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Background
The indicator ‘Reproductive disorders: malformed embryos in amphipods and eelpout’ and the proposed
threshold value was endorsed by Finland and Sweden to be used as a supplementary indicator in the ‘State
of the Baltic Sea’ report at State&Conservation 5-2016 (outcome para 4J.49).
The indicator report is now presented as a supplementary indicator which is made applicable to assessment
units shared by Sweden and Finland. The indicator is thus applicable in the following assessment units;
Bothinan Bay, The Quark, Bothnian Sea, Åland Sea, Northern Baltic proper and Western Gotland Basin. For
Bothnian Bay there are only data available from single studies due to sampling difficulties in the think ice
conditions, and thus no proper assessment is possible. Currently no monitoring stations are available from
the Åland Sea. The indicator report has been updated based on data from the Swedish monitoring
programme for the period 2011-2016. The use of the indicator to assess the Gulf of Finland may be further
explored by Finland, Estonia and Russia.
In the assessment units where the indicator is currently applicable, only reproductive disorders in the
amphipod Monoporeia affinis is measured. The Lead Country Sweden has proposed to remove eelpout from
the indicator (results and concept) if the indicator is not to be applicable in the southern areas of the Baltic
Sea in order to streamline the indicator report.
This document presents an updated indicator report proposed to be included as supplementary indicator
information in the ‘State of the Baltic Sea’ report.

Action requested
The Meeting is invited to



agree on removing eelpout from the indicator concept and results as monitoring of the species is
not carried out in the assessment units where the indicator is applicable,
endorse the publication of the report.
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HELCOM supplementary indicator report
[June 2017]

Reproductive disorders: malformed embryos of
amphipods and eelpout
This indicator is a HELCOM supplementary indicator and is applicable in assessment units shared by
Finland and Sweden.

Key Message
The rate of embryo malformations indicates the level of hazardous substances associated with bottom
sediments in the area. The threshold value has not been achieved on all stations within each basin in a unit
since several subareas in each assessment unit and some of the stations are located inindicating that some
effects of contaminants may be presentated areas. The difference in the malformation rate between the
subareaswithin a basin is much greater than the malformation rate between Bothnian Sea and Baltic
proper.
Theese indicator evaluation results are is only based on monitoring of malformations in amphipods
Monoporeia affinis carried out by Sweden, with complementary data on other amphipods provided by
Russia for the Gulf of Finland.
KEY MESSAGE MAP PLACEHOLDER - RESULTS
Assessment unit
Western Gotland Basin
Northern Baltic Proper
Bothnian Sea
Quark

Achieve/fail threshold
Fail
Fail
Fail
Achieve

All other units

not assessed

Key message figure 1: Status assessment results based evaluation of the indicator Reproductive disorders: malformed
embryos of amphipods and eelpout. The assessment is carried out using scale 2 HELCOM assessment units (defined in
the HELCOM Monitoring and Assessment Strategy Annex 4), since no difference between coastal and offshore stations
was found in the existing data.

The confidence of the indicator is moderate to high since more than 20 years data for setting the threshold
values has been used and the assessment data are collected from multiple stations surveyed on annual
basis within each assessment unit.
The indicator is applicable in the waters of Sweden and Finland.
Preliminary evaluation has been conducted in the Bornholm basin (Hano Bight) and Southern Gulf of
Finland (Russia); these results however need further analysis.
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Results and Confidence
[whole section updated, track changes not shown]
This supplementary indicator on malformed embryos of amphipods has been applied in sub-basins shared
by Finland and Sweden (the Quark and Bothnian Sea), the Northern Baltic proper and Western Gotland
Basin. A preliminary assessment was also conducted in the Swedish coastal waters of the Bornholm Basin.
Although most of the observations during 2011-2016 are within the BAC values, i.e. achieve the threshold
value, the deviations in both frequency of embryo malformations and frequency of females carrying
malformed embryos were apparent at least in some areas of all assessment units except the Quark (Results
and confidence figure 1). For comparative purposes, the indicator evaluation for Hanö Bight (Bornholm,
Swedish waters; this area is known as a disturbed system, with strong indications for contaminant-driven
changes) was conducted, and the results indicate high reproductive and developmental toxicity in the
amphipod populations inhabiting this area (Results and confidence figure 1). Therefore, if one-out-all-out
principle is applied, only the Quark can be considered in good status, whereas Bothnian Sea, Northern
Baltic Proper, and Western Gotland Basin are not in good status.
The highest levels of the reproductive aberrations (frequency of females with aberrant embryos >0.4 and
frequency of malformed embryos >0.06) that were observed in the evaluated units during 2011-2016 are
sufficient to cause increased fluctuations in the amphipod stocks, decline in the abundance and increased
probability of population decline and extinction as suggested by population modelling of M. affinis
(Reutgard 2015). It is unlikely that the entire Baltic population can go extinct, but decrease in local
population abundance may become detrimental for the productivity of benthic communities now
dominated by M. affinis, benthic-pelagic coupling and energy fluxes in the soft-bottom sediments.

