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Since the 1970s the weight of 3-year old central Baltic Sea (BS) herring (Clupea harengus) decreased
causing a loss in catch which is equivalent to ~100 million € (Dippner et al., 2019; henceforth
DFH). DFH suspected that the decline in weight was related to a change in the prey community
caused by a reduction in surface layer (<30 m) salinity. They concluded that the changes in herring
weight are “indirectly influenced by the Atlantic Multidecadal Oscillation (AMO) via a complex
mediator chain,” i.e., increased sea surface temperature (SST) in the North Atlantic (NA), increased
precipitation in the BS catchment area, increased river runoff, decreased surface layer salinity in
the Baltic proper and decreased zooplankton (Pseudocalanus acuspes) biomass and herring weight.
We argue that observational records are too short to verify a causal relationship between AMO and
herring weight, because the presented herring weight data cover only 35 years (1974-2010), whereas
one period of the AMO lasts 60 to 90 years (Figure 1). The NA SST time series only contains power
significantly different from noise for periods in this range (Figure 1).

Further, DFH proposed that “this observed trend is also projected for the future in regional
climate change scenarios.” We argue that past correlations between multidecadal climate variations
and herring weight should not be extrapolated into the future because the underlying processes of
past and expected future changes may differ.

The AMO index is originally defined as monthly mean detrended SST anomalies in the NA
region weighted from 0 to 70°N (Enfield et al., 2001) (Figure 1). The AMO index describes
basin-wide changes in the Atlantic Ocean probably associated with coupled atmosphere-ocean
interactions, the NA subpolar gyre and the Atlantic Meridional Overturning Circulation (AMOC)
(e.g., Clement et al., 2015; Delworth and Zeng, 2016; Wills et al., 2019). It is, according to
observations, an important driver of multidecadal variations in climate with a period of 60-90 years
(e.g., Schlesinger and Ramankutty, 1994; Sutton and Hodson, 2005; Knight et al., 2006). Bérgel et al.
(2018) showed that under anomalous warm SSTs in the NA (AMO+ phase) moisture is advected
into the BS region, leading to increased precipitation during winter and spring, increased river flow
and decreased salinity in the BS. Since about the 1980s, the AMO is increasing contributing perhaps
to increased bottom and decreased surface salinities (Kniebusch et al., 2019b; Liblik and Lips, 2019)
and increased air and water temperatures in the BS region (Kniebusch et al., 2019a).
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FIGURE 1 | (A) Observed AMO index calculated from annual HadISST data since 1871 (Rayner et al., 2003), (B) corresponding continuous wavelet transform of the
AMO index, (C) wavelet power spectrum integrated over time, and (D) average variance in the period band 60-90 years. The black contour lines show statistical
significance according to Grinsted et al. (2004). The cone of influence where edge effects might influence the results is hatched (Grinsted et al., 2004).

While there is some variance in the observed NA SST time
series at a period of around 8 years (Figure 1), these fluctuations
cannot be attributed to variations in AMOC (Delworth and Zeng,
2016). Probably these SST variations are driven by the North
Atlantic Oscillation (NAO, Hurrell, 1995), which has a period
of less than 10 years. NAO variability is apparently caused by
internal atmospheric processes and only enhanced by the ocean
(Hurrell et al., 2003). The influence of the NAO on wind fields
over the BS region varies with time (Meier and Kauker, 2002).
Other teleconnection patterns, such as Scandinavia (blocking)
and the East Atlantic/West Russia pattern (Barnston and Livezey,
1987), play an important role as well (Kauker and Meier, 2003).

Further, Kauker and Meier (2003) found an acceptable
correlation of r = 0.61 without lag between annual precipitation
averaged over the BS catchment area and reconstructed river
flow to the entire BS during 1903-1998. For the same period,
Meier and Kauker (2003) showed that the freshwater storage
anomaly in the BS and the accumulated freshwater inflow are well
correlated (r = 0.80), in accordance with a causal relationship
between runoff and mean salinity on a time scale of about 30
years. However, on subdecadal time scales, NA SST variations
are probably not the reason for large-scale variations in moisture
transport into the BS region but SSTs only react to NAO and other

atmospheric teleconnection patterns. Further, the links between
precipitation, runoff and salinity are more pronounced on
multidecadal than on subdecadal time scales (Borgel et al., 2018).
Hence, variations in NA SSTs might affect herring weight on
multidecadal but very likely not on subdecadal time scales. Since
the length of the time series of herring weight is only 35 years,
observations only enable a coherence analysis of fluctuations with
a period up to ~8-16 years, which is definitely shorter than
the period of the AMO of 60-90 years (Figure 1). Indeed, DFH
found that the variance in herring weight statistically explained
by SSTs in the NA via the proposed effect chain amounts to only
1.5% (product of squared correlation coefficients listed by their
Table 1). A direct coherence between both variables—herring
weight and AMO—was not identified (DFH, their Figure 6). A
cross-wavelet transform analysis, which would reveal common
power instead of coherence between herring weight and AMO
(Grinsted et al., 2004), was not shown.

To further illustrate our arguments, we have calculated
Pearson’s correlation coefficients between detrended time series
for the period 1870-2009 (140 years) of (1) annual mean NA
SSTs (HadISST, Rayner et al.,, 2003), (2) precipitation averaged
over the Baltic Sea catchment area (9.6 to 32°E and 52.4 to
67.4°N) from the HiResAFF dataset (Schenk and Zorita, 2012),
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FIGURE 2 | Detrended and normalized (with the standard deviation) anomalies
for the period 1870-2009 (140 years) of (1) annual mean North Atlantic (NA)
SSTs (HadISST, Rayner et al., 2003) (black lines), (2) precipitation averaged
over the Baltic Sea catchment area (9.6 to 32°E and 52.4°N to 67.4°N) from
the HiResAFF dataset (Schenk and Zorita, 2012) (red lines) and (3)
reconstructed river runoff integrated for the Baltic Sea catchment area (Meier
et al., 2019b) (blue lines). Solid and dashed lines indicate low-pass filtered
(10-year running mean) and annual mean values, respectively.

and (3) reconstructed river runoff integrated for the Baltic Sea
catchment area (Meier et al., 2019b) applying a high- or low-
pass filter with a cut-off period of 35 years. 35 years is the
length of the shortest time series analyzed by DFH. Although
the time series of 140 years investigated here are still too short
for analyses of multidecadal variability, we found that all three
low-pass filtered records show a pronounced periodicity of about
60-90 years. The low-pass filtered time series are anti-correlated
with —0.4 (AMO and precipitation) and —0.7 (AMO and river
runoft), where AMO is leading the other two time series with
about 30 years (not shown). However, correlations between high-
pass filtered (or unfiltered) NA SSTs and precipitation or river
runoff data are statistically not significant. Using a cut-off period
of 10 years, the correlations between low-pass time series are
smaller than with a cut-off period of 35 years and statistically
not significant. In this case, both precipitation and river runoft
show an additional pronounced periodicity of about 30 years
(Figure 2). Hence, variations of precipitation and river runoff
on time scales smaller than 35 years cannot be explained by
variations of NA SSTs.

The link between diet and herring weight will not be further
discussed here. However, the contributions of other drivers for
declining weight-at-age were discussed in the literature (e.g.,

Cardinale and Arrhenius, 2000), which includes fishing gear
selectivity (Kuparinen et al., 2009) and food web interactions
such as predation (Sparholt and Jensen, 1992) and competition
(Casini et al., 2010).
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