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Background

The implementation of several national and international environmental regulations re-
quires assessment of the status of components of marine biodiversity. One such recent
regulation is the EU Marine Strategy Framework Directive (MSFD) but also several other
regulations require reporting on the state and trends of marine biodiversity (Habitats
Directive, the Water Framework Directive, the Birds Directive, the UN Convention of Biodi-
versity and the HELCOM Baltic Sea Action Plan).

Assessing the status of Baltic Sea biodiversity is a very complex issue. The marine envi-

ronment has its peculiarities in comparison with the terrestrial world but many things are

common also. Especially on ecosystem level we can recognize several common features

and processes, which can be described using similart ool s i n both eiRvironments.
versitydéd is a term describing all wvariety of struc
the environment around it. Biodiversity is the basis for the evolutionary process itself ena-

bling the continuous development of species and habitats providing valuable ecosystem

services. That is why we are very concerned about the loss and degradation of biodiversity

caused by different human-induced local pressures but also by global processes such as

climate change.

The first step in managing the pressures causing degradation of natural biodiversity is to

assess the current state of biodiversity on different levels. This is a very difficult task be-

cause of the complexity and, in many cases, poor understanding of nature of the proc-

esses. In this task we can use certain metrics, which respond to the processes and changes

we are interested in but are easy to measure and understand. These metrics are called
oindicatorsé. A good indicator i stateoAascgrtaih o measur e,
element of biodiversity, is predictably correlated with pressures and is applicable on dif-

ferent geographical scales. Of course, there are many exceptions from these rules and for

certain purposes indicators with other features can be used.

The biodiversity indicator itself can be either a single measurable parameter (e.g. concen-
tration of chlorophyll a, number of species in one sample, depth distribution of vegeta-
tion), aggregation of a parameter over time or space (e.g. mean summer chlorophyll a
concentration in sea water, average number of species in samples in a certain area, share
of biomass of certain species in the area) or it can be a complex index calculated using
several different parameters or measurements. All these can be used to reflect the status
of and trends in biodiversity, and the applicability of each may differ in different circum-
stances.

So far, most marine environmental monitoring programmes in the Baltic Sea have been
designed for measuring different parameters reflecting water quality. Until recently, in the
northern Baltic Sea, no programme existed for evaluating the status of marine biodiver-
sity, although many components of biodiversity have been monitored as indicators of
water quality and eutrophication. Atthes ame ti me, " Biodiversityd is the
descriptors of Good Environmental Status used by the MSFD. Developing new monitoring
programmes fulfilling the requirements of the MSFD and other directives generates a
need for establishing new methods and indicators for the assessment of marine biodiver-
sity. Development of suitable indicators reflecting the status and trends of different com-
ponents and levels of biodiversity is a very important step in the implementation of the
MSEFD. Indicator development includes a huge amount of intellectual work on a concep-
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tual level 8 thinking about possible elements and measures of biodiversity that could be
measured and monitored and also testing of those possible indicator candidates against
existing pressure gradients. The final set of biodiversity indicators proposed for the moni-
toring and assessment of marine biodiversity should include features enabling assessment
of many different levels of marine biodiversity in a complex manner. They should also
facilitate evaluation of the measures taken to reduce the pressures on different geo-
graphical scales.

This report presents results of the MARMONI project, within the framework of which a
number of new, cost-effective and innovative indicators for the assessment of marine
biodiversity in the Baltic Sea was developed as a proposal for inclusion in national moni-
toring programmes. The indicators were developed and tested on data specially collected
for this purpose, often collected in a targeted manner in four project areas (Gulf of Riga,

centr al part of Gulf of Finland, Han° Bight

natural conditions occurring in the Baltic Sea.

and

Ar
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1 Fish indicators

Name of indicator

1.1 Abundanceand distribution of juvenile flounder

|Type of Indicator

|State indicator |

lAuthor(s)

|Meri Kallasvu o, Eevi Kokkonen & Antti Lappalainen |

Description of the
indicator

The indicator illustrates the abundance and distribution of juvenile flounders in shallow

coastal sandy nursery habitats. Flounder is a fish species, which lives at the northern edge

of its distributional range in the northern Baltic Sea (Nissling et al . 2002) and, thus, is sens
tive to changes in the environment. Therefore, the abundance and distribution of juvenile

flounders in shallow sandy habitats can be used as an indicator linked to f ish reproduction
and envi ronmental status of coastal waters. In the northern Baltic Sea, flounder spawning is

strongly determined by salinity (Nissling et al . 2002) and occurs in late spring (Florin 2005).

Conditions (target
\values/ thres h-
olds) for the ind
cator were 0
tained?

i-
b-

IAfter hatching, larvae are pelagic for a few month s (Bagge 1981), until they undergo met a-
morphosis to attain asymmetric body shape and settle to shallow (< 1 m) sandy nursery
areas in late summer (Florin et al . 2009, Martinsson and Nissling 2011).

Relationship of the The indicator describes th e environmental status of coastal habitats i.e. shallow sandy bo t-

indicator to marine toms and the pelagial part of the archipelago during the larval phase. The increase in fil a-

biodiversity mentous algae observed in recent years potentially reduces the quality and qua ntity of sui  t-
able shal low sandy bottoms used as flounder nursery areas (Pihl etal. 2005, Wennhage and
Pihl 2007, Carl et al . 2008). The environmental conditions (and changes) occurring in the
pelagial and their effects on larval flounders are stil | unknown.

Relevance of the MSFD descriptor 1 (especially 1.6. Habitat condition): environmental status of the coastal

indicator to diffe r- |ishallow sandy bottoms (juveniles) and the pelagial part of the archipelago area during mi d-

ent policy instr u- summ er (larvae).

ments

Relevance to 1.1.1. Distributional range

commission dec i- |[1.2.1. Population abundance and/or biomass

sion criteria and 1.6.1. Condition of the typical species and communities

indicator

Method(s) for o b- |[The abundance and distribution of juvenile flounders in shallow coastal sandy habitats is

taining indicator monitored with beach seine in autumn (young -of-the -year juveniles) or spring (1+ over -

\values wintered juveniles) combined with environmental variable measurements. Indicator is based
on aver age numbersand occurrence of juvenile flounder (i{
toring areas. Data analysis from field inventories to optimize the sampling size and time for
future indicator monitoring continues.

Documentation of The habitat requirements of fish are known to be most strict during the early life stages

relationship b e- and, thus, the quality and quantity of reproduction habitats lays the basis for fish production

tween indicator (Houde 1989, Urho 2002). This also implies that environmental chang es affect fish popul a-

and pressu  re tions in many cases most heavily during the reproductive phase. A considerable number of
fish species in the northern Baltic Sea reproduce in the shallow coastal areas, which are the
most heavily exploited parts and also affected by la rge scale environmental changes. Flou n-
ders are naturally not associated with vegetated areas (Florin et al 2009) and avoid veget a-
tion, such as algal mats, if possible (Carl et al . 2008). In the Finnish coastal area, flounders
also live on the edge of their reproductive range determined by low salinity (5 -6 psu) and,
therefore, are susceptible to declining salinity (Nissling et al . 2002). Thus, main pressures
potentially affecting juvenile flounders are eutrophication and climate change. By the time of
sampl ing, juvenile flounders have already been exposed to varying environmental conditions
and passed critical periods (pelagic larval stage, metamorphosis, settling, possibly also
overwintering).

Geographical rel e- |2. Regi onal

lvance of indicator

How Reference Some baseline data is available from | ast few d

and new field data was gathered within MARMONI in Finland still in spring 2014. In spring
2013 , data was gathered  also in Estonia. Preliminary description of data is shown in figures
1-4. The annual variation appears relatively high.
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Method for dete r- |[The preliminary GES -target is that the abundance and distribution r ange of juvenile flou nder

mining GES do not decrease. A more precise target value for GES will be determined later if the indic a-
tor will be adopted to use and new data will be available. More data and analysis is needed

to understand the causes of annual variation.

References ArOE. &S j °bl om V. 1982. T h e-graup & Ryga +old Boundelr offGhe coast of
Finland in 1978 -81 according to exploratory fishing with a beach seine. ICES International
Baltic Fish Committe e

Council for the Exploration of the Sea, Council Meeting documents,
J:26.

Series 30 ed., Elsevier Scientific Company, Amsterdam, pp. 331 -333.

Biol 72: 2570 -2578.

Swedish conditions. Finfo 2005:14:1 -56.

the Baltic Sea. Estuar Coast Shelf Sci 82: 294 -300.

Nissling A., Westin L. & Hjerne O. 2002. Reproductive success in relation to sa

du Conseil 59: 93 -108.

Fish Aquat Sci 62: 1184  -1193.

Unive rsity of Helsinki and Finnish Game and Fisheries Research Institute: 1

thic fauna in relation to macroalgal blooms. Mar Ecol Prog Ser 335: 187

Bagge O. 1981. Demersal fishes. In: Voipio A. (ed.), The Baltic Sea. Elsevier Oceanographic

Car | J. D., Sparrevohn C.R., Ni c ol aj ssteatum sklectioR byS t
juvenile flounder  Platichthys flesus (L.) : effect of ephemeral filamentous macroalgae. J Fish

Florin A. 2005. Flatfishes in the Baltic Sea - a review of biology and fishery with a focus on

Florin A . Sundbl ad G. & Bergstr°m U. 20009.

Houde E.D. 1989. Subtleties and episodes in the early life of fishes. J Fish Biol 35: 29

Martinsson J. & Nisslin g A. 2011. Nursery area utilization by turbot (Psetta maxima) and
flounder ( Platichthys flesus ) at Gotland, central Baltic Sea. Boreal Env Res 16: 60

linity for three
flatfi sh species, dab ( Limanda limanda ), plaice ( Pleuronectes platessa ), and flounder (  Pleu-
ronectes flesus ), in the brackish water Baltic Sea. ICES Journal of Marine Science: Journal

Pihl L., Modin J. & Wennhage H. 2005.  Relating plaice ( Pleuronectes platessa ) recruitment to
deteriorating habitat quality: effects of macroalgal blooms in coastal nursery grounds. Can J

Urho L. 2002. The importance of larvae and nursery areas f or fish production. PhD thesis,

-118.

Wennhage H. & Pihl L. 2007. From flatfish to sticklebacks: assemblage structure of epibe

-198.

Char act

-38.

-70.
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Figure 1. Flounder juveniles abundance and occurrence in the spring. Mean of flounder j u-

\veniles in 100 square meters is presented in light blue lines. In calculation minimum haul
area was used. Dark blue color desc ribes the percent of sites where flounder juveniles were
found. From Finland 18 sites which have been visited every spring are included.
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Figure 2. Flounder juveniles abundance and occurrence in the autumn. Mean of flounder
juveniles in 100 square meter s is presented in light blue lines. In calculation minimum haul
area was used. Dark blue color describes the percent of sites where flounder juveniles were
found. 18 sites visited every autumn are included.
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Name of indicator

1.2 Longterm abundanceand distribution of demersalfish in relation to ben-
thic communities(fourhorn sculpinMyoxocephalusgquadricornisand eelpout
Zoarcesviviparousexample)

|Type of Indicator

|State indicator |

|Author(s)

|criks Krgze, Atis Minde |

Description of the
indicator

The indicator demonstrates trophic relationships between demersal fish and benthic fauna.

Biomass of fourhorn sculpin ( Myoxocephalus quadricornis ) and eelpout ( Zoarces viviparous )
plotted against biomas s of benthic invertebrates. Fourhorn sculpin is thought to be the first

fish species that occupied Baltic Sea waters after its forming. Fourhorn sculpin occupies cold

brackish and moderately saline water and thus can be an indicator of change in hydrologic al
state of the sea, climate change and increase of eutrophication. For example increased e u-
trophication can result in lower oxygen concentration that affects food availability for four -
horn sculpin and have direct impact as well. Climate change can alter water temperature
and fourhorn  sculpin being preferably cold water species can be affected by that. Besides,

also increase of salinity and predation by cod can have negative impact on abundance of
four -horn sculpin. Also high concentrations of heavy metals often observed in the tissue of

four -horn sculpins can have negative effects on population level. Therefore distinction of the

main factors responsible for particular chages in fo ur-horn sculpin abundance is very impo r-
tant.

The indicator is appropriate to use in the Gulf of Riga and other Baltic Sea areas where ee -
pout is dominant species in the benthic fish community. In the Gulf of Riga there is little

fishing pressure on eelpou t population because it is targeted only by coastal fishery and

fishing intensity is very low. Therefore changes in eelpout abundance are related mostly to
environmental factors like food availability and predation by cod and fish eating birds, esp e-
cially cormorants. To distinguish between effects of decline of habitat quality and other env i-
ronmental factors, eelpout abundance is plotted against benthic invertebrate biomass. For
example low oxygen concentration can decrease the biomass of benthic invertebra

also fish.

tes and

Relationship of the
indicator to marine

The indicator describes abundance of the key benthic fish species in the Gulf of Riga in rel a-
tion to benthic invertebrate community. Thus this species could serve as an indicator of

ent policy instr u-
ments

biodiversity good quality of sea environment and is an element of natural biodiversity.
Relevance of the Indicator can be applied for reporting on MSFD descriptor s 1 and 4. Indicator is related to
indicator to diffe r- |[HELCOM BSAP ecological objective: that habitats, including associated species, show a di s-

tribution, abundance and quality in line with prevailing physiographic, geographic and cl i-
matic conditions.

Relevance to
commission
sion criteria and
indicator

dec i-

1.1.1. Distributional range
1.2.1. Population abundance and/or biomass
1.6.1. Condition of  the typical species and communities

Method(s) for o b-
taining indicator
values

Sampling of the fish is carried out annually in the Gul f of Riga and Irbe Strait using benthic

t rawl in fixed survey stations. Bi omass of oreal
trawling station and an average value from several stations within a geographical region and
depth stratum is calculated. The same procedure is applied for biomass data of benthic i n-

\vertebrates. Benthic invertebrate data come from the National Balt
gramme.

ic Sea monitoring pr o-

Documentation of
relationship b e-
tween indicator
and pressure

Fourhorn sculpin is clearly regarded as a post -glacial relict (Ekman 1940), coldwater species

living in brackish waters of the Baltic Sea (http://www.rktl.fi). A Ithough there are no papers
documenting direct link between four -horn sculpin abundance and eut rophication level in
marine environment, such connection exists regarding closely related species Myoxoceph a-
lus thompsonii  (often considered as a sibling species of fourhorn sculpin) in freshwater lakes

in North America (Sheldon et al . 2008). In several non - scientific articles eutrophication is
mentioned as a threat also for fourhorn sculpin freshwater populations in Sweden.

Indicator is related mainly to changes of eutrophication and anoxia in the bottom of the sea.

However it could be sensitive to the effects of predation by cod and cormorants. Eelpouts
are widely used as a bioindicator of local pollution due to their stationary behavior, but there

is little known about links between eelpouts abundance and environmental quality (Hedman

et al . 2011). As a cold water species abundance and growth rate of eelpouts could indicate

rising water temperatures due to climatic changes (Portner et al . 2001, Portner and Knust
2007).
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Geographical rel e-
lvance of indicator

2. Regional
3. National waters

How Reference
Conditions (target
\values/thresholds)
for the indicator
\were obtained?

)According to literature, there have been at least three systemic regime shifts in the Baltic
Sea ecosystem including such subsystems as the Gulf of Riga. Therefore it is still unclear

which environmental state can serve as a reference condition. The last ecosystem shift in

the Gulf of Riga occured around 1995 -1996 and the return of the ecosyst em in previous

states is discutable. If the current conditions are taken as a reference, then an average
abundance of four horn sculpin and eelpout since 1995/1996 can be taken as reference

\value.

Method for dete r-
mining GES

Indicator can be applicable for Gulf of Riga ecosystem or similar Baltic Sea region. Indicator

\values need to be calculated pr eferably for smaller scale geographic regions (for example:

\West, East, South, Central part of the Gulf of Riga). Ecosystem can be considered being in

GES when abundance of four horn sculpin and eelpout are within limits of natural yearly
\variation and the re is no decreasing trend of WPUE values coinciding with decrease of be n-
thic invertebrate biomass.

Current amount of available data does not allow to properly test this indicator! Precise
method for estimation of GES can not be elaborated at this stage.
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Illustrative mat e-
rial for indicator
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Name of indicator

1.3 Abundanceandimpact of non-native fish specieqround gobyexample)

|Type of Indicator

|State indicator |

lAuthor(s)

|Atis Minde, Eriks Kruze |

Description of the
indicator

Indicator reflects primary and secondary invasions of non -native species and is related to
\various pressures like shipping, ballast water di scharge, climate change depending on intr o-
duction route of particular non -native species. Degree of impact of the non -native species
on the native fish communities can be very diffe rent. Alien species can integrate in the n a-
tive fauna without causing signi ficant changes in the ecosystem or they can be ecologically
aggressive and cause major changes in the natural food web structure and biodiversity in

general. For example population of round goby can significantly decrease biomass of benthic
mussels and oth er benthic invertebrates thus limiting food supply for other benthic fish in

the Baltic like flounder and also competing with benthic feeding waterbirds . Thus, the i n-
crease of bioma ss of non -native species at the cost of decreasing abundance of loc al species
shows loss of biodiversity and structural changes in the food webs.

Relationship of the
indicator to marine
biodiversity

'The indicator describes relative abundance of particular non - native species within an area of
concern and its impact on the biodiversity and food web at habitat/ecosystem level.

Relevance of the
indicator to diffe r-
ent policy instr u-
ments

Indicator can be applied for reporting on MSFD descriptors 1, 2 and 4.

Indicator is related to HELCOM BSAP ecological objective: that habit ats, including associated
species, show a distribution, abundance and quality in line with prevailing physiographic,
geographic and climatic conditions.

Relevance to
commission dec i-
sion ¢ riteria and
indicator

1.1.1. Distributional range
1.2.1. Population  abundance and/or biomass

Method(s) for o b-
taining indicator
values

The values for this indicator are obtained from coastal fish monitoring using "coastal net
S er i -swBVBy nets.

WPUE (mean biomass per one sampling station in May and June) of round goby a nd native

benthic fish species (in this case: flounder) are calculated. Only May and June data are used

because it is the period of peak activity of round goby and catches of passive sa mpling
gears (in this case bottom gillnets) are reflecting true abundan ce of the species. Ratio b e-
tween biomass of round goby and flounder is calculated by dividing WPUE of round goby by

IWPUE of flounder.

Documentation of
relationship b e-
tween indicator

an d pressure

Invasion of round goby can have a great variety of both nega tive and positive effects on the
marine habitat (Corkum et al. 2004). There are several articles that describe existing and
possible competition between round goby and native fish species occurring in the same
habitat and decrease of native speci es occurrence where strong populations of round goby
have been establ ished. Round goby can have a negative effect on native fish populations by

feeding on their eggs (Chotkowski and Marsden 1999), feeding competition (Karlson et al
2007) and ag gressive behaviour (Dubs and Corkum 1996). We can expect that populations

of fi sh species that occupy the same habitat or have similar diet preferences will have an

impact of increasing round goby population and their numbers and/or biomass will decrease.

It is indicated that at least in one occasion abundance of round goby and floun der are neg a-
tively correlated (Karlson et al 2007).

Geographical rel e-
lvance of indicator

2. Regional

How Reference
Conditions (target
\values/thresholds)
for the indicat or
ere obtained?

Reference conditions for this indicator is a state of coastal ecosystem before establishment
of round goby population. In Latvian case it is the natural state of coastal fish community
before 2007.

Method for dete r-
mining GES

This indicat or could be used in various geographical regions. However, for calculation of this
indicator, it is important to use only those native species that are historically characteristic
and abundant in the habitat/ecosystem of concern and which occupy the same o r similar

ecological niche as the invasive fish species.

One has to follow two  steps to determine GES using this indicator.

Step 1. It needs to be established whether or not there is a relationship between changes of
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invasive species and native fish biomas s evident.  If no relationship between invasive sp e-
cies and native fish specie s biomass can be seen we consider habitat or ecosystem to be in
GES. If this is the case there is no need to follow with step 2.

Step 2. There is a likely relationship be tween in vasive and native fish species. In this case if
the correlation between invasive and native fish species is positive we also could consider
the habitat/ecosystem to be in GES. However if the correlation is negative (and there is a

clear biological explanation of that process) and we can see the values of invasive species/

nat ive species ratio increasing, we have to consider the habitat/ecosystem not in GES.

In the current example we can see significant increase of round goby biomass in both areas

i Liepbja and Pape. There is also clear de ceriedaok
round goby invasion and most possibly feeding competition is behind these changes. Thus

we cannot consider that both areas are in GES.

References

Chotkowsk i, M.A. and Marsden, J.E. (1999). Round goby and mottled sculpin predation on
trout eggs and fry: field predictions from laboratory experiments. Journal of Great Lakes
Research 25: 26 7135
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fish invader on both sides of the Atlantic Ocean, Biological Invasions 6:173 -181

Dubs, D.O.L. and Corkum, L.D. (1996). Behavioral interactions between round gobies
(Neogobius melanostomus ) and mottled sculpins ( Cottus bairdi ). Journal of Great Lakes
Research 22: 838 i 844

Karlson, A. M. L., Aimqgvist, G. , S k,-Kr B, and Appelberg , M. 2007. Indications of comp e-
tition between non  -indigenous round goby and native flounder in the Baltic Sea. ICES Jou r-
nal of Marine Science, 64: 479 1486
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Name of indicator

1.4 Abundance index of large (TL>250 mm) petebr€a fluviatilig in monitor-
Ing catches

|Type of Indicator

||State indicator |

IAuthor(s)

||Lauri Saks, Rol and Svirgsden, Kristiina J¢rgens|

Descrip tion of the
indicator

The indicator describes the abundance of large perch (TL>250mm) in the local community.

Thus, this indicator should be considered as index describing the age and size structure of

the local perch population and fishing (both commercia | and recreational) press  ure on local
fish communities. Decrease in the values of this index may be symptoms for heavy fishing

pressure which may result in decrease of the mean trophic level of the community, which in

turn may be associated with decline in local biodiversity (Fig ~ 1).

Relationship of the
indicator to marine
biodiversity

Generally, higher frequencies of older and larger individuals are considered to be in correl a-
tion with the health of fish stocks (Piet et al. 2010). Larger individuals have a more specific
role in the ecosystem if compared to smaller individuals. Besides occupying higher trophic

level, larger individuals contribute disproportionately more to the reproductive potential of a

population than smaller fish (see e.g. Beldade, 2012 and Olin et al. 2012 for example on
perch). At the same time, commercial fisheries are targeting specifically larger individuals

(e.g. HELCOM, 2012a). It is proposed that the proportion of larger individuals in a popul a-
tion is very sensitive to exploitatio n and starts to decrease in case of strong fishing pressure

(see. e.g. Olsen et al. 2005, HELCOM, 2012a and Pukk et al. 2013 for example on perch, Fig

2).

Relevance of the
indicator to diffe r-
ent policy instr u-
ments

This indicator is included to the MSFD d escriptors 1 (D1.3.1: Population condition, dem o-
graphic characteristics) and 3 (D3.3.1: Commercially exploited fish and shellfish, Population

age and size distribution, Proportion of fish larger than the mean size of first sexual matur a-
tion). In case of pe r c h, this indicator (AAbundance i ndex
i n monitoring catcheso) was used instead of prg
first sexual maturation as suggested by ICES (2012). This decision was made, as perch

achieve s sexual maturation already at relatively small size ( I I TL> 157, I I TL>101;
Pihu et al., 2003 transformed according to Saat et al., 2007). However, the rationale of this
indicator (D3.3.1.1) is to describe the abundance of larger individuals in the catches and
thus this indicator was preferred.

Relevance to
commission dec i-
sion criteria and

1.3.1. Population demographic characteristics (e .g. body size or age class structure, sex
ratio, fecundity rates, survival/ mortality rates)

indicator

Method(s) foro b- |[Data on the abundance of lar ~ ge perch (TL>250mm) in the local communities was gathered

taining indicator during annual monitoring catches according to Thoresson (1993). The abundance of large

values perch is calculated as number of larger than 250 mm (TL) perch individuals per one mon i-

toring station (catch pe  runit effort - CPUE) (Eschbaum et al., 2012).

Documentation of
relationship b e-
tween indicator
and pressure

The values of this indicator have been shown to relate with selective (recreational) fishing
pressure (HELCOM 2012a). However, it is likely that in circumstances of heavy (selective)
fishing pressure, the proportion of large individuals (especially predatory fish species) will

decrease in the community (see e.g. Pukk et al. 2013). Thus, de crease in the values of this
index may be symptoms for decreas e in the mean trophic level of the community, which in

turn may be associated with decline in local biodiversity (Fig 1).

IAssociations between indicator values and fishing pressure were tested by comparing mon -
toring areas near Kihnu and Vilsandi islands ( Fig 3) with different commercial fishing pre S-
sures (Table 1). Evidently, indicator values were considerably lower (U -test: Z=5,22;
p<0,00001; n=30) for Kihnu (stronger fishing pressure) than fo r Vilsandi monitoring area in
2013 (Fig 4).

Geographical rel e-
\vance of indicator

1. Local

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

IAs no data on quantitative historic reference conditions (target values/ threshold values) is
available, qualitative criteria are used a t the moment. Relatively long data series from dif-
ferent monitoring areas (see. e.g. Martin 2013) tend to be collected during the period when

perch populations in these areas were suffering fro m over fishi regal.2Q08).jThus s
future data collection and analysis is required to determine the quantitative reference cond i-
tions of this indicator.

Method for dete r-
mining GES

Trend -based approach is used to determine GES. GES can be considered when no decrea s-
ing trend is evident from time series. However stable trend of low indicator values should

not always be considered as GES because strong fishing pressure may have affected the

population structure before the beginning of data collection (s ee e. g. efa.j006,s
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|Martin 2013 pp. 269 -270). |
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Figure 1. Relationship between biodiversity of the fish community and
anthropogenic pressures (modified from HELCOM 2012b)
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Table 1. Commercial fisheries statistics from
Vilsandi and Kihnu area

Area Section Nr. of Perch
gillnet nights  landings (kg)

Kihnu 177 5380 12 857
178 25162 133 879
188 6 668 39728
195 3247 11 630
total 40 457 198 094

Vilsandi 326 654 448
339 146 29
total 800 477
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Figure 4. Comparison of indicator
values in monitoring stations in
areas with different fishing pressure.
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Name of indicator

1.5 Thelength at sexualmaturation of female pikeperch(Sanderuciopercg
in monitoring catches

|Type of Indicator

|State indicator |

IAuthor(s)

Laur i Saks, Kristiina J¢grgens, Antti Lappal aine
Verliin, Mar kus Vetemaa, ! lle Talvigk

Description of the
indicator

The indicator describes the average size (TL) at which female pikeperch of monitored pop u-
lati ons reach maturity. This indicator shoul d bg
and age distribution and should be associated to fishing pressure (both commercial and
recreational) on local fish communities. Decrease in the val ues of this indicator may be
symptom of strong fishing pressure which may have lead to life -history shift in local pik  e-
perch populations. The latter can further lead to decrease in the mean trophic level of the

community, which in turn may lead to decline in local bio diversity (Fig 1).

Relationship of the
indicator to marine
biodiversity

Generally, higher frequencies of sexually mature (older and larger) individuals are consi d-
ered to be in correlation with the health of fish stocks (Piet et al. 2010). At the same time
fishing effort (especially recreational but also commercial) is often targeted at large pred a-

tory fish and in circumstances of heavy (size -selective) fishing pressure, the proportion of
large, sexually mature piscivores will decrease in the c ommunity (e.g. Allendorf 2009). It is
known that the size at sexual maturation is under strong evolutionary pressure in fish (e.g.

Stearns 1992). At the same time earlier maturation is often associated with slower growth

(e.g. Vaini kka & Hysvastrgi omeng indiduhl® Wwhich rdach sexual maturity

in relatively large size are removed from the spawning stock by selective fishing, life - history
shifts are prone to occur in local populations towards the strategies of slower growth and/or

maturation in smalle r size (Fig 2; see e.g. Hutchings & Reynolds 2004, Olesen et al. 2005,
Conover 2007; Enberg et al. 2012, Pukk et al. 2013). Larger individuals have a more sp e-
cific role in the ecosystem than smaller individuals as they usually occupy higher trophic

level t han smaller fish. Such shifts in the structure of local fish communities may, however,

be symptomatic for decrease in the mean trophic level of the community, which in turn may

lead to decline in local biodiversity (Fig 1).

Relevance of the

indic atorto diffe r-
ent policy instr u-
ments

Similar indicators (e.g. Mean size of perch ( Perca fluviatilis ) at their first sexual maturation
in monitoring catches) are used as indicators for fishing pressure under the descriptor 3 of
MSFD by Estonia (Martin 2013) . This i ndicator can be used as for MSFD D1 and D3.

Relevance to
commission dec i-
sion criteria and

1.3.1. Population demographic characteristics (e .g. body size or age class structure, sex
ratio, fecundity rates, survival/ mortality rates)

indicator

Meth od(s) foro b- |[Data on local mean size of female pikeperch at first sexual maturation (L50) is gathered
taining indicator during annual monitoring (trawl or fyke -net) catches. Monitoring is carried out during
values spring, before the spawning season of the p ikeper ch. Level of maturation is determined by

\visual inspection of dissected fish. L50 is determined using logistic regression model (Fig. 3;
results in Table 1) where individual total length (TL) is an independent variable and the level
of sexual maturit vy is a dependent variable (Chen & Paloheimo 1994).

Documentation of
relationship b e-
tween indicator
and pressure

Evolutionary life -history shift towards reduction in size at first maturation as response to

heavy fishing has been reported for several fish specie s (see e.g. Hutchings & Reynolds
2004, Olesen et al. 2005, Conover 2007; Enberg et al. 2012, Pukk et al. 2013). Determining
L50 has been successfully used for such studies at the population level (e.g. Chen & Pal o-
hei mo, 1994; O6Brien, 1999) .

IAssociations between indicator values and fishing pressure were tested by comparing mon i-
toring areas with different pi keperch fishery
minimum catchable size limit is TL=44 cm and only gillnets with minimum mesh size of 48

mm (knot to knot = 96 mm streched mesh) are allowed. Gillnet fisheries in the Helsinki area

have mesh size limitations at 50 mm (knot to knot = 100 mm streched mesh). In the Arch i-
pelago Sea, there are mesh size limitations or recommendations at 43 mm or 45 mm (knot
to knot = 86 mm or 90 mm streched mesh). The minimum catchable size limit for pikeperch

is TL=40 cm in the Helsinki area, and TL=37 cm in the Archipelago Sea.

Evidently, L50 values for monitoring areas with alternative pikeperch fishery regulation S
differed markedly (Table 1, Fig 4). The lowest indicator values were recorded from Archipe -
ago Sea with long history of strong size -selective fishing pressure. The indicator values for

Hel si nki and P2rnu area were cons.i desuranehtyvasthighgrh ¢
than estimated target value (and also in this case only in the comparison with conservative
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target value). Thus, if compared to historic d
during recent years were lower than recorded in th e past (Fig. 4). These results indicate
that that size -selective fishing pressure may have played a role in the development of the
current size structure of these pikeperch populations (similarly with several documented
cases; see e.g. Hutchings & Reynolds 2004, Olesen et al. 2005, Conover 2007; Enberg et al.
2012, Pukk etal . 2013).

Geographical rel e- |[2. Regional

lvance of indicator

How Reference The target values were selected on the basis of historical data o

Conditions (target The size at which approximately 50% of females individuals were mature was between

\values/thresholds) (conservative estimate) TL=40.3 cm and (optimistic estimate) TL=41.4 cm (Erm 1981,

for the indicator transformed according to Saat et al. 2007). However, as pikeperch growth rate is dependent

ere obtained? on several environmental factors (temperature, food availability) substantial inter -location
\variability in L50 reference conditions may be expected to occur. Thus, if possible, the ind i-
cator baseline va lues should be adjusted to local conditions.

Method for dete r- |[The situation is considered to be subGES if the indicator values are lower than locally d e-

mining GES t ermined reference conditions (e.g. L50 Il ower t

Referen ces )Allendorf, F.W. & Hard, J.J. 2009.Human -induced evolution caused by unnatural selection
through harvest of wild animals.Proc. Natl Acad. Sci. USA 106: 9987 19994
Chen, Y. & Paloheimo, J.E. 1994. Estimating fish length and age at 50% maturity using a
logistic type model. Aquat. Sci., 56, 206 -219.

Conover, D.O. 2007. Fisheries: Nets versus nature. Nature, 450, 179 -180.

Enber g, K., JBrgensen, K., Dunl op, E.S. , Var pe,
Heino, M. 2012.  Fishing -induced evolution of  growth: concepts, mechanisms and the empir i-
cal evidence. Marine Ecol .,33,1 125.

Erm, V. 1981. Koha. Valgus, Tallinn.

HELCOM, 2012. Development of a set of core indicators: Interim report of HELCOM
CORESET project. PART A. Description of the selection process. Balt. Sea Environ. Proc. No.
XXX A (http://lwww.helcom.fi/BSAP_assessment/ifs/ifs2012/en_GB/CoastalFish/

Hutchings , J.A. & Reynolds, J.D. 2004. Marine fish population collapse: consequences for
recovery and extinction risk. BioScience 54, 297 -3009.

Martin, G., (ed). 2013 Eesti mereala Hea Keskkonnaseisundi indikaatorid ja keskkonn a-
sihtide kogum. Aruanne MSFD artikkel 9 ja 10 n»uete t2itmiseks. I
linn.

Olsen, E.M., Lilly, G.R., Heino, M., Morgan, M.J., Brattley, J. & Dieckmann, U. 2005. Asses s-
ing changes in age and size at maturation in collapsing populations of Atlantic cod ( Cadus
morhua ). Can. J. Fisheries Aquatic Sci. 62, 811  -823.

Piet, G.J., Albella, A.J., Aro, E., Farrugio, H., Lleonart, J., Lordan, C., Mesnil, G., Petrakis,

G., Pusch, C., Radu, G. & Ra t z ,-J. 2010. Marine Strategy Framework Directive. Task
Group 3 Report. Commertially exploited fish and shellfish. (Doerner, H. & Scott, R., eds). EU
and ICES, Luxembourg.

Pukk, L., Kupari nen, A, Ja&rv, L. , Geébetio and | ife Rhiston&
changes associated with fisheries -induced population collapse. Evol. Appl. 6, 749 -760.

Saat, T., Saat, T. & Nursi, A. 2007. Total length T standard length relationship in Estonian
fishes. In Book of abstracts of the XIl European congress of ich thyology (Buj, ., Zanella, L.

& Mrakovicic, M., eds), p 141. European Ichthyological Society.

Stearns, S.C. 1992. The evolution of life histories. Oxford University Press, Oxford.

Vaini kka, A. & Hyvarinen, P. 2012. E ¢ o bledfighing o thd 'y
pikeperch Sander lucioperca : Lake Ouluj?®rvi as an exampd0e. F
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Illustrative mat
rial for indicator
documentation
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Figure 1. Relationship between biodiversity of the fish community and
anthropogenic pressures (modified from HELCOM 2012b)
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Figure 2. Strong fishing effort can shift the natural
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are removed from the spawning stock by size-selective
fisheries and thus alternative life-history strategies (slow

growth and/or early maturation) prevail.
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Archipelago Sea Parnu 2013
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Figure 3. L50 is determined using logistic regression model

where individual total length (TL) is independent and the

level of sexual maturity is dependent variable (Chen &

Paloheimo 1994). Red dashed line denotes respective

L50 values.

Table 1. Indicator values in areas with different pikeperch fishery regulations.

Location Year 150 Model ¥ p N (0’s; 1's)
2012 35.1 101.25 <0.00001 42;76
2013 353 62.33 <0.00001 30; 53
2011 384 106.86 <0.00001 153;31

Parnu 2012 36.3 59.24 <0.00001 56; 17
2013 40.8 122.41 <0.00001 245; 32
2004 31.2 36.85 <0.00001 60; 152
2005 31.2 27.48 <0.00001 23;76

Helsinki

Archipelago
o PE3BO 006 316 2690  <0.00001  17;37
2008 30.9 65.29 <0.00001 33; 67
2009 274 26.86 <0.00001 17; 154
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Figure 4. Indicator values in areas with different
pikeperch fishery regulations. Empty circles
denote Archipelago Sea, filled circles denote
Helsinki and empty squares denote Parnu area.
Green dashed line marks the upper (optimistic,
TL=41.4 cm) and red dashed line the lower
(conservative, TL=40.3 cm) target values for
Parnu area
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Name of indicator 1.6 Abundanceof Cyprinids

|Type of Indicato r ||State indicator |
|Author(s) ||Antti Lappalainen |
Description of the This indicator measures the abundance of Cyprinids (group of freshwater fish species) in

indicator archipelago areas. The primary indicator is the average abundance (kg/gill -net/night)

of Cyprinids (all togeteher) in coastal gill -net monitoring.
the average catch (kg/trap net /day) of bream (
the commercial fishery targeted to Cyprinids and other coastal species.

A potential secondary indicator is

IAbundance of
net/night,
2006). The power analyses of Cyprinid gill
however, revealed that the variation is
weight than as numbers of individuals.

roach ( Rutilus rutilus ) in gill -net monitoring, measured as individuals/gill

has already been used in the assessment of coastal fish communities (HELCOM
-net data carried out in MARMONI

lower and power higher if abundance

Abramis brama ) during the spring season in

-pro ject have,
is measured as

Relationship of the
indicator to marine
biodiversity

This indicator reflects the biodiversity of coastal fish comm unities. Cy prinids, such as roach
and breams ( Abramis brama and Blicca bjoerkna ), have an important role in the food
of shallow archipelago areas in the northern Baltic Sea. They feed mainly on molluscs (e.qg.
Rask 1989). Predation by Cyprinids might e ven affect the structure of local blue mussel
(Mytilus edulis ) populations in the Gulf of Finland, where blue mussels live at the edge of

their range (Lappalainen et al . 2005)

-webs

Relevance of the
indicator to diffe

r-

This indicator can  be applied for MSFD  descriptor 1 (Biodiversity / 1.2. population size) and
especially for MSFD  descriptor 4 (Food webs / 4.3 abundance or distribution of key trophic

ent policy instr u- groups/species). The indicator has been agreed as a Candicate indicator in the HELCOM

ments CORESET of Biodiversity indicators (2.11. Abundance of fish key trpohic groups, HELCOM
2012) .

Relevance to 1.2.1. Population abundance and/or biomass

commission dec  i-

sion criteria and

indicator

Method(s) for o b- |[The primary indicator is the average abundance (kg/gill -net/night) of  Cyprinids (all toget e-

taining indicator her) in coastal gill -net monitoring. In Finland, the recently started commercial fishery ta r-

values geted for Cyprinids offers new valuable data source for estimating the abundance of Cypr i-
nids, if this type of fishery continues in future. Here the average catch (kg/trap net /day) of
bream ( Abramis brama ) during the spring season could be used as an indicator.
Some attempts to estimate the biomasses of cyprinids by hydroacoustic surveys in the shal-
low archipelago areas have recently carried out in Finland, too, but these attempts
have failed. Finland has the longest time series of catch data of small -scale commercial fis  h-
ery in the Baltic Sea region. The data is available from year 1980 onwards. Our analysis
has, however, revealed that this long data set can not be properly used here, the basic re a-
son being the fact that the fisher mends i nlOurngthes
early years, there was demand and targeted fishery for b ream, and as a consequence, the
catches were high and well reported. During the 1990s and 2000s, fishermen mostly tried to
avoid breams and other cyprinids and did not report them properly, but after 2009 -

2010, some commercial fishermen started effective f ishery on cyprinids. According to some
old samples, the growth of bream in the Finnish coast used to be higher 20

-30 years ago

tween indicator
and pressure

than now. It is possible that scarcity of food might restrict the growth of cyprinids now b e-
cause the densities are evidently hig h. Thus, the growth of bream (corrected by a temper a-
ture factor) might reflect the abundance and be used as an indicator in the future. A prere g-
uisite is that the effects of the targeted commercial fishery for bream should be seen on the
growth during the  next few years.
Documentation of Large cyprinid fish, such as breams and roach, have become increasingly abundant e.g. in
relationship b e- the archipelago waters of Finnish coast and the main reason for this development is coast al

eutrophication (Lappalainen 2002). Bonsdorff
from the Archipelago Sea. Results of gill -net monitoring data from the Archipelago Sea and
iland Sea also shows increase in the
being the coast al e utata p2006) Ia lakes the ircrpatq ire total catches
and in cyprinid populations caused by strong eutrophication is a well documented phenom

non (e.g. Sva@rdson and edallP9i) 1981, Persson

et. al . (1997) has reported similar results

a pogsible aeasonre

e-
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In addition to this, the high abundance of cyprinids probably tends to maintain the eutrophic
conditions also in the archipelago area as has been reported from several eutrophic lakes.

Geographical rel e- ||1. Local
lvance of indicator

How Reference No proper long -term data sets of reference conditions are available from the Finnish coast.
Conditions  (target A few coastal gill -net surveys have been carried out in the 1970s and 1990s, but the gill -
\values/thresholds) netsandsamp | i ng designs used were not simil ar -meshgihg
for the indicator nets have commonly been used in Finland and Sweden since the early 2000s, when several
ere obtained? new monitoring areas where established. Gill -net series are still used in Estonia and there
the possibilities to find suitable reference data could be better. There are, however, high and
even contradictory variaton in abundance of cyprinids between monitoring areas. Thus, it
might be problematic to extrapolate the results outside the monitoring areas.

Method for dete r- |[The preliminary GES -target is a decreasing trend in the abuncance of Cyprinids in the arch i-

mining GES pelago areas, where increase in abundance has been observed (e.g. Finnish coast of the
Gulf of Finland, Archipelago Sea, Archipela go of the jland Sea).
References Bonsdorff, E., Blomqvist, E.M., Mattila, J. and Norkko, A. 1997. Long -term changes and
coast al eutrophication. Examples from the jl and

Baltic Sea. Oceanol. Acta 20:319 -329.

