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ABSTRACT

An indicator is presented to assess and monitor the good environmental status of national marine waters
based on the status of commercially exploited marine fishes and invertebrates, including fully-assessed
as well as data-limited stocks. The overall-indicator consists of one number per year. It summarizes the
following sub-indicators: the stock size relative to the size that can produce the maximum sustainable
fishing yield; the mortality caused by fishing relative to the natural rate of mortality; the mean length in
the catch relative to the length where 90% of the females reach sexual maturity; and the abundance in
national waters relative to mean abundance in the time series. For the example of German marine
waters, the overall-indicator shows that only 3 of 19 stocks (Baltic Sea dab, North Sea plaice and North
Sea sprat) were above the limit reference point for the overall indicator in 2011. North Sea herring was
close to reaching the threshold, but most other stocks were still far below. Apparently fishing mortality
was too high to allow recovery of more stocks to levels capable of producing the maximum sustainable
yield. The chosen indicators and reference points may prove useful to other scientists tasked with
assessing the environmental status of their national waters.

© 2014 Published by Elsevier Ltd.

1. Introduction

Conservation of biological diversity has been recognized as a
key responsibility of states to preserve or rebuild healthy ecosys-
tems for the wellbeing of current and future generations [5].
A central theme in this context is the application of the precau-
tionary principle in the exploitation of living marine resources and
the preservation of the marine environment [35]. Towards this
goal, states have developed indicators to assess and monitor the
status of biological diversity within their jurisdiction. The over-
arching legal framework for suitable indicators and reference
points for commercially exploited marine stocks is provided by
the United Nations Convention on the Law of the Sea [34] and the
Agreement for the implementation of the provisions of the United
Nations Convention on the Law of the Sea [35]. From a European
perspective there are in addition the Marine Strategy Framework
Directive of the European Union [25,8] and the 2013 reform of the
European Common Fisheries Policy [6].

There have been several attempts to provide indicators for the
assessment of the environmental status of European Seas based on
the status of commercially exploited species [20,30], albeit with
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reference points that had no base in fisheries science or in the
legal instruments cited above, and which led to unrealistic positive
results. Thus, the purpose of this study is to present indicators and
reference points for the status of commercial stocks in national
marine waters based on the concept of maximum sustainable yield
and on the existing legal framework [34,35,25,6]. These indicators
are combined into one annual overall indicator and are applied to
exploited marine fishes and invertebrates in the territorial waters
and the exclusive economic zone (EEZ). Germany was chosen as
a test case for the suitability and for the potential results of the
proposed indicators.

2. Materials and methods

A detailed presentation of the data, the methods, and the
application of the methods to the different stocks was beyond
the amount of text, tables and figures acceptable for publication
in scientific journals. Such detailed presentation is instead made
available as online material ([14], 95 p.).

2.1. Selection of stocks

Over 200 stocks of commercially exploited marine fishes and
invertebrates occur in the Northeast Atlantic and about 100 of
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these may occur in German marine waters. However, no stock is
endemic to German marine waters and many species occur there
only as strays (rare visitors) and are not commercially exploited
there. For example, Saithe (Pollachius virens) is fished by German
fishers in the central and northern North Sea, but it is only
infrequently found in the southern North Sea. Similarly, the cod
(Gadus morhua) stock of the eastern Baltic is important to German
fisheries but does not occur in German marine waters. For the
purpose of this study only species and stocks that occur regularly
in German marine waters and for which suitable data were
available were used. The 19 stocks that fulfilled these require-
ments are listed in Table 1.

2.2. Avdilable data

Annual stock assessments of exploited species in the Northeast
Atlantic are done by the respective working groups of the Inter-
national Council for the Exploration of the Seas (ICES). However,
full assessments with indication of stock size, fishing mortality and
recruitment are done for only a subset of stocks, including seven of
the 19 selected stocks. For the remaining 12 stocks only data on
reported landings and data from research surveys were avail-
able [14]. For these stocks, approximate parameters (proxies) were
used [6], e.g. for stock size, fishing mortality, and respective
reference points. For some commercial species that are heavily
fished in German waters, such as Brown shrimp (Crangon crangon)
or Blue mussel (Mytilus edulis), no suitable data were found and
thus these species could not be included. The only invertebrate
species with some suitable data was the Norway lobster (Nephrops
norvegicus).

