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Abstract

The Marine Strategy Framework Directive proposes two indicators for assessing the level of pressure of fishing activities on the target species. The primary indicator is the fishing mortality (F) relative to the one (Fmsy) that will eventually lead to the maximum sustainable yield. The secondary indicator is the catch/biomass ratio relative to a catch/biomass proxy for Fmsy. Both indicators and their reference points need biomass of the target stock to be known. Biomass is, however, unknown for the majority of fish stocks in European waters. Fish grow throughout their lives, and the mean size they reach is a function of their average rate of total mortality over the past years, roughly equal to generation time. This presentation proposes mean length in the commercial catch and the von Bertalanffy growth parameter K or the rate of natural mortality as reasonable proxies for F and Fmsy, respectively. These proxies will be evaluated against respective estimates derived from full stock assessments.     
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Introduction

The Marine Strategy Framework Directive (MSFD 2008) of the European Union “establishes a framework within which Member States shall take the necessary measures to achieve or maintain good environmental status in the marine environment by the year 2020 at the latest.” A qualitative descriptor for determining good environmental status of exploited stocks is given in Annex I of the MSFD (Descriptor 3): “Populations of all commercially exploited fish and shellfish are within safe biological limits, exhibiting a population age and size distribution that is indicative of a healthy stock.” The European Commission (COM 2010) 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 (Fmsy) or, if no F is known, the ratio between catch and biomass, with a reference point that is compatible with Fmsy.

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 indicators 
1. Proportion of fish larger than the mean size of first sexual maturation;
2. Mean maximum length across all species found in research vessel surveys;
3. 95 % percentile of the fish length distribution observed in research vessel surveys;
4. Size at first sexual maturation [relative to historic sizes], which may reflect the extent of undesirable genetic effects of exploitation.
For most exploited populations (stocks), the application of Descriptor 3 is hampered by the lack of reference points, of applicable indicators, and of suitable data. Here we propose solutions to overcome these deficiencies within the legal framework of the MSFD.

Descriptor 3.1 for fishing pressure can only be applied to stocks where estimates of F, Fmsy or biomass are available. Currently this is the case for only a quarter of the stocks assessed by the International Council for the Exploration of the Seas (ICES), who advises the European Commission on fishing. However, fish grow throughout their lives, and therefore the mean body size in the catch can be used as an indicator of total mortality and--if natural mortality is known--of the mortality caused by fishing. Also, the rate of natural mortality (M) can be used as a proxy for Fmsy. Growth parameters (L∞, K) are available for practically all ICES stocks and can be used to obtain preliminary estimates from the relationship Fmsy = M = 3/2 K (see Jensen (1996) for M ~ 3/2 K and a variety of authors for Fmsy ~ M, e.g.  Gulland 1971, Walters and Martell 2004, Pikitch et al. 2012). Here, we propose to use the mean length in the catch Lmean to derive an estimate of the F/M ratio and use it as a proxy for the F/Fmsy ratio. Alternatively, if M is unknown or uncertain, we propose to use Lmean relative to the mean length in the catch LF=M that would result if fishing mortality were equal to natural mortality. If Lmean  < LF=M then F is likely to be larger than Fmsy. These proxies will make Descriptor 3.1 applicable to practically all ICES stocks.
Descriptor 3.2 requires an estimate of the spawning stock biomass (SSB) that can produce the maximum sustainable yield (SSBmsy). So far, ICES does not provide estimates of SSBmsy, only of the biomass SSBpa which marks the beginning of the transition zone to reduce reproductive capacity. Froese and Proelss (2010) estimated SSBmsy with three different methods for 54 ICES stocks with suitable data. They then used the mean across methods as consensus SSBmsy. They found that the ratio between SSBpa as estimated by ICES and consensus SSBmsy was 0.34 on average. Most fisheries scientists agree that reproductive capacity is threatened at stock sizes below half of SSBmsy. Thus, if SSBpa is to be used as a proxy for SSBmsy, it needs a multiplier between 2 and 3. For the purpose of this study we used 2 * SSBpa as a proxy for SSBmsy until ICES provides true estimates of SSBmsy.  
Descriptor 3.3.1 uses the proportion of fish larger than the mean size of first sexual maturation as an indicator, without provision of a reference point, i.e., there is no indication how large that proportion shall be to be indicative of a healthy age and size distribution. Here we propose the mean length in the catch Lmean as indicator and the length Lm where 50% or more of the larger sex have reached maturity as the reference point. In most species, close to 100% maturation is reached at lengths about 20% longer than Lm. Thus, we propose as an indicator assuring that all individuals had a chance to reproduce at least once, a mean length in the catch of 20% above the length at 50% maturity, i.e., Lmean > 1.2 Lm. Obviously, this does not apply to semelparous species which die after spawning, such as the eel (Anguilla anguilla), most salmons (Salmo salar) and all cephalopods.    
Descriptor 3.3.2 is an ecosystem indicator referring to mean maximum length across species. It cannot be applied to assess the status of commercially exploited stocks and should probably be moved to another section of the MSFD.