HELCOM 2006. Assessment of coastal fish in the Baltic Sea. Baltic Sea Environment Pr 0-
ceedings No. 103 A.

HELCOM 2012: Development of a set of core indicators: Interim report of the HELCOM
CORESET project, part B: Descriptions of the indicators. i Baltic Sea Envir onmental Pr o-
ceedings 129B: 1 1 2109.

Lappalainen. A. 2002. The effects of recent eutrophication on freshwater fish communities

and fishery on the northern coast of the Gulf of Finland, Baltic Sea. PhD -Thesis, University
of Helsinki.

Lappalainen, A., Westerbom , M. and Heikinheimo, O. 2005. Roach ( Rutilus rutilus ) as an
important predator on blue mussel ( Mytilus edulis ) populations in a brackish water enviro n-
ment, the northern Baltic Sea. Marine Biology 147:323 -330.

Persson, L., Diehl, S., Johansson, L., Andersson, G. and Hamrin, S. 1991. Shifts in fish
communities along the productivity gradient in temperate lakes i patterns and the impo  r-
tance of the size -streuctured interactions. J. Fish Biol. 38:281 -293.

Rask, M. 1989. A note of the diet of roach, Rutilus rutilus, L . , and ot her cyr{
minne, northern Baltic Sea. Aqua Fennica 19:19 -27.

Svardson, G. and Mol in, G. 1981. The i mpact of
warmwater fish community. Rep. Inst. Freshw. Res., Drottningholm 59:142 -151.

i dj eK. Appelberg, M., Eschbaum, R., Lappalainen, A., Minde, A., Rpecka, R. and Thore S-
son, G. 2006. Trends in coastal fish stocks of the Baltic Sea. Boreal Environment Research
11:13 -25.
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Illustrative mat e-
rial for indicator
documentation
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Name of indicator

1.7 Trophicdiversity index of juvenile fish

|Type of Indicator |

|State indicator |

|Author(s) ||Ma rtin OgonowsKkihlad @duaBiota W&er Research |
Description of the This indicator reflects the diversity of juvenile fish weighted by the mean community trophic
indicator level of adults. A high value of the indicator should reflect an overall high diversity in terms

of j uvenile fish and favorable nursery habitats for key predatory fish species such as pike
(Esox lucius ), perch ( Perca fluviatilis ) and pikeperch (  Sander lucioperca ), which are impo
tant for the maintenance of food web integrity (Eriksson etal . 2009).

r-

The indicator will currently be of relevance for Swedish waters as the method of using un-
derwater detonations is restricted to a national level.

Relationship of the
indicator to marine
biodiversity

The indicator directly indicates the biodiversity of juvenile fish species in relation to the
mean trophic level of the community and this diversi ty should in turn also indicate the fish
production potential of the habitats. The indicator is directly comparable to metrics used in
gillnet monitoring (Helcom 2012, D1.7.1), where it is used to reflect the general trophic
structure at the community level. Low values may indicate domination of species favoured
by eutrophic conditions and vice versa. Unlike Helcom (2012) fishing is expected to be of
less direct relevance (indirectly via potential reduction of SSB), and a comparison of the two
methods shoul d be made.

dicator

Relevance of the MSFD descriptors: Mai nly relevant for MSFD descriptor 1
indicator to diffe r- landal so 3 fAPopul ations of all/l commercial ly ex pioq
ent policy instr u- | ogical | imitsfA and descriptor 5 fAEutrophicatio
ments
HELCOM BSAP: Rel evant for BSAP segment 1: ATowar ds o-
phicationi and 4: bTewazmaosefawvrbuobas status of
providing data on important fish communities and nursery habitats.
Habitats Directive: The indicator may be used to indicate structure and function of a s e-
lected set of Natura 2000 habitat types which may serve as important nursery habitats
(Sundblad et al . 2011).
Relevance to 1.6.1. Condition of the typical species and communities
commission dec i- |[1.6.2. Relative abundance and/or biomass, as appropriate
sion criteria and
indicator
Method(s) for The distribution and abundance of 0 -group fish is sampled by the use of small (1g or 10 g
obta ining indic  a- |explosive) underwater de  tonations (e.g. Sundblad et al. 2011). This active sampling
tor values method, which is non  -destructive with respect to other bio ta than fish, is used by Scandin a-
\vian fisheries researchers to obtain point abunda nce samples in heterogeneous enviro n-
ments where other methods such as beach seines, small trawls and drop -samplers are di  ffi-
cult to use (Snickars et al . 2007). The method ca ptures all species with gas  -filled cavities
within approximately a 5 m radius of th e detonation and yields representative length distr i-
butions of fish between 3 and 20 cm total length.
Indicator values will be calculated as the Shannon -Wiener index of 0 -group fish (juveniles)
weighted by the mean community trophic level of adults (trophi c level set by
Fishbase www.fishbase.org ). The index is primarily intended to be calculated on coastal bay -
basis but other geographi  cal scales should also be evaluated.
Documentation of Eutrophication and habitat loss, due to e.g. dredging, constructions or boating activities, are
relationship b e- suggested to be the main anthropogenic pressures for this indicator but relationships be-
tween indicator tween the indicator and pressures still have to be tested and determined ( Sand s ter &.
and pressure 2005, Ber g s tet &.nk013).
A comparison of the indicator obtained with underwater detonations and with gillnet moni-
toring is also recom mended.
Geographical 3. National waters
rele vance ofi n-

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

need to be established. Reference conditions
in relation to both environmental

Reference conditions
spatial modelling

could be examined by
and pressure variables in order to deline-

ate natural and anthropogenic influence on the indicator. Also, comparing across different
regional settings could help separate low from high estimates suggesting suitable targets.
Simultaneously high and low indicator values may be further investigated in relation to

other organi sms and trophic levels, primarily macrovegetation and gillnet monitoring.



http://www.fishbase.org/
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Method for dete r- |[GES-levels have not yet been established. In order to reach recommendations on levels,

mining GES similar analyses as for Reference Conditions should be applied. Including, where available,
the use of time series.

References Bergstr©°m, u. , Sundbldd, Gn,j cRawsi e M.A. Bostr°m
2013. Evaluating eutrophication management scenarios in the Baltic Sea using species di s-
tribution modelling. Journal of Applied Ecology 50: 680 -690.
Eri ksson, B. K., L. Ljunggren, A Sandstr®°m, G.
and M. Snickars. 2009. Declines in predatory fish promote bloom -forming macroalgae. Ec  o-

logical Applications 19:1975 T 1988.

HELCOM, 2012. Development of a set of core indicators: Interim report of the HELCOM

CORESET project. PART B: Descriptions of the indicators. Baltic Se a Environment Procee d-
ings No. 129 B.
Sandstr ©°m, A. ., Eri ksson, B. K., Kar =s, P Boating anth

navigation activities influence the recruitment of fish in a Baltic Sea archipelago area.
/Ambio, 34: 125 -130.

Snickars, M., Sands tr °m, A. , Lappal ai nen, A . Eyvaluaiondf lovantpact |
pressure waves as a quantitative sampling method for small fish in shallow water. Journal of
Experimental Marine Biology and Ecology, 343: 138 -147.

Sundbl ad, G. , Bergand&myr°bh,, Aan@03%1. Ecol ogi c ao}

tected area networks: a spatial assessment using species distribution models. Journal of
Applied Ecology 48: 112 -120.
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Name of indicator 1.8 Habitat-related functional diversity of juvenile fish

|Type of Indicator |State indicator |
|Author(s) |Martin Ogonowski, G°ran Sundblad, AguaBiota Wat|

Description of the
indicator

This indicator reflects the functional biodiversity of 0-group (juvenile) fish species in terms
of habitat preference and is based on the diversity of species that have a preference for high
temperatures and a strong affinity for vegetation. The classification of preference follows
Sandstet@am2005 Table 1). A high value of the indicator should reflect a high diversity
of species within the defined functional group as well as warm and vegetated areas functio n-
ing as nursery areas for both pike (Esox lucius), perch (Perca fluviatilis ) and many cyprinids.

The indicator
derwater

will primarily be of relevance for Swedish waters as the method of using un-
detonations is restricted to a national level.

Relationship of the
indicator to marine
biodiversity

The indicator directly indicates the biodiversity of juvenile fish within a habitat based func-
tional group and this diversity should in turn also indicate to what extent the habitat func-
tions as spawning and nursery areas, i.e. fish production, if the number of species is com-
plemented with densities (cpue). The indicator is to some extent comparable to metrics
used in gillnet moni toring (HELCOM 2012) where it is used to reflect fishing pressure and
eutrophication. However, the juvenile stages are less directly responding to fishing pressure
and are likely more related to eutrophication and coastal development. A comparison be-
tween detonation (juvenile) and gillnet monitoring is recommended for the future.

Relevance of the
indicator to diffe r-
ent policy instr u-
ments

MSFD descriptors: Mainly r el evant for MSFD descriptor 1 ABi

and al so 3 i P oal ocdmmerdialy rexploited fish and shellfish are within safe bi o-
| ogi cal l'imitsA and descriptor 5 AEutrophicatio
HELCOM BSAP: Rel evant f or BSAP owamganBaltict Sealunaffedtdd by eutr o-
phicationi and 4: ATowards f awaouroafbl|Balctoncs eSevaa

providing data on important fish communities and nursery habitats.

Habitats Directive: The indicator may be used to indicate structure and function of a s e-
lected set of Natura 2000 habitat types which may serve as important nursery habitats
(Sundblad etal. 2011).

Relevance to
commission dec i-
sion criteria and
indicator

1.6.1. Condition of the typical species and communities
1.6.2. Relative abundance and/or biomass, as appropriate

Method(s) for o b-
taining indicator
\values

The distribution and abundance of O -group fish is sampled by the use of small (1g or 10 g
explosive) underwater det  onations (e.g. Sundblad etal .2011). This active sampling method,
which is non -destructive with respect to other biota than fish, is used by Scandinavian fish
researchers to obtain point abundance samples in heterogeneous environments where other

methods such as beach seines, small trawls and drop -samplers are difficult to use (Snickars

et al . 2007). The method captures all species with ga s-filled cavities within approximately a

5 m radius of the detonation and yields representative length distributions of fish between 3

and 20 cm total length.

Indicator values will be calculated as the Shannon -Wiener index of fish species with a pre f-
erenc e for warm and vegetated areas sensu Sands t r %tnal. (2005). The index is primarily
intended to be calculated on coastal bay -basis but other geographical scales will also be
evaluated. In addition to the biodiversity index evaluations using densities (cpue) is also
recommended.

Documentation of
relationsh ipb e-
tween indicator
and pressure

Eutrophication and habitat loss, due to e.g. dredging,
suggested to be the main anthropogenic
Ber gs tet &.n2013) but relationships
tested and determined.

constructions or boating activities, are
pressures for this indicator (Sand s t r &tral. 2005,
between the indicator and pressures still have to be

Geographical rel e-
lvance of indicator

3. National waters

How Reference
Conditions (target
\values/thresholds)
for the i ndicator
ere obtained?

Reference conditions need to be established. Reference conditions
spatial modelling in relation to both environmental and pressure variables in order to delin e-
ate natural and anthropogenic influence on the indic ator. Also, comparing across diffe rent
regional settings could help separate low from high estimates suggesting suitable targets.
Simultaneously high and low indicator values may be further investigated in relation to
other organi sms and trophic levels, primarily macrovegetation and gillne t monitoring.

could be examined by
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Method for dete

r-

GES-levels have not yet been established. In order to reach recommendations on levels,

mining GES similar analyses as for Reference Conditions should be applied. Including, where available,
the use of time series.
References Ber gst tJS Bundblad, G., Downie, A.-L., Snickars, M., Bo st r €.mand Lindegarth, M.

2013. Evaluating eutrophication management scenarios in the Baltic Sea using species dis-
tribution modelling. Journal of Applied Ecology, 50: 680 -690.

HELCOM, 2012. Development of a set of core indicators: Interim report of the HELCOM
CORESET project. PART B: Descriptions of the indicators. Baltic Sea Environment Procee d-
ings No. 129 B.

Sandst rA° Mrksson, B. K., Kar =-R,,| s bubBl., and Schreiber, H. 2005. Boating and
navigation activities influence the recruitment of fish in a Baltic Sea archipelago area.
/Ambio, 34: 125-130.

Snickars, M., Sand st rAS happalainen, A., and Mattila, J. 2007. Evaluation of low impact
pressure waves as a quantitative sampling method for small fish in shallow water. Journal of
Experimental Marine Biology and Ecology, 343: 138-147

Sundblad, G.,, Ber gst 2 amd Sandst rA°20811. Ecological coherence of marine pro-
tected area networks: a spatial assessment using species distribution models. Journal of

Applied Ecology 48: 112-120.
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2 Benthic indicators

Name of indicator 2.1 Accumulatedcoverof perennialmacroalgae

|Type of Indicator ||State indicator |

|Author(s) ||Nicklas Wijkmark |

Description of the This indicator reflects quantity of the perennial macroalgae community measured as acc u-

indicator mulated cover, thus indicating biodiversity quantity as the amount of a diverse community

of algae and species living on and among the algae. It indicate s biodiversity quantity on
shallow hard bottoms and may be used simultaneously with a vascular plant indicator for

shallow soft bottoms. The measured unit is accumulated % cover and t he assessment unit is
the total aggregated accumulated cover within a pre defined monitoring area.

Since the abundance of ephemeral species varies considerably both seasonally and between

years (e.g. Kiirikki and Lehvo 1997), only perennial species are incl uded in this indicator. It
is similar to the 1indicecattormaftTmtadlgaedv arevefl ope
water quality for the WFD in Denmark (Carstensen et al . 2005), but in accumulated cover
the cover of each species are summed including all layers and overlapping species.

The indicator is intended for use in the entire Baltic Sea, but establishment of new reference
\values are needed when using the indicator in a new area. The indicator may also be used in
the Gulf of Bothnia by including bry ophytes when calculating accumulated cover.

Relationship of the

This indicator reflects the amount of the perennial macroalgae community, thus indicating

taining indicator
values

indicato r to marine biodiversity quantity of perennial macroalgae and associated species. Macroalgae form hab -
biodiversity tats for a range of other species in the Baltic Sea (e. g. Bucas 20009; R =
2006; Wi kstr°m and Kautsky, 2007; Sal ovius and
Relevance of the MSFD descriptors: Mai nl'y rel evant for MSFD descriptor 1Ii
indicator to diffe r- (May al so be of relevance for descriptor 5 AEutr-r
ent policy instr u-
ments HELCOM BSAP: Rel evant for BSAP segment 4: ATowar ds f
Bal ti c Sea bi ogdrovidiegrdata of yniportdény communities and habitat building
species.
Habitats Directive : May provide relevant data for habitats such as 1170 (reefs).
Relevance to 1.5.2. Habitat volume
commission dec  i- [[1.6. Habitat condition
sion criteria and 1.6.1. Condition of the typical species and communities
indicator 1.6.2. Relative abundance and/or biomass, as appropriate
Method(s) for o b- [[Suggested sampling method is drop -video which is a time efficient method for covering

large areas (Svensson  etal . 2011). Methods such as diving may also be used.

Geographical aggre gation 1T Sampling may be performed in different ways. An example a
plicable to drop -video is a randomized stratified sampling in monitoring areas in order to
cover important gradients such as depth and wave exposure. Both soft and hard substrates

can be sampled, thus also providing data for the vascular plant indicator within the same
survey. However, indicato  r values for this indicator are only calculated for hard bottoms.
Stations with both soft and hard substrates can provide data for both indicators. Monitoring
areas can be natural such as coastal basins, or artificial such as administrative units.

Tempora | aggregation 1 Repeated sampling and modelling of perennial macroalgae cover in
monitoring areas within a monitoring programme provides temporal trends of the quantity

of this community. Sampling is performed once during a monitoring year. This is typical
performed in summer or early autumn.

Documentation of
relationship b e-
tween indicator
and pressure

Eutrophication is suggested as the main anthropo genic pressure for this indicator.

IAccumulated cover of perennial macroalgae was negatively related to mean CHLa inara n-
dom Forest analysis of the data from the Han?®
and the resulting reduced transparencyasma i n fAant hropogenici pres
from environmentally hazardous activities also had a negat ive effect on the indicator values.

The similar indicator ATot al cCovVver ebaf.2095) & celatednoa ¢
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water transparency an d eutrophication in offshore areas, a higher cover indicating better
ater quality and clearer water.

Geographical rel e-
lvance of indicator

4. Baltic Sea wide

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

Reference co nditions were established by spatial mode Iling and prediction with enviro n-
mental layers adjusted to ref erence conditions (e.g. adjusted predictor layers where effects

of anthropogenic pressures have been removed). Adjusted environmental layers were CHLa,

Secchi depth, proximity to environmentally hazardous activities, marine traffic and urban
developments. Thi s was performed with data from the H

Predicted reference values accumulated cover were higher than actual accumulated ¢ over at
depths below 3 meters and lower at shallower depths.

Method for dete r-

GES-levels were set as 25 % acceptable deviation from the modelled reference conditions in

mining GES 2 m depth intervals.
See Table 1 for values.

References Bucas, M. 2009. Distribution patterns and ecological role of the red alga Furcellaria lumbr  i-
calis (Hudson) J.L. Lamouroux off the exposed Baltic Sea coast of Lithuania. Doctoral
dissertation, Klaipeda 2009.
Carstensen J, Krause -Jensen, D, Dahl, K, Middelboe AL. 2005. Development of macroalgal
indicators of water quality In Petersen, J.K., Hansen, O.S., Henriksen, P., Carstensen, J.,
Krause -Jensen, D., Dahl, K., Josefson, A.B., Hansen, J.L.S., Middelboe, A.L. & Andersen,
J.H. 2005. Scientific and technical background for inter calibration of Danish coastal waters.
National Environmental Research Institute, Denmark. 72 pp. - NERI Technical Report No.
563. http://technical  -reports.dmu.dk
Kaut sky L., WautshyHr2007.C.B,e dR mni ngsgrunder f°r Kkust
ramdirektivet vatten T makroal ger och n-gr a g ° mf rRappatatill
Nat ur v-r ds v e-05%25t50 gage8. Tn Swedish with English summary.
Kiirikki, M. and Lehvo, A. 1997. Life strategies of filamentous algae in the northern Baltic
Proper. Sarsia 82, 259 -267.
R-ber g, S. , Kaut sky L., 2006 . A comparative bi
perennial fucoids and filamentous algae. Estuarine, Coastal and Shelf Science 73, 2 49 -258.
Salovius, S. and Kraufvelin, P., 2004. The filamentous green alga Cladophora glomerata  as
a habitat for littoral macro -fauna in the Northern Baltic Sea, Ophelia,Vol. 58, Iss. 2, 2004.
Sand®n, P. and H-kans s-dem trerBls in 9ebchi @ . efdthoimtge Baltic Sea.
Limnol. Oceanogr. 31: 909  -926.
Svensson J. R. , Gul Il str°m, M., Lindegarth
uppfoljningsprogram: kompl ettering av uppfolj
Havsmilj°institutet, GSwedishhorgs Universitet
Wi kstr©°m, S. A. and Ktecturesakdydjversity. of 2 Oiryeftebrate communities
in the presence and abs ence of canopy -forming Fucus vesiculosus in the Baltic Sea. Estu  a-
rine, Coastal and Shelf Science 72, 168 -172.

Illustrative mat e- |[Table 1. Reference conditions and GES for accumulated cover of perennial macroalgae in

rial for indicator
documentation

depth intervals suggested. The first meter below the surface should be excluded from the
assessment.

Predicted RefCond and GES -levels (mean % acc. cover)
Depth (m) GES value Reference condition
1-3 42 56
3-5 39 52
5-7 36 48
7-9 34 45
9-11 22 30
11 -15 21 28
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macroalgae and vascular plant species in the Ha n

Accumulated cover of perennial macr o-
in

Figure 1. CCA-plot illustrating abundant
Bight in relation to natural environmental variables.
algae and Accumulated cover of vascular plants will toge ther indicate biodiversity quantity

two important coastal communities.
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Figure 2. rF variable importance measures for accumulated cover of perennial macroalgae.
Mean chlorophyll is the most important of the four #fAant hr op eagnetnhircofip o
environmental variables included in the analysis. (MIFO is the density of environmentally
hazardous activities, CITIES is the density of populated places and TRAF is shipping).
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Name of indicator

2.2 Acaumulated coverof submergedvascularmplants

|Type of Indicator

||State indicator

lAuthor(s)

|INicklas Wijkmark

Description of the
indicator

This indicator reflects quantity of the submerged vascular plant community measured as
accumulated cover, thus indicating biodiversity quantity as the amount of the vascular plant
community and associated species. It indicates biodiversity quantity on shal low soft bottoms
in more sheltered areas and can be used simultaneously with the macroalgae indicator for

shallow hard  bottoms.

All species of submerged vascular plants are included in this indicator, both eelgrass mea
ows and mixed stands of taxa such as Stuckenia, Potamogeton, Myriophyllum etc.

Most studies on submerged vascul ar

dorff 1997, Hemminga and Duarte 2000, ), but two studies by Hansen et al.

pl ant s arfd 8anws4
(2010) on

indicator to diffe

r-

other vascular plants and charophytes show t hat invertebrate abundance is higher on stru c-
turally complex species.
Relationship of the This indicator reflects the amount of the submerged vascular plant community, thus indica t-
indicator to marine ing biodiversity quantity of submerged vascular plants and associated species. Submerged
biodivers ity lvascular plant meadows are habitats for a range of other species in the B altic Sea (e.g. Bo n-
str°m and Bonsdorff, 1997) and it is known both
higher when vascular pla  nts are present (Orth et al . 1984, Hemminga and Duarte 2000).
Relevance of the MSFD descriptors: Mai nly relevant for MSFD descriptor 1

May also be of relevance for descriptor 5 AEutrophicationif.

ent policy instr u-
ments HELCOM BSAP: Rel evant for BSAP segment 4 : ATowar ds f
Baltic Sea biodi ver si tyfi by providing data on communi ty
biodiversity as well as habitat building species.
Habitats Directive: May provide relevant data for habitats such as 1110 (sublittoral san d-
banks).
Relevance to 1.5.2. Habitat volume
commission dec i- |[1.6. Habitat condition
sion criteria and 1.6.1. Condition of the typical species and communities
indicator 1.6.2. Relative abundance and/or biomass, as appropriate
Method(s) for o b- [[Suggested sampling method is dro p-video , which is a time efficient method for covering
taining indicator large areas (Svensson  etal . 2011). Methods such as diving may also be used.
values
Geographical aggregation 1 Sampling may be performed in different ways. Example using
drop -video: sampling performed in a randomized stratified way within monitoring areas.
Both soft and hard substrates may be sampled, thus also providing data for the macroalgae
indicator within the same survey. However, only soft bottoms are included in this indicator.
Monitoring areas can be natural such as coastal basins, or artificial such as administrative
units.
Temporal aggregation 1 Repeated sampling and modelling of submerged vascular plant
cover in monitoring areas within a monitoring program provides temporal trends of the
quantity of this community. Within a monitoring year sampling is performed once, typically
in late summer or early autumn.
Document ation of Eutrophication is the main anthropogenic pressure affecting values of this indica tor.
relationship b e-
tween indicator CHL a, Secchi depth and N and P concentrations had negative effects on accumulated cover
and pressure in a random Forest analysis performed on data from the Han?
important of these predictors (Fig. 2).
Geographical rel e- ||4. Baltic Sea wide
lvance of indicator
How Reference Reference conditions were established by spatial mode Iling and prediction with enviro n-
Condition s (target mental layers adjusted to reference conditions (e.g. adjusted predictor layers where effects
\values/thresholds) of anthropogenic pressures have been removed). Adjusted environmental layers were CHL
for the indicator a, Secchi depth, proximity to environmentally hazardous activities, marine traffic and urban
ere obtained? developments. The analysis was performed with data from the Han?® Bi

Sweden.

IMethod for dete

r-

||GES-Ievels were set as 25 % acceptable deviation below modelled reference conditions in 2
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mining GES m depth intervals. Suggested depth interval for determining GES is 1 -9 meters.
See Table 1 for GES -values.
References Bostr°m, Cc. , and B o nComdnmnity f struct@re and $p&ial variation of benthic
invertebrates associated with  Zostera marina (L.)  beds in the northern Baltic Sea. Journal of
Sea Research 37, 153 -166.
Hansen, J. P., Sager man, J ., Wi kstr°m, S. A 2010. Ef f

scal e distribution of invertebrates. Marine Biology 157, 2143  -2155.

Hansen, J. P., Wi kstr©°m, S. A,
active habitat choices
complexity. Aquatic Ecology. DOI 10.1007/s10452 -010-9319 -7.
Hemminga, M. A., Duarte, C. M. 2000.
bridge, UK.

Kautsky L., Wi bj°rn C., Kautsky H. 2007.
ramdirektivet vatte n 7 makr oal ger och n-gr a

Nat ur v-r ds v e-05%25t50 gage8. Tn Swedish with english summary.

and
-926.

Sand®n, P.
Limnol. Oceanogr. 31: 909

Orth, R. J., Heck, K.L., van Monfrans, J. 1984. Faunal communities in seagrass beds: a r
view of the influence of plant structure and prey characteristics on predator
ships. Estuaries 7:339  -350.

Mistebotiarr differefices anK a
of invertebrates between macrophytes of different morphological

Seagrass Ecology. Cambridge University Press, Ca

g ° mf rRappagtatill

H-k ans s-tem t rddds in1S8cghé depthLim thegBaltic Sea.

-prey relatio n-

m-

Bed®° mn

e_

Illustrative mat
rial for indicator
documentati  on

e-

Table 1. Predicted

reference conditions and GES-levels for the Ha n Bight in suggested 2 m

ntervals.

Predicted RefCond and GES-levels (mean % acc. Cover)
Depth GES level Reference condition

1-3 m 30 40

03-5m 30 40

05-7 m 20 27

07-9 m 6 3

> .
S \\

Dimersicn 2
o
]
]
—
Dmensen 2

Dmension 1

important coastal comm  unities.

Figure 1. CCA -plot showing the vascula r plant community in relation to some other abu n-
dant species and environmental variables. Accumulated cover of vascular plants and Acc u-
mulated cover of perennial macroalgae will together indicate biodiversity quantity in two
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Figure 2. rF partial dependence of CHL a for accumulated cover of submerged vascular
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Name of indicator

2.3 Beachwrack Macrovegetationindex (BMI)

|Type of Indicator

||State indicator

|Author(s)

||Kaire Torn, Georg Martin, Madara Albert e

Description of the
indicator

Indicator is based on the structure of macrovegetation of beach wrack. Representativeness of
beach wrack data reflecting the biodiversity of macrovegetation in coastal area was tested
during the study. Differences between su bmerged macrovegetation in coastal

tween eutrophication and species diversity in benthic vegetation. Index was developed based
on pre sumptions: 1) key species
Charophyceae ) of the area were considered as valuable species for forming healthy commun
ties, and 2) species richness of the community will shift toward increase in species number of

area and beach

wrack samples were th e smallest in July (table 1, Suursaar et al., 2014). Comparedto co m-
monly used monitoring methods (Torn & Martin, 2011), BMI is easy to use and cost - effective.

BMI was developed during a case study on data collected from northern Gulf of Riga (Baltic

Sea) and tested in southern part of the Gulf of Riga. Indicator is based on relationship b e-

(Fucus vesiculosus, Furcellaria lumbricalis, Zostera marina,

filamentous algae due to disturbance e.g. eutrophication impact.  This method can be re c-
ommended for the areas which are not affected by strong tides and currents or frequent e X-
treme storm events.

Relationship of Indicator reflects the diversity of macrovegetation species and abundance of community

the indicator to for ming species.

marine biodive r-

Sity

Relevance of the MSFD descriptor 1

indicator to di f-

ferent policy i n-

struments

Relevance to 1.6. H abitat condition

commission dec i- |[1.6.2. Relative abundance and/or biomass, as appropriate

sion criteria and 1.7. Ecosystem structure

indicator 1.7.1. Composition and relative proportions of ecosystem components (habitats and species)

Method(s) for Beach w rack samples were  collected from three transects parallel to the shoreline in each

obtaining indic a- [istudy area during July 2011 -2013. The samples were collected

tor values frame at a distance of 1 m from each other. The freshest beach wrack (i.e., the closest wrack
band t o the water edge) was always chosen for sampling. The c ollected material was packed
and kept frozen. In the laboratory, the species composition of the sample was determined. In

laboratory occurrence of all species, abundance of
lumbricalis, Zostera marina , charophytes) and  total biomass of the sample
IAs wrack specimens were often fragmented and detailed identification was impossible, the
morphologically very similar species were treated as one gr
was calculated for all samples. Average index value is used.

'The equation for calculation of BMI is:
BMI= (1 -Pys)/(1+P s)X(N ¢/N), (1)

where P s is the proportion of key species (expressed as part per hundred), N
number of filamentous algae, and N means total number of macrophyte taxa.

key species (Fucus vesiculos us, Furcellaria
were determined.

oup. Based on formula (1) index

¢ means species

Documentation of

IThe index value can vary between 0 a nd 1, lower values show higher status of benthic biod

relationship b e- |versity (better condition of valuable species). In the northern Gulf of Riga, lower index values

tween indicator (higher status of biodiversity) were detected in areas were water transparency was higher

and pressure and nutrient ¢ oncentrations were lower. Pearson correlations between the index values and
pressure indicators  were computed. Statistically significant relationships between index and
water transparency (Secchi depth), BSPI (Baltic Sea Pressure Index) and total nitrogen were
found in the northern Gulf of Riga (tab le 2, figure 1), whereas chlorophyll a showed a signif i-
cant relationship with index values in the southern part of the Gulf (table 3, figure 2).

Geographical 2. Regional

relevance of ind i-

cator

How Reference The reference conditions for the BMI, required for establishing GES boundary, were dete r-

Conditions (ta  r- mined based on expert judgement and current data (index values determined in the

getva |- MARMONI pilot area). The index value can vary between 0 and 1, lower values show higher

ues/thresholds) status of benthic biodiversity (better condition of valuable species). The best possible BMI

for the i ndicator value (BMI=0) was set as reference condition. In case of reference conditions, the majori ty of

ere obtained? vegetation biomass belongs to the valuable key species and the species number of filame n-
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tous algae is negligible.

Method ford  e- GES (Good Environment Status) level was set by using concept of acceptable deviation from

termining GES the reference conditions (European Commission, 2000). Quit e a similar approach has been
used in assessment method for the ecological status of Estonian coastal waters, using su b-
merged aquatic vegetation and following the requirements of EU Water Framework Directive
(WFD) (Torn and Martin, 2011, 2012). According t 0 OSPAR Common Procedure for Identific a-
tion of the Eutrophication Status of the Maritime Area, the acceptable deviation from refe r-
ence conditions can be restrictive (15%), intermediate (25%) or non -restrictiv e (50%) (A n-

dersen et al ., 2006). In  the current study, intermediate (25%) deviation from the reference
conditions was used as GES boundary (BMI values 0.25).

References Ander sen, J.H., 1T8tkebjteenq, IGoastal dut@ophication: recent develo p-
ments in definitions and implications for moni toring strategies. Journal of Plankton Research,

28 (7): 621 -628.

European Commission, 2000. Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framewor k for Community action in the field of
water policy. Off. J. Eur. Communities  L372/1 .

Suur saar , i .y Torn, K. ; Martin, G. ; Her k¢l , K. m-
position of stormcast beach wrack in the Gulf of Riga, Baltic Sea. Oceanologia, 56(4), 673 -
695.

Torn, K., Martin, G. 2011. Assessment method for the ecological status of Estonian coastal
aters based on submerged aquatic vegetation. Brebbia, C.A.; Beriatos, E.
(Toim.). Sustainable Development and Planning V (443 - 452) . Southampton: WIT Press.

Torn, K., Martin, G. 2012. Response of submerged aquatic vegetation to eutrophication -
related environm ent descriptors in coastal waters of the NE Baltic Sea. Estonian Journal of
Ecology, 61(2), 106 - 118.

lllustrative mat e- |[Table 1. Differences of species occurrence and abundance between submerged vegetation in

rial for indicator coastal area and data from beach wrack in three studied areas, ANOSIM t est R values are

documentation shown. The R value of less than 0.25 indicates that the separation between groups is neglig i-
ble; the R value of 0.5 to 0.75 shows overlapping but clearly differentiable groups, and the R

\value over 0.75 indicates well separated groups.

Month Area R p %
May K»i gu{ 0.150 1.50
May Or aj »{ 0.469 0.01
May S» mer | 0.356 0.03
July K»i gu{ 0.127 2.20
July Or aj »{ 0.300 0.05
July S» mer | 0.214 0.30
Sept. K»i gul 0.332 0.01
Sept. Or aj »{ 0.444 0.01
Sept. S» mer | 0.270 0.02

Table 2. Results of Pearson correlation analysis between BMI (Beach wrack Macrovegetation
Index) and sel ected eutrophication variables, data from northern Gulf of Riga. Statistically
significant relationships ( p < 0.05) are in bold.

Environmental

. R
variables
BSPI 0,78
Secchi (m) -0,87

Nt ot ( ®Omo| 0,63
Pt ot ( ®mo| 0,04

Table 3. Results of Pearson correlation analysis between BMI (Beach wrack Macrovegetation
Index) and selected eutrophication variables, southern Gulf of Riga. Statistically significant
relationshi ps (p < 0.05) are in bold.
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Environmental
. R
variables
Chl a 0,83
Secchi -0,69
Ntot 0,48
Ptot 0,32
0,6 -
y=-0,1353x+ 0,695
0,5 - R?=0,7556
0,4 -
E 0,3 -
0
0,2 -
0,1 -
0,0 T T T T T 1
0 1 2 3 4 5 6
Secchi, m
Figure 1. Relation between BMI and water transparency (Secchi depth) based on data from
northern Gulf of Riga, 2011 -2013.
0,8
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204 - 2 _
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Figure 2. Relation between BMI and chlorophyll a based on data from southern Gulf of Riga,
2012 -2013.
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Name of indicator 2.4 Indicator of macroalgalcommunity structure (MCS)
|Type of Indicator ||State indicator |
|Author(s) ||Tiia Ml l er, Georg Martin |
Description of the The indicator focuses on the phytobenthic community and its structural features. The
indicator macrophytes function both as a habitat and a food source for macrofauana and it is known

that macrofaunal composition depends mainly on habitat architecture at a spatial micro -

scale. Also that most faunal species show high mobility and dispersal rates and they colonize
available habitats rapidly. Thus, though focusing only on plants, the indicator illustrates the
macrofaunal community as well both in soht and hard substra tes.

During last years the focus on
cal traits including structure and structural complexity (e.g. Christie

studying macroalgal communities has moved towards biolog i-
et al. 2009), but only

indicator to diffe r-

few indicators are based on macroalgal community structure so far (Blomqvist et al. 2012
and references therein). To our knowledge, this specific indicator has not been described
before at least in such formula.

Relationship of the The indicator reflects the structural diversity of macroalgal community and through that

indic ator to marine composition of accompanying fauna.

biodiversity

Relevance of the MSFD - indicator can be used under qualitative descriptors 1 (Biological diversity) as it r e-

flects the structural diversity of macroalgal community and illustrates the possible suitable

lvance of indicator

ent policy instr u- habitats for benthic fauna.

ments
Habitat s Directive - indicator can be used to illustrate the variability within valuable habitat
types and evaluate the temporal and spatial changes within habitat.
Birds Directive T not applicable.
HELCOM BSAP i indicator can be used to illustrate the variability within habitats that belong
to the HELCOM Red list of Baltic habitats. Indicator can also be used in detailed lan d-
scape/habitat maps as a descriptive unit of biodiversity.

Relevance to 1.7. Ecosystem structure

commissiondec  i- |11.7.1. Composition and relative proportions of ecosystem components (habitats

sion criteria and and species)

indicator

Method(s) for o b- |[The indicator values are based on coverage data of different functional and structural groups

taining indicator of macroalgae. Sampling is pe rformed and coverage estimations of all distinguishable sp e-

values cies are gained via diving or remote underwater video analysis. In the Baltic Sea area, sa m-
pling should b e conducted in late summer, when all the communities have evolved.
The indicator values are based on coverage data of different functional and structural
groups of macroalgae, for that 3 different macroalgal groups are defined based on literature
( Kotta and Orav, 2001; Sal ovius and Kraufvel i net
al. 2007; Christie et al . 2009; Hansen et al. 2010) and available datasets: Group 1) all fil a-
mentous algae, Chorda sp, Potamogeton perfoliatus, Group 2) higher plants  (excl. Zostera
marina and P. perfoliatus , incl. Potamogeton sp, Ruppia sp, Zannichellia sp, Myriophyllum
sp, Ceratophyllum sp, Myriophyllum sp), Chara sp., Tolypella nidifica, Furcellaria sp., Phyllo-
phora sp., Fucus radicans 3) Zostera marina, Fucus vesiculosus, Furcellaria lumbr i-
calis (loose).
'The coverage of species within different structural groups is summarized and the exact fo r-
mula for calculations is given in illustrative materials.

Documentation of 'The indicator varies between 0 -1. Low indicator values indicate on dominance of filamen tous

relationshipb  e- algae and higher values reflect the dominance of structurally more diverse community.

tween indicator

and pressure Due to eutrophication the general tendency of the macroalgal community is the rep lacement
of structurally more diverse perennials (key -species) with ephemeral fast -growing filame n-
tous algae (e.g. Valiela et al. 1997, Kraufvelin 2006; Burkholder et al. 2007). The indicator
is expected to mirror the change in environmental conditions als o when minor changes o c¢-
cur.

Geographical rel e- |[3. Baltic sea wide
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How Reference Reference conditions are not available and need to be developed.
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

Method for dete r- |[Methods for determining GES are not available and need to be developed.
mining GES
References Blomqvist, M., Krause -Jensen, D., Olsson, P., Susanne Qvarfordt, Wi Kk 9

Potential eutrophication indicators based on Swedish coastal macrophytes. WATERS Report
no. 2012:2. 72 pp.

Burkholder, J.A., Tomasko, D.A. and Tou chette, B.W. (2007) Seagrasses and eutrophication.
Journal of Experimental Marine Biology and Ecology 350:46 -72

Christie, H., Norderhaug, K.M. and Fredriksen, S. (2009) Macrophytes as ha bitat for fauna.
Marine Ecology Progress Series, 396:221 -233

Hansen, J . P. , Sager man, J. and Wi kstr°m, S. (2010)-
scale distribution of invertebrates. Marine Biology 157:2143 -2155

Ker sen, P., Kott a, J . a, N. B Dekare, Z. k2011) Epiphytes and assoc i-
ated fauna on the bro  wn alga Fucus vesiculosus in the Baltic and the North Seas in relation
to different abiotic and biotic variables. Marine Ecology 32:87 -95

Kotta, J. and Orav, H. (2001) Role of benthic macroalgae in regulating macrozoobenthic
assembl ages i n t [nerth \eastenm Baltie rSea). Annales Zoologici Fennici 38:
16371171

Kraufvelin, P., Moy, F.E., Christie, H. and Bokn, T.L. (2006) Nutrient addition to experime n-
tal rocky shore communities rev isited: delayed responses, rapid recovery. Ecosystems
9:1076 -7093

R-ber g, S. and Kaut sky, L. (2007) A comparative
of perennial fucoids and filamentous algae. Estuarine, Coastal and Shelf Science 73:249 -
258

Salovi us, S. and Kraufvelin, P. (2004) The filamentous green alga Cladoph ora glomerata as
a habitat for littoral macro -fauna in the Northern Baltic Sea. Ophelia 58: 65 -78

\Valiela I., McClelland J., Hauxwell J., Behr P.J. and Hersh D. (1997) Macroalgal blooms in

shallow estuaries: Controls and ecophysiological and ecosystem consequences. Limnology
and Oceanography, 42:1105 11118

Illustrative mat e- |lIA 1 total summarized coverage of taxa belonging to the group 1. (can be over 100)

rial for indicator

documentation B i total summarized coverage of taxa belonging to the group 2. (can be over 100)

C i total summarized coverage of taxa belonging to the group 3. (can be over 100)
D 1 total summarized coverage (can be over 100)

E i total summarized cover with maximum value 10 0 (in case of exceeding 100, value 100
is used in the formula)

(1xA +2xB +3xC)
D

MCS=( /3oo)xE
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Name of indicator

2.5Habitat diversity index

|Type of Indicator

||State indicator

lAuthor(s)

||Kristj an Her k¢l

Description of the
indicator

Diversity of benthic habitats is one of the many aspects of marine biodiversity. High dive

sity of benthic habitats is important in order to maintain species diversity and ecosystem
processes. Habitat diversity index indicates the level of diversity of marine benthic habitats
by counting the number of di fferent habitats in a predefined grid.

Relationship of the
indicator to marine

Habitat diversity index reflects biodiversity on the level of marine benthic habitats.

termining GES

the index can be considered as GES while decrease indicates no n-GES.

biodiversity

Relevance of the 1.6. Habitat condition

indicator to diffe r- ||1.6.1. Condition of the typical species and communities

ent policy instr u-

ments

Method(s) for o b- [[The general process of obtaining indicator value is as follows:

taining indicator

values 1. Benthic habitat map is overlaid by a grid with predefined cell size ina g eographical info r-
mation system (GIS) (see an example in Figure 1). Different sources and classifications of
benthic habitat maps can be potentially used. To ensure comparability of calculations b e-
tween different areas and dates, the habitat data must be co llected and processed in a un i-
form way. Coverage layers (rasters or polygons) are preferred as an input but sampling -
point -wise input data can be used alternatively.
2. The numbe r of different habitat types is counted in each grid cell (see an example in F ig-
ure 2).
3. The average number of different habitats over all grid cells in a given area serves as the
\value of habitat diversity index.
For the purposes of biodiversity monitor ing, the method is more suitable for trend analysis
based on a time -series of habitat maps than for episodic state assessments.

Documentation of The relationships between indicator value and pressures have not been tested. However, it

relationship b e- is known that anthropogenic pressures lead to the loss of biodiversity (Worm et al. 2006).

tween indicator 'The impoverishment of marine benthic habitats due to anthropogenic pressures is expected

and pressure to be reflected by the habitat diversity index.