2.3. Selection of sub-indicators and reasonable proxies for data-
limited stocks

The Marine Strategy Framework Directive [25] of the European
Union “establishes a framework within which Member States shall
take the necessary measures to achieve or maintain good environ-
mental status in the marine environment by the year 2020 at the
latest.” A qualitative descriptor for determining good environmen-
tal status of exploited stocks is given in Annex I of the MSFD
as Descriptor 3: “Populations of all commercially exploited fish
and shellfish are within safe biological limits, exhibiting a popula-
tion age and size distribution that is indicative of a healthy stock.”

Table 1

The European Commission [8] further specified three indicators
for Descriptor 3:

1. The level of pressure of the fishing activity, measured either
as fishing mortality F relative to the one associated with the
maximum sustainable yield (Fysy) or, if F is unknown, the ratio
between catch and biomass, with a reference point that is
compatible with Fygy.

2. The spawning stock biomass (SSB) relative to the one that can
produce the maximum sustainable yield (SSBmsy) or other
suitable biomass indices.

3. The age and size distribution within the population, with the
sub-indicators

i. Proportion of fish larger than the mean size of first sexual
maturation;

ii. Mean maximum length across all species found in research
vessel surveys;

iii. 5% percentile of the fish length distribution observed in
research vessel surveys;

iv. Size at first sexual maturation [relative to historic sizes],
which may reflect the extent of undesirable genetic effects
of exploitation.

Indicators 1 and 2 of Descriptor 3 were accepted for the pur-
pose of this study and respective estimates or suitable proxies
were obtained as described below. Looking at indicator 3 and its
four sub-indicators for age and size distribution within a popula-
tion, sub-indicator ii refers to different species and is thus
not suitable for assessing the status of a given population. Sub-
indicator iv refers to the reduction in mean size at maturity that is
known to occur in many stocks. However, the genetic component
of such change acts on a time scales of generations and thus
requires sufficiently long time series of maturity data to be
detectable. This sub-indicator was therefore not suitable for the
short time series that were available for several stocks used in this
study. Sub-indicator iii refers to the 95th percentile of fish length
distributions in research surveys. This indicator will decline in
years with strong recruitment, thus giving a misleading negative
signal in response to a positive event [30]. Given these short-
comings of sub-indicators ii-iv, sub-indicator i, referring to the
proportion of mature fishes, was chosen as sub-indicator for size
and age and implemented as described below.

English and scientific names of species, stock delineation and ICES identification code of stocks evaluated in this report. Stocks with full assessments (time series data on SSB

and F) are marked with an asterisk (*) in the last column.

English name Scientific name Stock ICES ID
Cod Gadus morhua North Sea, Subarea IV, Divison VIId & Division Illa (Skagerrak) cod-347d*
Baltic Sea, Subdivisions 22-24 cod-2224*
Dab Limanda limanda North Sea, Subarea IV and Division Illa dab-nsea
Baltic Sea, Subdivisions 22-32 dab-2232
Dogfish/Spurdog Squalus acanthias Northeast Atlantic spurdog
European eel Anguilla anguilla Northeast Atlantic eel-eur
Flounder Platichthys flesus North Sea, Division Illa and Subarea IV fle-nsea
Baltic Sea, Subdivisions 22-32 fle-2232
Herring Clupea harengus North Sea, Subarea IV, Divisions VIId & Illa (autumn-spawners) her-47d3*
Baltic Sea, Subdivisions 22-24 and Division Illa (spring-spawners) her-3a22*
Norway lobster Nephrops norvegicus North Sea, Subarea IV nep-IV
Plaice Pleuronectes platessa North Sea, Subarea IV ple-nsea*
Baltic, Kattegat, Belt and Sounds, subdivisions 21-23 ple-2123
Baltic, subdivisions 24-32 ple-2432
Sole Solea solea North Sea, Subarea IV sol-nsea™
Sprat Sprattus sprattus North Sea, Subarea IV spr-nsea
Baltic Sea, Subdivisions 22-32 spr-2232*
Turbot Scophthalmus maximus North Sea, Subarea IV and Division Illa tur-nsea
Baltic Sea, Subdivisions 22-32 tur-2232
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For the purpose of this study, the following sub-indicators and
reference points were used and applied to the selected stocks.

1. Spawning stock size (SSB; tonnes) relative to the stock size
(SSBmsy) that can produce the maximum sustainable yield.
Since estimates of SSBp,s, were not available from ICES, twice
the stock size that marks the precautionary border of safe
biological limits (SSBp,) was used as a proxy for SSBsy.