Descriptor 3.3.3 refers to the 95 % percentile of the fish length distribution observed in research vessel surveys as indicator, without providing a reference point. It is meant to assure that enough old, fecund fishes are present in the population.  For this purpose, we propose to use again the mean length in the catch as indicator, with another reference point. Holt (1958) pointed out that there is a length Lopt that would result in the maximum possible yield per recruit if all fish were caught as they reach this length. Froese et al. (2008) showed that a given catch taken from this length onward will have minimal impact on the age structure of the stock. Thus, we propose that a stock has a healthy proportion of old fish, if the mean length in the catch is in the range of Lopt +/- 10%, i.e. 0.9 Lopt  < Lmean  < 1.1 Lopt . 
Descriptor 3.3.4 deals with evolutionary changes in the size at first maturity due to unnatural selection by fishing. It is not dealt with here. 

In the following we derive the mean length in the catch for a selection of ICES stocks and use it, together with growth parameters, to estimates proxies for relative fishing pressure F/Fmsy. The proxies are then compared with F/Fmsy ratios as provided by ICES. We also estimate Lmean/Lm and Lmean/Lopt ratios to evaluate the healthy age and size structure with regard to maturation and proportion of large fish. 
Material and Methods

Beverton and Holt (1957, p.41) present the equation that relates mean length in the catch to growth parameters, natural mortality, fishing mortality, and maximum age. If maximum age is assumed to be infinite, an assumption that has insignificant impact on the results (Pauly and Soriano, 1986) their equation simplifies to

Equation (1)
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where Lmean is the mean length in the catch, L∞ is the asymptotic length, K indicates how fast L∞ is approached, t0 is the hypothetical age at zero length, M is the rate of natural mortality, and tc is the age where fish become accessible to the respective gear. Replacing tc with length at first capture Lc and simplifying gives
Equation (2)
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Solving for F gives

Equation (3)
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Note that bringing M to the left side of Equation 3 would give the total mortality Z = F + M, and thus Equation 3 can also be written as
Equation (4) 
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which is the form published by Beverton and Holt in 1956.

Dividing Equation 3 by M gives the F/M ratio.
Equation (4)
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Jensen (1996) proposed that life-history optimization will result in K/M = 2/3, providing a default value if the K/M ratio is not known for a stock.
Equation (5)
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Many authors have proposed that the fishing mortality resulting in maximum sustainable yield will be equal to or less than the rate of natural mortality (e.g.  Alverson and Pereyra 1969, Gulland 1971, Beddington and Cooke 1983, Walters and Martell 2004, MacCall 2009, Pikitch et al. 2012). Setting F = M and simplifying Equation 2 gives the mean length in the catch if fishing mortality were equal to natural mortality and presumably to Fmsy.
Equation (6)

[image: image7.wmf]M

K

M

L

K

L

L

c

M

F

2

2

+

+

=

¥

=


For stocks where the K/M ratio is not known, the default 2/3 can be used, which further simplifies Equation 6.
Equation (7)
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Holt (1958) presents the equation for the length class Lopt where infinite fishing mortality will result in the maximum yield per recruit.

 Equation (8)
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Inserting an M/K ratio of 3/2 (Jensen 1996) in Equation 8 shows that life-history optimization will result in Lopt = 2/3 L∞.

For demonstrating the effect of length/age at first capture and fishing mortality on the age and size distribution of a population in Figures 1 and 2, a simple spreadsheet was constructed, which can be downloaded from www.fishbase.de/rfroese/F_MeanLength.xls. 