Ho w Reference Reference conditions have not been set due to the lack of time series of habitat maps

Conditions (target

\values/thresholds)

for the indicator

were obtained?

Geographical rel e- |([3. Baltic sea wide

lvance of indicator

How Reference Not available. Trend of environmental status can be assessed based on time series of the

Conditions  (target index.

\values/thresholds)

for the indicator

ere obtained?
Method ford e- Not available. Trend -based determination of GES can be done: stable or increasing values of

References

Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, Halpern BS, Jackson JB, Lotze HK,
Micheli F, Palumbi SR, Sala E, Selkoe KA, Stachowicz JJ, Watson R. 2 006. Impacts of Biod
\versity Loss on Ocean Ecosystem Services. Science, 3: 787 -790.
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lllustrative m
terial for indic
tor document
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Figure 1. An example of a benthic habitat map overlaid by a grid with a cell size of 500 m.

Habitat diversity
Bt
2
s
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Figure 2. An example of the number of different benthic habitats (i.e. habitat
the cells of a predefined grid.

diversity ) in
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Name of indicator 2.6 Seafloorexploitation index
|Type of Indicator ||Pressure indicator |
|Author(s) ||Kristjan Her k¢l |
Description of the Seafloor exploitation index measures the extent (area) of seabed that is impacted by direct
indicator physical anthropogenic disturbances. These disturbances can be divided as follows (Foden et
al. 2011).
- Smothering: covering the seabed with a layer of material. This activity includes di sposal of

dredged material.

- Obstruction: permanent structures fixed on the seabed. This activity includes pipelines,
cables, wrecks, wind turbines, oil and gas platforms and other constructions.

- Abrasion: scouring and ploughing of the seabed. Abrasion
using trawl gear, burying activity during cable laying.

activities include benthic fishing

- Extraction: exploitation by removal of seabed resources. This
and aggregate extraction.

activity includes dredging

Seafloor exploitation index quantifies the spati
different seabed substrate types.

al extent of these disturbances in regard to

lvance of indicator

Relationship of the Seafloor exploitation  index is a pressure indicator that directly measures the extent of a n-

indicator to marine thropogenic pressure on seabed. The negative effects of direct anthropogenic disturbances

biodiversity of seabed on marine benthic biodiversity have been shown in many studies, e. g. Dayton et
al. 1995, Thrush etal . 2001, Simonini et al . 2005, Bolam et al. 2006.

Relevance of the MSFD descriptor 6.

indicator to diffe r-

ent policy instr u-

ments

Relevance to 1.6. Habitat condition

commission dec i-

sion criteria and

indicator

Method(s) for o b- |[lIn order to obtain the value of indicator, all relevant information on direct anthropogenic

taining indicator physical disturbances of seabed must be gathered in a georeferenced manner and compiled

\values into a database of a  geographical information system (GIS). The relevant georeferenced
data include locations of seabed dredging and dumping of dredged material, bottom trawling
fishery (VMS, Vessel Monitoring System), resource extraction (e.g. mining of sand and
gravel), building and exp loitation of marine constructions (cables, pipelines, windmills etc. ).
Data on direct anthropogenic disturba nces can be acquired from different sources, for e X-
ample authorities responsible for management of natural resources and environmental co n-
servation, fisheries authorities, maritime and shipping authorities, companies involved in
offshore development (pipelines, cables, windmills). The proportion of area of different se a-
bed substrate types, which are directly affected by human activities, will be asses sed by the
means of overlay analysis in GIS (see Figure 1 for a schematic example of overlay analysis
in GIS). The average proportion of directly impacted seabed over all substrate types serves
as the overall index value in a given area.

Documentation of Not relevant: the indicator directly reflects anthropogenic pressure itself.

relationship b e-

tween indicator

and pressure

Geographical rel e- |[3. Baltic Sea wide

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

Conditions, in which direct anthropogenic disturbances to the seabed are totally lacking,
could be ¢ onsidered as reference conditions. Specially dedicated research is needed in order
to develop explicit determination of reference conditions.

Method for dete
mining GES

r-

Not available. Specially dedicated research is needed in order to develop methods for a
sessment of environmental status. Conceptually, the seabed ex ploitation must be on a level
that ena bles long -term sustainability of natural biodiversity and ecosystem processes.

S-
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References

Bolam SG, Rees HL, Somerfield P, Smith R, Clarke KR, Warwick RM, Atkins M, Garnacho E.
2006. Ecological consequences of dredged material disposal in the marine environment: A
holistic assessment of activities around the England and Wales coastline. Marine Pollution
Bulletin, 52: 415  -426.

Dayton PK, Th rush SF, Agardy MT, Hoffman RJ. 1995. Environmental effects of marine fis h-
ing. Aquatic Conservation: Marine and Freshwater Ecosystems, 5: 205 -232.

Foden J, Rogers Sl, Jones AP. 2011. Human pressures on UK seabed habitats: a cumulative
impact assessment. Ma  rine Ecology Progress Series, 428: 33 -47.

Graziosi F, l ot ti M, n-
-term dumping of harbor ~ -dredged mat e-
-Romagna coast (Northern

Simonini R, Ansaloni |, Cavallini F,
tanari G, Preti M, Prevedelli D. 2005. Effects of long
rial on macrozoobenthos at four di sposal sites along the Emilia
IAdriatic Sea , Italy). Marine Pollution Bulletin, 50: 1595 -1605.

Thrush SF, Hewitt JE, Funnell GA, Cummings VJ, Ellis J, Schultz D, Talley D, Norkko A. 2001.
Fishing disturbance and marine biodiversity: the role of habitat structure in simple soft -
sediment systems.  Marine Ecology Progress Series, 223: 277 -286.

Illustrative mat
rial for indicator
documentation
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Figure 1. A schematic example of a
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geographical overlay analysis of direct anthropogenic

seabed disturbances.
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Name of indicator

2.7 Spectralvariability index

|Type of Indicator

|State indicator

lAuthor(s)

|Kristjan Her k¢l

Description of the
indicator

Spectral variability index is based on the spectral variation hypothesis that predicts a pos
tive correlation between spectral heterogeneity of a remotely sensed image and biodiversity.
Based on the results of
perspec tral imagery is positively correlated with benthic biodiversity var
\variability index quantifies the variability in a remotely sensed (air

imagery that, in turn, indicates benthic biodiversity. The method is potentiall
tensive shallow water areas that are difficult to rea ch with a vessel.

iables. Spectral

y useful in e

at alr. 2023 thé vargability dfyair ( H-darre b ly-

-borne or space -borne)

X-

Relationship of the
indicator to marine
biodiversity

IA positive correlation between spectral variability of remotely sensed imagery and biodive

sity has been shown in te  rrestrial plant communities (e.g. Rocchini 2007, Oldeland

2010, White etal. 2010) . Recent esal w01B) readledrtiatispectral variability
of a remotely sensed hyperspectral imagery also reflects the biodiversity of shallow water
benthic habitats.

r-

et al .

Relevance of the

indicator to diffe r-

Potentially relevant for MSFD descriptor 1.

Conditions (target
\values/thresholds)
for the indicator
ere obtained?

remotely sensed imagery than for episodic state assessments, trend -based assessment of
the environmental status rather than comparison with reference conditions is recommended.

Specially dedicated researc  h is needed in order to develop methods for assessment of the
environmental status.

ent policy instr u-
ments
Relevance to 1.6.1. Condition of the typical species and communities
commissiondec  i- [[1.7.1. Composition and relative proportions of ecosystem components (habitats and sp e-
sion criteria and cies)
indicator
Method(s) for o b- |(Georeferenced remotely sensed imagery of a sea area is needed for the calculation of spe c-
taining indicator tral variability index. High resolution multispectral or hyperspectral imagery is preferred
values input for the calculation. The imag ery must reflect seabed properties i.e. the method can be
used only in shallow and very clear waters. Principal component analysis can be used to
reduce the redundant information in hyperspectral data prior to calculating values of spe c-
tral variability. Th e values of spectral variability are cal culated in each cell of a predefined
grid. The suitable cell size depends on the extent of the area to be assessed and the spatial
resolution of the remotely sensed imagery. Spectral variability is measured as a mean dis-
tance from spectral centroid of a gi ven cell. Spectral centroid is calculated as the mean
\value of each band or principal component in a given cell. The distance (difference) of each
pixel from the spectral centroid is then determined within each cell. The mean distance of all
pixels from th e spectral centroid in a given cell is considered as the mean spectral variability
of that cell (see Figure 1). The mean value of spectral variability over all cells in a given
area serves as the value of spectral va riability index. See Rocchini (2007), Ol deland et al .
(2010) , a n et alH €2018)¢dr more detailed description of the calculation of spectral
\variability.
For the purposes of biodiversity monitoring, the method is more suitable for trend analysis
based on atime -series of hyperspectral ima  gery than for episodic state assessments.
Documentation of The relationships between the indicator and pressures have not been tested, because there
relationship b e- are no time -series of high -resolution remotely sensed imagery available for empirical tes  t-
tween indicator ing. However, it is known that anthropogenic pressures lead to the loss of biodiversity
and pressure (Worm et al. 2006). The impoverishment of marine benthic biodiversity due to anthrop o-
genic pressures is expected to be reflected by the spec tral variability index, but this must be
quantified in further specific studies.
Geographical rel e- |[2. Regional
lvance of indicator
How Reference Not available. As the method is more suitable for trend analysis based on time -series of

Method for dete r-

Not available. Trend -based assessment of GES can be considered i stable or increasing

marine benthic biodiversity. PLoS ONE, 8(2), e55624

mining GES \values of t he index can be considered as GES while decrease indicates non -GES. Specially
dedicated research is needed in order to develop methods for assessment of the enviro n-
mental status.

References Her k¢ | K, Kotta J, Kut s eRelatihg remtells t sehsed oftical vartakiligy to
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Ol del and J, Wesul s D, Rocchi ni D, Schmi dt M, -

dance data improve estimates of species diversity from remotely sensed spectral h eterog e-
neity? Ecological Indicators, 10: 390 -396

Rocchini D. 2007. Effects of spati al and spec
diversity by satellite imagery. Remote Sensing of Environment, 111: 423 -434.

Whi te JC, G- mez C, Wu | d e 0. ChaA acteriZingagmperate rest &rQclural

and spectral diversity with Hyperion EO -1 data. Remote Sensing of Environment, 114:

1576 -1589

Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, Halpern BS, Jackson JB, Lotze HK,
Micheli F, Palumbi SR, Sala E, Selkoe KA, Stachowicz JJ, Watson R. 2006. Impacts of Biod i-
versity Loss on Ocean Ecosystem Services. Science, 3: 787 -790.

lllustrative mat e-
rial for indicator Hyperspectral image PCA components
documentation T

— -~

PCA images of
different radiuses
around sampling
stations: 5, 10, 15,
25, 50, 100, 200 m

PC1

Spectral variability calculation: Statistical analyses:
mean distance of all pixels to the —» | correlation

spectral centroid calculated separately GLM -
for all radiuses hierarchical partitioning

Figure 1. Principal illustration of data processing and spectral variability calculation.
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Name of indicator

2.8 Conditionof soft sedimenthabitats ¢ the aRPDapproach

|Type of Indicator

|State indicator |

lAuthor(s)

|Henrik Nyg-rd |

Description of the
indicator

A soft bottom habitat in good condition can support a zoobenthic community able to sustain
a favourable living environment e.g. through bioturbation processes and recirculation of
organic material. The condition of the habitats is ultimately determined by oxygen condi-
tions, which are as well pivotal in structuring the benthic communities (Cicchetti et al.
2006).

The oxygen conditions in the sediment can be demon strated by the redox potential discont i-
nuity depth (RPD), which is the depth where oxidizing processes are replaced by reducing
processes. A deep RPD depth indic ates good oxygen conditions in the sediment and in the
near-bottom water. This indicator shows the condition of soft bottom habitats through an
estimation of the RPD depth, thus being a proxy for conditions suitable for a diverse com-
munity (Birchenough et al. 2012). As well, it describes the successional stage and functio n-
ality of the benthic community as long-lived and deep -burrowing species maintain sediment
mixing and nutrient  regeneration processes, thus increasing resilience (Pearson &
Rosenberg 1978, Nilsson & Rosenberg 2000, Bonsdorff et al. 1996, Birchen ough et al. 2012,
Vi | | et als2012).

An index based on RPD depth and the activity of zoobenthos (Benthic Habitat Quality; BHQ),
retrieved by sediment profile imagery, has been developed in western Sweden (Nilsson &
Rosenberg 1997, 2000). The aim here was to, with the starting point in BHQ, modify and
test the applicability of this indicator in Baltic Sea conditions. The indicator was tested in
MARMONI area FIN, i.e. the coastal areas of south -western Finland.

indicator to marine
biodive rsity

Relat ionship of the

The indicator relates to the condition of the soft sediment habitat and reflects the state of

the habitat and functional diversity of the community. Poor oxygen conditions in the benthic

habitats, leading to  shallow RPD depth in soft sediments, sustain only tolerant and oppo r-
tu nistic species resulting in a community with low diversity and reduced functionality (e.g.

Vi | | et@&ls 2013). In good conditions, the benthic community ¢ an develop and become
more div erse. Long -lived and deep -burrowing species add functionality to the community,

thus also sustaining the favourable conditions through bioturbation processes and nutrient
regeneration (Pearson & Rosenberg 1978, Nilsso n & Rosenberg 1997, Norkko etal. 2013) .

Relevance of the
indicator to diffe

r-

This indicator responds to the following descriptors in the EU Marine Strategy Framework
Directive: 1.6 Habitat condition; 5.3 Indirect effects of nutrient enrichment; 6.1 Physical

taining indicator
\values

ent policy instr u- damage, having regard to substrate characteristics; 7.2 Impact of permanent hydrological

ments changes.
The indicator also reflects the HELCOM Baltic &
ral marine and coastdhatand$capggenahevel so.

Relevance to 1.6. Habitat condition

commission dec i- |[1.6.3. Physical, hydrological and chemical conditions

sion criteria and

indicator

Method(s) for o b- [[The measure of RPD depth can be retrieved by several methods. Sediment profile imagery

(SPI) has been widely used to assess the RPD depth (e.g. in BHQ; Nilsson & Rosenberg
1997, 2000), offering an in situ characterization of the soft sediment habitat. In short, a
camera is lowered to the sea-floor, where it first tak es a photograph of the sediment sur-
face. Then the camera penetrates into the sediment and like an up-side-down periscope
takes a vertical photograph of the sediment profile. In the sediment profile, the shift from
brownish sediment where particles are covered by ferric hydroxide, to greyish -black sul-
phidic sediments, is used to identify the RPD depth and is referred to as the apparent redox
potential discontinuity (aRPD; Nilsson & Rosenberg 1997).

Our approach is to use sediment cores (e.g. GEMAX cores), which are photographed, and
the oxidized sediment layer is measured from the photographs of the sediment core. Using
for example ImageJ, the area of the oxidized sediment can be measured. To get the depth,
the area has to be divided by the width of the sediment core (Fig. 1).

'The aRPD measured by our approach cannot be directly compared to the aRPD measured by
sediment profile imagery, as the quality and interpretation of the pictures differ. However,
the principles of interpreting the results remain the sa me.
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Documentation of This indicator can be used to monitor the effects of eutrophication. Eutrophication has led to
relationship b e- an increase in pelagic primary production, resulting in a higher input of organic material to

tween indicator
and pressure

the bottom, Oxygen is consumed in the decomposing processes of this material, resulting in

hypoxic, or even anoxic, conditions in the near -bottom water (see Diaz & Rosenberg 1995

for a review). aRPD has successfully been shown to reflect the hy poxic condit ions in the
sediment (Nilsson & Rosenberg 1997, 2000, Schumchenia & King 2010). Additionally, sed i-
ment profiles have successfully been used to study effects of trawling (Nilsson & Rosenberg

2003, Rosenberg et al. 2003), fish farming (Karakassis et al. 2002 ), and to assess water
quality (Schumchenia & King 2010), as well as to characterize the soft sediment habitat

(Bonsdorff etal. 1996).

Geographical rel e-
lvance of indicator

1. Local

How Reference
Conditions (target
\values/thresholds)
for the indicator
were obtained?

The target value for the indicator in the coastal area of SW Finland was obtained through

calibration against the EU Water Framework Directive (WFD) indicator Brackish water Be n-
thic Index (BBI; Perus et al . 2007). Van Veen -grab samples were taken from the same loc  a-
tions as the sediment cores and based on the benthic macrofaun a community BBl was ca |-
culated. The WFD Good -Moderate border for BBI in the study area varies between 0.34 and

0.44 depending on water type and depth, and 0.4 wa s chosen as the border against which
the EU Marine Strategy Framework Directive target value for this indicator was set. The

target value was set through linear regression (r 2=0.443, p<0.001) to 2.17 cm. Target va |-
ues need to be set area specifically, so t hat local conditions are taken into account.

Method for dete r-
mining GES

GES is determined through the target value.

References
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rent disturbances for ecosystem multifunctionality. Ecology 94:2275 -2287

Illustrative mat
rial for  indicator
documentation

e_

Figure 1. Measuring the oxidized sediment depth from a sediment core photograph. The
area within the yellow borders need to be divided by the width of the core to get the mean
depth of the oxidized layer. The scale on left is in centimetres. Photograph by Henrik Ny-
g-rd.
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Name of indicator

2.9 Populationstructure of Macomabalthica

|Type of Indicator

|State indicator |

lAuthor(s)

|Henrik Nyg-rd and Vadims Jer makovs |

Description of the
indicator

Deviation from the natural size distribution within the population of a species can be used as|
an indicator of disturbance in reproduction and/or survival, thus indicating the state of the
population. Moreover, size structure can indicate the availability and quality of prey for
predator s on the species. Long-lived benthic species are suitable as indicators of population
structure since they integrate changes in the environment over several years. Different life
stages can vary in their sensitivity and response to disturbances, responding with low sur-

\vival or impaired reproduction (Jahn et al. 1997).

This indicator describes the size distribution of Macoma balthica , the dominant, long  -lived
bivalve species on soft bottoms in the northern Baltic Sea. Occurrence of new recruits, juv e-
niles as well as adults in  all year classes in a population of M. balthica indicate that nos e-
\vere disturbance has taken place and that the population is in a good state. Lack of juv e-

niles or a year class of adults demonstrates adverse conditions. As the natural size distrib u-
tion of M. balthica varies geographically and also by depth due to variation in growth rates

(Segerstr-le 1960, Gilbert 1973), targets have

Relationship of the
indicator to marine
biodiversity

This indicat or describes the complexity of benthic habitats and reflects the population cond i-
tion and abundance/biomass of a dominant long-living benthic species. Large specimens
have an important impact on the functioning of the ecosystem and ecosystem services such
as energy flow and nutrient cycles (Norkko et al. 2013), thus this indicator also relates to
the functional diversity of soft sediment habitats. Additionally, when the indicator value is
within the GES limits the M. balthica -population can provide preferred prey -size for pred a-
tors like common scooter, velvet scooter, flounder and roach (Dunrick et al. 1993, Karlson
et al. 2007, Lappalainen et al. 2005).

Relevance of the

Size distribution of Macoma balthica could be used in describing the following descriptors

tween indicator
and pressur e

indicator to diffe r- |under the EU Marine Strategy Framework Directive: 1.3 Population condition; 1.6 Habitat
ent policy instr u- condition; 4.3 Abundance/distribution of key trophic groups/species; 6.2 Condition of be n-
ments thic community.
Size di stribution of M. balthica also reflects the HELCOM Baltic Sea Action Plan biodiversity
goaflavwvour abl e conservation status o€dcolog§iallobjactives foi o
6t hriving and balanced communities of plants an
Relevance to 1.3. Population condition
commission dec i- |[1.3.1. Population demographic characteristics (e .g. body size or age class structure, sex
sion criteria and ratio, fecundity rates, survival/ mortality rates)
indicator
Method(s) for o b- [Data needed for this indicator can be obtained by length measurements of Macoma
taining indicator balthica in samples from e.g. regular monitoring programs. To avoid the high variation
\values caused by variations in the number of settling recruits (Strasser et al . 2001, Beukema et al.
2010), only individuals larger than 5 mm are included in the indicator. This is also roughly
the size when maturity occurs in M. balthica , thus all adult year classes are included in the
indicator.
The indicator value is the median length of M. balth ica larger than 5 mm. S ince it is typical
that strong year classes are not produced every year in M. balthica populations (Strasser et
al. 2001, Beukema et al. 2010), it is recommended that a 5 -year average of the median
length is used as the indicator value. Samples considered to be from the same M.
balthica population can be pooled to obtain a more confident evaluation of the population
condition and a greater spatial coverage. To obtain a reliable estimate of the population size
distribution the density of adult M. Balthica should be at least 100 individuals per square
meter.
Documentation of IAn undisturbed  population of Macoma balthica consists of individuals spanning the whole
relationship b e- size range ( L e pp? kl®%&X iPopulations disturbed by e.g. eutrophication, harmful sub-

stances, or physical disturbance will deviate from this pattern as an effect of increased mor-
tality and failure in recruitment leading to lacking year -classes (Jahn et al. 1997). An indic a-
tor value below the GES limit indicat es lack of large individuals and occurrence of frequent
disturbance, such as seasonal hypoxia, restricting the population to reach old age. On the
other hand, an indicator value higher than the GES limit shows that the population consists
of only old indiv iduals and that the recruitment is impaired, i.e. not sustainable. Pressures
that have an impact on the M. balthica population are illustrated in Fig. 1. Spatial distrib u-
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tion of median length of Macoma balthica in the Gulf of Riga in recent data shows significant
relationship with HELCOM Baltic Sea Impact Index (BSIl) (Fig. 2).

Geographical rel e-
lvance of indicator

2. R egional

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

Reference conditions can be obtained from undisturbed areas, historical data or theoretical
population growth models.

Reference conditions for MARMONI area FIN, i.e. the coastal area of southwestern Finland

ere obtained from historical data ( Se g er s19680) Icavering a 10-year period (1926 -
1935) in Tvar mi SW &inland (Fig. 3). The target value was set by first calculating 5-year
mean size distributions for the 10-year period (see fig. 2 for an example). Using these dis-
tributions the mean median length and standard deviations of individuals >5 mm were cal-
culated. The mean median length was 11.04 mm, which is considered as the target value.
To assess the influen ce of more eutrophic conditions, the target was also tested by compa r-
ing more recent time -series with near-bottom oxygen conditions. Additio nally, to serve as a
food web indicator, the target was also checked against preferred prey size of predators
(commo n scooter, velvet scooter, flounder and roach) on M. balthica . Preferred mussel prey
size for these predators was found to be 10-15 mm (Dunrick et al. 1993, Karlson et al.
2007, Lappalainen et al. 2005), thus well complying with the target set by historical data.

Reference conditions for MARMONI area Gulf of Riga were obtained from historical data
(BaltNIIRH unpublished) covering a 3-year period (1958 -1961) (Fig. 4). The mean length of
individuals >5 mm from this data was determined to 11.44 mm, which is considered as the
target value for the Gulf of Riga.

Method for dete r-

GES is determined through the target value determined through historical data; indicator

mining GES values falling within two standard deviations of the target value indicate GES. For SW
Finland indicator values within the interval 8.6-13.5 mm indicate GES. In turn, for the Gulf
of Riga indicator values within the interval 8.6-14.5 mm indicate GES. Due to geographically
varying growth rates target values need to be set according to local conditions.

References Beukema JJ, Dekker R, Philippart CJM (2010) Long-term variability in bivalve recruitment,

mortality, and growth and their contribution to fluctuations in food stocks of shellfish -eating
birds. Mar Ecol Prog Ser 414:117 -130

Dunrick J, Christensen KD, Skov H & Danielsen F (1993) Diet of the common scoter
Melanitta nigra and velvet scoter Melanitta fusca wintering in the North Sea. Ornis Fennica
70:215 -218.

Gilbert MA (1973) Growth rate, longevity and maximum size of Macoma balthica (L.) Biol
Bull 145:119:126

Jahn A, Janas U, Theede H, Szaniawska A (1997) Significance of body size in sulphide de-
toxification in the Baltic clam Macoma balthica (Bivalvia, Tellinidae) in the Gulf of Gdansk.
Mar Ecol Prog Ser 154:175 -183

Karlson AML, Almqvist G, Skora KE & Appelberg M (2007) Indications of competition be-
tween non-indigenous round goby and native flounder in the Baltic Sea. ICES Journal of
Marine Science 64:479 -486
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the northern Baltic Sea. Marine Biology 147:323 -330
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the loss of large individuals for ecosystem function. Scientific Reports 3:2646
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(L.). Part I: Introduction; Studies on recruitment and its relation to depth in Finnish coastal
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Strasser M, Hertlein A, Reise K (2001) Differential recruitment of bivalve species in the
northern Wadden Sea after the severe winter of 1995/96 and of subsequent milder winters.
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|Helgol Mar Res 55:182 -189 |

Illustrative mat
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Figure 1. Factors influencing Macoma balthica and its population structure. Red arrows indi-
cate a negative effect, whereas the green arrow indicates a positive effect. The abiotic factors
on the left represent other habitat structuring factors influencing the occurrence and/or
growth rates of M. balthica .
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Figure 2. Relationships between Baltic Sea Impact Index (BSIl) and median length of Macoma
balthica >5 mm in the Gulf of Riga in 2010 -2011 (r=0.5138, p=0.0052 , N=28).
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Figure 4. An example of obtaining the indicator value for Gulf of Riga. The lines show histor i-
cal (1958 -1961) 3 -year average length distributions ( N2 pd¥ Macoma balthica at three di f-

M. balthica >5 mm at
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Name of indicator

2.10Cladophoraglomerata growth rate

|Type of Indicator

|State indicator

lAuthor(s)

|Ari Ruuskanen

Description of the
indicator

in an assessment unit. The
rate, derived from info

The indicator describes the abundance of Cladophora glomerata
abundance of the C. glomerata vegetation is expressed as growth
mation on frond length and the length of the growth period.

The filamentous summertime green algae C. glomerata is the most common algae occup
ing shorelines along the Finnish coast line. Its seasonal occurrence and abundance is ma
determined by nutrient availability in the water column, as well as water temperature.
Sources of natural variation in abundance are geographical location, wave exposure, and

sea bottom structure. If the sources of natur al variation are known, it is
responses of C. glomerata to anthropogenic pressure. In the present work, the pressure is
nutrients and the response is expressed as C. glomerata growth rate. By excluding sources
of natural variation, and comparing with the observed gro wth rates of
grown in laboratory conditions in different nutrient concentrations, we can, based on mea
urements of C. glomerata populations in the field, estimate the overall summertime nutrient
status in the studied sea area.

In traditional water quality monitoring, sampling takes place once a week or even less fr
quently. Nutrient concentrations fluctuate on a daily basis and by taking samples once a
week or month this variation will not be observed (Figure 1). However,
up available (fluctuating) nutrients from the water column continuously as it grows and this
can be measured as an increase in frond length. Thus, frond length represents the total
amount of nutrients present in water colum n during a given time period.

This indicator species describes short term (1 -4 months) direct human
sea-use activities. The frond length of C. glomerata is a cost -efficient way to measure a
proximate nutrient concentrations in large areas where traditional sam pling procedures or
the use of measurement devices are not applicable. The indicator does not replace trad

tional nutrient sampling, but indicates the direction how nutrient levels are developing.

The indicator was developed and tested for the coastal area
(MARMONI 3FIN) study area (MARMONI 3FIN).

r-

y_

inly

possible to assess

C. glomerata when

S-

e_

C. glomer ata takes

-based impacts of

p_

of south -western Finland

Relationship of the

biodiversity

in dicator to marine

The length of the frond of the indicator species is related to the nutrient concentrations in

the water and reflects the state of the sea in the area. By excessive growth due to increased
nutrient concentrations C. glomerata forms mass occurrences which in turn inhibit coloniz
tion success and later occurrence of perennial key species such as
associated fauna, decre  asing total biodiversity.

a_

Fucus vesic ulosus and

Relevance of the
indicator to diffe

r-

Through collaboration between MARMONI and the HELCOM CORESET project,
the Cladophora glomerata length segment of the indicator has been agreed as a Candidate

taining indicator
\values

known time of its seasonal succession. Basically, sampling can take place at any time during
the growth period of  C. glomerata (May -August), b ut late summer is recommended. To e
clude sources of natural variation in abundance, frond length or growth rate samples are

collected from chosen sea marks located along ship routes (Figure 2). The sea marks are

ent policy instr u- Indicator in the HELCOM  CORESET of Biodiversity indicators (HELCOM 2012).

ments
Marine Strategy Framework Directive (MSFD) descriptor 1, criterion 1.2 Population size,
1.2.1 Population abundance and /or biomass
MSFD descriptor 5, criterion 5.1 Direct effects of nutrient enrichment
MSFD descriptor 6, criterion 6.1 Kind and size of relevant biogenic substrata
HELCOM Baltic Sea Action Plan (BSAP): Ecol ogi cm
rence of plants and ani naanlds of T(hE u tvri onpgh i ccoantmuonni)t ii-
mal so (Nature conservation).

Relevance to 1.2. Population size

commission dec i- |[1.2.1. Population abundance and/or biomass

sion criteria and

indicator

Method(s) for o b- [[The growth of C. glomerata is approximated through measuring fronds of C. glomerata ata

X-
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identical in terms of the microhabitat of t he growth surface, construction material, etc. and
their maintenance history is known. An important feature of sea marks is that the buoyancy

effect of sea marks keeps C. glomerata canopy at steady depth all the growth season. From

each sea mark at least eight fronds are collected, but a number of 20 - 30 fronds isreco m-
mended, and measured with the accuracy of one millimetre ; thereafter their mean length is
determined. At least eight sea marks should be included. It is recommended that the same

sea marks are sampled each time (year).

IAfter the mean | ength or growth rate of C. glomerata has been determined from all sea
marks at the given water site, the acquired values are compared to a reference growth rate
\value, which is also the GES border.

Documentation of
relationship b e-
tween indicator
and pressure

The length and growth rate of C. glomerata fronds has been shown to be determined mainly

by nutrient availability. We assume t hat the growth limiting nutrient in Finnish coastal w a-
ters is nitrogen (NO 3). In the present work, the relationship betwe en C. glomerata frond
length (growth rate) and pressure (nutrients) was tested in controlled laboratory exper i-
ments. C. glomerata fronds were cultivated in manipulated natural sea water by the water

flow -thru method in different nutrient (NO 3) concen trations for approximately eight weeks
(Figure 3). The change in frond length was measured and growth rates at different nutrient
concentrations were determined. As a result we found that the average daily growth rate at

0,02 mg NO /L was 1,8 mm per day, a  nd at a concentration of 0,05 mg/L the growth rate

was 2,3 mm per day. The growth season starts when sea surface temperature reaches 5

UC.

Geographical rel  e- |[2. Regional
vance of indicator
How Reference The indicator reference value, i.e. the daily growth rate at pristine conditions, was dete r-

Conditions (targe t
values/thresholds)
for the indicator

ere obtained?

mined as follows: first, we det ermined the overall growth rate of C. glomerata frond atm a-
nipulated nutrient conditions (see section i Do ¢ u me nntofrelatianship between indicator
and pressurefi above). The gr owt hning afttte labom®ry grawth e a
experiment period, but started to decrease at the end of the period, perhaps for natural

reasons. By using pooled gr owth rates acquired from the laboratory experiment we co n-
cluded that a mean daily growth rate was 2,05 mm at 0.035 mg NO sl L.

Second, we determined the reference level of NO 3 by field studies and expert judgment.
This value is needed to estimate growth rate of C. glom erata frond in pristine conditions. In
the field, the range of NO 3 levels was studied in situ with a high -frequency measurement
device in 2010 and 2011. The monitoring was carried out for the duration of approximately

6 weeks during the grow  th season and the measurement frequency was 10 minutes. As a
result we found that NO 3 ranged between 0,005 and 0,08 mg NO 3/L (see figure 1 for year
2010). We use the lower quarter of the data set as the reference nutrient conditions. The

lower quarter was 0,01 mg/L.

'To conclude: when the mean growth rate was 2,05 mm at 0,035 mg NO 3/ L, then the est  i-
mated daily growth rate in pristine conditions (NO 3 0,01 mg per L) is 0,58 mm per day.

Method for dete r-
mining GES

GES will be determined quantitatively through the target (i.e. reference condition value).

Two examples of determining indicator status, both from the Hanko peninsula, Finland
(MARMONI 3FIN study area):

Example 1: In 2011, the growth season was 154 days and the observed mean length of C.
glomerata was132 mm, yieldi ng a growth rate of (132 mm / 154 days) 0,86 mm/day. To

meet GES, the growth rate of C. glomerata may not exceed 0,58mm/day in the area; this

mean that GES was not reached.

Example 2: In 2012, the growth season was 91 days and the observed mean length of C.
glomerata was182 mm, yielding a growth rate of (182 mm / 91 days) 2,0 mm/day. To meet

GES, the growth rate of C. glomerata may not exceed 0,58 mm/day in the area; this mean

that GES was not reached.
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Figure 1. Left: a nutrient measurement device in action. Right: Daily fluctuations in
NO3; measured at 10 minutes intervals (d iamonds) and by traditional sampling protocol data
obtained from the database of the Finnish Environment Instit ute SYKE (open circles) in Fi  n-

nish coastal waters in the summer of 2010. Photo by A. Ruuskanen.
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Figure 2. A sea mark and a diagrammatic illustration of the annual filamentous green a I-
gae Cladophora glomerata growing on it.

Figure 3. Laboratory experiment setup: C. glomerata cultivation in water flow  -thru tubes in
different nutrient concentrations. Changes in frond length were observed by measurement
marks on the tube. Photos by A. Ruuskanen.
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Name of indicator

2.11 Depthdistribution of selectedperennialmacroalgae

|Type of Indicator

|State indicator |

lAuthor(s)

|Ari Ruuskanen |

Description of the
indicator

The indicator is a multimetric indicator comprising of a set of four perennial macroalgae

indicator species, the red algae Furcellaria lumbricalis , Polysiphonia fucoides , Phyllophora
pseudoceranoides and Rhodomela confervoides . These species belo ng to the natural flora of
the coastal area of south  -western Finland MARMONI FIN3 study area and the indicator can
be used in the whole study area except in the innermost bays.

measurements of
O 0, 1%
n of macroa |-
tion in the water column (Torn
natur al vari ati on
bottom structure, and wave
urces of natural variation are known and taken
-based eutrophication can be detected.

The indicator describes the long -term changes in water quality through
the | ower depth | imit of a coverage
that human -based eutrophication has an effect on the vertical depth distributio
gae by decreasing water transparency and thus light penetra

et al . 2006) . Further more, t he
abundance are strongly related to the geographical location, sea
exposure (Rinne et al . 2011). When these so
into account, effects of human

of

Relationship of the
indicator to marine
biodiversity

The indicator red algae species Furcellaria lumbricalis , Polysiphonia fucoides , Phyllophora
pseudoceranoides and Rhodomela confervoides are dominant in the sublittoral zones of Fi n-
nish coastal waters (SYKE macrophyte data base). They make up most of the diversity in

terms the number of species and the number of individuals. The sublit toral invertebrate
fauna is strongly associated to these species (Koivisto 2011). The most common zoobenthos

taxa are blue mussel (  Mytilus trossulus ), gastropods ( Hydrobia spp.) and gammarids
(Gammarus spp). Thus, canopies of the indicator species maintain zoobenthos diversity in
hard bottoms, and a decrease in the abundance of the indicator species means a decrease in

total biodiversity (Koivisto 2011).

Relevance of the

indicator to diffe r-

'The present indicator can be connected to the Water Framework Directive (EC 2000/60/EC)
compliance Finnish  Macrophyte Index.

ent policy instr u-

ments The indicator has been agreed as a Core Indicator in the HELCOM CORESET of Biodiversity
indicators (HELCOM 201 2).
descriptor 1, criteria 1.1 Species distribution, 1.1.1 Distributional range
descriptor 5, criterion 5.1 Direct effects of nutrient enrichment
descriptor 6, criterion 6.1 Kind and size of relevant biogenic substrata
HELCOM Baltic Sea Action Plan (BSAP): Ecol ogical objectives fANatm
rence of plants and animalso (Eutrophication) g
mal s60 (Nature conservation).

Relevance to 1.1. Species distribution

commission dec i- |[1.1.1. Distributional range

sion cr iteria and

indicator

Method(s) for o b- |[Data sampling is performed by a trained SCUBA diver. The diver measures the depth of the

taining indicator | ower growth |l imit of a coverage of 00,1 % of |

\values cm. At least four sites per studied water area must be sampled, and three of the four indic a-

tor species are needed for attaining a reliable indicator value; the use of too low number of
species does not give a reliable result. The diver performing the investigati on must have
good species identification skills.

'The depth values measured for each indicator species is converted to EQR (Ecological Qua |-
ity Ratio) values, by a method obtained from the WFD (EC 2000/60/EC). The EQR is a n
merical expression of a function of observed values divided by the reference depth (Table
1). The EQR value is expressed as a number between zero and one, where one represents
reference conditions and zero extremely bad conditions. Since each indicator species have
different reference dep  ths, the use of EQR makes it possible to compare values.

For the calculation of the index, for a water body (or water type or given water site), the
average of the EQRs of all indicator species found at the site is calculated.
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Documentation of General eutrophication has an effect on the vertical depth distribution of macroalgae by
relationship b e- decreasing water transparency and thus light penetration in the water column; the more
tween indicator eutrophied the area is, the lower (s hallower) the depth distribution of macroalgae. The ind i-
and pressure cator speciesd6 occurrence and abundance, estributians

are furthermore strongly related to the geographical location, sea bottom structure, and
wave exposure.

If we know the natural conditions mentioned above, and the minimum light requirements of

a species for growth in pristine conditions, it is possible to determine the potential maximum

growth depth of the indicator species, i.e. the reference value. If the in dicator sp ecies do not
meet this potential maximum growth depth, we can assume that water transparency has

decreased, perhaps due to anthropogenic reason.

By analysing existing data sets of maximum vertical depth limits of the percentage coverage

o f O 0,1% of the indicator speci es, and data se
a relationship between the vertical depth distribution of the indicator species and Secchi
depth (i.e. water transparency). Secchi depth in turn has been shown to correspond with

general eutrophication; a lower Secchi depth being indicative of eutrophication.

Geographical rel e- |[Regional
vance of indicator

How Reference The expected lower growth depth values, i.e., reference values, were determined through
Conditi ons (target laboratory experiments, by using published literature, by analysing data available in the
\values/thresholds) data base of t he Finnish Environment Institute SYKE, and by doing additional field works
for the indicator and laboratory experiment to fill gaps in knowledge.

ere obtained?
The laboratory experiment set up was as follows (Figure 1). As an example, specimens

of Furcellaria lumbricalis were placed in a net basket so that they were situated in their
natural position. The basket was placed in an aquarium contain ing autoclaved natural se  a-
water and was exposed to various intensities of light. The light quality (wave length and

colour) was adjusted according to the Rosco light conversion sheets (Kraufvelin etal. 2012)
(#89 Moss green) to be equal to light prevailing at the depth of 15 1 20 meters (the est i-
mated lower growth limit of given species). By increasing and decreasing the light intensit y
it was possible to determine a compensation point of photosynthesis activity, i.e. the pr o-
duction of the specimen, measured as the oxygen production. The change in oxygen produ c-
tion was measured from the aquarium water with a YSI 6000 sond at 1 0 minute intervals.
'To make ensure that plankton production did not affect oxygen production, a S:CAN fluor o-
meter was included to detect the presence of pl
the mean temperature at approximately 15 meters depth during the growth season.

)As a result, the compensation point of light intensity , expressed as oxygen production, was

for Furcellaria lumb ricalis between5 717 1 E%sec (Figure 2). In other words, the compens a-
tion point equals the theoretical lower growth depth, i.e., the depth where the amount of

light is 5 17 O EYses. By using under water light measurement device in the field, the
equivalent depth for a light amount of 5 77 OEYsec was determined to be 16 T 14 meters
in the study area.

Method for dete r- ||In the present work, we define GES as a deviation of 21% from the reference value. This

mining GES means that GES is EQR = 0,79. To determine reference conditions, historical data, mode lling
and expert judgment was used. The reference depths or values of t he indicator species are
shown in table 1. In order to take natural variation in depth limit caused by wave action in

to account, the archipelago is divided into more exposed and more sheltered parts. The final

EQR is calculated as follow: After the sampli ng of a given water site (a water body, a water

type or a given water site), the average of the EQRs of the all indicator species is calculated.

Table 1. The reference depths of the indicator species.
More exposed arch  i- More sheltered a r-
pelago chipelago
Indicator species Reference depth (m) Reference depth (m)
Furcellaria lumbricalis 18 15
Polysiphonia fucoides 15 13
Phyllophora pseudoceranoide s 21 18
Rhodomela confervoides 15 13
IAn example of the use of the present indicator is shown in Figure 3. The data from the

coastal area of south  -western Finland MARMONI study area (Hanko peninsula) from the
ears 2002 -2013 was obtained from the data ba se of the Finnish Environment Institute
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| ||SYKE. According to the indicator, the water quality does not meet GES during this period. |
References EC, 2000. DIRECTIVE 2000/60/EC of the European parliament and of the council, of 23 O c-

CORESET project PART B: Descriptions of the indicators. BSEP 129B:1

Koivisto, M. 2011: Blue mussel beds as biodiversity hotspots on the
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cators 9:1284 i 1287.
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and Shelf Science 94:182  -191.
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Ecology 61(2):106 -118.
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Figure 1. A schematic and authentic presentation of the laboratory experiment

set up.




LIST OF INDICATORS FOR ASSESSING THE STATE OF MARINE BIODIVERSITY IN THE BALTIC SEA 63
DEVELOPED BY THE LIFE MARMONI PROJECT

108

10,78

10,76
10,74
10,72

107

10,68

10,56

10,64

Change in 02 production

10,62

106

Measurement frequence 10 mins

Figure 2. The change in oxygen production of Furcellaria lumbricalis at 11 2@Bé&/amd 3
OE/ %seclight exposures. At the | i gh t/seethepeavasino exygenfpr 3 o-
ducti on, only respiration. At t ’fsec odydemy praductsrx ook s u
place. The measurement period (marks) was 10 minutes.