2. Mortality caused by fishing (F; year~!) relative to the natural
mortality (M; year™!) caused by predation, diseases, natural
hazards, or old age.

3. Mean length (Lean; cm) in commercial catches relative to the
mean length where 90% of the females have reached sexual
maturity (Lmgo)-

4. Abundance measured as catch-per-unit-effort (CPUE; numbers
caught per hour in research surveys) in and near national
marine waters relative to the mean CPUE in the time series.

These selected sub-indicators are described in more detail below.

2.3.1. Spawning stock size

The stock size that can produce the maximum sustainable yield
(SSBmsy) is a reference point referred to in UNCLOS [34], UNFSA
[35], MSFD [25], Descriptors 1 and 3 in COM [8], and in the new
Common Fisheries Policy of the European Union [6]. These
laws and instruments agree that a biomass below SSB, requires
rebuilding of the stock. For the European Union, the CFP [6]
requires rebuilding of stocks “within a reasonable timeframe
above levels that can produce the maximum sustainable yield”,
with 2015 as the target year for the corresponding exploitation
rates. The ratio SSB/SSBysy is thus the legally prescribed indicator
for the state of the stock with 1.0 as the lower limit reference
point. As of 2013, ICES did not provide estimates of SSBpsy.
However, the spawning stock biomass below which recruitment
may become impaired (SSBp,, [18]) was available or could be
approximated for all stocks in Table 1. Such impairment of
recruitment is to be expected at stock sizes below 20% of
unexploited biomass By [2]. Production models estimate the
biomass that can produce the maximum sustainable yield at 37%
[12] to 50% [31] of Bo. If both 0.2 By and SSB,, mark the biomass
below which reduction in recruitment may be observed, and if
SSBmsy occurs at 0.37-0.5 By, then it follows that 2 x SSBp, is a
reasonable proxy for SSBp,, until better estimates become avail-
able. The ratio SSB/(2 x SSBpa) was thus the chosen sub-indicator
for stock size.

For the twelve data-limited stocks in Table 1, no estimates of
SSB or SSBp, were available. Instead, the annual average catch of
adult fish in one hour of standardized survey trawling (CPUE) was
used as a proxy for SSB, after turning numbers caught into weight
with a length-weight relationship. Similarly, the average catch of
juvenile fish was used as a proxy for the number of young fish
entering the fishery (=recruits). The number of recruits was
plotted over the biomass of adults in the year the recruits were
spawned to obtain a stock-recruitment plot. A stock-recruitment
function was fitted to these data to obtain the proxy biomass of
adults below which recruitment declined, and a precautionary
distance to this biomass was taken as a proxy for SSBp, for data-
limited stocks. Two examples of this procedure are given below.

2.3.2. Mortality caused by fishing

For human exploitation pressure on a stock, fishing mortality
(F) is the internationally recognized indicator and Fnsy is the F
value that lets a stock reach SSBns, and then results in the
maximum sustainable yield [35,8]. The Common Fisheries Policy
aims for reducing F to Fyy for all stocks in its jurisdiction by 2015

and “under no circumstances later than 2020” [6]. ICES provides
estimates of Fy for the seven fully assessed stocks in Table 1 but
not for the twelve data-limited stocks. The rate of natural mortal-
ity M has long been used in fisheries science as a proxy for
the upper limit of Fns (e.g [2,3,7,16,24,28,29,32,33,36,37]).
Also, NOAA uses M as proxy for Fyy in assessments of data limited
stocks [27]. Therefore the ratio F/M was chosen as sub-indicator
for the level of exploitation. For consistency, the F/M ratio was also
applied to fully assessed stocks which had ICES estimates of Fpsy.

F and M were available for all fully-assessed stocks in Table 1
and thus the F/M ratio could be obtained directly from the data
provided by ICES. For the twelve data-limited stocks, no stock-
specific estimate of M was available and it was derived instead
from the literature or from empirical equations [14]. Total mortal-
ity Z in the data-limited stocks was estimated from the observed
decline in numbers of a cohort in survey catches in three sub-
sequent years [10]. For this purpose, a growth curve was used to
transform observed lengths into age. A proxy for fishing mortality
was then obtained from Fpoxy=Z—M. This method provided
proxy-estimates of fishing mortality for all data-limited stocks,
although not for all stocks in all years, because sometimes the
numbers in the surveys were too few for this type of analysis. Two
examples of this procedure are given below.