Results and confidence figure 1. Assessment results on the performance of embryo malformations indicator), which
integrates frequency of malformed embryos (Y axis) and frequency of females carrying more than one malformed
embryo (X axis) in the population of Monoporeia affinis in 2011-2016. Blue and red lines show threshold values for the
frequency of malformed embryos and frequency of females carrying more than one malformed embryo, respectively.
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Green shaded quartile indicates good status. Thus, observations in good status are those located in the green shaded
area, and not in good status are outside of it. Each data point represents a surveyed region with several sampling
stations: the Quark (1 region, 4 stations), the Bothnian Sea (BS; 4 regions, 13 stations), the Northern Baltic Proper
(NBP; 1 region, 5 stations), the Western Gotland Basin (WGB; 3 regions, 13 stations), and Bornholm basin (single
station in Hano Bight); see Assessment Protocol figure 1 for sampling coverage in each assessment unit.

The relative importance of specific malformation types to the indicator-based status assessment and
differences among the basins has been evaluated (Results figure 2). It was apparent that the frequencies of
different aberration types vary among the basins, with arrested development being more common in the
Western Gotland Basin, whereas membrane damage and complex developmental malformations of the
body (limbs, eye and midgut) were more common in the Bothnian Sea and the Northern Baltic Proper.
Since these malformation types were found to be specific for certain groups of contaminants (Löf et al.
2015), it would be relevant to explore these associations and integrate these data with assessment based
on the contaminant analyses.

Results and confidence figure 2. Between-group Principal Component Analysis (bgPCA) evaluating relative
contributions of specific malformation types (AD: arrested development, MD: membrane-damaged embryos, M:
complex developmental pathologies, malformed limbs, eye and midgut) and proportion of females with more than
one malformed embryo (F) to the basin-specific status of reproductive aberrations and the separation between the
assessment units. Each data point is the combined value for a region, several stations per region, see Assessment
Protocol figure 1.

For indicator evaluations based on the malformation rates in eelpout, similar results were found as for
amphipods using the monitoring data available for the same (or for the nearby) assessment units. The
indicator malformed embryos of eelpout has been applied in the Quark, the Northern Baltic Proper, and
the Western Gotland Basin. The results are being processed.
A study of the impact of malformed fry development in eelpout (Bergek et al. 2012) supports that induced
malformation from environmental pollution can have a large effect on natural populations, and especially
in sensitive eelpout populations with lower growth rates. Consequently, even though a threshold value of 2
% malformations of fry may seems low, it could have serious consequences at the population level,
especially then recognised that also other types of severe abnormal fry developments can occur in the
same broods.
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Results and confidence figure 3. Assessment criteria for malformed and early dead fry of eelpout. Preliminary results for Western
Gotland Basin, Bornholm and the Belt area. Not included in the final assessment results for assessment units, shown for
illustrative purposes only.