0,9

£

0,8

B e — ——— i —— -

a7 4
06 -+

g

=
oo0s -
fra

£

04 4

x

03 +

£

0,2

£

01 4

x

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

Figure 3. Changes in EQR of the present indicator species (average of all) in the coastal area

of south -western Finland in 2002  -2013. No sampling was performed in the year 2006. The
GES limit is indicated as a dashed line; according to the indicator, the water quality does not
meet GES.




LIST OF INDICATORS FOR ASSESSING THE STATE OF MARINE BIODIVERSITY IN THE BALTIC SEA
DEVELOPED BY THE LIFE MARMONI PROJECT

64

Name of indicato

r

2.12 Communityheterogeneity(CH

|Type of Indicator

|State indicator

|Author(s)

|

|Jonne Kotta, Merli P2rnoj a

indicator

Description of the

The index analyses heterogeneity of communities at the landscape scale. In order to do so

invertebrate communities. Using multivariate data analyses dissimilarities between pairs of

samples are calculated using a zero -adjusted Bray -Curtis coefficient (e.g. using PRIMER
software package). The coeffi cient is known to outperform most other similarity measures
and enables samples containing no organisms at all to be included. Then the geographical
distances between the studied sites are calculated and the distances are related to the di

similarity matrices of biota. The ratio between the dis tance -based mean dissimilarities and
its standard deviation is used as a proxy of the community heterogeneity at landscape scale.
)As such the index estimates the complexity of the spatial patterns of benthic communities

with higher values of the statistic indicating more distinct and less variable (i.e. potentially

less disturbed) communities at th e studied spatial scale.

we quantify the relative importance of scale -specific variability of macroalgal and benthic

S-

biodiversity

Relationship of the
indicator to marine

The development of this diversity index is based on the evidence that various stres sors o
erate at different spatial scales. The index allows estimating simultaneously the relative
contribution of different stressors operating at various spatial scales. The CH index quant

fies the diversity of seasc  apes i.e. beta diversity.

p_

Relevance of
indicator to diffe
ent policy instr
ments

the

There is a potential to use the indicator for assessment of MSFD descriptor s 1, 2, 4,5, 6 and
in the frame of the Habitat s Directive.

Relevance to
commission dec
sion criteria and
indicator

1.6. Habitat condition

1.7. Ecosystem structure

1.7.1. Composition and relative proportions of ecosystem components (habitats and sp e-
cies)

Method(s) for o
taining indicator
values

The equation of a zero  -adjusted Bray -Curtis coefficient is:

Zesolyik — yj.kl
[2+ X300 k + y)j, k)]

dBcc (i,j) =

In the equation dBCC is the Bray -Curtis dissimilarity between the objects i and j; k is the

is not undefined, when the variables among two objects are entirely 0. In the numerator
this variable subtracts to zero and in the denominator it sums to 2.

The equation of the scale  -specific community heterogeneity is:

mean(dBCCi)

index of a variable and n is the total number of variables y. A zero -adjusted Bray -Curtis
coefficient includes a virtual dummy variable being 1 for all objects. Con sequently, the result

CHi= -
stdsv (dBCCi)
where mean(dBCCi) is the mean zero -adjusted Bray - Curtis dissimilarity coefficient and stdev
(dBCCi) is a standard deviation of this mean at a pr edefined spatial scale i. Although r e-
sponse variables can be manifold such as number of species, abundances, biomasses of
species, fun ctionality of community etc., in this study benthic species biomasses were used.
Documentation of The CH index responded differentially to the studied environmental variables. The links b e-
relationship b e- tween environmental var  iables and index were always the strongest at 5 km spatial scale. At
tween indicator smaller spatial scales the index reflected changes to local ice conditions and/or coastal t o-
and p ressure pography. At 5 km spatial scale, however, the index followed the variability in coastal eutr o-
phication. Thus, this is the scale where eutrophication processes are likely to have the lar g-
est effects on coastal enviro  nment and at wh ich the impacts of eutrophication on coastal
biota should be assessed.
The CH index decreased with elevating eutrophication i.e. kd values. However, the relatio n-
ship was not very strong. An explanation of the observed relationship is as foll ows. The CH
index reflects patchiness in the seascape. It is known that an increased eutrophication tends
to homogenize the seascape patchiness by increasing the cover of filamentous algae irr e-

spective of physical water properties and local topography. Bes ides, eutrophication impove

r_
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ishes underwater light conditions and therefore further reduces overall biological diversity as

in such a low -light environment only a few algal and associated invertebrate species can be
found. Consequently, an inverse relation ship between eutrophication and CH is expected
(Kotta etal . 2013).

Geographical rel e-
\vance of indicator

2. Regional

How Reference
Conditions (target
values/thresholds)
for the indicator
ere obtained?

Due to the lack of historical data of required spatial resolution and extent, the reference
condition was set at the upper tail (95th percentile) of the natural variability of the index

value in the M ARMONI pilot area. This expert judgement is based on the current status of
the marine coastal ecosystem s and on the established probability distribution of the index
\value.According to these criteria the reference condition of CH index was set at 18.0.

Method for dete r-
mining GES

GES was determined using the the European Union Water Framework Directive classification
scheme for water quality in the Estonian coastal areas. Specifically, among the eutrophic a-
tion related variables water transparency was best related to the CH index. Thus, in order to

set GES value, a functional relationship between pressure levels (e.g. kd value s) and index
\values was established (the BRT modelling). Then, the existing boundary of water transpa r-
ency between moderate and good water quality class was used to define the GES boundary

of CH index. According to the established cri teria the GES value of CH index was 9.0.

References

Kotta, J., Orav -Kot t a, H. , P 2 r n Bgleaf phyBical watér pr8perties and enviro n-
mental disturbances on the diversity of coastal macrophyte and invertebrate communities in

a brackish water ecosy stem. WIT Transactions  on Ecology and the Environment, WIT Press,

77 1 88.
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Supplementary figure. The Boosted Regression Tree model on the functional relationship

between eutrophication variable and the index calculated at 5 km spatial scale. As a proxy

of eutrophication we used the MODIS satellite derived water transparency (kd). The fr e-
guency of satellite observations was generally weekly over the whole ice -free period, ho w-
ever, several observations were discarded due to cloudiness. The spatial resolution of sate I-
lite data was 1 km. In general, increasing eutrophication is associ ated with elevated Kd va |-

ues in our study area.
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Name of indicator
|Type of Indicator ||State indicator |
|Author(s) ||Jonne Kotta, Merli P2rnoj a |
Description of the One of the most promising of the recently proposed approaches to measure community
indicator functional diversity is Biological Traits Analysis. Biological traits analysis uses a series of life
history, morphological and behavioural characteristics of species present in assemblages to
indicate aspe cts of their ecological functioning. The roles performed by benthic species are
important for regulating ecosystem processes and these roles are determined by the biolog i-
cal traits species exhibit. The approach aims to provide a description of multiple asp ects of
functioning bas ed on features of the biological ecosystem component. It does this by utili S-

ing specific species traits as indicators of functioning an d examining the occurrence of these
traits over assemblages. Community structure is governed by ha bitat variability and the
biological traits exhibited by organisms will provide information about how they behave and

respond to stress, thereby indicating the state of the environment.

Relationship of the
indicator to marine
biodiversity

The development  of this diversity index is based on the evidence that the presence of var i-
ous functional groups in a community hints the functional diversity and ecosystem services
performed by the community.

Relevance of the
indicator to diffe
ent policy instr
ments

r-
u-

There is a potential to use the indicator for assessment of

in the frame of the Habitat s Directive.

MSFD descriptor s 1,2, 4,5, 6 and

Relevance to
commission dec i-
sion criteria and
indicator

1.6. Habitat condition

1.6.1. Condition of the typical species and
1.7. Ecosystem structure

1.7.1. Composition and relative proportions of ecosystem components (habitats and sp
cies)

communities

e_

Method(s) for o
taining indicator
alues

b-

Biological Traits Analysis is based on habitat template
characteristics evolve in response to habitat constrain. Community structure is governed by
habitat variability and the biological traits exhibited by organisms will provide information
about how they behave and respond to stress, thereby indicati ng the state of the enviro n-
ment. BTA uses a numb er of analyses to describe patterns of biological trait composition
over entire assemblages (i.e. the types of trait present in assembl ages and the relative fre-
quency with which they occur).

theory, which states that s pec

The NFT index counts the number of functions (biological traits) in the system. Higher num-
ber of such functions reflects elevated functional diversity and, thus, such communiti es are
able to provide more ecosystem services compared to those having smaller number of func-
tions. In the current index the observed benthic invertebrate species were classified accord-
ing to their mobility (mobile and non-migratory) and feeding type (suspension feeders, her-
bivores, deposit -feeders, and carnivores) based on literature (Bonsdorff and Pearson, 1999)
and field observations. Benthic macrophyte species were classified according to their growth
form (coarsely branched, filamentous, sheet, thick leathery).

n of
e_

Documentatio
relationship b
tween indicator
and pressure

The index responded differentially to the studied environmental variables. The links between
environmental variables and index were always the strongest at 5 km spatial scale. At
smaller spatial scales the index reflected changes to local ice conditions and/or coastal to-
pogra phy. At 5 km spatial scale, however, the index followed the variability in coastal eutr o-
phication. Thus, this is the scale where eutrophication processes are likely to have the larg-
est effects on coastal environment and at which the impacts of eutrophicati on on coastal
biota should be assessed.

The NFT index gradually decreased with elevating eutrophication
chl a values. However, the relationship was not very strong. An explanation of the observed

relationship is as follows. The biomass of macrophyte biomass is a function of nutrient avail-
ability and that of benthic invertebrates by macrophytes. However, an increasing eutroph i-

cation of the Baltic Sea ecosystem favours fast growing species and decreases a chance of

perennial bent hic function to be observed. Consequently, species and functional diversity is
expected to decrease with eutrophication (Kotta et al. 2013).

i.e. mainly with increasing

Geographical rel
\vance of indicator

e_

2. Regional
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How Reference
Conditions (target
\values/thresholds)

resolution and extent, the reference
of the natural variability of the index
is based on the current status of

Due to the lack of historical data of required spatial
condition was set at the upper tail (95th percentile)
value in the MARMONI pilot area. This expert judgement

rial for indicator
documentation

for the indicator the marine coastal ecosystems and on the established probability distribution of the index
ere obtained? value. According to these criteria the reference condition of NFT index was set at 6.6.

Method fordete r- ||GES was determined using the European Union Water Framework Directive classification

mining GES scheme for water quality in the Estonian coastal areas. Specifically, among the eutrophic a-
tion related variables water chlorophyll a was best related t o the NFT index. Thus, in order
to set GES value, a functional relationship between pressure levels (e.g. chl a values) and
index values was established (the BRT modelling). Then, the existing boundary of chl abe-
tween moderate and good water quality class was used to define the GES boundary of NFT
index. According to the established criteria the GES value of NFT index was 6.2.

References Bonsdorff, E. & T. H. Pearson, 1999: Variation in the sublittoral macrozoobenthos of the
Baltic Sea along environmental gradients; a functional -group approach. Aust. J. Ecol. 24:
3121 326.
Kotta, J., Orav-Kotta, H., P2 r n oNl. 2013. Role of physical water properties and enviro n-
mental disturbances on the diversity of coastal macrophyte and invertebrate communities in
a brackish water ecosystem. WIT Transactions on Ecology and the Environment, WIT Press,
77 1 88.

liusrative mat e ([Number of functional traits

Fitted function

I
10 20 30 40
Water chlorophyll a

Supplementary figure . The Boosted Regression Tree model on the f unctional relationship
between eutrophication variable and the index calculated at 5 km spatial scale. As a proxy

of eutrophication we used the MODIS satellite derived water chlorophyll a values. The fr e-
gue ncy of satellite observations was generally weekly over the whole ice -free period, ho w-
ever, several observations were discarded due to cloudiness. The spatial resolution of sate I-
lite data was 1 km. In general, increasing eutrophication is associated with e levated Chl a
and kd values in our study area.
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Name of indicator
|Type of Indicator ||State indicator |
|Author(s) ||Jonne Kotta |
Description of the The structure of benthic assemblages responds diversely to many kinds of stresses because
indicator these assemblag es typically include organisms with a wide range of physiological tolerances,

feeding modes, and trophic interactions. In order to make this information usable for water

quality assessment, the ZKI index divides the macrofauna into three distinct groups ac cord-

ing to their sensitivity to an increasing stress (including eutrophication). Species belonging

to class 1 are those that can be found at heavily eutrophicated conditions, species belonging

to c lass 2 are those that gain biomass under moderate eutrophic ation conditions, and class

3 species are those typical to pristine conditions. The index also takes into account species

number at station and compensates this diversity term for salinity gradient s. The compens a-
tion term is based on waterbody -specific maximum values for species number calculated

from the entire content of national database. The index is currently used when assessing the

water gquality in Estonia in the frame of the EU Water Framewor k Directive.

Relationship of the

The index takes into account species number at survey station and compensates this dive

indicator to marine sity term for salinity gradients. Thus, the index has a potential to reflect spatial and temp o-
biodi versity ral variability of diversity of benthic invertebrate communities r elated to changes in thei  n-
tensity of various pressures.
Relevance of the The index is currently used in the frame of the Water Framework Directive, th ere is a pote n-
indicator to diffe r- |ftial to use the indicator for assessment of MSFD descriptor s 1, 2, 4, 5, 6 and in the frame of
ent policy instr u- the Habitat s Directive.
ments
Relevance to 1.6. Habitat condition
commission dec i- |[1.6.1. Condition of the typical species and communities
sion criteria and 1.6.2. Relative abundance and/or biomass, as appropriate
indicator 1.7. Ecosyste m structure
1.7.1. Composition and relative proportions of ecosystem components (habitats and sp e-
cies)
Method(s) for o b- [[The equation of the ZKI index is as follows:
taining indicator
alues S
ZKI=[0.5%x(Class1+2xClass 2+3xClass 3) —0.5] x| —
~ max
where:
Class i is a ratio of sum of dry weight of the species belonging to class i to total invertebrate
biomass at station; S is number of species/taxa at station; S max 1S @ waterbody -specific
\value of maximum species number at station.
The values of ZKI index vary locally between 0 and 1 i.e. 1 representing the healthy co m-
munities and O representing the most deteriorated communities (Kotta etal ., 2012).
There are cert ain criteria that need to be fulfilled:
(1) The index can be used for soft bottom communities including mixed sand sed i-
ments.
(2) Sampling device is either a van Veen or Ekman type benthic grab.
(3) Depth should be Om5 m and O 30
Documentation of The index responded differentially to the studied environmental variables. The links between
relationship b e- environmental variables and index were always the strongest at 5 km spatial scale. At
tween indicator smaller spatial scales the index reflected changes to local ice conditions and/or coastal t o-
and pressure pography. At 5 km spatial scale, however, the index followed the vari ability in coastal eutr  o-

phication. Thus, this is the scale where eutrophication processes are likely to have the lar g-
est effects on coastal environment and at which the impacts of eutrophication on coastal
biota should be assessed.

The ZKl index increased  with elevating eutrophication i.e. chl a values. This can be e
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plained as follows. Locally, the biomass of macrophyte species is a function of nutrient

availability and that of benthic invertebrates by macrophytes. Thus, an increasing eutroph i-
cation of the Baltic Sea ecosystem relaxes competitive interactions for food and increases a

chance of any benthics pecies to be observed. Consequently, local species diversity i n-
creases with eutrophication. Too high a nutrient loading, however, is known to cause h y-
poxia and irreversible changes in communities. Nevertheless, such conditions are not met in

the study area  (Kotta etal.2012).

Geographical rel e-
\vance of indicator

2. Regional

How Reference
Conditions (target
values/thresholds)
for the indicator
ere obtain  ed?

Due to the lack of historical data of required spatial resolution and extent, the reference

condition was set at the lower tail (5th percentile) of the natural variability of the index

\value in the M ARMONI pilot area. This expert judgement is based on the current status of
the marine coastal ecosystems and on the established probability distribut ion of the index
\value. According to these criteria the reference condition of ZKI index was set at 0.

Method for dete r-
mining GES

GES was determined using the European Union Water Framework Directive classification
scheme for water quality in the Estonian coastal areas. Specifically, among the eutrophic a-
tion related variables water chlorophyll a was best related to the ZKI index. Thus, in order

to set GES v alue, a functional relationship between pressure levels (e.g. chl a values) and

index values was established (the BRT modelling). Then, the existing boundary of chl a b e-
tween moderate and good water quality class was used to define the GES boundary of ZKI

index. According to  the established criteria the GES value of NFT index was 0.03.

References

Kotta, J., Lauringson, V., Kaasik, A., Kotta, |. 2012. Defining the coastal water quality in
Estonia based on benthic invertebrate communities. Estonian Journal of Ecology, 61,
105.

861

Lauringson, V., Kotta, J., -Kata $lekotta, IP2012. L eUsesclase of|
biomass -based benthic invertebrate index for brackish waters in connection to climate and
eutrophication. Ecological Indicators. 12, 123 1132.
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Supplementary figure . The Boosted Regression Tree model on the functional relationship
between eutrophication var  iable and the index calculated at 5 km spatial scale. As a proxy

of eutrophication we u  sed the MODIS satellite derived water chlorophyll a values. The fr e-
guency of satellite observations was generally weekly over the whole ice -free period, ho w-
ever, several observations were discarded due to cloudiness. The spatial resolution of sate I-
lite dat a was 1 km. In general, increasing eutrophication is associated with elevated Chl a

and Kd values in our study area.
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Name of indicator

|Type of Indicator

||State indicator |

|Author(s)

||Hanna Piepponen, Meri Koskelainen and Kirsi Kostamo |

Description of the
indicator

The indicator expresses the extent of coastal reed belts, using information from remote
sensing and exposition -depth data. The reed belt extent in the archipelago of South -western
Finland, in the MARMONI 3FIN study area, was examined from high resolution satellite im-
ages dating from September 2009 (RapidEye, 5m by 5m resolution) and July 2013 (Worl d-
View, 2m by 2m resolution). For verifying the results, data from Kotka located in South -
eastern Finland was used. The Kotka satellite images dated from July 2011 (RapidEye, 5m
by 5m resolution) and September 2012 (WorldView, 2m by 2m resolution). The indicator is
@ combination of Normalized Difference Vegetation Index (NDVI) and the exposition -depth
data (Isaeus & Rygg 2005, Tolvanen 2010) that shows the optimum growing area for reed
lvegetation.

The indicator demonstrates the local extent of reed communities very well in the two test
areas. NDVI calculated from satellte images shows the actual extent and location of reed
communities in sheltered areas. A temporal aspect is possible to attain by comparing sea-
sonal changes in reed vegetation, provided that suitable satellite images are available. How-
ever, both the temporal and spatial coverage of the indicator is still fairly restricted due to a
lack of available high resolution satellite images, and for a better coverage of reed veget a-
tion information in the Gulf of Finland a higher number of high resolution satellite images
are needed. Images of a coarser resolution are not useful for local scale reed belt extent
studies because they do not provide reliable spatial information for the calculation of the
size and shape of the reed belt by the NDVI. Coarse resolution Landsat (30m by 30m reso-
lution) satellite images were tested but the results are too rough for closer examination of
changes in reed belt extent. The lack of high resolution satellite images also prevents com-
paring temporal changes in coastal areas in a long time scale, so the development of the
index requires further studies with upcoming satellite images. Availability of usable high
reso lution satellite images is not certain because the weather conditions and scanning time
limit the use of all available images from a study area. Summarizing the above, high resol u-
tion satellite images of sufficient spatial and temporal frequency are requis ite for the indic a-
tor.

Relationship of the
indicator to marine
biodiversity

Common reed, Pharagmites australis (Cav.) Trin. Ex Steudel, is an erect perennial grass
growing in lakes, trenches, shore and bog meadows in Northern Europe ( H? m-éhti et al.
1998). It often forms dense and more or less monospecific patches or areas consuming all
available growing space. Both the number and coverage of reed patches has increased in
many areas both in disturbed and forested sites in Northern America (McCormick et al.
2010).

Common reed is a rapidly expanding species which can reproduce both clonally and sexu-
ally. Even though it forms very dense patches, negative effects of shading on plant biodive r-
sity have not been established ( G¢ s e wkeHdWwards 1999). Further more, it has been dis-
covered that the species richness does not decrease as a result of an increase in reed bio-
mass (Grime 1973, 1979, G¢ s e w & |Edwards 1999), but changes from aquatic macr o-
phytes towards species occurring in the geolittoral (Munsterhjelm 1997). Furthermore, high
reed biomasses may alter the proportion of species so that the plant community will develop
so that light -demanding species from nutrient -poor sites are replaced by more shade -
tolerant and more nutrient -demanding species. In light of these results, it is also likely that
an increase in eutrophication may affect the plant community composition (Tilman 1982,
1987, OIff 1992, Eek & Zobel 1997).

Since the light interception by common reed follows a clear seasonal pattern and is neglig i-
ble until June, its impacts on species developing in spring or early summer are likely to be
strongly reduced by phenological separation ( G¢ s e w&eBdwards 1999). Therefore species,
growing until the end of the summer, are more likely to be influen ced by P. australis than
species that complete their annual growth in early summer or which are at least capable of
doing so if light conditions decline.

The relationship between species richness and reed biomass is further complicated by the
different types of wetland communities ( G¢ s e wkeEdwards 1999). Thus the coexistence of
other wetland species and succession of species composition can increase the biodiversity of
the reed communities.
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Relevance of the
indicator to diffe

r-

EU Marine Strategy Framework Directive: descriptor 1 Biodiversity, 1.5 Habitat extent, 1.5.1
Habitat area.

ent policy instr u- HELCOM Baltic Sea Action Plan ecological objective for 6 n at umariné and coastal land-
ments scapesbod.
Habitats Directive: state of the coastal habitats and protected species.
Relevance to 1.5. Habitat extent
commission dec i- ||1.5.1. Habitat area
sion criteria and
indicator
Method(s) for o b- |[[The coverage of common reed was estimated by using information provided by satellite

taining indicator

values

remote sensing (RapidEye 5m by 5m resolution and WorldView -2 2m by 2m resolution). The
reed vegetation presence was determined from the images by calculating the Normalize d
Difference Vegetation Index (NDVI), which was calculated from the band relations between
red and infrared bands. NDVI areas were extracted to water areas by clipping the data by
shoreline as we assumed that all the vegetation in water is reed vegetation. The threshold
value of the NDVI was set in both summer and fall images to 0.2 to avoid errors caused by
highly reflecting objects such as sailboats. In general, the reflection from vegetation was
more moderate in fall compared to summer when the reflectio n intensity was the highest
and shows the maximum vegetation cover. The indicator utilizes depth -exposition data to
determine the potential growing area of reed belts. Used depth -exposition data covers the
shoreline from 0 to 2m in depth (Luther 195l1a, 1951b) and exposition of less than 100 000
(sheltered and moderately sheltered areas, Munsterhjelm 1997, 2005); these conditions
were considered to be the optimum growing area for reed vegetation. Over 95% of NDVI
areas were included in dept h-exposition area showing that the optimum area for reed vege-
tation is coherent. Cloudy areas on each used data were removed for reducing errors and
the pixel size of each data was resampled to the same size (4m by 4m). In addition to satel-
lite remote sensing, the maximum extent of reed belts was confirmed by local field meas-
urements during summer 2013 in Tammisaari.

A comparison of summer and fall images reveale d that it is possible to use both late sum-
mer and early fall satellite images for determining reed belt extent. Spring images (April,
May) are not useful in Finnish coastal areas especially when growing season starts late due
to elongated winter because the reed coverage reaches its maximum extent only in late
June or July. Fall images (September) are usable but they underestimate the reed belt ex-
tent by about 10%. This was verified by calculations in Kotka, South -eastern Finland, from
satellite images in July 2011 and in September 2012. The assumption was that reed veget a-
tion has not changed during one year, and therefore, the reed extent in fall and summer
images should be the same. As the reed extent in fall was smaller than in summer we de-
rived a coefficient of 10% of underestimation for fall images. After adding 10% to reed
\vegetation data in fall 2009 in Tammi saari in the MARMONI 3FIN study area, we concluded
that the reed belt extent has expanded by 1% during the period 2009 i 2013.

Documentation of

relationship b
tween indicator
and pressure

e-

The main pressures affecting the extent of the reed belts are land use and eutrophication. In
the coastline of the Northern Baltic Sea, also land uplift influences the reed extent through a
series of succession stages resulting from geological succession of the shoreline (Munster h-
jelm 1997, 2005). Disturbance of upland habitats and eutrophication of estuaries have been
shown to be positively correlated with the abundance of common reed (Bertness et al. 2002,
Silliman & Bertness 2004, King et al. 2007, Chambers et al. 2008). A higher level of distu r-
bance in developed waters heds can create open spaces for seedling emergence and rhizoid
settlement and establishment and thus facilitate dispersal of this species (Kettenring et al.
2011). Offsite human activities, such as human alteration to surrounding uplands (Bur dick
et al. 2001, Bertness et al. 2002), atmospheric enrichment of nitrogen and carbon dioxide,
and altered climate, may also enhance invasions (Minchington 2002, Burdick & Konisky
2003). The changes in land use can be analy sed from, e.g., CORINE-remote sensing data,
but since this data exists currently only from 2000 and 2006, more data is needed to con-
firm this relationship.

The effects of eutrophication are more complex in macrophyte communities than in plankton
or annual macroalgal communities, because macrophyt es take up nutrients with roots from
the bottom sediments and not directly from the water. The effects of eutrophication are
therefore  accumulative and should be studied more in relation to a temporal as-
pect, e.g., the nutrient content of the water column versus the nutrient content in the sedi-
ment. When considering grasses, including common reed, the increase in reproductive out-
put resulting from eutrophication may enhance the invaders ability to establish new, genet i-
cally distinct populations and enhance the spatial dominance in already invaded areas. Fur-
thermore, increased input of atmospheric nitrogen and carbon dioxide levels can alter the
competitive balance of marsh plants in favour of common reed (Jaworski et al. 1997).
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Nutrient enrichment results in taller stems, increase in floret and inflorescence production
and overall biomass, but also an increase in asexual reproduction (Minchinton & Bertness
2003, Rickey & Anderson 2004, Saltonsall et al. 2004, Saltonsall & Stevenson 2007, Moz-
dzer & Zieman 2010, Kettenring et al. 2011). On one hand, it has been discovered that if
the reed colony is under high nitrogen levels, it may invest heavily on rhizome production
(Rickey & Anderson 2004). This enables dispersal to areas, where low nitrogen content pre-
\vents population establishment by seeds (Bart & Hartman 2002). On the other hand, in high
nutrient regime, seedling emergence and establishment benefit from eutrophication and
increase the probability that population establishment occurs via seeds (Saltonsall & Ste-
lvenson 2007).

Surprisingly, according to some studies, it has also been discovered that under high nutrient
levels the below -ground biomass does not increase, although this is expected in populations
where dispersal occurs by fragmented pieces of rhizoids (Haslam 1965, Rickey & Anderson
2004). Instead, the above -ground biomass increases (Minchinton & Bertness 2003, Rickey &
)Anderson 2004). It has also been discovered that under a high nutrient regime, the species
spreads to deeper water than in oligotrophic conditions (Haslam 1965, 1972).

The increase in nitrogen levels has been linked to the successful dispersal of common reed
in a large number of areas (Haslam 1965, Marks et al. 1994). However, it has also been
discovered that an increase in nitrogen increases also the growth of native species, so the
eradicative effects of nutrients might not be as strong as assumed earlier (Rickey & Ander-
son 2004). All in all however, present knowledge suggests that eutrophication favours reed
belt extent.

Geographical rel
lvance of indicator

e-

4. Baltic Sea wide

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

The target is trend -based, expecting no increase of area covered by reed belts, as indicated
by the NDVI, in order to achieve Good Environmental Status.

Method for dete

r-

The trend -based target for reed belt extent, as indicated by the NDVI, is estimated for the

mining GES lyears 2002 -2013, using medium resolution images for 2002 -2009 and high resolution i m-
ages fo r 2009 -2013.
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Illustrative mat
rial for indicator
documentation

e-

Reed extent in Tammisaari inner archipelago,
S Finland in July 2013 and Sep 2009
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Reed extent in July 2013 with depth-exposition
_data inmmisaari inner archipelago, SW Finland
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Reed extent in September 2009 with depth-exposition
data inTammisaari inner archipelago, SW Finland
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3 Pelagic indicators

Name of indicator

3.1 Phytoplanktonspeciesassemblagelustersbasedon environmentalfac-
tors

|Type of Indicator

||State indicator

|Author(s) ||Barbel -Magruér s, Il veta Jurgensone, l eva Bbrda
Description of the Indicator based on 7 summer phytoplankton species ¢ lusters obtained with a cluster anal y-
indicator sis. Most clusters appeared at all stations at each sampling occasion, if a cluster was a b-
sent, it was assigned a biomass of 0. Relationships with environmental factors were tested
with GAM model s. Dominant species in each cluster and cluster dependencies on enviro n-

mental factors are:

Cluster 1 7 wide range of species from different taxonomical groups representing high biod i-
\versity, however in very low abundance

Cluster 2 1 clusteris more associated with stability of water column

Cluster 3 1 consists of tolerant species occurring all year around, including sp e-
cies Aphanizomenon flos -aquae

Cluster 4 1 consist of species complex, indicating high nutrient concentrations. One of i n-

cluded speciesis Eutreptiella spp., which could be indicator of bad environmental state

Cluster 5 1 included opportunistic species
trophication

Skeletonema costatum , which might indicate e u-

Cluster 6 1 species complex is dominating by the flagellates
during summer season

characteristic in the Gulf of Riga

Cluster 7 i cluster coherent with nutrient loads

\Within the framework of the MARMONI project, we tested existing clusters within the last 4

lyear data and their relation with nutrient loads. The cluste rs 1 and 7 were the only clusters
showing significant link with nitrogen/phosphorus loads in perennial perspective.

Relationship of the
indicator to marine
biodiversity

Indicator reflects on eutrophication and indirectly on biodiversity.

Relevance of  the
indicator to diffe r-
ent policy instr u-
ments

MSFD descriptor s 1 and 5

Relevance to
commission dec i-
sion criteria and
indicator

1.6.2. Relative abundance and/or biomass, as appropriate

1.6.3. Physical, hydrological and chemical conditions

1.7.1. Compositio n and relative proportions of ecosystem componen
cies)

ts (habitats and sp e-

Method(s) for o b-
taining indicator
values

Species grouping into different clusters was done at genus level based on log (biomasses) of

all genera found in 185 phytoplankton samples collected in June T September in the Gulf of
Riga between 1993 and 2008. Similarities between samples were expressed as Euclidean

distances between genera biomass. Ward's minimum variance method, an agglomeration

method that aims to minimize the variance w ithin clusters, was used to group species into
clusters. Relationships with environmental factors were established for the log+1 tran s-
formed biomass of each cluster. Sampling month was included as a factor in the analysis. All

statistical methods are part of the R libraries (clustering according to hclus t, general add i-
tive models according to mgcv (Hastie & Tibshirani 1986)).

Documentation of
relationship b e-
tween indicator
and pressure

Relationship between nutrient loads and clusters have been found. The Cluster 1 increases
when N/P loads decrease (Fig.1 ), while the proportion of the Cluster 7 increases with an
increase of N/P loads (Fig.2).
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Geographical rel e- |[2. Regional
\vance of indicator

How Reference Phytoplankton clusters reflect the influence of eutrophication (Cluster 7) and biodiversity
Conditions (target (Cluster 1).

values/ thres h-

olds) for the ind i- |[The reference conditions were estimated taking into account the period of 1993 -2012, when
cator were 0 b- maximum biodiversity (Cluster 1) and at the same time minimum eutrophication (Cluster 7)
tained? we re recorded. It was estimated during the period of 2007 -2009 (Fig.3).

Reference threshold was determined for Cluster 7, which should not exceed 2% of the total
phytoplankton biomass.

Method for dete r- ||GES value has been determined from referenc e threshold. Respectively, GES value for Clu s-
mining GES ter 7 is +50% of reference conditions, that is 3% from phytoplankton total biomass.
References Hastie, Trevor, and Tibshirani, R. 1986. Generalized Additive Models (with discussion). St a-

tistical Science Vol 1, No 3,297 -318

lllustrative m a-
terial for indic a- 10 -
tor document  a- °
tion

6 y =-0.10x +5.83
R?=0.30

Proportion of Cluster 1 (%) of
total phytoplankton biomass

tons Ntons Ptyear™

Figure 1. Cluster 1 relation with N/P loads in the Gulf of Riga

y =0.42x - 6.93
R?=0.29

Proportion of Cluster 7 (%) of
total phytoplankton biomass

65

tons N tons P year™

Figure 2. Cluster 7 relation with N/P loads in the Gulf of Riga.
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Proportion of Clusters in the Gulf of Riga
Reference conditions
" forCluster7
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Figure 3. Clusters distribution in the Gul f of Riga .
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Name of indicator

|Type of Indicator

|State indicator

|Author(s) ||Andres Jaanus |
Description of the A shift in phytoplankton functional groups may affect ecosystem function in terms of the
indicator carbon available to higher trophic levels or setting to the sediments. The succession of

functional groups can provide an index that represents a healthy planktonic system, with a
natural progression of dominant functional groups through out the seasonal cycle. Deviations
from the normal seasonal cycle (such as a too high or too low biomass, or the absence of
some dominating  phytoplankton group(s)) indicate an impairment in environmental

status. This indicator has been originally proposed for British coastal waters (Devlin et al.,
2007).

Relationship of the
indicator to marine
biodiversity

Phytoplankton encompasses a huge range of taxonomic and functional diversity linked
closely to the health of marine ecosystems.

Relevance of the

indic ator to diffe r-
ent policy instr u-
ments

Marine Strategy Framework Directive (MSFD) descriptors 1 (1.6.1., 1.6.2. and 1.7.1 accord-
ing to the Commission Decision), 4 (4.3.1) and 5 (5.2.4).

HELCOM Baltic Sea Action Plan (BSAP).

\Water Framework Directive (WFD).

Relevance to
commission dec i-
sion criteria and
indicator

1.6. Habitat condition

1.6.1. Condition of the typical species and communities

1.6.2. Relative abundance and/or biomass, as appropriate

1.7. Ecosystem structure

1.7.1. Composition and relative proport ions of ecosystem components (habitats and species

Method(s) for o b-
taining indicator
values

Principle: The process of establishing phytoplankton group reference growth curves for ma-
rine water bodies was originally described by Devlin et al. (2007). Type- or site -specific sea-
sonal growth curves have been designed for each dominating phytoplankton group. Phyto-
plankton counts (wet weight biomass values) are averaged over months, and monthly mean
and standard deviations (SD) are calculated for each functional group. A process of normal i-
zation, transformation and calculation of a monthly Z score (-2...+2) establishes comparable
seasonal distributions for each functional group for a sampling year. A positive Z score indi-
cates that the observation is greater than the mean and a negative score indicates that the
observation is less than the mean.

Indicator value: Data points are calculated by subtracting the long-term overall mean/SD
value from the monthly mean value for a certain year. The score is based on the number of
data points from the test area which fall within the acceptable deviation range set for each
monthly point of the reference growth curve. Percentage -based thresholds are established
for each functional group to determine class boundaries (EQR values) for the assessment of
the ecological status.

Indicator present status : The present status of the indicator was calculated for the years
2006 i 2011, based on monitoring data from Tallinn and Muuga bays (southern Gulf of
Finland).

Sample analysis and data preparation : The data required by this indicator is attained by
quantitative  phytoplankton  analysis (cf. HELCOM 2014). Measurements of biomass (rather
than abundance) were used, since they can readily be translated into understanding bioge o-
chemical cycles, they link to eutrophication, and are considered to give a more accurate
depiction of the phytoplankton community. Wet weight biomasses of four major functional
groups, including cyanobacteria, dinoflagellates, diatoms and the autotrophic cili-
ate Mesodinium rubrum are averaged for each month over a sampling year. Skewed data is
accounted for by the transformation of phytoplankton biomass on a natural log scale (In
bm). Type -specific reference curves are established (mean and Na c c e p tdaviations).

Quality assurance: The methods of collection, counting and identification should be unified
between all laboratories sharing the same assessment area.

Sampling: The time -scale for data sets should be at least 10 years to create type - or site-
specific refer ence growth curves and the frequency of sampling at least once a month during

the vegetation period.
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Documentation of
relationship b e-
tween indicator
and pressure

In the original publication (Devlin et al., 2007) a risk assessment of different water bodies
was made based on nutrient availability, production and disturbance. As a result, a Er i
status was allocated to each coastal water type. The threshold values (reference curves)
must be validated by testing them against a range of data from sites of different levels of
impact. For that the data from different type areas representing waterbodies with pristine
conditions to very disturbed ones should be collected with sufficient frequencies (at least
once a month) throughout the vegetation period. After that the assessment could be made
whether the reference growth curves for low, medium and high risk waterbodies are comp a-
rable in term of percentage counts falling within the predefined growth envelopes.

Geographical rel
vance of indicator

e-

2. Regional

How Reference
Conditions (target
values/thresholds)
for the indicator
ere obtained?

Generic reference curves were established for each coastal water type or open sea basin.
Yearly and monthly means and standard deviations of phytoplankton counts (wet weigh t
biomass values) were calculated for each functional group. The acceptable deviation from
monthly mean values in Estonian marine areas is Ns t a n ddeviaton. The same procedure
was followed in testing sampling data from other areas of the Baltic Sea (Latvian, Finnish
and Polish coastal waters). A process of normalization and calculation of Z scores makes
the seasonal growth curves of different functional groups comparable. Z scores of zero illus-
trate that the monthly sample approaches the overall mean for that sampling period. Posi-
tive and negative values indicate greater and lower values than the overall mean, respe c-
tively.

The score was based on the number of data points from the test waterbody which fell within
the acceptable deviation range set for each monthly point of the reference growth curve.

Method for dete
mining GES

r-

GES is tentatively determined with 2/3 (EQR=0.67) values falling inside Ns t a n ddeviation
from monthly mean log-normalized biomass values of each functional group. This index is
applicable for coastal and open sea waters of the Gulf of Finland. The index has been pre-
liminarily tested in the Gulf of Riga and in the southern Baltic Sea, with no conclusions as
lyet about the applicability in these sub-regions. Separate GES-boundar ies might need to be
set for different areas depending on the test results.
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Illustrative mat
rial for indicator
docu m entation

e-

EQR 0.42-0.51
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Examples of reference growth curves. Monthly averaged normalized biomass values (Z month )
acceptable deviations (Z monn N'S D Jand test values for the period 2006 i 2011 in the southern
Gulf of Finland (Tallinn Bay). Using a 5-year moving average, the number of observations
alling inside reference envelope (monthly mean NS DJs 42151 % depending on algal group
and test period. Applying the GES boundary of 67%, this means that the area does not
reach GES.
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Name of indicator

|Type of Indicator ||State indicator |
|Author(s) ||Saku Anttila, Jenni Attila and Vivi Fleming -Lehtinen |
Description of the |[The indicator compares the recent (current) cyanobacterial surface accumulation characte r-
indicator istics with past observations. It is based on information on the yearly intensity, duration and

temporal volume of cyanobacterial blooms in the Baltic Sea. Information
tive variables is normalized and combined to produce a Cyanobacterial
tion index (CSA-index). The CSA-index time series is used to provide
condition (2003 -2010) and the current status (ye ars 2011 -2013). The
for the indicator is satellite remote sensing, but the indicato r can be
observations obtained using other monitoring methods.
different
ern Gulf of Finland), where Alg@line phycocyanin
an additional data source for the indicator.

An example of this combination
data sources is provided for the MARMONI FIN-EST study area (central
fluor escence measurements

from these indic a-
Surface Accumul a-
the indicator target
principal data source
complemented  with
of
and west-
are utilized as

Relationship of the
indicator to marine
biodiversity

The indicator reflects changes in the phytoplankton community. These
to changes in nutrient composit ion and climate, and have direct impact
system services.

Surface blooms of nitrogen -fixing cyanobacteria, though considered
nomenon (Bianchi et al. 2000), have become extensive and frequent
Baltic Sea since the 1 9 9 0 @&ieni et al. 2001).
cies Nodularia spumigena , which has been reported
plankton ( En g s t et @im2000, Sellner et al. 1994, Schmidt
et al. 2009). Cyanobacteria have been shown to have allelopathic

&J-n

major part of the cyanobacteria
settled on the bottom,
et al. 2007a).
the biodiversity of both the pelagic and the benthic communities.

biomass generated during the bloom
it potentially increases oxygen depletion

to be a natural

plankton groups and increasing effects on bacteria (Suikka nen et al. 2004, 2005).

changes are related
on sea-use and eco-

phe-
in many parts of the

The blooms consist partly of the toxic spe-
to have negative effects on grazing zoo-

a s d 199%, iSobpanen
effects on other phyt o-
Since a

events eventually is

in stratified areas (Vahtera
Thus extensive cyanobacteri al blooms potentially have a negative

impact on

Relevance of the The indicator has been listed as a Supplementary Indicator

in the HELCOM CORESET of Bio-

taining indicator
values

remote sensing products of the Finnish Environment Institute
phyll a estimation product by SYKE. The remote sensing instruments

ment of the indicator were MERIS (MEdium Resolution Imaging Spectr
(MODerate Resolution Imaging Spectroradiometer).
MERIS data archives consisting

(SYKE). Chlorophyll a concentrations
reflectances, using a neural network -based bio-optical processor (FUB)
the Free University of Berlin (Schroeder et al. 2007a -b). Chlorophyll
MODIS observations were derived
2012 -2013, the algorithm to derive chlorophyll
2010) and standard OC4 algorithm ( O6 R eet &l 11998, 2000 ).