2.3.3. Mean length in commercial catches

Size and age structure of a stock are important indicators [10,8]
of resilience against stresses such as periods of unfavorable
environmental conditions which are predicted to become more
frequent and more pronounced in the context of climate change
(e.g. [11]). Impact of fishing on size and age structure of a stock can
be minimized if fishing targets the size and age of fishes where the
biomass of a cohort has reached a maximum [17,15]. Also, it has
been formally shown that overexploitation is less likely to occur if
individuals are allowed to reproduce at least once before being
caught [26]. Several indicators have been explored by Froese and
Sampang [14] to address size and age structure of stocks. Mean
length in commercial catches Lea, relative to the length where
90% of the larger sex (here: the females) have reached maturity
Lwoo Was chosen for the purpose of this study. A proportion of 90%
instead of the 50% typically used in stock assessment was chosen,
because the corresponding indicator is not the length where 50%
of the individuals are retained by the gear, but instead the mean
length in the catch, which reflects the mean length in the
exploited part of the stock. Also, the CFP [6] explicitly refers to a
“minimum conservation reference size” which has to account for
size of maturity and “which replaces, where relevant, the mini-
mum landing size”, i.e., the clear intention of the legal framework
is that iteroparous species are caught after they have reached
maturity. Thus, the ratio Lyean/Lmoo is the sub-indicator for the
impact of fishing on the size and age structure of the stock. For the
data-limited stocks, the mean length in commercial catches could
not be derived from survey data because these use smaller mesh
sizes and different fishing patterns than commercial fishers. Thus,
this sub-indicator was only applied to the fully-assessed stocks.

2.3.4. Abundance in German marine waters

In the context of a national biodiversity indicator the abun-
dance in national waters must also be considered. For example,
North Sea cod was abundant in German marine waters in the
1970s but nearly absent after 1990. The ICES stock assessment
for North Sea cod is based mainly on data from the deep-water
northern subpopulation which is unlikely to repopulate the south-
ern North Sea [19]. To capture biodiversity in national waters,
abundance data from research surveys (CPUE) can be used.
Unfortunately, no historic CPUE estimates with no or low or MSY
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exploitation levels were available as abundance reference points.
As a substitute, the mean of the time series can tell us whether
current abundance is above or below average. Note that because of
the strong inter-annual fluctuations in CPUE, a three-year moving
average mCPUE was used for the ratio mCPUE/CPUE yean. For the
first and the last year in the time series, a two-year moving
average was used to account for border effects. Two examples are
given below.

2.4. Method for summarizing sub-indicators

There are many possible ways of summarizing sub-indicators,
such as giving them equal weight and taking the arithmetic mean.
However, the sub-indicator on stock size is a status indicator
which addresses an overarching legal requirement [34,6] and
therefore deserves higher weight then the other three sub-
indicators. This was achieved by taking the arithmetic mean of
the other sub-indicators and multiplying it with the stock size
sub-indicator. This was only done if the mean across the other
sub-indicators was smaller than 1.0. By this procedure, the other
sub-indicators were given each less weight than the stock-size
indicator, and they could only reduce or confirm that value. For
example, a too-small stock size of 0.8 could not be compensated
by an Liean/Lmoo ratio of 1.3.

For the seven fully assessed stocks, estimates for all sub-indi-
cators were available. However, for the twelve data-limited stocks,
information about mean length in commercial catches was lacking
and for some of the data-limited stocks, fishing mortality was also
unknown in some years. In these cases, only the available sub-
indicators were used.

The calculation of the summary indicators was done for each
stock in two steps as shown below.

1. Step 1:
I = mean(ly, Iy, 1a)

where [ is the indicator for fishing pressure, I; is the indicator
for mean length in the catch, I, is the indicator for abundance
in national marine waters, and Ir 4 is the arithmetic mean of
these three sub-indicators.

2. Step 2:

Isummary =Is x (Ipa [ Ira < 1)

where Isymmary is the summary indicator, which equals the
stock size indicator Is if the mean of the other sub-indicators is
> 1, or is multiplied with the mean of the other sub-indicators
if that mean is < 1.

Note that the sub-indicators for stock size, fishing mortality and
mean length in catch all referred to the stock as a whole, i.e., the
whole Baltic in the case of Baltic sprat (Sprattus sprattus) or the
whole Northeast Atlantic in the case of European eel (Anguilla
anguilla) and Dogfish (Squalus acanthias). These stock-wide esti-
mates were used as proxies for the respective values in German
marine waters, because no such estimates were available for
this area.

