sediment evidence of early eutrophica-
tion and heavy metal pollution in Lake Mälaren, Central Sweden. Ambio, 30, 496-502,
2001. Richardson, A. J. and Schoeman, D. S. Climate Impact on Plankton Ecosystems
in the Northeast Atlantic. Science 305, 1609-1612, 2004. Sander, M. Climate signals
and frequencies in the Swedish Time Scale, River Ångermanälven, central Sweden.
LUNDAQUA Thesis 49, 1-43, 2003. Weckström, J., Korhola, A., Erästö, P., Holmström,

C1322

L. Temperature patterns over the past eight centuries in Northern Fennoscandia in-
ferred from sedimentary diatoms. Quaternary Research 66, 78-86, 2006. Zillén, L.
Setting the Holocene clock using varved lake sediment in Sweden. LUNDQUA Thesis
50, 1-37, 2003.

Interactive comment on Biogeosciences Discuss., 7, 1783, 2010.

C1323