Annually, for each day during July-August period,
derived by first generalizing the original daily chlorophyll a estimation
gquent moving window filtering procedures with differing filter sizes (m
maximum) and then categorizing
lations [0] to evident accumulations
algal accumulation observation approaches, including observations

flights and by citizens. Examples on SY K E étadard remote sensing
algal surface accumulations can be found on (www.syke.fi/surfa cealgal
and analyse the characteristics of annual algal surface accumulations,

[3%;

For the method development,
of years 2003 -2011 and MODIS data archives of years
2012 -2013. The dataset was processed and is archived at the Finnish Environment
are derived from MERIS observations,

a concentrations
using SeaDAS-softwar e by NASA. During
a was both GSM (Maritorena

the algal surface accumulation

an algae barometer

indicator to diffe r- |[diversity indicators (HELCOM 2012).
ent policy instr u-
ments Marine Strategy Framework Directive (MSFD) descriptors 1, 5.
HELCOM Baltic Sea Action Plan (BSAP)
Relevance to 1.6. Habitat condition
commission dec i- |[1.6.2. Relative abundance and/or biomass, as appropriate
sion criteria and
indicator
Method(s) for o b- |[The main data source for the indicator is the time series of daily algal surface accumulation

SYKE. It is based on chlor o-

used in the develo p-
ometer) and MODIS
we used

Institute
i.e. measured
that is developed at
from
the period
et al. 2002,

product is
three conse-
median and

with
inimum,

the result into four classes (from no algal surface accum u-
see Fig. 1). A similar classificatio n is used in other
made on coast guard

product of estimated
blooms).To  describe
is
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calculated for each day where algae observations exist. The developed algae barometer
\value is a weighted sum of the proportion of algae observations in different classes in an
assessment area (Eq 1; Rapala et al. 2012).

AR = Mgy + Mooz % 2+ Mgz X 3)

Mgar (Eq. 1)

where ny is the total number of algae observations, and nNugi, Ny, and ngys are the num-
ber of observations in each class (class zero indicates no algae, and is thus not included in
equation). Algae barometer values were calculated from the daily algal surface accumulation
observations for the assessment areas (Fig. 2).

The indicative variables i.e. yearly intensity, duration and tempor al volume of cyanobacterial
blooms are derived from the empirical cumulative distribution function (ECDF) of yearly
observations of algae barometer values. ECDF gives the cumulative proportion for the yearly
algae barometer values. From the yearly ECDFs, the indicative variables are derived as de-
scribed in Fig. 3.

- Duration of the accumulation period is defined as the percentage of observations with al-
gae barometer values above zero (1-proportion value, horizontal line in Fig. 3).

- Intensity as the 90-percentile of the algae barometer observations (vertical line in Fig. 3).
- Temporal volume as the area above of the ECDF function.

Each of the time series of annual indicative variables are normalized to an index by using
the minimum and maximum observ ations in respective time series (e.g. Hering et al. 2006).
Finally, normalized indexes are combined to the CSA-index by taking the yearly average
(Fig. 4). The combination of different data sources can be performed in two ways. If com-
plementary data are similarly classified algae observations as remote sensing algae obser-
\vations, these can be added as such into the calculation of daily algae barometer values. In
the case of a different type of observations, such as FerryBox fluorometer observations of
phyc ocyanin, the data source can be combined in the calculation of the joint CSA-index by
using specific weights for each data source. At the moment, expert judgment is used to
specify weights for the data sources, but more quantitative methods are under devel op-
ment. In the MARMONI FIN-EST assessment area (central and western Gulf of Finland),
normalized Alg@line phycocyanin yearly averages were included by using 50% weight when
compared to remote sensing derived indicative variables. An example of this is provided in
Fig. 5. The resulting CSA-index is a value between 0 and 1, where 1 represents the best
conditions (i.e. few cyanophyte surface accumulations) and 0 the worst (i.e. extensive
cyanophyte surface accumulations).

Documentation of
relationship b e-

Growth of nitrogen -fixing cyanobacteria gains advantage of excess phosphorus in the water
column (Niemi 1979, Vahtera et al . 2007b, Raateoja et al . 2011). Thus phosphorus load,

tween indicator especially in a dominantly nitrogen -limiting  environment, is estimated as the main pr essure
and pressure to the indicator.
Geographical rel e- |[2. Regional

ance of indicator

How Reference

Conditions (target
alues/thresholds)

for the indicator
ere obtained?

The target value for each assessment area was derived from the time series of the CSA-
index from the years 2003 -2010. The target was simply the 75-percentile of the reference
per i dC8Aiadex values.

In the case of the CSA-index where different types of cyanobacteria information were com-
bined, the target setting required assumptions. Alg@line phyco cyanin observations were
available only from the year 2007 onwards. Therefore, the phycocyanin yearly averages of
Alg@line data were assumed to have a generalized extreme value distribution. This distrib u-
tion was found most suitable for the existing Alg@line yearly observations and can be ra-
tionalized also with expert judgment. The Alg@line target was thus the 75-percentile of the
general extreme value distribution expected from the observations. Therefore, in the com-
bined index case, the target was set as a weighted average, where the 75-percentile of re-
mote sensing derived indicative variables were given equal weight, and the Alg@line target
\value contributed 50% weight compared to the remote sensing derived indica tive variables.

New method for the target setting based on historical observations is currently under deve I-
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lopment. |

Method for dete

r-

The current status of the indicator was calculated as the average CSA-index using the re-

mining GES mote sensing data for the period of 2011 -2013. This value was compared to the 75-
percentile of CSA-index time series (2003 -2010). GES is reached, if the current status is
higher than the set target.

The indicator may be extended to cover all the Baltic open sea and outer coastal assessment
units.
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Figure 1. Examples of SY K E@mote sensing based chlorophyll a and surface floating algae
accumulation products calculated from the MODIS/Aqua satellite data (NASA) on 19.7.2012.
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Figure 3. ECDFs derived from the algae barometer val ues of the years 2003  -2013. Horizo n-
tal lines indicate the length of the algal surface accumulation periods and vertical lines the
90 - percentile of the algae barometer observations. The yearly volumes are derived from the

areas above the ECDF function.
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Figure 4. Normalized

and combined to the CSA-index (D) when only remote sensing data are used. Value 1 repr e-
sents the best conditions and O the worst. Black dashed horizontal line in (D) indicates the
target condition and red the current status. The data are from the MARMONI FIN-EST area.

1 i 1 1 I
2005 2006 2007 2008 2009 2010 2011 2012 2013
vear

indicative variable time series derived from the ECDF-functions (A-C)
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Figure 5. Normalized indicative variable time series derived from the ECDF-functions (A-C),
normalized Alg@line yearly phycocyanin observations (D) and combined CSA-index (E).
\Value 1 represents the best conditions and O the worst. Black dashed horizontal
indicates the target condition and red the current status. Alg@line -data are given 50%
indicative variables. The
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Name of indicator

|Type of Indicator

||State indicator |

Author(s)

Laura Uusitalo, Vivi Fleming -Leht i nen, Hei di H&ahubk, Lawn LondonAamd BSeije s
Hal |l fors

Description of the
indicator

The indicator utilises the novel robust approach for detecting changes in the alpha diversity
of phytoplankton described by Uusitalo etal. (2013) .

The biodiversity of phytoplankton, the key primary producers in the marine ecosystem, is

often very difficul t to estimate since the phytoplankton assemblage includes a vast number

of taxa, many of which occur in so small quantities that they may not be recorded in routine

sampling. Moreover, ev  en a skilled taxonomist cannot identify all taxa to species level by

the methods available within routine phytoplankton monitoring, i.e. light microscopy of pr e-
served samples. This means that we will not, by routine phytoplankton monitoring methods,

attain a complete list of phytoplankton species in the ecosystem at any giv en point in time.
The Shannon95 method introduced by Uusitalo et al . (2013) circumvents the problem of

rare (and thus unreliably recorded) taxa by computing the Shannon biodiversity index

(Shannon 1948) from the taxa that cumulatively constitute 95% of the total phytoplankton
biomass. The Shannon95 metric res ponds to the extent by which the community is dom i-
nated by just one or few taxa. The metric was originally developed for the open Gulf of

biodiversity

Finland, and its applica  bility for other sea areas should be tes ted.
Relationship of the The indicator reflects the taxonomic diversity of the phytoplankton community. It has been
indicator to marine shown that the more diverse the phyto plankton community, the more resistant it is to the

changes caused by different pressures (Ptacnik etal . 2008).

Relevance of the
indicator to diffe

r-

Through collaboration between MARMONI and the HELCOM CORESET project, the indicator
has been agreed as a Candidate Indicator in the HELCOM CORESET of Biodiversity indicators

taining indicator
alues

ent policy instr u- (4.22 Phytoplankton diversity, HELCOM 2012).

ments The Water Framework Directive (EU 2000), the Marine Strategy Framework Directive (EU
2008) and the HELCOM Baltic Sea Action Plan (HELCOM 2007) specifically mention phyt o-
plankton as an ecological component to be addressed in the assessment of the ecological
status of the sea.
Marine Strategy Framework Directive descriptor 1, criterion 1.6 Habitat condition, 1.6.1.
Condition of the typical species and communities.

Relevance to 1.6. Habitat condition

commission dec i- |[1.6.1. Condition of the typical species and communities

sion criteria and

indicator

Method(s) for o b- [|Principle: The alpha diversity of phytoplankton is estimated using an applied Shannon's in-

dex, called the Shannon95, where the Shannon biodiversity index is computed for each
sample based on the main body of phytoplankton biomass, i.e. the taxa that cumulatively
constitute 95% of the total phytoplankton biomass (Uusitalo et al. 2013). The Shann on95
metric responds to the extent by which the community is dominated by just one or few
taxa.

Indicator value: The 75-percentile of all the Shannon95 observations during each summer
(June i September) was used as the annual indic ator value (Figure 1). The higher fractions of
Shannon95 associated better to low total biomass than the average or median value (Uusi-
talo et al. 2013, see also section 6 Do ¢ u me n tofarélatianship between indica tor and pres-
s ur édow). The 75-quantil e was chosen as best estimate, since it did not differ substa n-
tially from higher percentiles in its value or relationship to total biomass, yet could be
achieved reliably also from smaller datasets. The upper percentile is justified by the reaso n-
ing that while theory suggests that biodiversity should have a unimodal, dome -shaped, rela-
tionship with productivity, i.e. biodiversity should peak at intermediate levels of productivity
(Grime 1973, Irigoien et al. 2004), Spatharis et al. (2011) pointed out that while this theory
of a unimodal relationship is strong, the area below the unimodal curve is often filled with
data points. Therefore, an upper percentile should reliably approximate the response in rela-
tion to biodiversity pressure. It has to be noted that Baltic Sea data can be assumed to in-
clude only the right -hand side of the expected dome shape: eutrophication has been ident i-
fied as a problem in the Baltic Sea since the 1980s (e.g. Larsson et al. 1985, Elmgren
1989), and hence the current data do not cover non-eutrophied, low-productivity condi-
tions.

Indicator present status: The present status of the indicator was calculated for the years




LIST OF INDICATORS FOR ASSESSING THE STATE OF MARINE BIODIVERSITY IN THE BALTIC SEA 92
DEVELOPED BY THE LIFE MARMONI PROJECT

2011 -2013, based on quantitative analysis of phytoplankton samples from ship -of-
opportunity  monitoring data (m/s Baltic Princess and m/s Silja Europa operating between
Helsinki and Tallinn).

Sample analysis and data preparation: The data required by this indicator is attained by
quantitative  phytoplankton analysis (cf. HELCOM 2014a). Measurements of biomass (rather
than abundance) were used, since they can readily be translated into understanding bioge o-
chemical cycles, they link to eutrophication, and are considered to give a more accurate
depiction of the phytoplankton community (Paasche 1960, Olenina et al. 2006). In sample
analysis, the greatest possible taxonomical accuracy should be used; however, since all
specimens cannot be determined to species or even genus level, by necessity the analysis
includes different taxonomic units (species, genera, and higher; Uusitalo et al. 2013). When
deemed relevant, a distinction between autotrophic and heterotrophic individuals in genus
or higher level taxa should be made (Uusitalo et al. 2013). All size classes within genus - and
higher -level taxonomic units should be aggregated, unless there is a particular reason to
keep them separated.

Quality assurance: When preparing the phytoplankton data for data analysis, it is very im-
portant to consult the person or persons who have performed the actual phytoplankton spe-
cies analysis. A profound understand ing of phytoplankton taxonomy and nomenclature s
essential.

Sampling: In developing the Shannon95 approach, sampling was performed in summer

(June i September) approximately every other week (Uusitalo et al . 2013); however a data
set with less regular ~ sampling interval (such as the 2011 1 2013 data used to determine pr e-
sent status) will produce good results, providing a sufficient number of samples have been

analysed. The lowest possible number of samples based on which the indicator can safely be

calcula ted has not been tested.

Documentation of
relationship b e-
tween indicator
and pressure

Eutrophication has been identified as the most important factor causing degradation of the
Baltic Sea ecosystem (HELCOM 2009). The phytoplankton species composition is sensitive to
changes in nutrient levels and ratios ( Ga s i ¢ rel al.t 2005, Carstensen and Heiskanen
2007, Suikkanen et al. 2007, Jurgensone et al. 2011), and eutrophication has resulted in
increases in summer phytoplankton  abundance and biomass (Carstensen and Heiskanen
2007, Fleming -Lehtinen et al. 2008, Jaanus et al. 2011) and more intense and frequent
blooms (Finni et al. 2001, Carstensen et al. 2007). The sensitivity of phytoplankton diversity
to eutrophica tion has been demonstrated both in the Baltic Sea (Uusitalo et al. 2013) and
elsewhere (Gilmartin and Revelante 1980, Moncheva et al. 2002, Chalar 2009).

lAnalyses of the ship -of-opportunity monitoring data in the open Gulf of Finland demo n-
strated that und er circumstances with high ph ytoplankton biomass only low Shannon95
\values occurred, and even more importantly, that high Shannon95 values were always ass o-
ciated with low total phytoplankton biomass (Uusitalo et al . 2013). On the other hand, low
Shannon95 values were observed both at high and low biomasses. These results were co n-
sistent both using data based on individual samples and using yearly sampling station ave r-
ages (Uusitalo etal . 2013).
Geographical rel e- |[2. Regional

\va nce of indicator

How Referenc e

Conditions (target
alues/thresholds)

for the indicator
ere obtained?

The indicator target (i.e. GES boundary) was estimated through harmonization to the
HELCOM summer (Junei September) phytoplankton target for the open Gulf of Finland,
where average chlorophyll a (chl) in the surface layer (0710 m) is used as a proxy. When
doing so, the HELCOM target of 2 Ogl? (HELCOM 2014b) was converted into total phyt o-
plankton biomass (BM) using the conversion factor BM = 0.15 T chl*? (Kuusisto et al.
1998), resulting in a total biomass value of 0.34 mg I* (i.e. 340 mg m3, expressed as more
conventional units; Figure 2).

The indicator target (i,e. GES boundary) was calculated from ship -of-opportunity data
(m/s Wasa Queen, 1997 -2002, presented in Uusitalo et al . 2013), as the 0.75  -percentile of
the Shannon95 values where biomass was at or below the HELCOM phytoplankton target

(Figure 2).

Method for dete r-
mining GES

GES is estimated as a target value (lower limit).

The indicator has been developed for the open Gulf of Finland, but it is likely applicable in
other Baltic Sea areas also, where sufficiently frequent sampling is conducted. The target

(i.,e. GES boundary) has to be set separately for each area to account for t he characteristic
differences in the areas.
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Figure 1. The annual summertime phytoplankton taxonomic diversity (Shannon95) indicator
\values in 1997 i 2002 (black triangles) and during the status period 20117 2013 (red tria n-
gles) in the central Gulf of Finland, on the Helsinki 7 Tallinn ship -of-opportunity transect. Note
that the sampling stations used during the later period do not cover the northern part of the
transect. The lower limit of the indicator target (i.e. the GES boundary) is indicated by a

broken grey line.
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Figure 2. Shannon95 diversity plotted against total biomass (mg m %) in the central Gulf of
Finland on the Helsinki T Tallin n ship -of-opportunity transect (described in Uusitalo et al.

(i.e. chlor o-

phyll a) target level, converted into total biomass (as described above). The blue line ind i-
cates the indicator  target level (i.e. GES bound ary) , as the 75-percentile of the data fraction
where total biomass is below or at the HELCOM target level, and the blue dots indicate the
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Name of indicator

3.5 Phytoplanktontrait- and dendrogrambasedfunctional diversity index
(FD)

|Type of Indicator

|Istate indicator |

|Author(s)

||Sirpa Lehtinen and Riina  Klais |

Description of the
indicator

The indicator aims to describe the trait -based functional diversity of phytoplankton with a
functi onal diversity index (FD), which is calculated based on the dendrogram method
(Mouchet et al. 2008). The 11 functional traits considered here, including for example traits
like motility and ability to fix nitrogen, are described in Klais et al. (in prep.).

\Within the framework of the MARMONI project, we tested the usability of this trait - and
dendrogram -based index as a biodiversity indicator. This is not the only way to calculate a
phytoplankton  functional diversity index (see e.g. Mouchet et al. 2010), and there are also
different possibilities to select traits.

At present, the index is not ready to be utilized as an indicator. In order to get comparable
FD index results, the microscopy methods and the level (accuracy) of species identification
must be the same in all samples. To obtain a trait -based functional diversity index which
could be used as a simple biodiversity indicator, further studies are needed to determine (1)
which trait composition is the most useful for describing phytoplankton functional diversity,
(2) which method is the most useful to calculate the functional diversity index, and (3) how
functional diversity and various traits relate to different ecological processes.

Relationship of the
indicator to marine
biodiversity

The trait -based functional diversity index aims to describe the functional diversity of Baltic
Sea phytoplankton.  The hypothesis is that a more functionally diverse phytoplankton com-
munity is more stable and thus more resistant to different pressures. Previously it has been
shown that taxonomic diversity predicts stability in natural phytoplankton  communities
(Ptacnik et al. 2008).

The index was tested with natural phytoplankton community data from two stations (Seili
and L 2 ng d donated in the coastal area of south -western Finland in the MARMONI FIN
area) and by re-analysing an existing experimental data set (from six mesocosm exper i-
ments, performed also in the MARMONI FIN area). The aim of the testing was to obtain a
target value above which FD would indicate a relativ ely stable phytopla nkton community,

and below which FD would indicate a relatively unstable community, if exposed to pres-
sures. The re-analysis of the existing experimental data set supported somewhat the hy-
pothesis by indicating stability in FD if the initial FD was high.

However, the results from long -term data and re-analysis of experimental data showed non -
comparable levels of the FD index. This was probably due to differences in analysing met h-
ods and changes in the accuracy of species identification. The conclusion is that the FD in-
dex is sensitive to changes relating to microscopy methods and the accuracy of species
identification.

Long-term data showed an increasing trend in the FD index which was difficult to interpret
with current scientific knowl edge. It is however worth noting that the observed increase in
FD is in line with recent studies showing an increase in the Baltic Sea phytoplankton tax o-
nomic diversity (Olli et al. 2014). Olli et al. (2014) found that phytoplankton taxonomic di-
\versity has increased in the Baltic Sea, and concluded that this might indicate a long-term
change in the species inventory of the Baltic Sea, potentially reflecting a delayed long -term
response to the anthropogenic fertilization.

We conclude that the tested method of calculating the FD index cannot be taken into use as
a phytoplankton  biodiversity indicator at the moment, since a complete ecological base
study is needed to understand the ecosystem processes connected to phytoplankton func-
tional diversity.

Relevance of the
indicator to diffe r-
ent policy instr u-
ments

MSFD descriptor 1: Biodiversity, 1.7. Ecosystem structure, 1.7.1. Composition and relative
proportions of ecosystem components (habitats and species).

HELCOM BSAP

Relevance to
commission dec i-
sion criteria and
indicator

1.7. Ecosystem structure
1.7.1. Composition and relative proportions of ecosystem components (habitats and sp e-
cies)
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Method(s) for o b-
taining indicator
values

The functional diversity of a phytoplankton sample is calculated based on species specific
microscopy results and a table, where each taxon is categorized based on the functional
traits that it possesses. The microscopy results are obtained by quantitative analysis of con-
\ventional monitoring samples. A detailed phytoplankton species comp osition analysis re-
quires good species identification skills. In order to get comparable FD index results, the
microscopy methods and the accuracy of species identification must be the same in the
whole investigated data set. For this functional diversit y index, functional diversity is dete r-
mined by using a clustering dendrogram method (Mouchet et al. 2008, Mouchet et al. 2010,
Litchman et al. 2010).

Documentation of
relationship b e-
tween indicator
and pressure

The index was tested as an ecosystem structure indicator, and thus the aim was not to find
relationships between the index and pressures. Instead, the aim was to find a target value
to indicate stability of the community when it is exposed to pressures. The relationship be-
tween phytoplankton community diversity and stability has been shown earlier by e.g. Ptac-
nik et al. (2008).

Geographical rel e-
\vance of indicator

2. Regional

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

Long-term and experimental
and target values/thresholds.
knowledge it was not possible to obtain
olds.

data were used in an attempt to obtain reference conditions
Based on this data and due to gaps in the current scientific
reference conditions and target values or thres h-

Method for dete r-
mining G ES

A target value (lower Ilimit) to indicate stability of the community when it is expressed to
pressures (Ptacnik et al. 2008) was sought. Based on testing performed using long -term
data and experimental data, we conclude that currently a target level for this index cannot
be defined. In the future projects, further studies will be undertaken to determine which
trait composition is the most useful for describing phytoplankton functional diversity, which
method is the most useful to calculate the functional diversity index, and how functional
diversity and various traits are connected to different ecological processes.
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Name of indicator

|Type of Indicator

|State indicator

|Author(s)

|

|Jenni Attila, Sofia Junttila, Saku Anttila and Vivi Fleming -Lehtinen |

Description of the
indicator

The indic ator estimates the annual total biomass of the phytoplankton spring bloom. Spring
is a period of extensive and rapid phytoplankton growth, during which the main part of the
annual phytoplankton production occurs. Quantifying the spring bloom intensity, or the total
biomass developed during a spring bloom, is not possible using monitoring station meas-
urements, which do not produce data at a sufficiently high spatial or temporal frequency.
This spring bloom intensity index -indicator is developed based on the method developed for
Alg@line FerryBox data in Fleming and Kaitala (2006) and also for remote sensing data by
Platt and Sathyendranath (2008) and Platt et al. (2008). The spring bloom intensity is esti-
mated by combining remote sensing and ship-of-opportun ity data in order to obtain maxi-
mum spatial and temporal coverage.

The indicator is demonstrated for the MARMONI 3FIN, 4FIN -ESTand 1EST -LAT areas shown
in Figure 1. In principle, the method is applicable to all Baltic Sea sub -basins. Nevert heless,
it is recommended that the method s first validated against adequate in
situ chlorophyll a measurements when the method is applied to a new sub -basin or water
body.

Relationship of the
indicator to marine
biodiversity

The phytoplankton spring bloom provides a source of energy to the zooplankton community
during its growth phase (Lignell et al. 1993). The annual peak of zooplankton biomass fol-
lows the peak of the spring bloom (Lignell et al. 1993), which thus indirectly affects the
early development of communitie s at higher trophic levels as well (Platt et al. 2003). De-
spite grazing by zooplankton, most of the spring algal biomass eventually settles to the bot-
tom (Lignell et al. 1993), thus potentially increasing oxygen depletion in stratified areas.
However, since the spring bloom forms the major carbon flux to the bottom, it also provides
the main annual input of food to the benthic communities (Kuparinen et al. 1984, Tallberg &
Heiskanen 1998).

Relevance of the
indicator to diffe r-
ent policy instr u-
ments

Marine Strategy Framework Directive (MSFD) descriptors 1, 4, 5.
HELCOM Baltic Sea Action Plan (BSAP)

Relevance to
commission dec i-
sion criteria and
indicator

1.6. Habitat condition
1.6.2. Relative abundance and/or biomass, as appropriate

Method(s) for o b-
taining i ndicator
values

The spring bloom intensity index of Fleming and Kaitala (2006) was further developed using
both ship -of-opportunity and remote sensing chlorophyll a data in order to produce an esti-
mate of the total areal algal biomass produced during the spring bloom. From this data, we
first defined parameters such as the initiation, amplitude, timing and duration of the spring
bloom (Figure 2), based on frequent and spatially comprehensive remote sensing chlor o-
phyl | a measurements. This information was used to derive the spring bloom index.

The remote sensing, or Earth Observation (EO), instrument used in the development of the
indicator was MERIS (MEdium Resolution Imaging Spectrometer). For the method develo p-
ment, we used MERIS data archi ves consisting of years 2003 -2011. The dataset was proc-
essed and is archived at the Finnish  Environment Institute (SYKE).  Chloro-
phyll a concentrations are derived from MERIS observations, i.e. from the measured refle c-
tances, using a neural network -based bio-optical processor (FUB) developed at the Free
University of Berlin (Schroeder et al. 2007a -b). The FUB processor performs atmospheric
correction and solves chlorophyll a concentrations from the MERIS measurements. The pre-
processing of the data consisted of rectification and cloud masking of the individual images.
For the method development, the daily images were further combined to weekly compo s-
ites. Figure 3 shows two examples of weekly composites for the assessment area 4FIN-EST]
in the Gulf of Finland. Each year, the dataset covered the period April -October (typically
weeks between 13 and 44). In principle, spring bloom indicator does not require data after
the summer minimum is reached, but data is available in time series (Figure 3) for other
purposes, such as detecting cyanobacteria period during July-August. The developed indic a-
tor is directly applicable using other instruments, such as the forthcoming OLCI (Ocean and
Land Colour Instrument), which after its launch in 2015 onboard the Sentinel 3A satellite
ill be the most prominent satellite instrument for detecting Baltic Sea water quality. While
Sentinel 3 is not yet on mission, the gap-filling years between the optimal instruments

MERIS and OLCI can be substituted with MODIS and VIIRS data. These instruments provide
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a chlorophyll a estimate with a more modest ground resolution.

The method was developed using nine years of MERIS data. The available data showed that
although satellite information is spatially and temporally very representative, clouds may
hamper the accurate detection of the initiation of the spring bloom, as it this period tends to
be cloudy. Thus, complementing data is often necessity for determining the start week of
the spring bloom. For this purpose, Alg@line FerryBox data was applied. The Alg@line Fer-
ryBox system collects water quality data with automated equipment onboard eight merchant
ships traversing the Baltic Sea. Water quality data, among them chlorophyll a, are recorded
with a spatial resolution of 200 m. The system includes a sequence water sampler collecting
up to 24 water samples along the ship route.

Time series of weekly mean chlorophyll a concentrations were calculated from MERIS and
Alg@line data (Figure 4 and Figure 5). The spring bloom intensity index calculated from
MERIS and Alg@line data were combined to form one time series for each assessment area
(see assessment areas in Figure 1). The limit for the spring bloom period chlor o-
phyll a concentrations was set at 5 Og /(Figur e 4A) (Fleming and Kaitala 2006). The inte n-
sity index was calculated by a time -intensity integral for the weeks where weekly average
exceeded the limit value. Figure 6 presents the intensity index for the assessment area
4FIN -EST using Alg@line data for the years 1992 -2008 and MERIS data for the period 2003 -
2011. The trend line for the same assessment area is presented in Figure 6.

The other characteristics (amplitude, initiation, duration, and timing of maximum) were also
determined from time series of we ekly mean chlorophyll  a concentrations. Table 1 gives
examples of these statistics calculated for each assessment area.

Documentation of

relationship b
tween indicator
and pressure

e-

The indicator reacts primarily to pressures such as changes in nutrient composition, hydr o-
graphy and climate change. The start of the phytoplankton bloom is initiated by increase in
light availability in the euphotic zone and the development of vertical stratification after the
winter (Svedrup 1952). The course of the bloom is determined by nutrient availability in the
upper water column (Lignell et al. 1992, Fleming & Kaitala 2006). Loading of nitrogen,
phosphorus and silicate are thus identified as the main pressures of the indicator. Spring
bloom intensity responds positivel y to pressures.

Geographical rel

e_

\vance of indicator

2. Regional

How Reference

Conditions (target
values/thresholds)

for the indicator
ere obtained?

The target is trend -based, assuming that the spring bloom intensity index shows neither a
decrease nor an increase from the level defined from Alga@line measu rements during 1992 -
2008. The target level was derived using the time series of the spring bloom intensity index
(Fleming and Kaitala 2006). Figure 6 presents the spring bloom intensity index and the
tre nd line derived using Alg@line measurements for years 1992 -2008 and using MERIS data
for years 2003 -2011 for the assessment area 4FIN-EST. The trend line implies changes in
spring bloom intensity level that can be utlized to define the amount of biomass. If the
trend is increasing, it means that the intensi ty of spring bloom (i.e. biomass) increases. If
the trend is decreasing, the spring bloom intensity decreases.

Method for dete
mining GES

r-

GES is determined quantitatively using the target approach. The indicator is applicable for
all areas where the sprin g bloom occurs in such intensity that it has importance for annual
phytoplankton  succession, zooplankton community and where it forms relevant carbon flux
to the bottom. The method can be applied both in local and regional scale as well as on na-
tional waters, i.e. for example for each coastal water body (relevant for WFD reporting for
example). At present, it has been tested for northern parts of the Baltic Sea.
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Figure 1. MARMONI areas for method development: 3FIN Coastal area of SW Finland (left),
4FIN -EST Gulf of Finland (middle) and 1EST  -LAT Gulf of Riga (right).
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Figure 2. Th e properties of the spring phytoplankton bloom in the western Gulf of Finland in
2009, characterized from a time series of chlorophyll concentration. The characteristics that
can be determin ed are amplitude, initiation, timing of maximum and duration.

Figure 3. Two examples of EO interpretation of weekly chlorophyll a mean concentration
[ g/ 1] during spring bloom 2005 i n -ESH 6ulf MAIRAQN IA)
week 17 (25.4 .-1.5.) and B) week 18 (2. -8.5.).
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Figure 4. A) Time series of mean chlorophyll a concentrations and standard deviations de-
rived from remote sensing data (EO, blue lines and bars). The red line indicates the spring
bloom limit value, 5 O g /This example is from the MARMONI project area 4FIN-EST Gulf of
Finland in 2005 . B) Similar time series using remote sensing data (blue lines and bars) and
Alg@line FerryBox data (purple stars and bars). This example is from the MARMONI project
area 3FIN Coastal area of SW Finland in 2005.
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Figure 5. A) Left: Time series using remote sensing data (EO, blue lines and bars) and
Alg@line FerryBox data (purple stars and bars) from the MARMONI project area 3FIN
Coastal area of SW Finland in 2011. Right: Histogram describing the distribution of chlor o-
phyll a concentrations during the spring bloom period. B) Left: Time series using remote
sensing data (blue lines and bars) and Alg@line FerryBox data (purple stars and bars) from
the MARMONI project area 4FIN-EST Gulf of Finland in 2010. Right: Histogram describing
the distribution of chlorophyll a concentrations during the spring bloom period.
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Figure 6. Time series of spring bloom intensity index in the project area 4FIN -EST Gulf of

Finland. Blue stars and lines represent remote sensing data and red stars and lines Alg@line
Ferry Box data. Black line is the linear fit for the data.
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Table 1. The statistics
during the spring bloom, maximum
length of the spring bloom in days and weeks (duration),
for all the studied areas 3FIN Coastal area of SW Finland (Archip elago Sea), 4FIN-EST Gulf
of Finland and 1EST-LAT Gulf of Riga for the years 2009 -2011.

describing

the spring bloom:
concentration

the mean chlorophyll
(peak maximum
the start (initiation)

in table,

a concentration

amplitude),

and end week

Seaarea Year Intensity Mean{ug/1) Peak (ug/l) Peak wk Peak's Length (days) | Length (wk) |Start (wk)| End [wk)
index maximum [ug/1)
2009
82,41 5,89 5,02 17 92,09 14 2 16 17
Archipelago Sea 2010
168,90 6,03 6,56 16 95,70 28 4 15 18
2011
121,29 5,78 6,64 17 99,00 21 3 16 18
2009
135,09 6,43 7,55 16 82,65 21 3 16 18
Gulf of Finland 2010
151,54 7,22 7,52 17 58,16 21 3 15 17
2011
152,60 1.2 774 16 88,76 21 3 16 18
2009
607,73 10,85 15,20 16 61,28 56 B 15 22
Gulf of Riga 2010
576,02 10,29 19,37 17 65,02 56 3 15 22
2011
783,24 13,99 20,76 17 99,48 56 B 14 22
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Name of indicator

|Type of Indicator

||State indicator

Author(s)

Elena Gorokhova, M aiju Lehtiniemi, Solvita Strake, Jurate
ereckiene and Laura Uusitalo

Lesutiene, Natalla De m-

Description of the
indicator

The indicator is based on the idea that zooplankton with a high mean size, i.e. copepods,
would indicate good feeding conditions for zooplanktivorous fish as well as a high pote n-
tial grazing on phytoplankton (e.g. Cardinale et al.2002, R° n k k ° mteal.2004). The
data for the indicator is obtained through routine zooplankton monitoring programs car-
ried out in several Baltic Sea countries. Annual (once a year) sampling provides sufficient
data for the calculation of the indicator, but a higher sampling frequency would probably
be better due to decrea sing the variation in the data. The minimum requirement for the
taxonomic resolution in the sample analysis is to group level, meaning that copepods
have to be counted as their own group. The indicator has a solid scientific basis and it
addresses the impo rtance of zooplankton as the mediator of energy from primary pro-
ducers to fish. This indicator presents the status of the part of the zooplankton comm u-
nity i.e. copepods, which is the most important for maintaining good growth conditions
for pelagic fish stocks. The indicator 6 me asize vs. total st o d&sdpartly the same func-
tion indicating good feeding conditions for zooplanktivorous fish although it does not
separate between large sized cladocerans and copepods as the present indicator does.

Relationsh ip of the
indicator to marine
biodiversity

The indicator reflects changes in the zooplankton community. These changes are indi-
rectly related to changes in nutrient composition and directly related to fish communities,
climate and phytoplankton ~ community composition, and have direct impact on both
phytoplankton communities and fish growth.

The zooplankton community, and its dominant members the copepods, have a crucial
role in the pelagic food web dynamics in transferring energy from primary producers to a
form utilizable by fish. Zooplankton is affected by changes in primary production, indica-
tive of eutrophication, and by changes in the structure and abundance of the fish com-
munity, indicative of overfishing (e.g. Adrian et al. 1999, Yan et al. 2008). Therefore,
zooplankton lives between top-down and bottom -up dynamics, and can potentially yield
a lot of information on the state and dynamics of the aquatic ecosystem (Jeppesen et al.
2011). Copepods are selective feeders. Thus the copepods species composition affects
directly both the phytoplankton and zooplankton species composition and have a pote n-
tial to affect the biodiversity in these communities.

Relevance of the ind
cator to different po
icy instruments

Through collaboration between MARMONI and the HELCOM CORESET project, the indic a-
tor has been agreed as a Candidate Indicator in the HELCOM CORESET of Biodiversity
indicators (HELCOM 2013).

Marine Strategy Framework Directive (MSFD) descriptors 1 Biodiversity, 4 Food web.
HELCOM Baltic Sea Action Plan (BSAP) Ecological Objective: Viable population of species,
Target: By 2021 all elements of the marine food webs, to the extent that they are
known, occur at natural and robust abundance and diversity.

m-
i-

Relevance to co
mission decision cr
teria and indicator

1.2. Population size

1.2.1. Population abundance and/or biomass

1.6. Habitat condition

1.6.2. Relative abundance and/or biomass, as appropriate

Method(s) for obtai
ing indicator values

n-

The indicator is based on zooplankton data obtained from routine zoop lankton sampling
(e.g. HELCOM COMBINE; HELCOM 1988). Copepod abundance is determined by light
microscopy, either by traditional A ma n u adurding, or by an automatic image analysis
method using a scanner and suitable software. Copepod biomass can then be estimated
based on lengt h measurements of individuals (automatic image analysis does this), or by
using species and stages specific pre-established weight values (if sample analysis is
done with 6 ma n ucadntihg by a microscope).

Documentation of

relation ship between
indicator and pre s-
sure

Zooplankton biomass correlates positively with phytoplankton  biomass and hence with
eutrophication; in particular, small -bodied, filter -feeding (microphagous) zooplankters
increase with increasing eutrophication (Gliwicz 1969, Pace 1986, Hsieh et al. 2011). On
the other hand, the large -bodied zooplankters, especially copepods, constitute the best-
quality food items for the zooplanktivorous fish (e.g. Cardinale et al. 2002, R°® nk k ° at
al. 2004). R° n k k ° mteah (2004) reported that in the Gulf of Finland, herring growth
correlates positively with the abundance of the marine copepod species Pseudocalanus
minutus elongatus .

Geographical rel
\vance of indicator

e_

4. Baltic Sea wide
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How Reference Co n-
ditions (target va I-
ues/thr  esholds) for
the indicator were

Good Environmental Status is based on a reference period within existing time series that
defines a reference state when the food web structure represented good fish feeding
conditions.

obtained? The reference period for the copepod indicator was selected when growth of zooplan k-
tivorous fish (weight  -at-age, WAA) and its population size were relatively high.
Recently, Ljunggren et al. (2010) demonstrated that WAA could be used as a proxy for
zooplankton food availability and related fish feeding conditions to fish recruitment in
coastal areas of the northern and central Baltic Sea.
GES boundaries are set region -specifically (e.g. Gulf of Finland, Gulf of Riga, Gulf of
Bothnia _etc.).
Method for determi n- GES is met when
ing GES
I there is a high proportion of copepods, that efficiently graze on phytoplankton and
provide good -quality food for zooplanktivorous fish, and
I the abundance of zooplankton is at the level adequate to support fish growth and
exert control over  phytoplankton production.
GES is determined for the copepod biomass in the zooplankton community.
GES-boundary (lower limit) for the open Gulf of Finland (MARMONI 4FIN -EST area) is
>70 mg/m 3. The status for the assessment period 2010 -2012 for this area is in GES,
indicator value is 160.8 mg/ m 3. The reference periods considered where 1979 -1987.
References Adrian , R., Hansson, S., Sandin, B., DeStasio, B., Larsson, U. (1999) Effects of food

availability and predation on a marine zooplankton community & a study on copepo ds in
the Baltic Sea. Int Rev Hydrobiol 84:609 i 626

Cardinale M., Casini M., Arrhenius F. (2002) The influence of biotic and abiotic factors on
the growth of sprat (Sprattus sprattus ) in the Baltic Sea. Aquat. Liv. Res.: 273-281.

Gliwicz, Z.M. (1969) Studies on the feeding of pelagic zooplankton in lakes with varying
trophy. Ekol. Pol., 17, 6637 708.

HELCOM (1988) Guidelines for the Baltic monitoring programme for the third stage. Part
D. Biological determinants. Baltic Sea Environment Proceedings 27D: 1-161.

HELCOM (2013). MSTS indicator description sheet. Downloadable from HELCOM web
site: http://meeting.helcom.fi/c/document_library/get_file?p | _id=80219&folderld=2289
395&name=DLFE -54128.docx

Hsieh CH, et al. (2011) Eutrophication and warming effects on long-term variation of
zooplankton in Lake Biwa. Biogeosciences 8: 593-629.

Jeppesen E, et a.l (2011) Zooplankton as indicators in lakes: a scientific -based plea for
including zooplankton in the ecological quality assessment of lakes according to the
European Water Framework Directive (WFD). Hydrobiologia 676: 279 -297.

Ljunggren, L., Sandst rAS Ber gst U9 Mattila, J.,, Lappalainen, A., Johansson, G,
Sundblad, G., Casini, M., Kaljuste, O., and Eriksson, B. K. (2010). Recruitment failure of
coastal predatory fish in the Baltic Sea coincident with an offshore ecosystem regime
shift. ICES Journal of Marine Science, 67: 1587 -1595.

Pace, M.L. (1986). An empirical analysis of zooplankton community size structure across
lake trophic gradients. Limnol. Oceanogr. 31: 45-55.

R° n k k °,nSe,nOjaveer , E., Raid T., Viitasalo , M. (2004) Long-term changes in Baltic
herring (Clupea harengus membras ) growth in the Gulf of Finland. Canadian Journal of
Fisheries and Aquatic Sciences 61: 219 -229.

Yan ND, et al. (2008) Long-term trends in zooplankton of Dorset, Ontario, lakes: the
probable interactive effects of changes in pH, total phosphorus, dissolved organic carbon,

and predators. Can. J. Fish. Aquat. Sci. 65: 862 -877.



http://meeting.helcom.fi/c/document_library/get_file?p_l_id=80219&folderId=2289395&name=DLFE-54128.docx
http://meeting.helcom.fi/c/document_library/get_file?p_l_id=80219&folderId=2289395&name=DLFE-54128.docx
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Name of indicator

3.8 Zooplanktondiversity

|Type of Indicator

|

|State indicator |

|Author(s)

|

|Laura Uusitalo and  Maiju Lehtiniemi |

Description of the
indicator

The indicator aims to describe the species diversity of zooplankton in the Baltic Sea by ap-
plying S h an n odivérsity index (Shannon 1948). The index was calculated from routine
zooplankton monitoring data for each year (1979 -2008) and sub-basin around Finland (Gulf
of Finland, Bothnian Sea, Bothnian Bay) including the MARMONI study area 4FIN-EST in the
Gulf of Finland.

\Within the framework of the MARMONI project, we tested the usability of this diversity index
as a biodiversity indicator. At present, the index is not ready to be utilized as an indicator.
To obtain a species diversity index which could be used as a simple biodiversity indicator,
further studies are needed to determine how species diversity is related to ecological pro c-
esses and pressures.

Relationship of the
indicator to ma
biodiversity

rine

The Shannon index provides information about the rarity and commonness of species in a
community. The ability to quantify diversity in this way would be an important tool to de-
scribe zooplankton community structure. The index was tested with natural zooplankton
community data from routine monitoring, collected from the northern Baltic Sea, including
also the MARMONI 4FIN-EST area. The aim of the testing was to see how well the index
relates to ecological processes and pressures.