The above procedure created annual stock-specific summary
indicators for each of the selected stocks. The overall-indicator for
a given year was then derived as the percentage of stocks which
had a summary indicator value Isymmary > 1. Thus, each of the 19
stocks was given equal weight.

3. Results

A key question is how well the proxy indicators and proxy
reference points for data-limited stocks captured the true status of

and pressure on these stocks. For this evaluation, scores resulting
from the data-limited methods were compared with scores based
on full assessments. Mean scores over the last 5 years for stock size
and fishing pressure are presented in Table 2. For spawning stock
size, most scores based on proxies deviated little from the scores
derived from full assessments. All proxy scores fell on the same
side of the decision framework (here: < 1.0) as the biomass scores
from full assessments. For fishing pressure, the scores from proxies
and full assessments were also similar and on the same side of the
decision framework. In summary, the proxy assessments would
lead to the same qualitative evaluations of these stocks as the full
assessments.

As an example of a fully assessed stock, North Sea plaice
(Pleuronectes platessa) was chosen because this stock has recently
recovered from overfishing [21], a change in status that should be
recognized by the indicators. The rebuilding of spawning stock
biomass of North Sea plaice is shown in Fig. 1. The biomass crossed
the threshold of the proxy spawning stock biomass that can
produce the maximum sustainable yield (pSSBpsy) in 2010. This
was a consequence of the decrease in fishing mortality shown in
Fig. 2. Note, however, that fishing mortality still exceeds natural
mortality and that the mean length in the commercial catches is
still slightly below the length where 90% of the females have
reached maturity (Fig. 2). The time series of average catch in
numbers of plaice resulting from one hour of survey trawling
with standardized gears (CPUE) reflects the stock abundance in the
German marine waters (Fig. 3). With a recovered good over-
all stock status one would expect that also recent abundances
in German marine waters were above the overall mean, with

Table 2

Comparison of scores for stock size and fishing mortality, using averages over the
last 5 years, between full assessments (SSB/pSSBmsy, M/F) and preliminary assess-
ments based on survey data and life history parameters (pSSB/pSSBsy, 2M|Z). Note
that for mortality inverse ratios were used to obtain numbers > =1 in case of
fulfillment of the requirements. Cases where data were insufficient to derive a
proxy for fishing mortality are marked as NA. [NMS_Stocks_7.x1sx].

Species  Stock NS/BS  SSB/pSSBnsy  PSSB|pSSBrsy MJF  2M|Z
Cod cod-347d NS 0.15 0.17 043 0.68
cod-2224 BS 0.41 0.47 036 0.29
Herring  her-47d3 NS 0.71 0.46 347 NA
her-3a22  BS 0.54 0.57 0.62 054
Plaice ple-nsea NS 0.87 0.44 043 0.69
Sole sol-nsea NS 0.44 0.54 028 NA
Sprat spr-2232  BS 0.83 0.38 1.06 NA
600
500 -
S 400 A
[=]
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g 300 A
K=l
-]
200 -
100 A
0 T T T T T
2000 2002 2004 2006 2008 2010
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Fig. 1. Status graph: spawning stock biomass of North Sea plaice (black curve) from
2000 to 2011, with indication of the proxy biomass that could produce the
maximum sustainable yield (pSSBmsy)-
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Fig. 2. Pressure graph: fishing mortality F and mean length in commercial catches
Linean, for North Sea plaice. The black dashed line indicates natural mortality M as
reference point for fishing mortality. The gray dashed line indicates the length L,90
where 90% of the females have reached sexual maturity.
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Fig. 3. Average catch in numbers of North Sea plaice resulting from one hour of
trawling with standardize survey gears in the southern North Sea (ICES round fish
area 6). The bold line represents a three-year moving average to reduce scatter and
facilitate interpretation of trends. The dotted line indicates the mean catches over
the time series.

increasing or stable trend. This was indeed the case for North Sea
plaice.

Data-limited stocks lack assessments of fishing mortality,
biomass and recruitment and thus the indicators as described
above cannot be applied directly. Landings data for most of these
stocks are considered unreliable, mainly because they do not
include discards and therefore underestimate the true catches.
Available data are life history data such as growth in length,
length-weight relationships, and length or age at first maturity, as
derived with standard models from DATRAS SMALK data [22].
Also, ICES provides catch per unit effort by length class and area in
the DATRAS CPUE-per-length-per-area database. From combina-
tions of these data, proxies for fishing mortality and spawning
stock size were derived.