The proposed indicators were applied to several ICES stocks, based on the full assessments made available by ICES at www.ices.dk in 2012. The table with the proportion of mature specimens was used to determine the age where more than 50% were mature. For this age, the corresponding length at first maturity was obtained from growth parameters.

Equation (9)
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The table with natural mortality at age was used to determine adult mortality as the mean mortality from age at first maturity onward.

Weight-at-age in the catch and the discard (if applicable) was transformed into length-at-age with an inverted length-weight relationship.

Equation (10)
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The lowest mean annual weight in the catch was taken as weight of first capture and transformed to length of first capture Lc with Equation 10.
The weighted mean weight in the catch was calculated by multiplying mean weights by year and age with the respective numbers of specimens, summing this up and then dividing it by the sum of numbers of specimens. This mean weight was transformed to mean length Lmean with Equation 9. Obviously, if length frequencies are available, these can be used directly to obtain Lmean from Equation 11. 
Equation (11)
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Beverton and Holt (1957) used the mean length and weight in the catch, instead of the geometric mean length and weight, which would have been more appropriate because frequency distributions of both length and weight are positively skewed and thus better approximated by log-normal distributions. For the purpose of length-based indicators and reference points this does not matter as long as indicator and reference point are derived with the same method. For convenience and simplicity, we continue to use here the arithmetic mean. This means, however, that frequency statistics such as standard deviation and confidence limits cannot be applied to Lmean, because of the skewed distribution. Note also that because of the very high numbers of specimens, confidence limits of the mean and the geometric mean would be extremely narrow, being different from the mean only in the fourth digit. For example, for the Eastern Baltic cod, mean length over the years 2005-2011 was 46.0 cm with nominal 95% confidence limits of 46.00 – 46.04 cm, whereas geometric mean was 45.8 cm with 95% confidence limits of 45.76 -45.79 cm. Thus, the difference between mean and geometric mean length is negligible and confidence limits of mean length are not useful for the purpose of this study.    

Fishing mortality from the assessments was obtained as the mean over 7 years, from 2005 to 2011.

FishBase (Froese and Pauly, 2012) was used to find suitable growth parameters and length-weight relationships for the respective stocks.  

We chose to use mean length in the catch rather than mean length in the stock, because the latter—while being the desired metric—will not be available for the majority of stocks. Without high-grading (= unreported discarding of smaller fish) or strongly size-selectivity of gears (e.g. gill nets), the mean length in the catch will be a reasonable proxy for the mean length in the exploited part of the stock. By choosing it here, the magnitude of the potential bias should become visible in the comparison of fishing pressure derived from full assessments and from the proxies derived from mean length. 

Note that several equations are sensitive to the value of Lc, i.e., the smallest length that is considered in the calculation of Lmean, and which assumes knife-edge selectivity. If all other parameters remain unchanged, then a smaller Lc will lead to a smaller F in Equation (3), and to a lower mean length where F=M in Equations (6) and (7). This bias may be especially strong in small, short-lived species such as sprat or anchovies (Pauly and Soriano 1986; Silvestre et al. 1991). On the other hand, starting the calculation of mean length at a lower length will also reduce the estimated mean length, which should compensate for this bias. For the fully assessed stocks we used as Lc the length corresponding to the lowest mean weight reported during the respective time period. For the data-limited stocks we used as Lc the lowest length class containing half or more specimens than the length class with most specimens.   

Results and Discussion
ICES (ICES 2012a) has produced a report on the applicability of Descriptor 3 of the MSFD, but unfortunately this report provides no indicators and reference points for a healthy age structure of stocks, and it uses the biomass reference point SSBpa a direct proxy of SSBmsy. As we have shown above, the relation between these two reference points in European stocks is not 1:1 but rather 1:2 or 1:3. For the purpose of this study, we use a ratio of 1:2.     