However, the results from our testing showed no relationship between Shannon index val-
ues, changes in the long-term data, and pressures. We conclude that the tested method,
Shanno n 6 diversity index, cannot be taken into use as a zooplankton biodiversity indicator
at the moment.

Relevance of the
indicator to diffe

ments

r-

ent policy instr u-

Marine Strategy Framework Directive (MSFD) descriptor 1 Biodiversity, 1.6 Habitat condi-
tion, 1.6.1. Condition of the typical species and communities.
HELCOM Baltic Sea Action Plan

Relevance to
commission dec
sion criteria and
indicator

1.6. Habitat condition
1.6.1. Condition of the typical species and communities

\vance of indicator

Method(s) for o b- |[The indicator is based on zooplankton data obtained from routine =zooplankton sam pling
taining indicator (e.g. HELCOM COMBINE; HELCOM 1988). Individual numbers of species are counted using a
values microscope and biomass can then be estimated based on length measur ements of individ u-
als or by using species and stages specific pre-established weight values. The indicator
\value is attained by calculating S h a n n odivérsty index on zooplankton species abundance
data. It is important that the zooplankton species compos ition in the samples is analysed to
the highest taxonomic resolution possible (preferably to species(sub -species) level).
Documentation of Taxonomic diversity, as computed by S h a n n oimdéxs constitutes of two components: the
relationship b e- number of species present in the system, and the evenness of those species. Hence, the
tween indicator biodiversity of zooplankton is expected to decrease in two cases:
and pressure
a) If the number of species decreases, e.g. due to deteriorating environmental conditions
so that the most sensitive species do not survive.
b) If the evenness of the species decreases, i.e. some species increase in abundance.
This can be caused by introduction on invasive species, or if environmental conditions favour
some species so that their abundance strongly increases.
Geographical rel e- (/4. Baltic Sea wide

How Reference
Conditions (target
values/thresholds)
for the indicator
ere obtained?

Trend based targets could be used with the target: no decline in zooplankton biodiversity
over time. Long-term data were used in an attempt to obtain reference conditions and tar-
get values/thresholds.  Trends in index values were tested using the Mann-Kendall nonpar a-
metric trend test. Based on this data and due to gaps in the current scientific knowledge it
was not possible to obtain reference conditions and target values or thresholds.

Method for dete
mining GES

r-

Based on testing performed using long-term data we conclude that currently a target level
for this index cannot be defined.
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References HELCOM (1988) Guidelines for the Baltic monitoring programme for the thir d stage. Part D.
Biological determinants. Baltic Sea Environment Proceedings 27D: 1-161.

Shannon, C.E. 1948. A mathematical theory of communication. T The Bell System Technical
Journal 27:379 1423, 6231 656.
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Name of indicator

|Type of Indicator ||State indicator

Author(s) Elena Gorokhova, M aiju Lehtiniemi, Solvita Strake, Jurate Lesutiene, Natalja Demereckiene
and Laura Uusitalo

Description of the The indicator is based on the idea that small -sized herbivorous zooplankton indicate a limi-

indicator tation in the ability of the zooplankton community to transfer energy from primary produ c-
ers to higher trophic levels (HELCOM 2013, Gorokhova et al. in prep.). These small -sized
zooplankters, i.e. microp hagous mesozooplankton, include rotifers, non-predatory cladoce r-
ans, copepod nauplii, rotifers , tintinnids and protozoans. This indicator shows the changes in
the zooplankton community structure related to eutrophication and gives a more detailed
picture of the change in the species diversity in the zooplankton community compared to
mean size vs. total stock indicator.
The data for the indicator is obtained through routine zooplankton monitoring programs
carried out in several Baltic Sea countries. Annual (once a year) sampling provides sufficient
data for the calculation of the indicator, but a higher sampling frequency would probably be
better due to decreasing the variation in the data. It is important that the zooplankton spe-
cies composition in the samples is analysed to the highest taxonomic resolution possible
(preferably to species level). The indicator has a solid scientific basis and it addresses the
importance _ of zooplankton as the mediator of energy from primary producers to fish.

Relationship of the |The indicator reflects changes in the zooplankton comm unity. These changes are indirectly

indicator to marine related to changes in nutrient composition and directly related to climate and phytoplankton

biodiversity community composition, and have direct impact on phytoplankton communities.
Zooplankton has a crucial role in the pelagic food web dynamics: it transfers energy from
primary producers to a form utilizable by fish. Zooplankton is affected by changes in primary
production, indicative of eutr ophication, and by changes in the structure and abundance of
the fish community, indicative of overfishing (e.g. Adrian et al. 1999, Yan et al. 2008).
Therefore, zooplankton lives between top-down and bottom -up dynamics, and can pote n-
tially yield a lot of information on the state and dynamics of the aquatic ecosystem (Jepp e-
sen et al. 2011). Small -sized microphagous zooplankton feed mainly on phytoplankton, bac-
teria and detritus. Many of the se organisms can reproduce rapidly due to parthenogenetic
reproduction and will in optimal environmental conditions potentially reduce zooplankton
biodiversity and evenness of the community. The species composition in the zooplankton
community affects dire ctly both the phytoplankton and zooplankton species composition and
have a potential to affect the biodiversity in these communities.

Relevance of the Through collaboration between MARMONI and the HELCOM CORESET project, the indicator

indicator to diffe r- |has been agreed as a Candidate Indicator in the HELCOM CORESET of Biodiversity indicators

ent policy instr u- (HELCOM 2013).

ments Marine Strategy Framework Directive (MSFD) descriptors 1 Biodiversity, 5 Eutrophication.
HELCOM Baltic Sea Action Plan (BSAP) Ecological Objective: Viable population of species,
Target: By 2021 all elements of the marine food webs, to the extent that they are known,
occur at natural and robust abundance and diversity.

Relevance to 1.2. Population size

commission dec i- |[1.2.1. Population abundance and/or biomass

sion criteria and 1.6. Habitat condition

indicator 1.6.2. Relative abundance and/or biomass, as appropriate

Method(s) for o b- |[[The indicator is based on zooplankton data obtained from routine zooplankton sampling

taining indicator (e.g. HELCOM COMBINE; HELCOM 1988). Individual numbers of species and life stages are

alues counted using a microscope. Microphagous mesozooplankton biomass can then be estimated
based on length measurements of individuals, or by using species and stages specific pre-
established weight values.

Documentation of Eutrophication favours small -sized, filter -feeding phytoplankton and detritus production,

relations hipb e- which in turn favours microphagous zooplankton (Gliwicz 1969, Pace 1986, Hsieh et al.

tween indicator 2011). Climate change will increase the water temperature which will favour most of the

and pressure microphagous zooplankters due to rapid parthenogenetic reproduction in optimal conditions
(often warm water).

Geographical rel e- (/4. Baltic Sea wide

vance of indicator
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How Reference

Conditions (target

\values/thresh

for the indicator
ere obtained?

olds)

Good Environmental Status is based on a reference period within existing time series that
defines a reference state when the food web structure was not measurably affected by eu-
trophication.

The reference period for the microphagous zooplankton indicator was selected when

GES for chlorophyll a concentrations and water transparency that have been specifically
defined for the sub  -basins of the Baltic Sea (HELCOM 2009) are met.

GES boundaries are set region -specifically (e.g. Gulf of Finland, Gulf of Riga, Gulf of Bothnia
etc. ).

GES-boundary (upper limit) for the open Gulf of Finland (MARMONI 4FIN-EST area) is < 143
mg/m 3. The status for the assessment period 2010 -2012 for this area is GES, indicator
value is 14,80 mg/ m?®. The reference periods considered where 1979 -1982.

Method for dete

r-

The reference period for the microphagous zooplankton biomass reflects a time period when

mining GES effects of eutrophication are low, defined as 6 a c c e p tchldrdplyld a concentration and
hence eutrophication -related food web changes are negligible.
References )Adrian , R., Hansson, S., Sandin, B., DeStasio, B., Larsson, U. (1999) Effects of food avail-

ability and predation on a marine zooplankton community & a study on copepods in the Baltic
Sea. Int Rev Hydrobiol 84:609 i 626.

Gliwicz, Z.M. (1969) Studies on the feeding of pelagic zooplankton in lakes with varying
trophy. Ekol. Pol., 17, 6631 708.

HELCOM (1988) Guidelines for the Baltic monitoring programme for the third stage. Part D.
Biological determinants. Baltic Sea Environment Proceedings 27D: 1-161.

HELCOM (2013). MSTS indicator description sheet. Downloadable from HELCOM web
site: http://meeting.helcom.fi/c/document_library/get_file?p | id=80219&folderld=2289395
&name=DLFE -54128.docx

Hsieh CH, et al. (2011) Eutrophication and warming effects on long-term variation of zoo-
plankton in Lake Biwa. Biogeosciences 8: 593 -629.

Jeppesen E, et al. (2011) Zooplankton as indicators in lakes: a scientific -based plea for
including zooplankton in the ecological quality assessment of lakes according to the Euro-
pean Water Framework Directive (WFD). Hydrobiologia 676: 279 -297.

Pace, M.L. 1986. An empirical analysis of zooplankton community size structure across lake
trophic gradients. Limnol. Oceanogr. 31: 45-55.

'Yan ND, et al. (2008) Long-term trends in zooplankton of Dorset, Ontario, lakes: the pro b-
able interactive effects of changes in pH, total phosphorus, dissolved organic carbon, and

predators. Can. J. Fish. Aquat. Sci. 65: 862 -877.
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Name of indicator

|Type of Indicator

|State indicator

Author(s)

Elena Gorokhova, Maiju Lehtiniemi, Jurat e Lesutiene, Solvita Strake, Laura Uusitalo, Natalja

Demereckiene, Callis Amid

Description of the
indicator

The indicator is based on the idea that the mean size of zooplankton and the biomass or
abundance, when examined together, provide more information than when the parameters
are considered separately. Abundant zooplankton with a high mean size would indicate good
feeding conditions for zooplanktivorous fish as well as high potential grazing on phytoplan k-
ton; while other combinations (small total stock, or small mean size, or both) would indicate
limitations in the ability of the zooplankton community to transfer energy from primary pro-
ducers to higher trophic levels (HELCOM 2013, Gorokhova et al. in prep.).

The data for the indicator is obtained throu gh routine zooplankton monitoring programs
carried out in several Baltic Sea countries. Annual (once a year) sampling provides sufficient
data for the calculation of the indicator, but a higher sampling frequency would probably be
better due to decreasing the variation in the data. There is no minimum requirement for the
taxonomic resolution in the sample analysis because the only required data is the number of
individuals and the size of the individuals.

has a solid scientific basis and it addresses the importance of zooplankton as
of energy from primary producers to fish. However, the inherent noise in zoo-
in setting the GES boundaries, as well as evaluating the

The indicator
the mediator
plankton data presents a challenge

Relationship of the
indicator to marine
biodiversity

indicator values from year to year.

The indicator reflects changes in the zooplankton community. These changes are indirectly
related to changes in nutrient composition and directly related to fish communities, climate
and phytoplankto n community composition, and have direct impact on both phytoplankton

communities and fish growth.

role in the pelagic food web dynamics: it transfers energy from
is affected by changes in primary

Zooplankton has a crucial
primary producers to a form utilizable by fish. Zooplankton

production, indicative of eutrophication, and by changes in the structure and abundance of
the fish community, indicative of overfishing (e.g. Adrian et al. 1999, Yan et al. 2008).
Therefore, zooplankton lives between top-down and bottom -up dynamics, and can pote n-

tially yield a lot of information on the state and dynamics of the aquatic ecosystem (Jeppe-
sen et al. 2011). Zooplankters are selective feeders. Some species eating solely herbiv o-
rously or carnivorously but many of the species are omnivorous utilising both phytoplankton

and zooplankton species as prey. The size of zooplankters affects their prey selection. Thus
the species composition in the zooplankton community affects directly both the phytoplan k-
ton and zooplankton species composition through size-selective feeding and have a potential
to affect the biodiversity in these communities.

Relevance of the
indicator to diffe r-
ent policy instr u-
ments

Through collaboration between MARMONI and the HELCOM CORESET project. The indicator
has been listed as a Core Indicator in the HELCOM CORESET of Biodiversity indicators
(HELCOM 2013.
Marine Strategy Framework Directive (MSFD) descriptors 1 Biodiversity, 4 Food webs.
HELCOM Baltic Sea Action Plan.

Relevance to
commission dec i-
sion criteria and
indicator

1.2. Population size

1.2.1. Population abundance and/or biomass

1.3. Population condition

1.3.1. Population demographic characteristics (e.g. body size or age class structure, sex
ratio, fecundity rates, survival/ mortality rates)

1. 6. Habitat condition

1.6.1. Condition of the typical species and communities

Method(s) for o b-
taining indicator
values

The indicator is based on zooplankton data obtained from routine zooplankton sampling
(e.g. HELCOM COMBINE; HELCOM 1988). The total stock (indicated as either biomass or
abundance) means the number of zooplankton individuals. Abundance is determined by light

fi ma n u axdurdting, or by an automatic image analysis
Biomass can be estimated based on length
or by using species and
is done with 6 ma n |

microscopy, either by traditional
method using a scanner and suitable software.
measurements of individuals (automatic image analysis does this),
stages specific pre-established weight values (if sample analysis
counting by a microscope). The mean size of the zooplankton community is calculated by
dividing the biomass of the whole community by the number of zooplankton individuals. The
indicator is based on the combination of these two values (total stock and mean size).
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Documentation of
relationship be-
tween indicator
and pressure

Zooplankton biomass correlates positively with phytoplankton biomass and hence with eu-
trophication; in particular, small -bodied, filter -feeding (microphagous) zooplankters increase
with increasing eutrophication (Gliwicz 196 9, Pace 1986, Hsieh et al. 2011). On the other
hand, the large -bodied zooplankters, especially copepods, constitute the best-quality food
items for the zooplanktivorous fish (e.g. Cardinale et al. 2002, R° n k k ° eteln 2004).

R° n k k ° etealn (2004) repor ted that in the Gulf of Finland, herring growth correlates posi-
tively with the abundance of the marine zooplankton species Pseudocalanus minutus elong a-
tus .

Geographical rel e-
vance of indicator

4. Baltic Sea wide

How Reference
Conditions (target
values/thr  esholds)
for the indicator

ere obtained?

Good Environmental Status is based on a reference period within existing time series that
defines a reference state when the food web structure was not measurably affected by eu-
trophication and/or representing good fish feeding conditions.

The reference period for the zooplankton indicator was selected when
1. GES for chlorophyll a concentrations and water transparency, that have been sp e-
cifically defined for the sub  -basins of the Baltic Sea (HELCOM 2009), were in GES , and

2. Growth of zooplanktivorous fish (weight
rel atively high.

-at-age, WAA) and population size were

Recently, Ljunggren et al. (2010) have demonstrated that WAA could be used as a proxy for
zooplankton food availability and related fish feeding conditions to fish recruitment in coastal
areas of the northern and central Baltic Sea.

GES boundaries are set region -specifically (e.g. Gulf of Finland, Gulf of Riga, Gulf of Bothnia
etc.).

Method for dete r-
mining GES

GES is met when

i thereis a high contribu tion of large -sized individuals (mostly copepods) in the zooplankton
community that efficiently graze on phytoplankton and provide good -quality food for zo o-
planktivorous fish, and

I the abundance of zooplankton is at the level adequate to support f
control over phytoplankton production.

ish growth and exert

GES will be determined for two parameters: mean size and the total abun-

dance or biomass of the zooplankton community

the zooplankter
(Fig. 1).

- The reference period for the mean size: the GES boundary is at lower 95% CI of the mean
during a time period when zooplankton is adequate to support high growth of zooplanktiv o-
rous fish (measured as weight at age [WAA] and high stock size). The high WAA values in
combination with relatively high stock abundance (to avoid density -dependent WAA) indi-
cate good growth of the herring stock because of high abundance of high -quality food (usu-
ally large amount of copepods) and, thus, a good reference period with regard to the fish-
feeding conditions.

- The reference period for the total zooplankton abundance (or biomass) reflects a time pe-
riod when effects of eutrophication are low, defined as 6 a ¢ c e p tcldooophglld a concentr a-
tion (i.e. EQR > 1) and hence eutrophication -related food web changes are neglig ible.

- The obtained values (mean size and total zooplankton abundance) are placed to the sche-
matic 4-square (Fig. 1), where the areas of the diagram get values from 1 to 3 (lower Ileft
corner = 1 = below GES, upper left and lower right corners = 2 = below GES and upper
right corner = 3 = GES). Thus if both mean size and total zooplankton abundance values
settle to the upper right corner, the GES is met and the indicator value is 3.

GES-boundaries for the open Gulf of Finland (MARMONI 4FIN-EST area) are >0 .0063 mg for
the mean size and >9080 ind/m 2 for total abundance, indicator value is 3. The status for the
assessment period 2010 -2012 for this area is below GES, indicator value is 2 (mean size =
0.0056 mg and total abundance= 32671 ind/m 3). The reference periods considered were
1979 -1982 for mean size and 1979 -1987 for total abundance.

GES-boundaries for the Gulf of Riga (MARMONI 1EST-LAT area) are >0.0027 mg/ind for the
mean size and >91722 ind/m ® for total abundance, indicator value is 3.The status for the
assessment period 2010 -1012 for this area is below GES, indicator value is 2 (mean size =

0.0036 mg/ind and total abundance = 83853 ind/m ®). The reference periods considered
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||were 1993 -1997 for mean size and 1995 -1999 for total abundan ce.
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Figure 1. A schematic diagram of the use of the indicator. The green area represents GES
condition, yellow areas represent sub-GES conditions where only one of the two parameters
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\

is adequate, and the red area represents sub-GES conditions where both parameters fail.
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4 Bird indicators

Name of indicator 4.1 Abundanceindex of wintering waterbird species

|Type of Indicator ||State indicator |

|Author(s) ||Ainars Alueniife gNi | sson, Andres Kuresoo, Leho Luigd

Description of the
indicator

This is a single species indicator and it reflects population level at wintering season of the
particular species compared to reference level (populat ion at base year or period). Index is
calculated for all species that are regularly recorded at inshore and offshore areas of the

Baltic Sea during wintering period. Indicator is calculated separately for inshore and offshore

areas due to different data co llection sch emes.

Baltic -wide indicators are calculated separately for each of the following species:

olor, Cygnus cygnus, Fulica atra, Anas platyrhynchos, Clangula hyemalis, Melanitta nigra,
Melanitta fusca, Somateria mo llissima, Aythya marila, Ayt hya fuligula, Bucephala clangula,
Aythya ferina, Mergus albellus, Gavia stellata, Gavia arctica, Mergus merganser, Mergus
serrator, Podiceps cristatus, Alca torda, Uria aalge, Cepphus grylle, Larus minutus, Larus
ridibundus, Larus canus, Larus argentatus, Larus marinus . Species lists for national and
subbasin versions of these indicators are country and subbasin specific.

Cygnus

Relationship of the
indicator to marine
biodiversity

The indicator reflects status of important components of the marine biodiversity.
tor (population indices for each species) is further used for calculation of other indicators
(e.g. Wintering waterbird index)

This indic a-

Relevance of the

taining indicator
alues

MSFD descriptor s 1 (species level/population size and habit at level/condition of typical sp e-
indicator to diffe r- |lcies) and 4 (abundance trends of functionally important selected species).
ent policy instr u- Habitats Directive (this indicator is needed for Article 17 reporting to report status of typical
ments species of the habitat types 1110 and 1170; Anon 2 007, Aunins 2010)
Birds Directive (this indicator is needed for Article 12 reporting to report long -term and
short -term population trend of all regularly occurring wintering marine waterbird species.
HELCOM CORESET (in collaboration with MARMONI an inshore part of this indicator deve I-
oped using inshore data collected during International Waterbird Census)
Relevance to 1.2. Population size
commission dec i- |[1.2.1. Population abundance and/or biomass
sion criteria and 1.6.1. Condition of the typical sp ecies and communities
indicator
Method(s) for o b- |[Field data collection: using any of the standard methods. For inshore part of the indicator

coastal ground counts (such as International Waterbird Census; methods described in We
lands Interna tional 2010) are used. This type of data has been collected in all Baltic Sea
countries for decades. Data for offshore part of the indicator need to be collected using ships

or planes (Komdeur et al. 1992, Petersen et al. 2005, Camphuisen et al . 2006, Nils son
2012).
Indicator calculation: The index gives species population abundance relative to population at

base time (period). Average wintering population during 1991 - 2000 period is suggested as
base level. To obtain the population index, site and year specific counts of individuals of
particular species are related to site and year effects (factors) and missing values are i

puted from the data of all surveyed sites.

m-

Freeware program me TRIM is availabl e to produce annual indices based on loglinear model S
(Pannekoek & van Strien 1998). In addition to annual indices, TRIM allows the estimation of
trends over the whole period.

To separate true time effects from other impacts such as climate change, using m odels that
include climate specific covariate has be en suggested (Aunins et al . in prep). The suggested
model includes mean air temperature during the week preceding bird counts as a covariate

in addition to site and year and used GAM (generalised additive modelling) framework. The

model accounts for serial correlation and overdispersion.

Documentation of
relationship b e-
tween indicator
and pressure

Each of the species for which the indicator is calculated respond to different pressures. |
portant pressures and response patterns vary among the species. The
on species) responds to:

m_
indic ator (depending
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eutrophication

oil pollution/shipping
hazardous substances
fishing pressure

bycatch

hunting

fisheries discards

coastal development

wind energy

sand and gravel extraction

climate change

Latest knowledge and summary of related studies are given in Skov etal. 2011
Contribution of each particular pressure on a given species can be controlled by including
additional explanatory variables characterising the level of the pressure as covariates

indicator calculation model.

in the

Geographical rel
\vance of indicator

e-

2. Regional
3. National waters
4. Baltic Sea wide

How Reference
Conditions (target
\values/ thres h-
olds) for the ind i-
cator were 0 b-
tained?

Reference conditions (GES thresholds) are set at 30% on both sides from bas
level (i.e. mean population during 1991 - 2000 period). Thus indicator for each particular
species can be considered being at GES if it falls between 70 and 130% (ICES 2013).

e population

Method for dete r-
mining GES

Currently GES levels have been set arbit  rarily at 30% on both sides from base population
level (i.e. mean population during 1991 - 2000 period). More ecological studies are needed
to set species specific GES thresholds as well as to choose different and species spec
periods reflecting  base population levels.

ific time
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Figure 2. Example draft indicator for inshore part of the Baltic sea (currently only data from
Sweden, Estonia, Latvia, Lithuania, Poland (only Gulf of Gdansk) and Germany used):
Common Eider Somateria mollissima .
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Name of indicator 4.2 Wintering waterbird index (WWBI)

|Type of Indicator ||State indicator |
|Author(s) ||Ainars Auni e2g, Leif Nilsson, Andres Kuresoo, Le|

Description of the
indicator

This is a multi -species indicator and it reflects status of wintering waterbird community
compared to base (reference) level. All regularly occurring species at inshore and offshore
areas of the Baltic Sea during wintering period are included in calculatio n of the indicator.
Indicator is calculated separately for inshore and offshore areas due to different data colle c-
tion schemes.

Computationally this i  ndicator is similar to farmland bird index (one of the EU Sustainable
development indicators) and other wi Id bird indices that are calculated for breeding land
birds (Gregory et al. 2005, Gregory, van Strien 2010). The multi -species index is calculated
fro m single species indices (the indicator "Abundance index of wintering waterbird species”).

Species to be i ncluded in the calculation of the Baltic -wide version of this  indicator are:  Cyg-
nus olor, Cygnus cygnus, Fulica atra, Anas platyrhynchos, Clangula hyemalis, Melanitta n i-
gra, Melanitta fusca, Somateria mo llissima, Aythya marila, Aythya fuligula, Bucephala clan-
gula, Aythya ferina, Mergus albellus, Gavia stellata, Gavia arctica, Mergus merganser, Me r-
gus serrator, Podiceps cristatus, Alca torda, Uria aalge, Cepphus grylle, Larus minutus, L a-
rus ridibundus, Larus canus, Larus argentatus, Larus marinus . For subba sin or national ve r-
sions of the indicator species lists a re country and subbasin specific.

Relationship of the
indicator to marine

The in dicator reflects health of waterbird communities of marine environment. In this type
of single multi -species indicator (geometric mean of the single species indices) both abu n-

biodiversity dance and diversity of its forming species is taken into account (Gregory, van St rien 2010).

Relevance of the MSFD descriptor s 1 (ecosystem level) and 4 (abundance trends of functionally important

indicator to diffe r- |iselected species) .

ent policy instr u-

ments HELCOM CORESET (in collaboration with MARMONI an inshore part of this indicator deve I-
oped using inshore data collected during International Waterbird Census).

Relevance to 1.6.1. Condition of the typical species and communities

commission dec i- |[1.7. Ecosystem structure

sion criteria and 1.7.1. Composition and relative proport ions of ecosystem components (habitats and sp e-

indicator cies)

Method(s) for o b- |[Field data collection: using any of the standard methods. For inshore part of the indicator

taining ind  icator coastal ground counts (such as International Waterbird Census; methods described in We t-
alues lands International 2010) are used. This type of data has been collected in all Baltic Sea

countries for decades. Data for offshore part of the indicator need to be collected using ships

or planes (Komdeur et al. 1992, Petersen et al. 2005, Camphuisen et al. 2006, Nilsson
2012).
Indicator calculation: The indicator is calculated from single species indices (see Abundance

index of wintering waterbird species) using geometric mean. Every species is treated equally

varcFy = (f j \ - (l.mrlf,r)
(no weighting). Standard errors are calculat ed using formula ! = i ,
wh er & multi -speciesindex value, T 7 number of indices (species), It i species abundance

index value

Documentation of
relationship b e-
tween indicator
and pressure

This multispecies indicator is affected by all pressures acting on dica-

tor. Thus the indicator responds to ensemble of following pressures:

species forming the in

eutrophication

oil pollution/shipping
hazardous substances
fishing pressure
bycatch

hunting

fisheries discards

coastal development
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wind energy
sand and gravel extraction
climate change
Latest knowledge and summary of related studies on response of marine waterbird species
to important pressures are given in Skov etal. 2011
Contribution of each particular pressure can be controlled by including additional explan a-
tory variables characterising the level of the pressure as covariates in the indicator calcul a-
tion model.
Geographical rel e- |[2. Regional

\vance of indicator

3. National waters
4. Baltic Sea wide

How Reference
Conditions (target
values/thresholds)
for the indicator
ere obtained?

Reference conditions (GES thresholds) are set at 30% on both sides from base population
level (i.e. mean population during 1991 - 2000 period). Thus indicator can be considered
being at GES if it falls between 70 and 130% (ICES 2013).

Method for dete r-
minin g GES

Currently GES levels have been set arbitrarily at 30% on both sides from base population
level (ICES 2013). More ecological studies are needed to set more precise and better just i-
fied GES thresholds or to choose different time period to serve as bas e level.
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for waterbird counting. Report prepared by Wetlands International.
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[llustrative mat
rial for indicator
documentation

e-

Example draft indicator for inshore part of the Baltic S
except Russia used):

Index (%)
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Figure 1. Wintering Waterbird Index (Aunins

Included species:
Cygnus olor, Anas platyrhynchos, Aythya
mollissima, Clangula hyemalis, Melanitta nigra, Melanitta fusca

ea (data from all Baltic Sea countries

— Estimated index
95% confidence interval

1993 1995 1997 1999 2001 2003 2005 2007 2009
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etal . in prep)

Gavia stellata, Gavia arctica, Podiceps cristatus, Phalacrocorax carbo,

ferina, Aythya fuligula, Aythya marila, Somateria
, Bucephala clangula, Mergus

albellus, Mergus serrator, Mergus albellus, Fulica atra
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Name of indicator

4.3 Wintering indicesfor waterbirds of different feedingguilds(WWBIFG)

|Type of Indicator

|

|State indicator

|Author(s)

|

|Ainars Auni e2g, Leif Nilsson, Andres Kuresoo,

Le

Description of the
indicator

This is a set of multi species indicators reflecting status of specific feeding guilds in the wi
tering waterbird communities compared to base (refere nce) level. We suggest separate ind
ces for herbivorous bent  hic feeders, invertebrate benthic feeders, fish feeders and gulls. All
regularly occurring species with the specific feeding habits at inshore and offshore areas of
the Baltic Sea during wintering period are included in calculation of the indicators. Indicator

is calculated separately for inshore and offshore areas due to different data collection

sche mes.

Computationally this indicator is similar to the suggested Wintering Waterbird index and

othe r wild bird indices that are calculated for breeding land birds such as farmland bird i
dex (Gregory et al. 2005, Gregory, van Strien 2010). The multi -species indices are calc
species ").

Species to be included in the guild specific indices are as follows:

Benthic herbivore index : Cygnus olor, Cygnus cygnus, Fulica atra, Anas platyrhynchos

Benthic invertebrate  feeder index : Clangula hyemalis, Melanitta nigra, Melanitta fusca,
Somateria mo llissima, Polysticta stelleri, Aythya marila, Aythya fuligula, Bucephala clangula,

IAyth ya ferina

Fish feeder index : Gavia stellata, Gavia arctica, Mergus merganser, Mergus serrator, P
diceps cristatus, Alca torda, Uria aalge, Cepphus grylle

Gull index : Larus minutus, Larus ridibundus, Larus canus, Larus argentatus, Larus fuscus,
Larus marinus

lated from single species indices (the indicator flfAbundance index of wintering waterbird

n-
i-

n-
u-

O_

Relationship of the
indicator to marine
biodiversity

environment. In this single multispecies -indicator indicator  (geometric mean of the single
species indices) both abundance and diversity of its forming species is taken into account
(Gregory, van Strien 2010).

The indicator reflects health of specific feeding guilds in waterbird communities of marine

Relevance of the
indicator to diff

ments

er-

ent policy instr u-

MSFD descriptor s 1 (ecosystem level) and 4 (abundance trends of functionally important
selected species).

HELCOM CORESET (in collaboration with MARMONI an inshore part of this indicator deve
oped using inshore data collected during International Waterbird Census).

Relevance to
commission dec
sion criteria and
indicator

1.6.1. Condition of the typical species and communities

1.7. Ecosystem structure

1.7.1. Composition and relative proportions of ecosystem components (habitats and sp e-
cies)

Method(s) for o
taining indicator
values

b-

Field data collection : using any of the standard methods. For inshore part of the indicator
coastal ground counts (such as International Waterbird Census; methods described in We

lands International 2010) are used. This type of data has been collected in all Baltic Sea
countries for decades. Data for offshore part of the indicator need to be collected using ships

201 2).
Indicator calculation : The indicator is calculated from single species indices (see Abundance

index of wintering waterbird species) using geometric mean. Every species is treated equally
(no weighting). Standard errors are calculated using

ot Fy = (!) E.(mrlﬁrj
r) &\ B

ces (species), It i species abundance index value

or planes (Komdeur et al. 1992, Petersen et al. 2005, Camphuisen et al. 2006, Nilsson

formula ,  wh e eultit-species index value, T 7 number of ind -

Documentation of
relationship b e-
tween indicator
and pressure

These multispecies indicators are affected by all pressures acting on species forming t
indicator of a particular feeding guild. Thus each indicator responds to ensemble of following
pressures:

eutrophication

he
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oil pollution/shipping
hazardous substances
fishing pressure

bycatch

hunting

fisheries discards

coastal development

wind energy

sand and gravel extraction
climate change

Latest knowledge and summary of related studies on response of marine waterbird species
to important pressures are given in Skov etal . 2011

Contribution of each particular pressure to a given indicator can be controlled by including
additional explanatory variables characterising the level of the pressure as covariates in the
indicator calculation model.

Geographical rel  e- |[2. Regional
lvance of indicator 3. National waters
4. Baltic Sea wide
How Reference Reference conditions (GES thresholds) are set at 30% on both sides from base population
Conditions (tar get |level (i.e. mean population during 1991 - 2000 period). Thus indicator can be considered

values/thresholds)
for the indicator
ere obtained?

being at GESifit fall s between 70 and 130% (ICES 2013).

Method for dete r-

Currently GES levels have been set arbitrarily at 30% on both sides from base population

mining GES level (ICES 2013). More ecological studies are needed to set more precise and better just i-
fied guild sp ecific GES thresholds or to choose different guild specific time period to serve as
base level.

References Camphuysen C.J., Fox A.D., Leopold M.F. & Petersen |.K. 2004. Towards standardised se a-

birds at sea census techniques in connection with environmenta | impact assessments for
offshore wind farms in the U.K.. Report commissioned by COWRIE for the Crown Estate,
London. Royal Netherlands Institute for Sea Research, Texel, 38 pp.

Gregory R.D., van Strien A.J., Vorisek P., Gmelig Meyling AW
et Gibbons D.W. (2005): Developing indicators for European birds. Philosophical Transa
tions of the Royal Society B 360: 269 -288.

Gregory, R.D., van Strien, A. (2010): Wild bird indicators: using composite population

trends of birds as measures of environmental health. Ornithological Science 9 (1): 3 -22.
ICES. 2013. Report of the Joint ICES/OSPAR Ad hoc Group on Seabird Ecology (AGSE), 28

29 November 2012, Copenhagen, Denmark. ICES CM 2012/ACOM:82, 30 pp.

Komdeur, J., Bertelsen, J. & Cracknell, G. (Eds.). 1992. Manual for Aeroplane and Ship Su
\veys of Waterfowl and Seabirds. IWRB Special Publication No. 1, Slimbridge, UK , 37 p.
Petersen, K, Fox, A.D. 2005. An aerial survey technique for sampling and mapping distr

butions of wat erbirds at sea. Department of Wildlife Ecology and Biodiversity, National Env
ronmental Research Institute. 24 pp.

Skov. H. , Hein2nen S., Gydelis R., Bel |l ebaum

Grishanov G., Hario M., Kieckbusch J.J., Kube J., Kuresoo A., Larsson
ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A,
Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic
Council of Ministers, Copenhagen, 201 pp.

\Wetlands International 2010. Guidance on waterbird monitoring methodology: Field Protocol

for waterbird counting. Report prepared by Wetlands International.

., Noble D.G., Fo ppen R.P.B.

C_

Ks-
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lllustrative mat e- |[Example draft indicators for inshore part of the Baltic sea (data from International Waterbird
rial for indicator Census from all Baltic sea countries are used):
documentation
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95% confidence interval
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Figure 1. Benthic herbivore Index . Included species:  Cygnus olor, Anas platyrhynchos, Fulica
atra .
o
& 7 — Estimated index
95% confidence interval
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Figure 2. Benthic invertebrate feeder index . Included species: Aythya ferina, Aythya fuligu la,
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IAythya marila, Somateria mollissima, Polysticta stelleri, Clangula hyemalis, Melanitta nigra,
Melanitta fusca, Bucephala clangula

o

& | — Estimated index

95% confidence interval

o

D
= 3 4
[T
: — \/ \V

o |

o

o -

r— T T 1 T T T T T T T T T T T T T T T 1
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
Year
F

igure 3. Fish feeder index . Included species: Gavia stellata, Gavia arctica, Podiceps
cristatus, Phalacrocorax carbo, Mergus serra tor, Mergus merganser
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Name of indicator 4.4 Abundanceindex of breedingwaterbird species

|Type of Indicator ||State indicator

|Author(s) ||A| nars Aunizazg, Leif Nilsson, Andres Kuresoo, Le

Description of the This is a s ingle species indicator and it reflects level of breeding population of particular sp e-

indicator cies compared to base year (or reference level). Ind ex is calculated for all species that are
regularly recorded as breeders at coastal areas of the Baltic Sea and marin e environment is

important for them in this part of the season.

Baltic -wide indicators are calculated separately for each of the following species: Cygnus
olor, Melanitta fusca, Somateria mol lissima, Aythya marila, Tadorna tadorna, Alca torda,

Uria aalge, Cepphus grylle, Larus canus, Larus argentatus, Larus marinus, Sterna caspia,

Sterna hirundo, Sterna paradis aea, Sterna sandvicensis, Stern a albifrons, Phalacrocorax
carbo . Species lists for national and subbasin versions of these indicators are country and

subbasin specific.

Relationship of the The indicator reflects status of important components of the marine biodiversity.

indicator to marine

biodiversity

Relevance of the MSFD descriptor s 1 (species level/populat ion size and habitat level/condition of typical sp e-

indicator to diffe r- |lcies) and 4 (abundance trends of functionally important selected species).

ent policy instr u-

ments Birds Directive (this indicator is needed for Article 12 reporting to report long -term and
short -term population trend of all reg ularly occurring breeding coastal and marine waterbird
species.
HELCOM CORESET (developed for several species using breeding data collected from n a-
tional coordinators)

Relevance to 1.2. Population size

commission dec i- |[1.2.1. Pop ulation abundance and/or biomass

sion criteria and 1.6.1. Condition of the typical species and communities

indicator

Method(s) for o b- |[[Field data collection: using any of the standard recording methods.
taining indicator
values Indicator calculation : The index gives species populatio n abundance relative to population at
base time (period). Average breeding population during 1991 - 2000 period is suggested as
base level. To obtain the population index, site and year specific counts of individuals of

particular species are related to site and year effects (factors) and missing values are i m-
puted from the data of all surveyed sites.

Freeware program TRIM is ava ilable to produce annual indices based on loglinear models
(Pannekoek & van Strien 1998). In addition to annual indices, TRIM allows the estimation of
trends over the whole period.

Documentation of This multispecies indicator is affected by all pressures acting on species forming the indic a-
relationship b e- tor. Thus the indicator responds to ensemble of f ollowing pressures:

tween indicator

and pressure coastal development

eutrophication

hazardous substances

predation by non -native species (e.g.  Americ an Mink)
fisheries discards

climate change
To a lesser extent also:

oil pollution/shipping
by -catch
wind energy

sand and gravel extraction
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Latest knowledge and summary of related studies on response of marine waterbird species

to important pressures are given in Skov etal .2011.
Geographical rel e- |[2. Regional
\vance of indicator 3. National waters

4. Baltic Sea wide

How Reference Reference conditions (GES thresholds) are set at 30% on both sides from base population
Conditions  (target level (i.e. mean population during 1991 - 2000 period). Thus indicator for each particular
values/thresholds) species can be ¢ onsidered being at GES ifit falls between 70 and 130% (ICES 2013).

for the indicator
ere obtained?

Method for dete r- ||Currently GES levels have been set arbitrarily at 30% on both sides from base population
mining GES level ICES 2013). More ecological studies are needed to set species sp ecific GES thresholds
as well as to choose different and species specific time periods reflecting base population

levels.

References Ekroos J., Fox A.D., Christensen T.K., Petersen I.K., Kilpi M., Jonsson J.E., Green M.,

Laursen K., Cervencl A., de Boer P - Nil sson L., Mei ssner W. , ed
clines amongst breeding Eider Somateria mollissima  numbers in the Baltic/Wadden Sea fl y-
way. Ornis Fennica 89:81 7 90.

ICES. 2013. Report of the Joint ICES/OSPAR Ad hoc Group on Seabird Ecology (AGSE), 28 -
29 November 2012, Copenhagen, Denmark. ICES CM 2012/ACOM:82, 30 pp.

Skov. H., Hein?nen S., Gydelis R., Bellebaum J.
Gri shanov G. , Hari o M., Kieckbusch J. J. , Kube ¢
ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A.,

Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic
Council of Ministers, Copenhagen, 201 pp.

\Van Strien, A.J., Pannekoek, J. et Gibb ons, D.W. (2001): Indexing European bird population
trends using results of national monitoring schemes: a trial of a new method. Bird Study 48:
200 -213.

\Wetlands International 2010. Guidance on waterbird monitoring methodology: Field Protocol
for waterbir d counting. Report prepared by Wetlands International.
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Illustrative m
rial for indicator
documentation
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Figure 1. Population development of the Eider in (a) Finland during 1986 12007 and (b)

Sweden during 1985

i 2010 (Ekroos et al 2012 ).
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Name of indicator |4 5 Breedingwaterbird index (BWBI)

|Type of Indicator ||State indicator |
|Author(s) ||Ainars Auni e2g, Leif Nilsson, Andres Kuresoo, Le|
Description of the This is a multi -species indicator and it reflects status of breeding waterbird community co m-

indicator

pared to base (reference) level. All regularly breeding sp ecies ecologically connected with
the Baltic Sea during breeding period are included in calculation of the indicator.

Computationally this indicator is similar to farmland bird index (one of the EU Sustainable
development indicators) and other wild bird in dices that are calculated for breeding land
birds (Gregory et al . 2005, Gregory, van Strien 2010). The multi -species index is calculated
from single species indice s (the indicator ~ Abundance index of breeding waterbird species).
Species to be incl uded in the calculation of the Baltic -wide version of this
are: Cygnus olor, Melanitta fusca, Somateria mo llissima, Aythya marila, Tadorna tadorna,
Alca torda, Uria aalge, Cepphus grylle, Larus canus, Larus argentatus, Larus marinus,
Sterna caspia , Sterna hirundo, Sterna paradis aea, Sterna sandvicensis, Sterna albifrons,
Phalacrocorax carbo . For those species having populations breeding inland, Species lists for
national and subbasin versions of this indicator are country and subbasin specific.

indicator

Relationship of the
indicator to marine
biodiversity

The indicator reflects health of breeding waterbird communities connected with marine env
ronment. In this type of mul ti - species indicator (geometric mean of the single species ind
ces) both abundance and diversity of its forming species is taken into account (Gregory, van
Strien 2010).

tween indicator
and pressure

Relevance of the MSFD descriptor 1 (habitat level/Condition of the typical species and communities and ec o-
indicator to diffe r- |isystem level/Composition and relat ive proportions of ecosystem components (habitats and
ent policy instr u- species)
ments
Relevance to 1.6.1. Condition of the typical species and communities
commission dec i- |[1.7. Ecosystem structure
sion criteria and 1.7.1. Composition and relative proportions of ecosyste m components (habitats and sp e-
indicator cies)
Method(s) for o b- |[[Field data collection: using any of the standard recording methods for breeding birds.
taining indicator
values Indicator calculation : The indicator is calculated from single species indices (see Abund ance
index of breeding waterbird species) using geometric mean. Every species is treated equally
(i.e. no weighting). Standard errors are calculated using
N (j) L (Uﬂjlzj'r)
formula 3 } ., wh e euultt -species index value, T T number of ind i-
ces (species), It T species abundan ce index value
Documentation of This multispecies indicator is affected by all pressures acting on species forming the indic a-
relationship b e- tor. Thus the indicator responds to ensemble of following pressures:

coastal developme nt
eutrophication
hazardous substances
predation by non - native species (e.g. American Mink)
fisheries discards

climate change
To a le sser extent also:

oil pollution/shipping

by -catch

wind energy

sand and gravel extraction

Latest knowledge and summary of related studies on response of marine waterbird species
to important pressures are given in Skov etal .2011.
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Geographical rel e- |[2. Regional

\vance of indicator 3. National waters

4. Baltic Sea wide
How Reference Reference conditions (GES thresholds) are set at 30% on both sides from base population
Conditions (target level (i.e. mean population during 1991 - 2000 period). Thus indicator can be considered
values/thresholds) being at GES if it falls between 70 and 130% (ICES 2013 ).

for the i ndicator
ere obtained?