As an example of the assessment of a data-limited stock, North
Sea dab (Limanda limanda) is shown in Fig. 4. Data were obtained
from the DATRAS CPUE-per-length-per-area database, as annual
numbers of dab per length class caught on average by one hour of
standardized research trawling (Fig. 4a). The gray line in Fig. 4a
indicates the number of individuals that are larger than the length
at 50% female maturity Ly,s0=15 cm and that are larger than the
first length class that is fully retained by the gear L,=17 cm. This
second condition was necessary because all fish 17 cm or smaller
were considered to be recruits (Fig. 4b) in the sense that they have
become vulnerable to the survey gear. The dashed line indicates
the geometric mean of recruitment at large stock sizes (see below).
Annual total mortality Z experienced over the respective previous

three years was used as a proxy for fishing mortality (Fig. 4c). No
estimate of natural mortality existed for this stock, so a prelimin-
ary value of M=0.2 was assumed, which is a compromise between
the M=0.1 often used by ICES for flatfish and the M=15K=
0.32 suggested by general life history theory [23], where K is a
parameter of the von Bertalanffy growth equation. The dashed line
is the reference to fishing with F=M. Length of fish larger than
17 cm was converted to weight and summed up to show the proxy
biomass of mature fish in Fig. 4d. The dashed horizontal lines are
proxy reference points for spawning stock biomass. The time
series suggests that spawning stock biomass has been within safe
biological limits (above proxy SSBp,) for the past two decades,
but remains well below the size that can produce the maximum
sustainable yield (proxy SSBmsy). This is consistent with the
independent estimates of fishing mortality shown in Fig. 4c, which
were above proxy Fp,sy-levels throughout the time series and thus
prevented a full recovery of the stock.

No estimates of SSByy, or SSBy,, were available for North Sea
dab. Therefore, spawning stock biomass and number of recruits as
derived above were used to perform a stock-recruitment analysis
(Fig. 5). A hockey stick was fitted by an automated procedure,
where the shaft of the hockey stick represents the geometric mean
number of recruits Ry, produced by biomasses in the upper half
of the range of available SSB estimates, to represent average long-
term recruitment at reasonably large stock sizes. The shaft is
connected to the blade at the smallest biomass resulting in
recruitment not less than Rj,r. The point where shaft and blade
meet then marks the proxy biomass SSByim, below which recruit-
ment was reduced. The same procedure was applied to the upper
95% confidence limit of Ri,¢ (dotted lines) to obtain the precau-
tionary borderline to potentially compromised recruitment proxy
SSBpa. However, if this resulted in an estimate of SSBy,, that was
smaller than 1.4 SSBjim, as in our example, then SSB,, was set to 1.4
SSBiim [18] in order to remain precautionary [14].

The Supplementary material contains the annual results for the
overall indicator, the sub-indicators, and the summary indicators
by stock. [Supplementary Materials-1.xlsx, NMS_Stocks_7.x1sx]

4. Discussion

All methods used in this study are standard fisheries methods,
which were therefore only summarized with indication of key
references. Some of these methods were applied beyond their
traditional range, such as fitting a stock-recruitment hockey-stick
model to survey data. An example application is provided that
should allow interested readers to repeat this exercise. Detailed
descriptions of methods and application to 19 stocks are presented
as online material [14].

Signatories to the CBD [5] are tasked with monitoring and
evaluating biodiversity within their national jurisdiction, including
national marine waters. In Europe, the Marine Strategy Framework
Directive [25] has set the ambitious target of achieving good
environmental status (GES) in EU marine waters by 2020. Towards
this goal, member states have to assess and monitor their national
marine waters according to a range of descriptors [8], with
Descriptor 3 referring to commercially exploited fishes and inver-
tebrates. Here, indicators and proxies that are compatible with
Descriptor 3 were developed and applied to 7 fully assessed and 12
data-limited stocks in German marine waters. Applying the
proxies also to the fully assessed stocks showed reasonable
agreement with the results obtained from full assessments done
by ICES with regard to stock size and fishing mortality (Table 2).