Confidence of the indicator status evaluation
The confidence of the indicator is high in the Bothnian Sea and Western Gotland Basin since more than 20
years data were used for setting the threshold values, and the 2011-2016 assessment is based on data
collected from multiple stations that were surveyed on annual basis within these assessment units. The
confidence of the indicator is moderate in the Quark and the Northern Baltic Proper, because the spatial
coverage and number of stations were somewhat lower (Results and confidence figure 1), although,
considering smaller total area of the Quark, this sampling coverage is comparable to that in the Bothnian
Sea. Another area of concern with respect to uncertainty assessment is availability of the animals for
embryo analysis, and, thus possible inequality of the sample size. The statistical analyses underlying
indicator evaluation employ bootstrapping to increase similarity of sample size and derive a data
distribution that can provide estimate of the confidence interval. To decrease statistical uncertainty of the
analysis, a high number of sampling stations per assessment unit is recommended.

Future work
At present, the embryo malformation indicator has not been evaluated for all assessment units in the Baltic
Sea, partly due to the lack of monitoring. The validation of the applicability of the indicator and the
determination of relevant threshold values are needed in the Åland Sea, much of the eastern, southeastern, and southern Baltic Sea before the evaluation for these areas can be conducted.
In Monoporeia affinis populations exposed to contaminated sediments in situ, frequencies of different
aberration types were found to be a function of the contaminant type. In particular, occurrence of females
with embryo limb malformations was strongly related to elevated concentrations of Cd and PCBs, while
females with membrane-damaged embryos occurred at high PAH concentrations. Also, frequency of
embryos with arrested development was higher at elevated concentrations of PAHs and metals. Thus,
these reproductive aberrations in M. affinis can serve as contaminant-specific indicators of PCB, PAH and
heavy metal exposure in biological effect monitoring. In the assessment for 2011-2016, we found that
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specific aberration types contribute differently to the reproductive toxicity in the evaluated assessment
units (Results and confidence figure 2).
The integration of the contaminant-specific assessment and relative frequencies for specific embryo
malformations (Results and confidence figure 2) would be necessary to establish a coherent assessment for
biological effects of contaminants in the Baltic Sea. Depending on the outcome of the integrated analysis of
the chemical and biological data, the next steps might include development of thresholds for specific
malformation types. The latter would provide several additional dimensions to the multimetric embryo
malformation indicator to increase its specificity toward particular contaminant types, while keeping the
same concept.
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Good Environmental Status
The GES-boundarythreshold value is developed established based on the monitoring data using a target
setting approach with percentiles of the normal distribution as the GES-boundarythreshold value as
recommended by ICES for biological effect indicators (Davies and Vethaak 2012). The not good status is
defined as a significant increase in embryo malformation frequency compared to the background level or a
significant increase in frequency of females carrying more than one malformed embryo. The GESboundarythreshold value does not change over time, and the same value is proposed to be applied
throughout the Baltic Sea in all assessment units because no difference in the baseline values for embryo
malformation rate was detected between the basins for which the monitoring data are available.
In various Baltic Sea areas, the baseline embryo malformation levels in Monoporeia affinis were found to
be similar to those found for the monitoring sites, implying that the indicator is not sensitive to gradients in
salinity, depth and food availability. At the same time, populations inhabiting areas with elevated
concentrations of contaminants in the sediments or living close to known point sources showed a higher
malformation rate, implying that the indicator is responsive to xenobiotics and represents a measure of
biological effects of environmental contaminants.
There are certain assumptions in the target setting approach when the latter is based on the percentiles of
the normal distribution. One such assumption is that reference areas used to analyse statistical distribution
of the malformation rate are not negatively affected and represent pristine areas. However, in the Baltic
Sea such pristine areas are difficult to find. Due to the lack of unquestionably pristine reference sites, some
uncertainty in the accuracy of the GES-boundarythreshold value remains, but is not deemed to be very
significant substantial, due to the large amount of data available for target setting and broad coverage of
the area (i.e., large number of stations) within each basin.

Primary threshold values - Amphipods
The embryo malformation indicator for amphipods is a multimetric indicator based on two variables
measured in the sampled population, namely (1) the proportion of malformed embryos and (2) the
proportion of females with more than one malformed embryo. The two variables are measured using the
same pool of gravid females; to achieve good status for an area both variables must be below or equal their
respective GES-boundarythreshold value.
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