Method for dete r- ||[Currently GES levels have been set arbitrarily at 30% on both sides from base population

mini ng GES level (ICES 2013). More ecological studies are needed to set more precise and better just i-
fied GES thresholds or to choose different ti me period to serve as bas e level.

References Gregory R.D., van Strien A.J., Vorisek P., Gmelig Meyling A.W., Noble D.G., Foppen R.P.B.
et Gibbons D.W. (2005): Developing indicators for European birds. Philosophical Transa c-
tions of the Royal Society B 360: 269 -288.
Gregory, R.D., van Strien, A. (2010): Wild bird indicators: using composite population
trends of birds as measures of environmental health. Ornithological Science 9 (1): 3 -22.
ICES. 2013. Report of the Joint ICES/OSPAR Ad hoc Group on Seabird Eco logy (AGSE), 28 -
29 November 2012, Copenhagen, Denmark. ICES CM 2012/ACOM: 82, 30 pp.
Skov. H. , Hein2nen S., Gydelis R., Bell ebaum J.
Gri shanov G., Hario M., Kieckbusch J.J., Kube ¢
ner W., Nehls H.W., Nilsson L., Petersen |.K., Roos M.M., Pihl S., Sonnt ag N., Stock A.,
Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic

Council of Ministers, Copenhagen, 201 pp.

\Wetlands International 2010. Guidance o n waterbird monitoring methodology: Field Protocol
for waterbird counting. Report prepared by Wetlands International.
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Name of indicator 4.6 Distribution of wintering waterbird species
|Type of Indicator ||State indicator |
|Author(s) ||Ainars Aunieg, Leif Nilsson, Andres Kuresoo, Leho LI
Description of the This is a set of single species indicators that reflects distribution pattern of wintering popul a-
indicator tions of particular species. For each species the ind icator is expressed as spatial grid with
cell values expressing abundance or density of the species.
Baltic -wide indicators are calculated separately for each of the following species: Cygnus
olor, Cygnus cygnus, Fulica atra, Anas platyrhynchos, Clangula h yemalis , Melanitta nigra,
Melanitta fusca, Somateria mo llissima, Aythya marila, Aythya fuligula, Bucephala clangula,
IAythya ferina, Mergus albellus, Gavia stellata, Gavia arctica, Mergus merganser, Mergus
serrator, Podiceps cristatus, Alca torda, Uria aalg e, Cepphus grylle, Larus minutus, Larus
ridibundus, Larus canus, Larus argentatus, Larus marinus . Species lists for national and
subbasin versions of these indicators are country and subbasin specific.
Relationship of the The indicator reflects status and distribution of important components of the marine biod i-
indicator to marine \versity in spatially explicit way.
biodiversity
Relevance of the MSFD descriptor 1 (species level/distribution range and distribution p attern within range)
indicator to diffe r- |Habitats Directive (this indicator is needed for Article 17 reporting to report status of typical
ent policy instr u- species of the habitat types 1110 and 1170; Anon 2007)
ments
Birds Directive (this indicator is needed for Article 12 reporting as distribution and range of
all regularly occurring wintering marine waterbird species.
Relevance to 1.1. Species distribution
commissiondec  i- [[1.1.1. Distributional range
sion criteria and 1.1.2. Distributional pattern within the range
indicator
Method(s) foro b- |[Field data collection : using any of the standard methods designed for offshore counts using
taining indicator ships or planes (Komdeur etal . 1992, Petersen etal . 2005, Camphuisen etal. 2006, Nilsson
alues 2012).
Indicator calculation: using density surface mo delling approach 1 GAM or machine learning
models based on count data from line transects and spatial covariates (Hedley, Buckland
2004, Elith etal. 2011, Drew etal . 2011). The result of the computation is a grid where cell
\values repre sent estimated abu  ndances or densities of the species in the particular location.
Documentation of Each of the species for which the indicator is calculated respond to different pressures and
relationship b e- the indicator reflect s these responses spatially. The important pressures and response pa t-
tween indicator terns vary among the species. The indicator (depending on species) responds to an ense m-
and pressure ble consisting of combinations of the following pressures:
eutrophication
oil pollution/shipp  ing
by -catch
hazardous substances
fishing pressure
hunting
fisheries discards
coastal development
wind energy
sand and gravel extraction
climate change
Eutrophication has impacts on virtually all the species, also effects of bycatch and oil poll u-
tion are widespread among the species. Indicator is able to show local effects of these i m-
pacts. The indicator might be scale sensitive in this regard.
Latest knowledge and summary of related studies are given in Skov etal . 2011
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Contribution of each particular pressure on a given species can be assessed by including
additional explanatory variables characterising the level of the pressure as covariates in the
statistical model used for the indicator calculation.

Geographical rel e- |[1. Local

vance of indicator 2. Regional

3. National waters
4. Baltic Sea wide

How Reference Reference conditions are based on proportion of occupied ecogeographically suitable grid
Conditions (target cells. Target level is 100%. The a ctual GES threshold for each s  pecies still need s to be d e-
values/thresholds) fined.

for the indicator
ere obtained?

Method for dete r- ||Currently GES levels have not been set. The method itself is based on proportion of ecolog i-

mining GES cally, climatically and geographically suitable grid cells that are  occupied by particular sp  e-
cies. More ecological studies are needed to set species specific GES thresholds.

References )Anon. 2007. Interpretation manual of European Union Habitats. EUR 27. European Commi  s-
sion DG Environment.  Aunins A. (ed.) 2010. [Protecte d habitats of European Union in Latvi a.
Identification Handbook]. Latvian Fund for Nature, Riga, 320 pp.

Aunins A., Kuresoo A., Luigujoe L. 2012. Distribution and numbers of birds in the Gulf of
Riga 2011. Deliverable 3.3. Gulf of Riga as a resource for wi nd energy 7 GORWIND. Riga and
Tartu, L atvian Fund for Nature and Estonian University of Life Sciences.

Camphuysen C.J., Fox A.D., Leopold M.F. & Petersen |.K. 2004. Towards standardised se a-
birds at sea census techniques in connection with environmental impact assessments for
offshore wind farm s in the U.K.. Report commissioned by COWRIE for the Crown Estate,
London. Royal Netherlands Institute for Sea Research, Texel, 38 pp.

Drew C.A., Wiersma Y.F., Huettmann (eds.) F. 2011. Predictive Species and Habita t Mode I-
ing in Landscape Ecology. Concepts and applications. 1st edition. Springer, 314 p.

Elith. J., Phillips S.J., Hastie T., Dudik M., Chee Y.E., Yates C.J. 2011. A statistical explan a-
tion of MaxEnt for ecologists. Diversity and Distributions 17: 43 T 57.
Komdeur, J., Bertelsen, J. & Cracknell, G. (Eds.). 1992. Manual for Aeroplane and Ship Su r-

\veys of Waterfowl and Seabirds. IWRB Special Publication No. 1, Slimbridge, UK, 37 p.

Petersen, I.K, Fox, A.D. 2005. An aerial survey technique for sampling and mapping distr -
butions of waterbirds at sea. Department of Wildlife Ecology and Biodiversity, National Env i-
ronmental Research Institute. 24 pp.

Skov. H., Hein?nen S., Gydelis R., Bellebaum J.
Grishanov G., HarioM . , Kieckbusch J.J., Kube J. , Kur es o
ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A.,

Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic

Counci | of Ministers, Copenhagen, 201 pp.
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Illustrative mat e-

rial for indicator

documentation

Birds per sq.km.

I 0.000000 - 1.000000

I 1.000001 - 5.000000

[ 5.000001 - 10.000000
I 10.000001 - 20.000000
[ 20000001 - 50.000000
[ 50.000001 - 100.000000
I 100.000001 - 200.000000
I 200.000001 - 500.000000
I 500.000001 - 1000.000000
I 1000.000001 - 10000.000000

Figure 1. Example draft indicators for the Gulf of Riga (from Aunins
tailed Duck Clangula hyemalis

et al . 2012):

Long -
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Name of indicator

4.7 Distribution of wintering waterbirds (multi-species)

|Type of Indicator

|State indicator

|Author(s)

|Ainars Auni e2g, Leif Nilsson, Andres Kuresoo, Le

Description of the
indicator

This is a multispecies indicator that reflects distribution pattern of wintering waterfowl in the
Baltic Sea, national waters or region of interest. The indicator is expressed as spatial grid
with cell values expressing abundance or density of wintering waterbirds.

For the calculation of the indicator all counts of
ducks, mergansers, coots and auks are pooled.

divers, grebes, cormorants, swans, geese,

Relationship of the
indicator to marine

The indicator reflects health of marine ecosystem and importance of its different parts for
the marine biodivers ity in spatially explicit way.

ent policy instr u-
ments

biodiversity
Relevance of the MSFD descriptor 1 (habitat level/condition of the typical species and communities ecosystem
indicator to diffe r- |level/composition and relative proportions of ecosystem components)

Relevance to
commission dec i-
sion criteria and
indicator

1.6.1. Condition of the typical speci es and communities
1.7. Ecosystem structure
1.7.1. Composition and relative proportions of ecosystem components (habitats and sp e-

cies)

Method(s) for o b-
taining indicator
\values

Field data collection : using any of the standard methods designed for offshore
ships or planes (Komdeur etal . 1992, Petersen et al . 2005, Camphuisen
2012).

counts using
et al . 2006, Nilsson

Indicator calculation: using density surface  modelling approach 1 GAM or machine learning
models based on count data from line transects and sp atial covariates (Hedley, Buckland
2004, Elith et al . 2011, Drew et al . 2011). Counts of all species included in this indicator
(divers, grebes, cormorants, d ucks, geese, swans, mergansers, coots, auks) are pooled. The

result of the computation is a grid where each cell value represent s estimated abu n-
dance/density of all wintering waterbirds in the particular location.

Documentation of
relationshipb  e-
tween ind icator
and pressure

Being a multi -species indicator it accumulates the impacts of pressures affecti ng each of the
species used in indicator calculation. The indicator responds to an ensemble consisting of
combinations of the following pressures:

eutrophication

oil pollution/shipping

by - catch

hazardous substances

fishing pressure

hunting

fisheries discards

coastal development

wind energy

sand and gravel extraction

climate change

The most pronounced are effects of eutrophication, bycatch and oil pollution . Indicator is
able to show local effects of these impacts. The indicator might be scale sensitive in thi S
regard.

Latest knowledge and summary of related studies are given in Skov etal . 2011 .

Contribution of each particular pressure on the indic ator can be assessed by including add i-
tional explanatory variables characterising the level of the pressure as covar iates in the st a-
tistical model used for the indicator calculation.
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Geographical rel e- |[1. Local

vance of indicator 2. Regional

3. National waters
4. Baltic Sea wide

How Reference Referen ce conditions are based on proportion of occupied ecogeographically suitable grid
Conditions (target cells. Target level is 100%. The actual GES threshold for each species still need s tobed e-
values/thresholds) fined.

for the indicator
ere obtained?

Method for dete r- ||Currently GES levels have not been set. The metho d itself is based on proportion of ecolog i-
mining GES cally, climatically and geographically suitable grid cells that are occupied by wintering w a-
terbirds. More ecological studies are needed to set GES threshold.
References )Aunins A., Kuresoo A., Luigujoe L. 2012. Di stribution and numbers of birds in the Gulf of
Riga 2011. Deliverable 3.3. Gulf of Riga as a resource for wind energy T GORWIND. Rigaa nd

Tartu, Latvian Fund for Nature and Estonian University of Life Sciences.

Camphuysen C.J., Fox A.D., Leopold M.F. & Pete rsen |.K. 2004. Towards standardised se a-
birds at sea census techniques in connection with environmental impact assessments for

offshor e wind farms in the U.K.. Report commissioned by COWRIE for the Crown Estate,

London. Royal Netherlands Institute for Sea Research, Texel, 38 pp.

Drew C.A., Wiersma Y.F., Huettmann (eds.) F. 2011. Predictive Species and Habitat Mode -
ing in Landscape Ecology. Concepts and applications. 1st edition. Springer, 314 p.

Elith. J., Phillips S.J., Hastie T., Dudik M., Chee Y.E., Yates C.J. 2011. A statistical explan a-
tion of MaxEnt for ecologists. Diversity and Distributions 17: 43 T 57.

Komdeur, J., Bertelsen , J. & Cracknell, G. (Eds.). 1992. Manual for Aeroplane and Ship Su r-
\veys of W aterfowl and Seabirds. IWRB Special Publication No. 1, Slimbridge, UK , 37 p.

Petersen, I.K, Fox, A.D. 2005. An aerial survey technique for sampling and mapping distr i-
butions of wa terbirds at sea. Department of Wildlife Ecology and Biodiversity, National Env i-
ronmental Research Institute. 24 pp.

Skov. H. , Hein2nen S., Gydelis R., Bel |l ebaum J.
Grishanov G., Hario M., Kieckbusch J.J., Kube J. Kuresoo A., Lar ss ors-
ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A.,

Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic

Council of Ministers, Copenhage  n, 201 pp.
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Illustrative mat e-
rial for indicator
documentation

Birds per sq.km.

I 0.000003 - 1.000000
I 1.000001 - 5.000000
[ 5.000001 - 10.000000
I 10.000001 - 20.000000
[ 20000001 - 30.000000
[ 30.000001 - 50.000000
I 50.000001 - 100.000000
I 100.000001 - 200.000000
I 200.000001 - 500.000000

I -s00

Figure 1. Example draft indicator for the Gulf of Riga in 2012 (from Aunins etal. 2012): All
waterbirds (divers, grebes, cormorants, swans, geese, ducks, mergansers, coots, auks) in
winter 2012.
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Name of indicator 4.8 Distribution of wintering waterbirds of different feedingguilds (multi-
species)

|Type of Indicator ||State indica_tor |

|Author(s) ||Ainars Aunieg, Leif Nilsson, Andres Kuresoo, Le|

Description of the [[This is a set of multi  -species indicators reflecting distribution pattern of wintering waterfowl

indicator belonging to different feeding guilds (niches) in the Baltic Sea. This is an abundance/density

based indicator simil awi ntoerADigstwad tbairt b iomd odpec
those waterbird species belonging to a particular feeding niche in the calculation of the each

indicator. The indicator is expressed as spatial grid with cell values expressing abundance or

density of winteri  ng waterbirds.

Following versions of the indicator are suggested:

Distribution
Distribution
fusca, Somateria mo
clangula, Aythya ferina
Distribution of fish feeders : Gavia stellata, Gavia arctica, Mergus merganser, Mergus serr
tor, Podiceps cristatus, Alca torda, Uria aalge, Cepphus grylle

Distribution  of gulls : Larus minutus, Larus ridibundus, Larus canus, Larus argentatus, Larus
fuscus, Larus marinus

of benthic herbivores : Cygnus sp., Fulica atra, Anas sp, Anser sp. , Brant a sp.
of benthic invertebrate feeders : Clangula hyemalis, Melanitta nigra, Melanitta
llissima, Polysticta stelleri, Aythya marila, Aythya fuligula, Bucephala

a_

For the calculation of the indicators all counts of corresponding specie
pooled.

s (species groups) are

Relationship of the
indicator to marine
biodiversity

The indicator reflects health of marine ecosystem and importance of its different parts for
components of marine biodiversity (functional groups) in spatially explicit way.

Relevance of the
indicator to diffe

ent policy in  str u-
ments

r-

0-
m-

MSFD descriptor s 1 (habitat level/condition of the typical species and communities and ec
system level/proportions of ecosystem components, condition of typical species and co
munities) and 4 (abundance distribution of functionally important groups of species).

Relevance to
commission dec
sion criteria and
indicator

1.6.1. Condition of the typical species and communities

1.7. Ecosystem structure

1.7.1. Composition and relative proportions of ecosystem components (habitats and sp
cies)

e_

tween indicator
an d pressure

Method(s) for o b- |[[Field data collection: using any of the standard methods designed for offshore counts using
taining indicator ships or planes (Komdeur etal . 1992, Petersen etal.2005, Camphuisen etal . 2006, Nilsson
\values 2012).
Indicator calculation: using density surface modelling approach i GAM or machine learning
models based on count data from line transects and spatial covariates (Hedley, Buckland
2004, Elith et al. 2011, Drew et al. 2011). Counts of all species belonging to the particular
functi onal (feeding niche) group are pooled. The result of the computation is a grid where
each cell value represent estimated abundance/density of waterbirds of th e functional group
in the particular location.
Documentation of Each functional (feeding niche) group of species respond to different pressures. Being multi -
relationship b e- species indicators each of them accumulates the impacts of pressure s affecting each of the

species used in indicator calculation. The indicator responds
combinations of the following pressures:

to an ensemble consisting of

eutrophication

oil pollution/shipping
by -catch

hazardous substances
fishing pressure
hunting

fisheries discards

coastal development
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wind energy

sand and gravel extraction

climate change
The most pronounced are effects of eutrophication, bycatch and oil pollution Indicator is
able to show local effects of these impacts. The indicator might be scale sensitive in this
regard.

Latest knowledge and summary of related studies are given in Skov etal. 2011 .

Contribution of each particular pressure on the indicator can be assessed by including add i-

tional explanatory variables characterising the level of the pressure as covariates in the st a-
tistical model used for the indicator calculation. Respon ses of this indicator to different ec o-
geographical variables for the Gulf of Riga are provided in Aunins etal . 2012.

Geographical rel e- |[1. Local

vance of indicator 2. Region al

3. National waters
4. Baltic Sea wide

How Reference
Conditions (target
\values/thresholds)
for the indicator
ere obtained?

Reference conditions are based on proportion of occupied ecogeographically suitable grid
cells. Target level is 100%. The actual GES threshold for each species still need stobed e-
fined.

Method for dete r-

Currently GES levels have not been set. The method itself is based on proportion of ecolog i-

mining GES cally, climatically and geographically suitable grid cells that are occupied by winteringw a-
terbirds of the particular functional (feeding niche) groups. More ecological studies are
needed to set GES threshold.

References Aunins A., Kuresoo A., Luigujoe L. 2012. Distribution and numbers of birds in the Gulf of

Riga 2011. Deliverable  3.3. Gulf of Riga as a resource for wind energy I GORWIND. Riga and
Tartu, Latvian Fund for Nature and Estonian University of Life Sciences.

Camphuysen C.J., Fox A.D., Leopold M.F. & Petersen |.K. 2004. Towards standardised se a-
birds at sea census techniques in connection with environmental impact assessments for
offshore wind far ms in the U.K.. Report commissioned by COWRIE for the Crown Estate,
London. Royal Netherlands Institute for Sea Research, Texel, 38 pp.

Drew C.A., Wiersma Y.F., Huettmann (eds.) F. 2 011. Predictive Species and Habitat Mode -
ing in Landscape Ecology.  Concepts and applications. 1st edition. Springer, 314 p.

Elith. J., Phillips S.J., Hastie T., Dudik M., Chee Y.E., Yates C.J. 2011. A statistical explan a-
tion of MaxEnt for ecologists. Diversity and Distributions 17: 43 T 57.
Komdeur, J., Bertelsen, J. & Cracknell, G. (Eds.). 1992. Manual for Aeroplane and Ship Su r-

\veys of Waterfowl and Seabirds. IWRB Special Publication No. 1, Slimbridge, UK,37 p.

Petersen, |.K, Fox, A.D. 2005. An aerial survey technique for sampling and mapping distr i-
butions of waterbirds at sea. Department of Wildlife Ecology and Biodiversity, National Env i-
ronmental Research Institute. 24 pp.

Skov. H. , Hein2nen S., Gydelis R., Bel |l ebaum J.
Grishanov G., Hario M., Kieckbusch J.J., Kube J., Kureso o A., Larsson K., sd
ner W., Nehls H.W., Nilsson L., Petersen |.K., Roos M.M., Pihl S., Sonnt ag N., Stock A,

Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic

Council of Ministers, Copenhagen, 201 pp.
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Illustrative mat
rial for indicator
documentation

e-

Birds per sq.km.

I 0.000003 - 1.000000
I 1.000001 - 5.000000
[ 5.000001 - 10.000000
[ 10.000001 - 20.000000
[ 20.000001 - 30.000000
[ 30.000001 - 50.000000
I 50.000001 - 100.000000
I 100.000001 - 200.000000
I 200.000001 - 500.000000

I -s00

Figure 1. Example draft indicator for the Gulf of Riga in 2012 (from Aunins et al. 2012):
Distribution  of benthic invertebrate feeders in winter 2012
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Birds per sq.km.

I 0.000000 - 1.000000
[ 1.000001 - 2.000000
[ 2.000001 - 3.000000
[ 3.000001 - 5.000000
[ 5.000001 - 10.000000
[ 10.000001 - 20.000000
I 20.000001 - 30.000000

I 30.000001 - 50.000000 - WA

_
I 50.000001 - 100.000000 e :
I -100

Figure 2. Example draft indicator for the Gulf of Riga in 2012 (from Aunins et al. 2012):
Distribution of gulls (all Larus species) in winter 2012
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Name of indicator 4.9 Distribution of breedingwaterbird species
|Type of Indicator |State indicator |
|Author(s) |Andr es Kuresoo, Ainars Aunizeg, Leif Nilsson, Le|
Description of the This set of single species indicators reflect s distribution pattern of breeding populations of
indicator particular species. For each species the indicator is expressed as spatial grid with cell va |-
ues expressing abundance or density of the species.
Baltic -wide indicators are  calculated separately for each of  the following species:  Great Co r-
morant, Common Shelduck, Common Eider, Scaup, Velvet Scoter, Sandwich Tern. Species

lists for national and subbasin versions of these indicators are ¢ ountry and subbasin specific.

Relationship of the

The indicator reflects status and distribution of important components of the marine biod

tween indicator
and pressure

indicator to marine \versity in spatially explicit way. Change of breeding distribution of population r eflects the
bio diversity habitat changes, availability of food resources, and pressures related to climate change.
Relevance of the The indicator addresses the population condition as required for assessments of the
indicator to diffe r- |IMSFD quali tative descriptor 1 (biodiversity) (Anon 2008) and stated in the EC Decision
ent policy instr u- 477/2010/EU for the MSFD (Anon. 2010). The indicator can also be used for the assessment
ments of the MSFD qualitative  descriptor 4 (food webs) as recommended by the MSFD Task Group
4 (Rogers etal. 2010).
The indicator addresses the HELCOM ecological objective 06 Vi a Ipdpaations of spe-
ci ewshdi ch i s part of t h&avduiabldedonseevatisnistatys ofgBalicibiodive r-
sityé6 (HELCOM 200 7)ESET:HHele & Qdneral &grRRement for the need of this
indicato r . 0
Birds Directive (this indicator is needed for Article 12 reporting as distribution and range of
all regularly occurring breeding marine waterbird species.
Relevance to 1.1. Species distribution
commission dec i- |1.1.1. Distributional range
sion criteria and 1.1.2. Distributional pattern within the range
indicator
Method(s) for o b- [[Field data collection : using any of the standard methods designed for breeding bird su r-
taining indicator \veys such as bird count data (  island birds), but also breeding bird atlases from large areas
alues (presence i absence data).
Indicator calculation: using density surface modelling approach i GAM or machine learning
models based on count data from line transects and spatial covariates (Hedley, Buckland
2004, Elith et al. 2011, Drew et al . 2011). The result of the computation is a grid where cell
\values represent estimated abundances or densities of the species in the particular location.
'The centroids of the historical and present range are compared in range shift ana lyses, from
which the geodesic distance (D) between the two centroids, and the initial azimuth (h) of
the geodesic path from the centroids (historical/present range) are calculated Huntley et al .
2008).
Documentation of Each of the species for which the indicator is calculated is affected by all pressures acting on
relationship be- species forming the indicator. Thus the indicator responds to ensemble of following pre S-

sures:

coastal development
eutrophica tion
hazardous substances
predation by non - native species (e.g. American Mink)
fisheries discards

climate change
To a lesser extent also:

oil pollution/shipping
by -catch

wind energy
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sand and gravel extraction

Latest knowledge and summary of related studies on response of marine waterbird species
to important pressures are given in Skov etal. 2011.

Contribution of each particular pressure on a given species can be assessed by including
additional explanatory va  riables characterising the level of the pressure as covariates in the
statistical model used for the indicator calculation.

Geographical rel
\vance of indicator

e_

1. Local

2. Regional

3. National waters
4. Baltic Sea wide

How R eference

Reference conditions are based on proportion of occupied ecogeographically suitable grid

Conditions (target cells. Target level is 100%. The actual GES threshold for each species still needs to be d e-
values/thresholds) fined.
for the indicator

ere obtaine  d?
Method for dete r- ||Currently GES levels have not been set. The method itself is based on proportion of ecolog i-
mining GES cally, climatically and geographically suitable grid cells that are occupied by particular sp e-

cies. More ecological studies are needed to set species spec ific GES thresholds.

References /Anon. (2008a): D irective 2008/56/EC of the European Parliament and the Council of 17 June

2008 establishing a framework for community action in the field of marine environmental
policy (Marine Strategy Framework Directive). Official Journal of the European Union, L
164/19 , 25.06.2008.

Anon. (2010): Commission decision of 1 September 2010 on criteria and methodological
standards on good environmental status of marine waters (2010/477/EU). OJ L 232/14,
2.9.2010.

Aunins A., Kuresoo A., Luigujoe L. 2012. Distribution and numbe rs of birds in the Gulf of
Riga 2011. Deliverable 3.3. Gulf of Riga as a resource for wind energy T GORWIND. Riga and
Tartu, Latvian Fund for Nature and Estonian University of Life Sciences.

Bergma n G (1980): Single -breeding versus colonial breeding in the Caspian Tern Hydr o-
progne caspia , the Common Tern  Sterna hirundo and the Arctic Tern  Sterna paradisaea
( R2ysk?2n, kalatiiran ja lapintiiran pes itan). sie@rnis}

Fennica 57: 141 1 152.

Drew C.A., Wiersma Y.F., Huettmann (eds.) F. 2011. Predictive Species and Habitat Mode I-
ing in Landscape Ecology. Concepts and applications. 1st edition. Springer, 314 p. Edler L,

Kononen K & Kuosa H (1996) Harmful algae. In: HELCOM (1996), Third periodic assessment

of the state of the marine environment of the Baltic Sea, Chapter 8.1. Available at:
http://www.baltic.vtt.fi/balticinfo/index.html

Hario M, Kastepold T, Kilpi M, Staav R, & Stjernberg T (1987): Status of Caspian Terns
Sterna caspia inthe Baltic. T Ornis Fennica 64: 154 1 156. HELCOM (2012)

Development of a set of core indicators: Interim report of the HELCOM CORESET project,
PART A. Description of the  selection process. Baltic Sea Environment Proceedings No. 129 A.
Availabl e at: www.helcom.fi/publications.

Hokkanen T (2012) Eastern Gulf of Finland, seabird populations, ornithological surveys. N a-
ture Protection Publications of Met s2hallitus.
and Swedish]

Huntley B, Collingham YC, Willis SG, Green RE (2008) Potential Impacts of Climatic Change
on European Breeding Birds. PLoS ONE 3(1): e1439.

Nordstr °m, M., He gmander , J ., Lai ne, J ., Numme
Effects of feral mink removal on seabirds, waders and passerines on small islands in the
Baltic Sea. Biological Conservation, 109: 359 T 368.

s L, EIl mberg J, Engstr°m H, Gr

Oottvall R, Ed
(2
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Rapport 5813. [In Swedish, summary in English]

Rogers, S., Casini, M., Cury, P., Heath, M., Irigoien, X., Kuosa, H .etal. (2010) MSFD, Task
Group 4 Report, Food webs. European Commission Joint Research Center and ICES. Avai I-
able at: http:  //lwww.ices.dk/projects/projects.asp.

Skov. H., Hein?2nen S., Gydelis R., Bellebaum J.
Gri shanov G. , Hari o M., Kieckbusch J. J., Kube ¢
ner W., Nehls H.W., Nilsson L., Pet ersen LK., Roos M.M., Pihl S., Sonntag N., Stock A.,
Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic

Council of Ministers, Copenhagen, 201 pp.

lllustrative mat e-
rial for indicator ‘

documentation

S

,

Common Eider (Somateria mollissima)
Number of breeding pairs
® 12
® 36
- 715
@ 1627

Figure 1. Distribution and numbers of breeding Common Eider Somat eria mollissima in the
Gulf of Riga (image from Aunins etal . 2012).
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Name of indicator 4.10Breedingsuccessclutch and brood sizeof breedingspecies

|Type of Indicator ||State indicator

|Author(s) ||Andr es Kuresoo, Ainars Aunizeg, Leif Nilsson, Le
Description of the This is a set of single species indicators and it reflects breeding success and productivity of

indicator the particular species. Indicator has tw o values:

1. clutch size or number of eggs per clutch laid
2. number of juveniles per breeding female.

Breeding success reflects population condition of particular species - productivity, survival of
nests, ability of population to re -estab ilsh its populat ion after losses. The breeding success
data sets are still limited and more sites and species in more countries need to be mon i-
tored.

Indicators are calculated separately for each of the following species: Phalacrocorax carbo,
Tadorna tadorna, Melanitta fusca, Somateria mo llissima, Larus canus, Larus fuscus, Sterna
caspia, Sterna hirundo, Sterna paradis aea, Sterna sandvicensis, Sterna albifrons . Species
lists for national and subbasin levels of these indicators are country and subbasin specific.

Relationship of the |Breeding success reflects the availability of food resources, abundance of predators (incl.
indicator to marine introduced species) and human disturbance, but also pressures related to climate change.
biodiversity Breeding su ccess of the waterbirds is affected by bioaccumulated hazardous substances,
particularly organochlorines and oil in the water.

Relevance of the The indicator addresses the population condition as required for assessments of
indicator to diffe r- |the MSFD qualitative descriptor 1 (biodiversity) (Anon. 2008) and stated in the EC Decision

ent policy instr u- 477/2010/EU for the MSFD (Anon. 2010). The indicator can also be used for the assessment

ments of the MSFD qualitative  descriptor 4 (food webs) as recommended by the MSFD Task Group

4 (Rogers etal. 2010).

The indicator addresses the HELCOM ecological objective 6 Vi a lpdpdations of spe-
ci ewshoi ch is part of the biodiversity goal 6Fav o-
sty6 ( HELCOM 2007) .

HELCOM CORESET: there is general agreement for the need of this indicator.

Relevance to 1.3. Population condition
commission dec i- |[1.3.1. Population demographic characteristics (e .g. body size or age class structure, sex
sion criteria and ratio, fecundity rates, survival/ mortal ity rates)
indicator 1.6.1. Condition of the typical species and communities
Method(s) for o b- |[[Field data collection: to obtain clutch size of the species, searching for nests in sample p lots
taining indicator and recording clutch size is needed. In case of la rger colonies that cannot be taken whole as
alues a sample plot (i.e. all nests found and clutch size recorded) a sampling within the colony is
needed. Random or stratified random sampling design id needed to obtain reliable data.

To obtain brood size (number o f young per breeding female) for the species number of
breeding pairs and number of young per brood (brood size) need to be recoded. Random or

stratified random sampling design id needed to obtain reliable data. For game species the
proportion juveniles ¢ an be estimated from game bags; - proportion of juvenile individuals

Indicator calculation: The clutch size is calculated as the mean number of eggs per nest. The
brood size is calculated as

Themeasured parameter is defined as 6number of |
Several field methods can be applied, for example: - number of fledglings per breeding f e-
males (field counts); - the proportion of Common Eider juveniles could be estimated from
gam e bags; - proportion of juvenile individuals in the winteri ng population of Long -tailed
Ducks could be assessed from photographs.
Documentation of This indicator is more sensitive to short term changes and processes within the population
relationship b e- (such as problems with productiv ity or survival of nests) that will impact abundance of the
tween indicator population in longer term than abundance indicators (either in breeding or nonbreeding se a-

and pressure




LIST OF INDICATORS FOR ASSESSING THE STATE OF MARINE BIODIVERSITY IN THE BALTIC SEA 144
DEVELOPED BY THE LIFE MARMONI PROJECT

sons).

The pressures associated with this clutch size are those affecting body condition of female
birds s uch as decreased food stocks or quality of food items and decline in area of suitable
feeding habitats.

The pressures associated with this clutch size are predation and disturbance during nest ing
period.

Geographical rel e- |[1. Local

vance of indicator 2. Reg ional

3. National waters
4. Baltic Sea wide

How Reference
Conditions (target
values/thresholds)
for the indicator
ere obtained?

Target indicator values both for clutch size and brood size are species specific. The actual
GES targets and boundaries have n ot been set. Meanwhile a trend based GES reference
conditions can be used - ifthe trend inthe  clutch size and brood size is negative, the indic a-

tor cannot be at GES.

Method for dete r- |[More ecological studies are needed to set species specific G ES targets and boundary values
minin g GES for age ratio . While precise GES targets and levels cannot be set, a negative trend in clutch

and brood size suggest that the indicator can be considered as not being at GES.
References IAnon. (2008a): Directive 2008/56/EC of the European Parliament and the Council of 17 June

2008 establishing a framework for community action in the field of marine environmental

policy (Marine Strategy Framework Directive). Of ficial Journal of the European Union, L

164/19, 25.06.2008.

)Anon. (2 010): Commission decision of 1 September 2010 on criteria and methodological
standards on good environmental status of marine waters (2010/477/EU). OJ L 232/14,
2.9.2010.

Bergman G (1980): Single  -breeding versus colonial breeding in the Caspian Tern Hydr o-
progne caspia , the Common Tern  Sterna hirundo and the Arctic Tern  Sterna paradisaea
( R2ysk?2n, kalatiiran ja lapintiiran pesi mi sieQ@ris}

Fennica 57: 141 1 152.

Cury PM, Boyd IL, Bonhommeau S, Anker -Nielsen T et al . (2011) Global Seabird Response
to Forage Fish Depletion & One-Third for the Birds. Science 334: 1703 -1705.

Edler L, Kononen K & Kuosa H (1996) Harmful algae. In: HELCOM (1996) , Third periodic
assessment of the state of the marine environment of the Baltic Sea, Chapter 8.1. Available
at: http://www.baltic.vtt.fi/balticinfo/index.html
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Cervencl A, de Boer P, Nil sson L, Mei ssner W, GartH
breeding Eider Somateria mollissima  numbers in the Baltic/lWadden Sea flyway. Ornis Fe n-
nica 89: 1 -10.

Hario M, Kastepold T, Kilpi M, Staav R, & Stjernberg T (1987): Status of Cas pian Terns

Sterna caspia inthe Baltic. T Ornis Fennica 64: 154 1 156.

HELCOM (2012) Development of a set of core indicators: Interim report of the HELCOM
CORESET project, PART A. Description of the selection process. Baltic Sea Environment Pr o-
ceedings No. 129 A. Available at: www.helcom.fi/publications.

Hokkanen T (2012) Eastern Gulf of Finland, seabird populations, ornithological surveys. N a-
ture Protection Publications of Met s2hallitus.
and Swedish]

Nordst ™M m, H® gmander , J ., Lai ne, J ., Nummel i n,
Effects of feral mink removal on seabirds, waders and passerines on small islands in the
Baltic Sea. Biological Conservation, 109: 359 T 368.
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Rogers, S., Casini, M., Cury, P., Heath, M., Irigoien, X., Kuosa, H. et al . (2010) MSFD, Task
Group 4 Report, Food webs. European Commission Joint Research Center and ICES. Avai -
able at: http://www.ices.dk/projects/projects.asp.

¥sterblom H, Bignert A, Fransson T & Olsson O (
comm on guillemot  Uria aalge chicks in the Baltic Sea. Marine Ecology Progress Series 224:

305 -309.
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Figure 1. Brood size and the number of nests of Caspian Tern of single pairs and colony
breeders in the eastern Gulf of Finland. Modified from Hokkanen (2012).

'The brood size of Caspian Tern in the Eastern Gulf of Finland has fluctuated during the time

series and the poor nestling production of the colony -breeders is especially noteworthy. The
greates t threats to the breeding success are bad weather conditions and predation by He r-
ring Gull, American mink and White -tailed Eagle and to a smaller extent dis turbance by

boating and landing on breeding sites.
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Name of indicator

|Type of Indicator ||State indicator |
|Author(s) ||Ainars Auni e2g, Leif Nilsson, Andres Kuresoo, Le|

Description of the
indicator

This indicator consists of two single species indicators reflecting population condition of pa r-
ticular species. Separate indices are calculated for age ratios and sex ratios. Indices are
calculated for all species holding consi derable populations in the Baltic Sea in any of the
seasons where they have sex and/or age specific differences in plumage that are disti n-
guishable using the selected data collecti on method.

The aim of these indicators is to give early warning on negative demographic processes
going on in the population of the particular species. The age ratio indicator serves as a

proxy to information on productivity and age specific survival of th e species. These indices
are known to be more sensitive and able give earlie r warning than changes in the species
abundance.

)IAge ratio indicator is calculated separately for each of the following species:
Melanitta fusca, Melanitta nigra, Clan gula hyemalis, Bucephala clangula, Somateria mo lis-
sima, Polysticta stelleri , Aythya marila, Phalacrocorax carbo . National indicators may have a
subset of the species listed above.

Cygnus olor,

Sex ratio indicator is calculated separately for each of the following species: Melanitta fusca,
Melanitta nigra, Clangula hyemalis, Bucephala clangula, Somateria mo llissima, Polysticta
stelleri, Aythya marila . National indicators may have a subset of the species listed above.

Relationship of the
indicator to marine

The indicator reflects status (population condition) of important components of the marine
biodiversity. The indicator gives an early warning on negative demographic processes going

biodiversity on in the population.

Relevance of the MSFD descriptor 1 (species level 1 population condition, demographic characteristics, hab i-
indicator to diffe r- |tatlevel - condition of typical species and communities).

ent policy ins  tr u-

ments HELCOM CORESET (general agreement for the need of this indicator at least for Long -tailed

Duck Clangula hyemalis ).

Relevance to
commission dec i-
sion criteria and
indicator

1.3. Population condition

1.3.1. Population demographic characteristics (e .g. body size or age class stru c-
ture, sex ratio, fecundity rates, survival/mortality rates)

1.6.1. Conditi on of the typical species and communities

Method(s) for o b-
taining indicator
alues

Field data collection : There are several options for data collection depending on target sp e-
cies.

For game species, data can be collected from the
birds shot.

game bags by identifying sex and age of

For non-game species or game species that are rarely shot or to collect data outside the
hunting season, photographs from random flocks of birds (or random single birds) can be

taken us ing high resolution DSLRs with long lens (focal length 300mm and more). Data can

be collected during  other data collection even  ts carried out for collection of abundance data.

Boat or ground counts are most suitable for collection of data for sex and age ratio, however
it needs additional person for collection of images. Organising separate ground

feasible while separate boat surveys for sex/age data collection might be cost ineffective.

surveys is

The obtained images are processed providing figures for flock size, number of adult birds,
number of juvenile/immature birds and their sexes where appropriate (K. Larsson
pers.comm.).

Indicator calculation : The age ratio is calculated as proportion of juveniles in the postbree d-
ing population. If young females are inseparable from adult females in images, the age ratio

is calculate d dividing juvenile  males with number of adult males.

[The sex ratio is calculated dividing number of females with number of males.

Documentation of
relationship b e-
tween indicator
and pressure

This indicator is more sensitive to short term changes such as problems with productivity or
survival of young during the breeding season than abundance indicators (either in breeding
or nonbreeding seasons).

Biased sex proportions in the population suggest either different mortality of sexes or that
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sex ratio of hatched chicks is biased. Decreasing female proportion in a population suggest S
higher mortality of females, usually due to increased predation during breeding season.
Lehikoinen et al. (2008) has shown that population decline of Eider has been a ccompanied
by increasing male bias in the population that can be explained by increased female morta -
ity during breeding season as a result of increased predation by both native (White -tailed
Eagle) and invasive alien species (American Mink). Biased sex ra tios of declining waterbird

populations have been reported also for Scaup (Afton, Anderson 2001) and Stellers Eider
(Flint etal. 2000).

Decreasing proportion of young (1st year) birds shows reduced breeding performance of the
species. The pressures associ  ated with this are predation, insufficient food stocks, contam i-
nation of food sources, habitat loss, coastal development.

Geographical rel e- |[3. National waters

vance of indicator 4. Baltic Sea wide
How Reference Target sex ratio indicator value for monogamous species is 1 as the breeding potential of
Conditions (target such species is maximal when the sex ratio is equal (Nunney 1999). GES thresholds should
\values/thresholds) be put on both sides of the target value. The actual GES threshold for each species still
for the indicator need s to be defined. Meanwhile trend based GES reference conditions can be used - if there
ere obtained? is a significant trend in sex ratio and the actual indicator values are driving away from the
GES target value, the indicator cannot be at GES.

Target age ratio indicato r value is species specific. The actual GES targets and boundaries

have not been set. Meanwhile trend based GES reference conditions can be used - if the
trend in the proportion of young in the population is negative, the indicator cannot be at

GES.