The overall-indicator for the status of 19 stocks in German
marine waters between 2000 and 2011 shows that only 3 stocks
(Baltic Sea dab, North Sea plaice and North Sea sprat) have passed
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Fig. 4. Evaluation of the data-limited North Sea dab (Limanda limanda). (a) The black line shows the raw data obtained from the DATRAS CPUE-per-length-per-area database,
as numbers of dab caught on average per year by one hour of standardized research trawling. The gray line indicates the number of mature individuals; (b) the number of
“youngest fish in the survey”, as proxy for recruits, with the dotted line indicating the geometric mean of recruitment at large stock sizes R,y (c) total mortality experienced
over the respective previous three years, as a proxy for fishing mortality, with indication of natural mortality (M) and total mortality if F=M; (d) biomass of mature fish. The

dotted horizontal lines are proxy reference points for spawning stock biomass.
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Fig. 5. A preliminary stock-recruitment relationship based on proxy biomass of
mature North Sea dab and corresponding number of proxy recruits, both derived
from length composition in standardized survey catches. The black vertical line
indicates the proxy biomass SSByim, below which recruitment is reduced. The gray
vertical line marks the precautionary borderline SSBy,, to potentially compromised
recruitment.

the limit reference points for stock size, fishing mortality, age
structure, and abundance in German marine waters. North Sea
herring was close, but most other stocks were still far below the
threshold (see Supplementary material for scores of other stocks).
This disappointing result is mostly a legacy of heavy overfishing
during the past two decades. But current fishing pressure is also
still too high in most stocks to allow for a fast recovery of stock
size, age structure and abundance [9].

The overall indicator is most strongly influenced by the sub-
indicator for stock size (compare Figures in Supplementary material
for all sub-indicators). Only Baltic Sea dab, North Sea plaice and
North Sea sprat had reached the legally required biomass above the

level that can produce the maximum sustainable yield in 2010 and
2011. In 2000 and 2005, Baltic sprat was above that level.

While fishing pressure has been reduced in recent years in the
Northeast Atlantic [4], there was no significant trend for the stocks
occurring in German marine waters. In 2011, fishing mortality was
more than twice the rate of natural mortality in 4 of 19 (21%)
stocks with available data. Fishing mortality was at or below the
level of natural mortality (F < M) in only 58% of the stocks.

Mean length in commercial catches relative to length at 90%
maturity is an indicator of the pressure on age and size structure
as well as an indicator of the ability of stocks to provide large sized
fishes to the fishery in sufficient numbers. In less than half (43%) of
the stocks occurring in German marine waters the mean length in
commercial catches exceeded the length at maturity.

For the protection of the marine environment, abundance of
native species within areas of national jurisdiction is a key
concern. Since most of the examined stocks were heavily depleted
in the past, average abundance presents a very low reference level.
Still, cod, eel and Norway lobster had abundances in 2011 below
20% of the reference level, suggesting a depleted status. Only 53%
of the stocks had better than average abundances in 2011. On
the positive side, this was the only indicator with a statistically
significant positive trend over the past 10 years.

This is not the first attempt to propose indicators suitable for
Descriptor 3 [25] and to assess stocks against them. For example,
ICES [20] proposes for fishing mortality “a range within which the
exploitation rate is maintained (e.g. Fney & x%) [...] rather than
using the exact reference levels as limit or target values.” In effect
this proposes to use the fishing mortality associated with the
maximum (!) sustainable yield Fysy as a long-term target instead
as a limit, which is incompatible with UNFSA [35] and with the
requirement of rebuilding stocks above levels that can produce
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MSY [6]. For spawning stock size ICES [20] proposes the following:
“To achieve sustainable levels of exploitation consistent with GES,
SSB should be maintained at or above the stock specific reference
level Bumsytrigger.” This reference level is defined as follows [20]:
“A level of SSB below which the stock is outside the range of values
associated with SSBp,. An appropriate choice of Bysytrigger
requires contemporary data with fishing at F,g to experience
the normal range of fluctuations in SSB. Until this experience is
gained, By, has, for the time being, been adopted for many stocks
assessed by ICES as Busytrigger €v€n though By, and Busytrigger
formally correspond to different concepts.”

The MSY-concept is built around the maximum catch that a
stock can provide indefinitely under the current environmental
and ecological circumstances [31]. To be able to produce this catch,
the stock must have a certain minimum size B,y Thus, both MSY
and By, are limit reference points. If normal fluctuations in
biomass bring a stock below By, then it cannot produce MSY
anymore, and fishing pressure must be reduced to respond to the
legal requirement of maintaining stocks “above levels that can
produce the maximum sustainable yield” [6]. Thus, the correct
trigger for reducing fishing pressure is not a lower fluctuation
limit of Bpsy, but instead B,y itself. Such correct trigger point is
implemented in harvest control rules used, e.g., by NOAA [1].