Figure 1 shows a conceptual drawing of sustainable, profitable fishing of the Eastern Baltic cod with a healthy age structure resulting from a fishery with F = M = 0.2 and a length at first capture of 64 cm.  Under this scenario, mean length in the catch will increase to well above length at first maturity (Lm) and close to the optimum harvest length Lopt, where the impact of a given catch on the targeted age group is least.  In contrast, Figure 2 shows a conceptual drawing of the actual exploitation of eastern Baltic cod, based on mean values for 2005 to 2010. The mean length in the catch is below the length at first maturity, and the age structure is truncated at 5-7 years. Also, note that the hypothetical equilibrium catches (assuming constant recruitment) are about ¼ less than in the sustainable scenario shown in Figure 1. 

Detailed results for age structure and exploitation status are given for 10 ICES stocks in a spreadsheet that can be downloaded from www.fishbase.de/rfroese/G2815_ICESStocks_4.xlsx. These results are summarized in Table 1.

One question of interest is how good the simplified equations, where the K/M ratio was assumed to be 2/3, compared with results that used K and M values from stock assessments. Figure 3 shows a plot of the mean length in the stock when F=M for the 10 ICES stocks, where on the X-axis K and M were used from assessments and on the Y-axis it was assumed that K/M = 2/3. The data points closely trace the 1:1 line, suggesting that the simplification does not introduce a major bias.    

Similarly, Figure 4 shows the optimum harvest length derived as Lopt = 2/3 L∞ over Lopt derived with estimates of M and K from stock assessments. Again, the data points closely trace the 1:1 line, suggesting that the simplification does not introduce a major bias.   
Table 1 summarizes the results for the 10 ICES stocks with regard to the requirements of the MSFD, using the indicators and reference points derived above. The F/Fmsy column evaluates whether fishing mortality is compatible with the MSY-concept (F <= Fmsy). This is true for only 4 of the 10 stocks. The F/M column evaluates whether fishing mortality is compatible with the principles of ecosystem-based management (F <= M). This is true for only 3 of the 10 stocks. The SSB/(2*SSBpa) column evaluates whether stock size is compatible with the MSY-concept, using 2*SSBpa as a proxy for  SSBmsy. Only one stock fulfills that requirement. The Lmean/Lm column evaluates whether the size structure is indicative of a healthy adult stock with Lmean >= 1.2 Lm. Only 3 of 10 stocks fulfill that requirement. The Lmean/Lopt column evaluates whether the age structure is indicative of a healthy adult stock with many old fish and Lmean close to Lopt. Five of 10 stocks fulfill that requirement. The Lmean/L(F=M) column evaluates the mean length in the catch relative to the length that would result from fishing with F = M, with values < 1 suggesting that fishing exceeds Fmsy. This was the case in three stocks with indeed F >= Fmsy. The opposite was also mostly true: of the 4 stocks with Lmean > L(F=M), 3 had F <= Fmsy.  

The MSC column in Table 1 indicates whether a stock was certified by MSC as being sufficiently large and sustainably fished. The underlying question here was whether MSC certification is a good indicator of compliance with MSFD requirements. Of the 6 certified stocks, two were fished above Fmsy, four were fished above natural mortality M, and four of five stocks with available data had a biomass below the level that can produce MSY. Thus, MSC certification was not a reliable indicator of good environmental status.
With exception of North Sea cod, the 10 stocks selected for this comparative exercise were those which were thought to be in reasonable status with regard to stock size and fishing pressure. However, no stock passed all criteria, although Baltic sprat, Bothnian Sea herring and Norwegian coastal herring came close. Some of the stocks are discussed below in more detail.  
North Sea cod

The North Sea cod stock (cod-347d, Gadus morhua) was included in this exercise as an example of a stock that is in really bad status. The question was whether the proposed indicators would show that, and they did: fishing pressure was three-fold Fmsy and M, spawning stock biomass was 20% of SSBmsy and mean length in the catch was well below length at first maturity and optimum harvest length. Thus, all indicators show this stock as being in trouble. 
Baltic sprat

Baltic sprat (spr-2232, Sprattus sprattus) is the main forage fish of the Baltic. Its main predator is cod and its main competitor is the herring. Since both, cod and herring, have been overfished in the past decade, sprat was doing reasonably well despite too high fishing pressure (F/Fmsy = 1.1 in 2005 – 2011). The mean length in the catch was well above the length at first maturity and close to the optimum length Lopt, indicative of a healthy size and age structure. Thus, if fishing pressure were reduced and kept below Fmsy, the Baltic sprat would qualify for good environmental status under the MSFD.