Metho d for dete r- |[Currently species specific GES levels have not been set.
mining GES

The GES target for sex ratio has been set at value where a monogamous population the o-
retically ha s maximal breeding potential (Nun ney 1999). However, more ecological studies

are needed to set species specific GES boundary values on both sides of the target value.

\While precise GES levels cannot be set, an existence of a trend where indicator values are

driving away from the target, suggests that the indicator can be considered as not being at

GES.

More ecological studies are needed to set species specific GES targets and boundary values

for age ratio . While precise GES targets and levels cannot be set, a negative trend in juv e-
nile p roportion in the population suggest that the indicator can be considered as not being at

GES.

References Lehi koi nen A. , Christensen T. K., ¥st M. 2008 Kargep-
scale change in the sex ratio of a declining eider Somateria mollissima  population. Wildlife
biology 14: 288 -301.

Flint P.L., Petersen M.R., Dau C.P., Hines J.E., Nichols J.D. 2000. Annual survival and site
fidelity of Steller's Eiders molting along the Alaska Peninsula. Journal of Wildlife Manag e-
ment 64: 261 - 268.

Nunne y L. 1999. The effective size of a hierarchically structured population. Evolution 53: 1
- 10.

Skov. H., Hein?nen S., Gydelis R., Bellebaum J.
Grishanov G., Hario M., Kieckbusch J.J., Kube J., Kur esoo A. , Larsson K. s-
ner W., Nehls H.W., Nilsson L., Petersen |.K., Roos M.M., Pihl S., Sonnt ag N., Stock A,
Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic
Council of Ministers, Copenhagen, 201 pp-
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Name of indicator
|Type of Indicator ||Pressure indicator |
|Author(s) ||A| nars Aunizazg, Leif Nilsson, Andres Kuresoo, Le|
Description of the This indicator reflects impact and specific pressure of oil pollution to waterbirds in marine
indicator environment. The indicator shows the proportion of birds in the collected population sample
(or alternatively an index reflecting relative abundance of oiled birds) having been affected
by oiling. The indicator can have si ngle species and multi  -species versions.
Single - species version of the indicator is calcul ated separately for each species. This allows
identifying species being more affected by oiling as the impact can vary among the species.
'The following species need to be considered: Gavia arctica, Gavia stellata, Somateria molli s-
sima, Polysticta stelleri, Clangula hyemalis, Melanitta nigra, Melanitta fusca, Alca torda.
Multi - species version of the indicator is calculated as a single measure for all waterbirds (i.e.
all species pooled). This allows assessing total impact on waterbird community.
Relationsh ip of the |[The indicator reflects impact and pressure of oil pollution to birds in marine environment.
indicator to marine Thus it shows condition of particular species at species level (single -species version) as well
biodiversity as condition of habitatt  ypical species at habitat level (multi -species version).
Relevance of the MSFD descriptor 1 (habitat level/condition of typical species).
indicator to diffe r-
ent policy instr ~ u-  |Birds Directive (Article 12 requires reporting on existing impacts and thre ats to all regularly

ments

occurring wintering marine waterbird species).

Relevance to
commission dec i-
sion criteria and
indicator

1.3. Population condition

1.3.1. Population demographic characteristics (e.g. body size or age class structure, sex
ratio, fecund ity rates, survival/mortality rates)

1.6.1. Condition of the typical species and communities

Method(s) for o b-
taining indicator
alues

Field data collection: Two data collection methods have been suggested:

Using beached bird survey approach (Camphuysen 1989) where rate of oiled birds
among dead birds is assessed. The following information is recorded in each patrol: date,
site, observer, length of the patrolled segment, length of segment with visible oil contamin
tion and for each bird found on the beac h also species, presence of oil in feathers, type of
body found. It has been argued that counts of oiled carcasses result in underestimate of the
indicator as large part of birds affected by oil pollution are killed and removed by various
predators instea d of being stranded (Larsson, Tyden 2005), however, as predation equally
affects also birds that have been affected by other impacts such as diseases, starvation etc.,

proportion of oiled birds that drowned in the fishing nets (i.e. proportion of oiled birds in by
catch)

Using visual observations as suggested by Larsson, Tyden (2005). In this case

ber of birds that can be treated as absolute number of birds present (needed for calculation

of the proportion) is unknown. Oiled birds more likely move closer to the coast than una

fected individuals thus oiled birds are more likely to be observed during coastal surveys than
individuals not affected by oiling. Thus in these conditions the proportion of oiled birds will

give overestimate of the impact. To obtain field data for the indicator, constant routes with

constant observation  spots are nheeded where all birds that can be define d as being oiled are
counted. Birds are considered as being oiled if oil spots can be observed in their plumage or

bird behaviour suggests it (bird is continuously preening specific part of its body)

birds from all birds collected in the specific survey.

If visual observations are used, the indicator value is expressed as an abundance index, i.e.
abundance of oiled birds in a particular year relative to abundance of oiled birds at base

lyear (time period) or it is standardised as a density - number of observed oiled individuals
per route unit.

(Pannekoek & van Strien 1998). In addition to annual indices, TRIM allows the estimation of
trends over the whole period.

the recorded proportion of oiled birds among all stranded birds is still a valid measure . Using

absolute numbers of birds affected by oiling are used instead of th e proportion as the nu  m-

Indic ator calculation : the proportion based indicator is expressed as proportion (%) of oiled

Freeware program TRIM is available to produce annual indices based on log linear models

f-
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Documentation of This indicator has a direct relationship to oil pollutiona s a pressure. Impact of oil pollution
relationship b e- on marine birds (and thus also relationship of this indicator to the oiling pressure) has been

tween indicator described in a number of articles (Camphuysen 1989, 1998, Camphuysen, van Franeker

and pressure 1992, Camphuysen, Heubec  k 2001, Fleet, Re ineking 2001, Wiese, Ryan 2003, Larsson, T y-
den 2005, Gy d e éthals 2006, Skov etal . 2011)

Geographical rel e- |[1. Local

vance of indicator 2. Regional
3. National waters
4. Baltic Sea wide

How Reference GES target value for this indicator is 0. GES threshold should be put slightly above 0, ho w-

Conditions (target ever precise value need to be defined yet. Threshold values will be different depending on

values/thresholds) field method used for  data collection due to different m easurement scale.

for the indicat or

ere obtained? Meanwhile trend based GES reference conditions can be used - if there is a significanti  n-
creasing trend in the value of this indicator, the indicator cannot be at GES. A negative
trend of this indicator s  uggests improvement in ecologica | status and thus the indicator
might be considered as being in GES.

Method for dete r- |[The GES target value has been set at value which indicates that marine bird populations are

mining GES not being affected by the particular pressure (oiling). GES thresho Id level has not been set
and approach will differ depending on the field method used for data collection. If indicator
is expressed as a proportion - a constant GES level set at value at which the population can
still be regarded as sustainable can be use d. If indicator is expressed as an abundance index
of oiled birds, the GES thresholds might be site specific due to different levels of oiling pre s-
sure in the particular site at base time.

\While precise GES threshol  d level cannot be set, a positive trend i n this indicator  suggest
that the indicator can be considered as not being at GES, while negative trend suggests the
opposite.

References Camphuysen, C.J. 1989. Beached bird surveys in the Netherlands 1915 11988: seabird mo r-
tality in the southern North Sea since the early days of oil pollution. Technisch Rapport V o-
gelbescherming 1. Amsterdam: Werkgroep Noordzee. 308 pp.

Camphuysen, C.J. & van Franeker, J.A. 1992. The value of beached bird surveys in monito r-
ing mari ne oil pollution. Technisch Rapport Vogelbescherming 10. Zeist, Netherlands:
\Vogelbescherming, Netherlands. 191 pp.

Camphuysen, C.J. 1998. Beached bird surveys indicate decline in chronic oil pollution in the

North Sea. Marine Pollution Bulletin 36: 519 1526.

Camphuysen, C.J. & Heubeck, M. 2001. Mar ine oil pollution and beached bird surveys: the
development of a sensitive monitoring instrument. Environmental Pollution 112: 443 T 461.
Fleet, D.M. & Reinrking, B. 2001. What do systematic beached bird surveys tell us about oil
pollution in the southern No rth Sea? Wadden Sea Newsletter 3: 21 T 23.

Larsson K., Tyden L. 2005. Effects of oil spills on wintering Long -tailed Ducks Clangula hy e-
malis at Hoburgs bank in central Baltic Sea between 1996/97 and 2003/04. Ornis Svecica

15:161 - 171.

Skov. H., Hein?nen S., Gydelis R., Bellebaum J.
Grishanov G., Hario M., Kieckbusch J.J., Kube J., Kuresoo A., Larss on K., Lui gus-
ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A.,

Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic

Council of Ministers, Copenhagen, 201 pp.

Wiese, F.K. & Ryan, P.C. 2003. The extent of chronic marine oil pollution in southeastern
Newfoundland waters assess

\Williams, J.M., Tasker, M.L., Carter, I.C. & Webb, A. 1995. A method of assessing seabird
\vulnerability to surface pollutants. Ibis 137: 47 7 152.ed through beached bird surveys 1984 T
1999. Marine Pollution Bulletin 46: 1090 T 1101.

Gydelis R., Dagys M., Vaitkus G. 2006. Beached

Pollution and Bird Mortality in Fishing Nets. Marine Ornithology 34: 161 i 166.




LIST OF INDICATORS FOR ASSESSING THE STATE OF MARINE BIODIVERSITY IN THE BALTIC SEA

DEVELOPED BY THE LIFE MARMONI PROJECT

151

Illustrative mat
rial for indicator
documentation

e-

A0

LU

50,0

T ———
________‘—_::_--b

ann

30,0

Oliste Indude osakaal (%)

20,0

10,0

0,0 T T
1991 14996 UASE S 2002

Figure 1. Proportion of oiled waterbirds

2004 2o 2002 2010 2014 2014

in north -western Estonia in the spring surveys of

beached birds (1996 - 2012) (Nellis 2013) .

12

10

La]

Dliste lindude osakaal (%)

=

P

A

D - T

1904 1006 198 2000

Figure 2. Proportion of oiled waterbirds

beached birds (1996 - 2012) (Nellis 2013)

07

2004 20065 N8 010 nt2 n4d

in north -western Estonia in the autumn surveys of




LIST OF INDICATORS FOR ASSESSING THE STATE OF MARINE BIODIVERSITY IN THE BALTIC SEA

DEVELOPED BY THE LIFE MARMONI PROJECT 152
Name of indicator

|Type of Indicator ||Pressure indicator |
|Author(s) ||AinarsAuniag, Leif Nilsson, Andres Kuresoo, Leho LI

Description of the
indicator

This indicator reflects mortality of birds due to different reasons (mainly pollution and b
cat ch; Camphuysen 1989,
as relative abundance of stranded birds. The indicator can have single species and multi
species versions.

Single -species version of the indicator is calculated separately for each species identified.

This allows identifying ¢ hanges in species -specific mortality as this parameter can vary
among the species. The following species need to be considered: Gavia arctica, Gavia ste
lata, Podiceps cristatus, Somateria mollissima, Polysticta stelleri, Clangula hyemalis,
Melanitta nigra, Melanitta fusca, Alca torda.

Multi - species version of the indicator is calculated as a single measure for all waterbirds (i.e.
all species pooled). This allows assessing changes in mortality in the whole waterbird co
munity.

Camphuys eeatal. 29@6) Ibie exgressed 0

y_

Relationship of the
indicato r to marine
biodiversity

The indicator reflects impacts and pressures to birds in marine environment that cause their
mortality.  Pollution (including oiling) and bycatch have been described as main impacts that

can be assessed by this kind of indicator (Ca mphuysen 1989, Camphuysen, Heubeck 2001,
Gy d e étals 2006

Relevance of the

indicator to diffe r-

MSFD descriptor 1 (habitat level/condition of typical species).

ent policy instr u- Birds Directive (Article 12 requires reporting on existing impacts and threats to all regularly

ments occurring wintering marine waterbird species).

Relevance to 1.3. Population condition

commissiondec  i- [[1.3.1. Population demographic characteristics (e .g. body size or age class structure, sex

sion criteria and ratio, fe cundity rates, survival/ mortality rates)

indicator 1.6.1. Condition of the typical species and communities

Method(s) for o b- |[Field data collection : Data for this indicator should be collected using coastal surveys and

taining indicator recording all beached  birds as well as possible cause of their death. Standard methodology

values has been suggested by Camphuysen (1989) and has successfully been adopted on the Baltic
coast (Vaitkus etal. 199 3, 1994, Kur oc hkiehal .12008 &nd otheng)d e The o I-
lowing in formation is recorded for each segment in each patrol: date, site, observer, length
of the patrolled segment, length of segment with visible oil contamination. For each bird
found stranded on the beach species, cause of death, type of body found are record ed.
Indicator calculation : the indicator value is expressed as an abundance index, i.e. abu n-
dance of beached birds in a particular year relative to abundance of beached birds at base
lyear (time period) or it is standardised as a density - number of counted beached birds (i  n-
dividuals) per route unit.
Freeware program TRIM is available to produce annual indices based on loglinear models
(Pannekoek & van Strien 1998). In addition to annual indices, TRIM allows the estimation of
trends over the whole pe  riod.

Documentation of Relationship between number of stranded birds and pressures, especially pollution (including

relationship b e- oiling) and bycatch  have been described in a number of articles (Camphuysen 1989, 1998,

tween indicator Camphuy sen, v an Franeker 1992, Camphuysen, Heubeck 2001, Fleet, Reineking 2001, Vai t-

and pressure kus 1994, Wiese, Ry atal. 2006) Skov @tyald 20lL1). s

Geographical rel e- |[1. Local

vance of indicator 2. Regional

3. National waters
4. Baltic Sea wide

How Reference
Condit ions (target
alues/thresholds)
for the indicator
ere obtained?

GES target value and GES threshold for this indicator need to be defined yet.

Meanwhile a trend based GES reference conditions can be used
increasing trend

- if there is a significant
in the value of this indicator, the indicator cannot be at GES.

Method for dete
mining GES

r-

The GES target need to be set at value equal to value that could be obtained in beached bird
surveys id only mortality caused by natural factors was playing a role
need to be set at values at which mortality is low enough for the population to be consi
ered as sustainable (safe). To set ecologically justified targets for this indicator, more sp
cies and site -specific ecological studies are need ed. The GES targets and thresholds might

. GES threshold values

d-
e-
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be site specific due to different levels of mortality among sites and varying base time of the
indicator.

\While precise GES threshold level cannot be set, a positive trend in this indicator suggest
that the indicato r can be considered as not being at GES, while negative trend suggests the
opposite.

References Camphuysen, C.J. 1989. Beached bird surveys in the Netherlands 1915 1 1988: seabird mo r-
tality in the southern North Sea since the early days of oil pollution. Technisc h Rapport V o-
gelbescherming 1. Amsterdam: Werkgroep Noordzee. 308 pp.

Camphuysen, C.J. & van Franeker, J.A. 1992. The value of beached bird surveys in monito r-
ing marine oil pollution. Technisch Rapport Vogelbescherming 10. Zeist, Netherlands:
\Vogelb escherming, Netherlands. 191 pp.

Camphuysen, C.J. 1998. Beached bird surveys indicate decline in chronic oil pollution in the

North Sea. Marine Pollution Bulletin 36: 519 7 526.

Camphuysen, C.J. & Heubeck, M. 2001. Marine oil pollution and beached bird surveys: the
development of a sensitive monitoring instrument. Environmental Pollution 112: 443 T 461.
Fleet, D.M. & Reinrking, B. 2001. What do systematic beached bird surveys tell us about oil

pollut ion in the southern North Sea? Wadden Sea Newsletter 3: 21 T 23. Kurochk in, A. 1993.
Late winter beached bird survey in Latvia. Acta Ornithologica Lituanica 7 18:74177.

Skov. H. , Hei n2nen S., Gydelis R., Bell ebaum J .
Gri shanov G. , Hari o M., Kieckbusch J. J. , Kube ¢
ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A,

Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the B altic Sea. Nordic
Council of Ministers, Copenhagen, 201 pp.

\Van Strien, A.J., Pannekoek, J. et Gibbons, D.W. (2001): Indexing European bird population

trends using results of national monitoring schemes: a trial of a new method. Bird Study 48:

200 -213.

Vait kus, G. , Petraitis, A. & Gydel i s, R. 1994.
1991 7 1994. Acta Ornithologica Lituanica 9 110:73 17 7 . Vaitkus, G. , Dagy
Kilesinskas, T. 1993.

Preliminary report on winter -period beached bird  densities in Lithuanian coastal waters. Acta

Ornithologica Lituanica7 1 8:68 1 73.

Wiese, F.K. & Ryan, P.C. 2003. The extent of chronic marine oil pollution in southeastern

Newfoundland waters assessed through beached bird surveys 1984 1 1999. Marine Pollutio
Bulletin 46: 1090 71 1101.
Gydelis R., Dagys M., Vaitkus G. 2006. Beached

Pollution and Bird Mortality in Fishing Nets. Marine Ornithology 34: 161 i 166.

n
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Illustrative mat
rial for indicator
documentation
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Figure 1. Density of beached waterbirds in north -western Estonia in the spring surveys
(1996 - 2012) (Nellis 2013)
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Figure 2. Density of beached waterbirds in north -western Estonia in the autumn surveys
(1996 - 2012) (Nellis 2013)
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Name of indicator

|Type of Indicator

||Pressure indicator

alues

|Author(s) ||A| nars Aunizazg, Leif Nilsson, Andres Kuresoo, Le

Description of the This single -species indicator reflects mortality of birds due to drowning in fish nets (gilin ets

indicator and driftnets) and thus specifically show s impact/pressure of gillnet fishery to marine birds.
Single -species version of the indicator is calculated separately for each species. Some sp e-
cies are more affected by bycat ch and the impact varies ameaena.
2009). The following species need to be considered:  Gavia arctica, Gavia stellata, Podiceps
cristatus, Podiceps grisegena, Phalacrocorax carbo, Aythya fuligula, Aythya marila, Somat e-
ria mollissima, Polysticta stelleri, Clangula hyemalis, Melanitta nigra, Melanitta fusca,
Bucephala clangula , Mergus albellus, Mergus merganser, Mergus serrator, Alca torda, Uria
aalge, Cepphus grylle.

Relationship of the The indicator reflects impacts and specific pressu re of gillnet and driftnet fishery on birds in

indicator to marine marine environment that cause their mortality. Thus it shows condition of particular species

biodiversity at species level as mortality rate due to fishing activities.

Relevance of the MSFD descriptor 1 (species level/population conditi on).

indicator to diffe r-

ent policy instr ~ u-  |Birds Directive (Article 12 requires reporting on existing impacts and threats to all regularly

ments occurring wintering marine waterbird species).

Relevance to 1.3. Population condition

commission dec i- |[1.3.1. Population demographic characteristics (e .g. body size or age class structure, sex

sion criteria and ratio, fecundity rates, survival/ mortality rates)

indi cator

Method(s) for o b- |[Field data collection : using a voluntary logbook in cooperation with fishermen. For this

taining indicator scheme o f data collection position of vessel, catching effort (net length per time unit), nu m-

ber of birds drowned by species.

Using of electronic monitoring or CCTV sy stems has been suggested recently (Dalskov,
Kindt -Larsen 2009, Tilander, Lunneryd 2010). This inc lude s taking high quality images of
the catch and recording data on vessel position, hydraulic pressure and winch/drum rot a-
tions. The total catch record is audited by use of 4 video cameras, each filming different

angles of catch handling.

IAdditionally a methodology for data collection using coastal surveys and recording all
beached birds as well as possible cause of their death exists. Standard methodology h
been suggested by Camphuysen (1989) and has successfully been adopted on the Baltic
coast (Vaitkus etal . 1993, 1994, Kur oc héta.h2006%9RddDthersis Malveverj s
data collected this way does not show the true picture of mortality as not al | drowned birds
are beached later. Thus the first two data collection methods above are preferred.

as

To achieve usable results and to allow assessment of by -catch impact on waterbird popul a-
tions, monitoring the number of birds drowned (by species) need s to be accompanied with
regular monitoring of the population size of waterbird population (Bellebaum et al . 2012,
Degel et al. 2010). The la tter can be achieved by collecting data for indicators 4.1 to 4.3

and 4.6 to 4.8., however, for other seasons addition al fieldwork is needed.
Indicator calculation: Indicator is expressed as number of birds drowned per 1000 m of net
length per day (birds/NMD)

Documentation of

This indicator has a direct relationship to gill -net fisheries as a pressure. Relationship has

relationship b e- been des cribed in a number of articles (Qartyukhin, Burkanov 2000 , Dagys, Gide
tween indicator Kies, Tomek 1990, Mi | | er ,etalS RO®6, 20Q9, Sk 0 Oebal .2@EY)d e | i s
and pressure

Geographical rel e- |[1. Local

vance of indicator 2. Regional

3. National waters

4. Baltic Sea wide
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How Reference GES target value for this indicator is 0. GES threshold should be put slightly above 0, ho w-
Conditions (target ever precise value need s to be defined yet.
values/thresholds)
for the indicator Meanwhile trend based GES reference conditions can be used - if there is a significan t in-
ere obtained? creasing trend in the value of this indicator, the indicator cannot be at GES. A negative
trend of this indicator suggests impr ovement in ecological status and thus the indicator

might be considered as being in GES.

Method for dete r- |[The GES target value has been set at value which indicates that marine bird populations are

mining GES not being affected by the particular pressure (drowning in fishnets). GES threshold level has
not been set. GES thr  esholds might be site specific due to different levels of oiling pressure
in the particular site at base time.

\While precise GES threshold level cannot be set, a positive trend in this in dicator suggest s
that the indicator can be considered as not being at GES, while negative trend suggests the
opposite.

Referen ces Artyukhin, Y.B., Burkanov, V.N., 2000. Incidental mortality of seabirds in the drift net
salmon fishery by Japanese vessels in the Russian Exclusive Economic Zone, 1993 1 1997.
In: Kondratyev, A.K., Litvinenko, N.M., Kaiser, G.W. (Eds.), Seabirds of the Russian Far
East. Canadian Wildlife Service, Ottawa, pp. 105 1 116.
Bellebaum J, Schirmeister B, Sonntag N & Garthe S (2012) Decreasing but still high: b y-

catch of seabirds in gillnet fisheries along the German Baltic coast. Aquatic Conservation:
Marine and F resh water Ecosystems. DOI: 10.1002/aqc.2285.

Dagys, M., Gydel i s, R., 2002. Bird bycatch in fishi
wintering season 2001 i 2002. Acta Zoologica Lituanica 12 (3), 276 T 282.

Dalskov J., Kindt -Larsen L. 2009. Final Report on F ully Documented Fishery. DTU Agquara p-
port, National Institute of Aquatic Resources, Technical University of Denmark, 49 pp.

Degel, H., Petersen, I.K., Holm, T.E., Kahlert, J. (2010). Fugle som bifangst i garnfiskeriet.

Estimat af utilsigtet bifangst af havf ugl e i garnfiskeriet i omr -~ d
rapport nr. 227 -2010. Charlottenlund. Institut for Akvatiske Ressourcer, Danmarks Tekniske
Universitet, 56 p.

Kies, B., Tomek, T., 1990. Bird mortality in fishing nets in the Gulf of Gdansk, Polish Baltic
coast. Pelagicus 5, 23 1 27. Miller, T.J., Skalski, J.R., 2006. Estimation of seabird bycatch for

North Pacific longline vessels using design - and model -based methods. Canadian Journal of
Fisheries and Aquatic Sciences 63, 1878 71889.

Skov. H. , HeGnf@ekns SR, , Bell ebaum J. , Bzoma S. ,
Gri shanov G., Hario M., Kieckbusch J.J., Kube ¢

ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A.,
Stipni ece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic
Council of Ministers, Copenhagen, 201 pp.

Tylander D., Lunneryd S.G. 2010. Pilot Studies of Electronic Monitoring (EM) system for
fisheries control of small vessels. Paper presented at the 3rd meeting of ICES Study Group
for Bycatch of Protected Species, Copenhagen, February 1 -4, 2010.

Gydelis R., Dagys M. BeadthediBirdkSurgeys@®.Lith@a@i® Reflect Marine Oll
Pollution and Bird Mortality in Fishing Nets. Marine Ornithology 34: 161 T 166.

Gydel i s R. , Bell ebaum J. , ¥sterblom H., Vet ema
M., van Eerden M, Garthe S. 2009. Bycatch in gillnet fisheries i an overlooked threat to
waterbird populations. Biological Conservation 142: 1269 1 1281.




LIST OF INDICATORS FOR ASSESSING THE STATE OF MARINE BIODIVERSITY IN THE BALTIC SEA

DEVELOPED BY THE LIFE MARMONI PROJECT 157
Name of indicator 4.15Indicator on condition of waterbirds

|Type of Indicator ||Pressure indicator |
|Author(s) ||Ainars Auni e2g, Leif Nilsson, Andr eSst AKpunrieescoeo , Le|

Description of the
indicator

A body condition index based on condition of the pectoral flight muscles and the presence
and quantity of subcutaneous and intestinal fat depots.

Body condition of seabirds is measured by sampling by -caught seabirds as these probably
represent a good subset of the whole po pulation in the respective area (unlike beached birds

that might rather represent diseased individuals). Due to hig h water content in the feathers
of the drowned birds, the body mass (which represents a good indicator of body condition in

other circumstances) cannot be measured with sufficient accuracy.

cause of
et al . 2000, van
- condition of organs
07, and Laboch,

The index supplies general information on overall physical condition or the likely
death, e.g. starvation. Possible supplemental data to be collected (Leopold
Franeker 20 04): - information on injuries, oiling and entanglement
(score system) See van Franeken 2004, van Franeken, Camphuysen 20
Hayes 2012.

Relationship of the
indicator to mari
biodiversity

ne

The indicator reflects condition of typical species populations. It primary responds to the
following pressures and drivers: removal of prey, disturbance, disease, hazardous su
stances.

Relevance of the

MSFD descriptor 1 (species level/population condition and habitat level/condition of typical

vance of indicator

indicator to diffe r- |ispecies).
ent policy instr u-
ments Birds Directive (Article 12 requires reporting on existing impacts and threats t o all regularly
occurring wintering marine waterbird species).
Re levance to 1.3. Population condition
commissiondec  i- [[1.3.1. Population demographic characteristics (e .g. body size or age class structure, sex
sion criteria and ratio, fecundity rates, survival/ mortality rates)
indicator 1.6.1. Condition of the typical sp ecies and communities
Method(s) for o b- |[Field data collection : Three components are evaluated for every collected specimen:
taining indicator
values 1. condition of the pect  oral flight muscles
2. presence and quantity of subcutaneous fat depots
3. presence and quantity of intestinal fat depots
These are scored on a scale ranging from 0 to 3.
Subsequently, these scores are summed up to a condition index. Thus total score for each
bird can be in range 0 to 9.
In order to describe the overall condition of birds the following system for interpreting the
scores has been suggested (Van Franeker 2004):
0-1 as mortally emaciated,
2-3 as critically emaciated,
4-6 as moderate body condition and
7-9 as good body condition.
Documentation of The indicator primary responds to the following pressures and drivers: removal of prey,
relationship b e- disturbance, disease, hazardous substances
tween indica  tor
and pressure
Geographical rel e- |[2. Regional

3. National waters
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How Reference
Conditions (target
values /thresholds)
for the indicator

ere obtained?

The target condition score is in range from 7 to 9, meaning that all birds are in good phys i-
cal condition. The actual GES threshold still need s to be defined. Meanwhile trend based
GES reference conditions ca n be used - if there is a significant negative trend in body cond i-
tion index and the actual indicator values are driving away from the GES target range (7 -
9), the indicat or cannot be at GES.

Method for dete r- ||Currently GES levels have not been set. More ecological studies are needed to set GES

mining GES boundary value of the target. While precise GES levels cannot be set, an existence of neg a-
tive trend in this indicator an d values outside the target range (7 - 9) suggest that the ind -
cator can be consider ed as not being at GES.

References Labocha M.K., Hayes J.P. 2012. Morphometric indices of body condition in birds: a review. J

Ornithol 153:1 -22.

van Franeker J.A. & C.J. Camphuysen2 2007. Condition manual: the physical condition of
stranded seabirds.  Technical documents 4.1, Handbook on Oil Impact Assessment, version
1.0. Online edition, www.oiledwildlife.eu

\van Franeker J.A. 2004. Save the North Sea Fulmar -Litter -EcoQO manual part 1:  collection
and dissection procedures. Wageningen.
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Name of indicator 4.16 Feeding pressure on waterbird food sources

|Type of Indicator ||Pressure indicator |
|Author(s) ||Ainars Auni e2g, Leif Nilsson, Andres Kuresoo, Le|

Description of the
indicator

This indicator reflects impact and specific p ressure of feeding marine birds on their food
resources/other organisms in their food -chain/structure and conditions of their habitat and
its forming species.

Relationship of the
indicator to marine
biodiversity

The indicator reflects impact and pressure of marine waterbirds on their food sources.

Relevance of the

indicator to diffe r-

MSFD descriptor 1 (habitat level/condition of typical species).

ent policy instr u- Habitats Directive (Article 17 requires  reporting on existing impacts and threats to all occu r-
ments ring habitat types and their typical species. Marine waterbird species are known to have
impact on__their food sourcesi/typical species of Annex | habitat type 1170).
Relevance to 1.6. Habitat condition
commission dec i- |[1.6.1 . Condition of the typical species and communities
sion cri  teria and 1.6.2. Relative abundance and/or biomass, as appropriate
indicator
Method(s) for o b- |[Field data collection : using any of the standard methods. For inshore part of the indicator
taining indicator coastal ground counts (such as International Waterbird Census; methods described in We t-
values lands International 2010) are us ed. This type of data has been collected in all Baltic Sea
countries for decades. Data for offshore par t of the indicator need to be collected using ships
or planes (Komdeur et al. 1992, Petersen et al. 2005, Camphuisen et al. 2006, Nilsson
2012).
The diff erence from wintering waterbird censuses is that these counts are carried out on
daily (weekly) basist 0 assess presence and abundance of hirds for certain time periods.
Documentation of The indicator itself characterizes a pressure - pressure of waterbirds to their food sources. If
relationship b e- pressure exceeds the carrying capacity of the site, the affected benthic or pelagic commun i-
tween indicator ties become unsustainable.
and pre ssure
Geographical rel e- |[1. Local
vance of indicato r |[2. Regional

3. National waters
4. Baltic Sea wide

How Reference
Conditions (target
values/thresholds)
for the indicator
ere obtained?

Reference conditions are site spec ific depending on bottom substrate and communities. The

target should be set at safe level where number of bird days do es not pose arisk  exceeding
the carrying capacity of the site. The site specific target levels still need to be set. GES
boundary should b e put on the upper side of the target level at the assumed carrying capa c-

ity of the site.

Method for dete
mining GES

r-

Currently neither  target levels nor GES boundaries have been set. More ecological studies

are needed to set site specific target levels. These should be set at levels where number of
bird days do es not pose a risk exceed ing the carrying capacity of the site. GES boundary
should be put on the upper side of the target level at the assumed carrying capacity of the

site.

References

Camphuysen C.J., Fox A.D., Leopold M.F. & Petersen I.K. 2004. Towards standardised se
birds at sea census techniques in connection with environmental impact assessments for
offshore wind farms in the U.K. Report commissioned by COWRIE for the Crown Estate,
London. Royal Netherlands Institute for Sea Research, Texel, 38 pp.

Komdeur, J., Bertelse n, J. & Cracknell, G. (Eds.). 1992. Manual for Aeroplane and Ship Su
\veys of Waterfowl and Seabirds. IWRB Special Publication No. 1, Slimbridge, UK, 37 p.

Nilsson, L. 2012. Distribution and numbers of wintering sea ducks in Swedish offshore w
ters. Ornis Svecica 22: 39 -60.

Peterse n, I.K, Fox, A.D. 2005. An aerial survey technique for sampling and mapping distr
butions of waterbirds at sea. Department of Wildlife Ecology and Biodiversity, National Env
ronmental Research Institute. 24 pp.
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Skov. H. , BeinGydmrl i s R., Bell ebaum J. , Bzoma S
Gri shanov G. , Hari o M., Kieckbusch J.J., Kube ¢

ner W., Nehls H.W., Nilsson L., Petersen I.K., Roos M.M., Pihl S., Sonntag N., Stock A,
Stipniece A., Wahl J. 2011. Waterbird Populations and Pressures in the Baltic Sea. Nordic
Council of Ministers, Copenhagen, 201 pp.

\Wetlands International 2010. Guidance on waterbird monitoring methodology: Field Protocol
for waterbird counting. Report prepa red by Wetlands International.
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Table 1. Analysis of selected existing indicators against different criteria (Rees et al. Criteria 1-4) prformed in the first phase of the project before actual indicator development.

Rees et al. criterion number:

Merged criterion (Rees et al 2008 and
NordBio2010):

1

Capable of conveying information that is responsive
and meaningful to decision-making (directly tied to
management questions and linked to thresholds for
appropriate action relative to designated ecosystem
goals)

2

Linked to a conceptual stressord
response framework (with the
ability to communicate potential
causedeffect relationships)

8

Capable of measuring change or
its absence with confidence (robust
to influences of confounding envi-
ronmental factors)

4

Highly sensitive

and anticipatory
(Measured
qualities more
sensitive to
change than
their environ-
ment, early
warning of
potential prob-
lems)

Indicator Relevant to Indicates what it | Precise Possible to link | Impacts and Robust to env. Can be updated
directives and is supposed to to conceptual causes of influences routinely (i.e.
policies indicate framework such | change meas- annually)
as DPSIR ured by the
indicator are
known
Depth distribution of Fucus 1 1 0.5 1 1 0
vesiculosus
Depth distribution of vegetation 1 1 0.5 1 1 0
Share of annual and perennial species 1 0.5 0.5 1 1 0
Number of species 1 1 0.5 1 1
ZKI macrozoobenthos community 1 0 0.5 1 1 0
index
Species accumulation or rarefaction 0 0.5 0.5 0 0.5 0
curves
Relative abundance (or biomass) and 0 0.5 0.5 0 0.5 0
species-rank curves
Number (diversity) of functional traits 0.5 0.5 0.5
Community wide synchronicity 0.5 0.5 0.5
Community stability (the ratio be- 0 0.5 0.5 0.5 0
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tween the mean and the standard

deviation)

Number of perennial algal species 1 1 1 1 0.5 0.5 1 0
Total algal cover 1 1 1 1 0.5 0.5 1 0
Cumulative algal cover 1 1 1 1 0.5 0.5 1 0
Depth distribution of macroalgal spe- 1 1 1 1 0.5 1 1 0
cies

Lower growth limit of perennials: 1 1 1 1 1 1 1 0
Fucus vesiculosus

Multimetrics index (BQI) 1 1 0.5 1 0.5 0 1 0
Catch per unit effort (CPUE) 1 0.5 0.5 1 0.5 1 1 0
CPUE of large fish individuals 1 0.5 0.5 1 0.5 1 1 0
Catch per unit effort (CPUE) perch 25 1 1 0.5 1 0.5 1 1 0
Catch per unit effort (CPUE) cyprinid 1 0.5 0.5 1 0.5 1 1 0
fish

Catch per unit effort (CPUE) 1 1 0.5 1 0.5 1 1 0
piscivorous fish

Catch per unit effort (CPUE) of non- 1 0.5 0.5 1 0.5 1 1 0
piscivorous fish

Catch per unit effort (CPUE) of marine 1 1 0.5 1 0.5 1 1 0
fish species

Mean trophic level 1 1 0.5 1 0.5 0.5 1 0
Mean maximum length 1 1 0.5 1 0.5 0.5 1 0
Species diversity 1 1 0.5 1 0.5 0.5 1 0
Chl a measurement (HELCOM IFS part 1 1 1 1 1 0.5 1 1
1)

Phytoplankton species succession 1 0.5 0.5 1 0.5 1 1 1
(HELCOM IFS part 2)
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Table 1. continued (Rees et al. Criteria 5-7).

Rees et al. criterion number:

Merged criterion (Rees et al 2008 and
NordBio2010):

5

Applicable over a variety of spatial scales and condi-
tions (to support global as well as local comparisons)

6

Desirable operationally (easy to measure, reproducible
with minimum measurement error, cost-effective)

7

163

Integrative (serves multiple indica-

tor purposes)

Indicator Applicable at Indicates Aggregatable Reproducible Cost effective Based on exist- | Serves mult. Simplifying

both local and changes in a and (with low ing monitoring | purposes information

Baltic Sea scale | bigger scale disaggregatable | mesurement programmes

error)

Depth distribution of Fucus 0 0.5 1 1 0.5 1 1 1
vesiculosus
Depth distribution of vegetation 1 1 1 1 0.5 1 1 1
Share of annual and perennial species 0.5 1 1 1 1 1 1 1
Number of species 1 1 1 0.5 0.5 1 1 1
ZKI macrozoobenthos community 1 0.5 0.5 0.5 0.5 1 0 1
index
Species accumulation or rarefaction 1 0 0.5 0.5 0 0.5 1
curves
Relative abundance (or biomass) and 1 0 0.5 0.5 0 0.5 1
species-rank curves
Number (diversity) of functional traits 1 0.5 0.5 0.5 0 1 1
Community wide synchronicity 1 0.5 0.5 0.5 0 0.5 1
Community stability (the ratio be- 1 0.5 0.5 0.5 0.5 1
tween the mean and the standard
deviation)
Number of perennial algal species 0.5 0.5 1 0.5 0 1 0.5 0.5
Total algal cover 1 0.5 1 0.5 0 1 0.5 0.5
Cumulative algal cover 1 0.5 1 0.5 0 1 0.5 0.5
Depth distribution of macroalgal spe- 1 0.5 1 0.5 0 1 1 0.5
cies
Lower growth limit of perennials: 0.5 0.5 0.5 0.5 1 0 1
Fucus vesiculosus
Multimetrics index (BQI) 1 0 1 0.5 0.5 1 1
Catch per unit effort (CPUE) 1 0.5 1 1 1 0 1
CPUE of large fish individuals 1 0.5 1 1 1 1
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Catch per unit effort (CPUE) perch 25 1 0.5 1 1 0 1
Catch per unit effort (CPUE) cyprinid 1 0.5 1 1 1
fish
Catch per unit effort (CPUE) 1 0.5 1 0 1 0 1
piscivorous fish
Catch per unit effort (CPUE) of non- 1 0.5 1 0 1 0 1
piscivorous fish
Catch per unit effort (CPUE) of marine 1 0.5 1 0 1 0 1
fish species
Mean trophic level 1 0.5 1 0 1 0 1
Mean maximum length 1 0.5 1 0 1 0 0.5
Species diversity 1 0.5 1 0 1 0 1
Chl a measurement (HELCOM IFS part 1 1 1 1 0 1
)
Phytoplankton species succession 1 0.5 0.5 1 0 0.5

(HELCOM IFS part 2)
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Table 1 continued (Rees et al. Criteria 8-10).

Rees et al. criterion number:

Merged criterion (Rees et al 2008 and

8

Non-destructive

9

Easy to understand and communicate (non-specialists

10

Scientifically and legally defensible (robust to peer

165

NB

Representative

NordBio2010): (measurement need to act on findings) review and wider challenge) and good cov-
does not cause erage (Includes
ecosystem a large enough
damage) or representa-

tive group of
species and has
a good spatial
coverage)

Indicator Easy to under- Clear presenta- | Responds to Based on real Statistically May be used in

stand tion (possible to | stakeholder observations sound data legal processes
display eye- needs and is collection (environmental
catching broadly accept- methods impact assess-
graphics) ed amongst ments etc.)
them

Depth distribution of Fucus 1 1 1 1 1 1 1 0.5

vesiculosus

Depth distribution of vegetation 1 1 1 1 1 1 1 0.5

Share of annual and perennial species 1 1 1 1 1 1 1 0.5

Number of species 1 1 1 1 1 1 1 1

ZKI macrozoobenthos community 1 0.5 1 1 1 1 1 1

index

Species accumulation or rarefaction 1 0.5 1 0.5 1 1 1 1

curves

Relative abundance (or biomass) and 1 0.5 1 0.5 1 1 1 1

species-rank curves

Number (diversity) of functional traits 1 0.5 1 0.5 1 1 1 1

Community wide synchronicity 1 0.5 1 0.5 1 1 1 1

Community stability (the ratio be- 1 0.5 1 0.5 1 1 1 1

tween the mean and the standard

deviation)

Number of perennial algal species 1 1 0.5 0.5 1 0.5 1 0.5

Total algal cover 1 1 0.5 0.5 1 0.5 1 0.5
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Cumulative algal cover 1 0.5 0.5 0.5 1 0.5 1 0.5
Depth distribution of macroalgal spe- 1 1 0.5 1 1 0.5 1 0.5
cies

Lower growth limit of perennials: 1 1 1 1 1 1 1 1
Fucus vesiculosus

Multimetrics index (BQI) 1 1 1 1 1 1 1 1
Catch per unit effort (CPUE) 1 1 1 1 1 1 0.5 1
CPUE of large fish individuals 1 1 1 1 1 1 0.5 0.5
Catch per unit effort (CPUE) perch 25 1 1 1 1 1 1 0.5 1
Catch per unit effort (CPUE) cyprinid 1 1 1 1 1 1 0.5 0.5
fish

Catch per unit effort (CPUE) 1 1 1 1 1 1 0.5 0.5
piscivorous fish

Catch per unit effort (CPUE) of non- 1 1 1 1 1 1 0.5 0.5
piscivorous fish

Catch per unit effort (CPUE) of marine 1 1 1 1 1 1 0.5 0.5
fish species

Mean trophic level 1 0.5 1 1 1 1 0.5 1
Mean maximum length 1 1 1 1 1 1 0.5 1
Species diversity 1 1 1 1 1 1 0.5 1
Chl a measurement (HELCOM IFS part 1 1 1 1 1 1 1 1
1)

Phytoplankton species succession 1 1 1 1 0.5 1
(HELCOM IFS part 2)
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