In other words, Busytrigger iS defined by ICES as the lowest
possible biomass that can be associated with Bnsy, which in
practice is set as equal to the border of safe biological limits Bp,.
A stock at this low level is proposed as fulfilling the requirement of
being above By,sy and as indicative of a good environmental status.
But clearly, target values of F above Fy and of biomass below Brysy
are incompatible with UNCLOS [34], UNFSA [35], MSFD [25], COM
[8], and CFP [6] and thus these proposals, which substantially
lower the threshold for good environmental status, will not be
pursued here further. As for size and age composition of a stock,
ICES [20] proposes to use the ratio of spawning biomass to total
biomass, however without a proposal for a suitable reference level.

Probst et al. [30] also propose indicators for Descriptor 3 and
assess stocks against them. For fully assessed stocks they use F/
Finsy and SSB/Buisytrigger (S€€ above). For fishing mortality of data-
limited stocks they propose to use as an annual indicator the ratio
between commercial catches and average survey catches in weight
(HR). Fishing pressure is assumed to be compatible with GES if
recent HR falls below the 66th percentile of its own time series. For
stock size of data-limited stocks they used “CPUE |[..] calculated as
the mean weight of individuals per haul in a given survey year
including all size- and age classes”. Stock size is proposed to be
compatible with GES if recent mean weight is above the 33rd
percentile of its own time series. For size and age structure of the
stock they propose a new indicator “Lmaxsy [which] is the mean
total length of the observed largest 5% of the average number of
individuals caught.” Size and age structure are proposed to be
compatible with GES if Ly.xsy is above the 33rd percentile of its
own time series. We do not disagree with the indicators (F, SSB, HR,
CPUE, Lyaxs%) used by Probst et al. [30], some of which are identical
or similar to ours. However, except for Fysy, we disagree with the
chosen ad-hoc reference levels, which lack a foundation in fish-
eries science or ecology, and which substantially lower the thresh-
old for achieving GES, especially for stocks that were depleted over
much of their available time series. Consequently, according to
Probst et al. [30], 27 of 43 North Sea stocks (63%) achieved GES
relative to their ad-hoc reference levels, which is in stark contrast
to the 16% for German marine waters found in this study, using
MSY-related reference levels.

The reference points and the method of aggregation for the
overall indicator may appear unnecessary strict, resulting in
a strongly negative evaluation of commercial stocks in German
marine waters. However, Fgy, Bmsy and size at maturity are legal

reference points. Fishing pressure is set by managers and can be
reduced immediately below Fp,sy. Most stocks will then rebuild
biomass and size structure within just a few years [13]. Instead,
according to the official estimate of the European Commission [9],
41% of the stocks in the Northeast Atlantic and 91% of the stocks in
the Mediterranean were still fished above Fp,s, in 2012, effectively
preventing the recovery of these stocks. Another question is how
well the status of commercial fish stocks represents the overall
status of marine life. If the combined anthropogenic impacts of
bottom trawling, by-catch, drilling, offshore construction, ship-
ping, pollution, eutrophication and invasive species on native
marine organisms are considered, then the indicator presented
here may appear not as too strict but as overly optimistic.

5. Conclusion

The purpose of this study was to develop an overall-indicator
for informing about the status of commercial stocks in national
marine waters relative to a target value to be achieved within a
given timeframe. The Marine Strategy Framework Directive [25,8]
has the explicit goal of rebuilding stock sizes and age structures by
2020 in all stocks in the marine waters of EC member States. Most
of the examined stocks are likely to reach the required stock sizes,
abundances and age structure by 2020, given appropriate reduc-
tion in fishing pressure [13]. Note, however, that eel and dogfish
are long-lived species with low productivity and are so strongly
depleted that a recovery until 2020 seems unlikely even without
fishing. Similarly, North Sea cod has almost disappeared from the
southern North Sea, and its rebuilding until 2020 is also unlikely.
For these species, additional management measures such as
reduction of by-catch and no-take areas need to be considered
to aid in rebuilding of the stocks.

Obviously, a one-number overall indicator cannot do justice to
all the elements that it is made of. Its purpose is to reduce and
summarize highly complex information into a value that is easy to
understand and to communicate and that clearly shows whether
related policies have the desired effect. Here the percentage of
stocks was chosen that fulfill EU-level legal requirements with
regard to stock size, exploitation and age structure and that show
satisfactory abundance in national marine waters. A good envir-
onmental status would be indicated by all stocks fulfilling these
requirements. We hope that our example of deriving an overall
indicator for the status of commercial stocks in German marine
waters will be useful to the national assessment of the marine
waters of other countries.
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