Eastern Baltic cod

The stock of cod (cod-2532, Gadus morhua) in the Eastern Baltic has shown signs of recovery recently. Especially, the mean length in the catch (46 cm) is now slightly above the length (42 cm) where more than 50% of the specimens have reached maturity, but still below the threshold of 1.2 * 42 = 50 cm, where most fish had a chance to reproduce. Mean length is also still below the length (57 cm) where the fishing mortality would equal the mortality rate, and far below the length (79 cm) where fishing would have the least impact on the stock and its age and size structure. The spawning stock biomass cannot be evaluated because ICES has not given an estimate of SSBpa for this stock, but there can be little doubt that it was well below SSBmsy. 

As it is, the Eastern Baltic cod stock fails the criteria for good environmental status with regard to Descriptor 3.1 for fishing pressure (mean F > Fmsy), Descriptor 3.3.1 for proportion of fish larger than size at first maturation (Lmean < 1.2 Lm), and Descriptors 3.3.3, because the age structure is severely truncated (Lmean << 0.9 Lopt).
North Sea Plaice

The stock of North Sea plaice (ple-nsea, Pleuronectes platessa) has recovered recently, after fishing pressure was reduced, with an average F = 0.29 for 2005-2011, which however is still above Fmsy = 0.25. The mean length in the catch Lmean = 25.7 cm exceeds the length at first maturity Lm = 19.9 cm but falls short of the length Lopt = 43.2 cm, indicative of a lack of large fish in the stock. The mean spawning stock biomass for 2005-2010 is 328,924 tonnes and thus well below 2*SSBpa = SSBmsy = 460,000 tonnes. Thus, except for mean size relative to size at maturation, North Sea plaice fails the criteria for good environmental status.
Application to data-limited stocks
North Sea flounder

One advantage of the length-based indicators is their applicability in data-limited situations. For example, no stock assessment is available for North Sea flounder (Platichthys flesus). However, the DATRAS database available from www.datras.ices.dk contains maturity, sex, length and weight-at- age data from research surveys for 2012, and length frequency data since 1966.  From these data, the reference points shown in Table 2 could be derived and mean length could be determined for 1980-1982 as 31.8 cm, 1990-1992 as 30.8 cm and 2000-2012 as 30.8 cm. An analysis for the years 2000 – 2012 is shown in Figures 5 and 6. The data and graphs suggest the following: 
· Fishing pressure has not changed much over the past decades, because mean length in the catch has remained stable.

· The stock is not in danger of reduced recruitment, because mean length is well above the length at first maturity. 
· The stock is slightly overfished, because mean length is below the theoretical length resulting from fishing at F = M.

· Higher long-term yields with lower impact on the stock could be obtained if all fish were allowed to reach a size near 35 cm, where the growth in weight is maximum.
· The observed decline in numbers by age class (back-calculated from length) suggests a rather high total mortality, confirming the prediction that the stock is overfished.  

Thus, although the stock appears to be in better shape than other stocks, it fails the MSFD criteria for good environmental status with regard to F <= Fmsy and healthy age structure. To improve stock status, overall catches should be decreased and especially catches of fish smaller than 30 cm should be discouraged. 
The last assessment of ICES (2011) of North Sea flounder was based on catch per unit effort, which was increasing in the North Sea and stable in the Skagerrak. Because of uncertainties with the data, ICES recommended no increase in catches. The length-based methods described here, which are based on data compiled by ICES, suggest a less positive status of the stock and a reduction in catches. 
Smooth-hound sharks
Smooth-hound sharks of the Genus Mustelus occur with three species in the ICES area, but are managed as one unit because of taxonomic uncertainties in the reporting of catches. ICES (2012b) noted that landings have increased since 2001 and catch-per-unit effort has increased in at least two areas. They also note that increased abundance may stem from a northward expansion of the species due to increased seawater temperature. Because of the overall uncertainties, ICES advised an overall catch reduction of 4% for 2013-2014. However, trends in catches and catch per unit effort do not tell us where the stock stands relative to MSY-level reference points. Data compiled in FishBase  (see Table 2) suggest that female length at first maturity in the Northeast Atlantic is reached at about Lm = 90 cm, with a maximum length of about 150 cm and a corresponding optimum harvest length of about 100 cm. Length and frequency data in the ICES DATRAS database give weighted mean length in survey catches as Lmean = 67 cm in recent years. This low mean length relative to length at maturity and optimum harvest length suggests that the age structure of the stock is truncated, which is confirmed by the length-frequencies shown in Figure 7. Interestingly, the mean length in the catch is the same as the theoretical mean length that would result from a fishing pressure equal to natural mortality. This serves as a strong reminder that presumably sustainable fishing with F = M may result in stock depletion with reduced reproductive capacity if the mean size at first capture (here: Lc = 38 cm) is very low compared to size at first maturity, instead of Lc > Lm. High total mortality of Z = 0.65 is also suggested by a plot of abundance over age-at-length data (Figure 8). The findings can be summarized as follows:
· The combined stocks of smooth-hound sharks in the Northeast Atlantic suffer from truncated age structure with a mean length in the catch well below length at first maturity. This suggests that spawning stock biomass is below the size where reproductive capacity is reduced.

· The main problem in this fishery is the very low size at first capture relative to size at maturity.

· The observed decline in numbers by age class (back-calculated from length) suggests a rather high total mortality, confirming the prediction that the stock is overfished.

· Sharks as by-catch may survive when released immediately. Thus, it seems prudent to suggest that targeted fisheries are suspended until the stocks have recovered or better data provide a more optimistic assessment. By-catch of smooth-hound sharks is to be reduced and released immediately.    
While this stock may pass the MSFD requirement of F <= Fmsy, it strongly fails with regard to healthy age structure, i.e., there are much too few mature or old individuals in the stock.
Conclusion
In summary, the proposed length-based MSFD indicators and reference points performed reasonably well when compared with fishing mortality and biomass indicators derived from full stock assessments. Mean length in the catch and the respective reference points can also be useful to inform the management of data limited stocks. For example, in cases where only catch data are available, methods such as DCAC (MacCall 2009) can be used to determine a decent catch below MSY, and MSY itself can be estimated with recent methods (Martell and Froese 2012). But for management advice, both methods need an informed assumption about relative stock size. The mean length in the catch relative to the respective reference points can provide that information.
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Table 1. Indicators and reference points derived from full assessments and predicted from mean length, where F is fishing mortality, M is the rate of natural mortality, Lmean is the weighted mean length in the catch, Lm is the length where more than 50% are mature, LF=M is the predicted mean length in the catch if F were equal to M, Lopt  is the mean length of capture with least impact on the stock. MSC indicates whether the respective stock is MSC-certified. Cod is Atlantic cod (Gadus morhua), spr is Baltic sprat (Sprattus sprattus), her is Atlantic herring (Clupea harengus), ple is North Sea plaice (Pleuronectes platessa), and sai is North Sea saithe (Pollachius virens). 
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MSC

cod-347d 3.4 3.1 0.2 0.7 0.6 0.9

spr-2232 1.1 1.4 1.7 1.1 1.1

her-30 0.7 0.7 1.0 1.0 1.2

her-31 2.0 0.9 1.0 1.1

cod-2532 1.6 2.4 1.1 0.6 0.8 Yes

ple-nsea 1.1 2.9 0.8 1.3 0.7 1.0 Yes

sai-nsea 1.0 1.5 0.7 0.8 0.7 0.9 Yes

her-nsea 0.6 0.4 0.7 1.5 1.2 1.6 Yes

cod-arct 1.0 1.9 1.1 0.8 0.7 1.0 Yes

her-noss 1.0 1.0 0.8 1.3 1.3 1.5 Yes


Table 2. Some population parameters for the North Sea flounder (fle-nsea, Platichthys flesus) and Northeast Atlantic smooth hound sharks (smoothhounds-nea) of the Genus Mustelus, for the years 2000 – 2012, estimated from data in DATRAS. L range is the reported length, Lc is the length where about half of the specimens are retained by the gear, Lm and tm  are length and age, respectively, where 50% of the females have reached maturity, L(F=M) is the theoretical length resulting from a fishery where F = M, Lopt is the optimum harvest length where cohort biomass is maximum, Lmean is the weighted mean length for lengths above Lc, L∞ , K and t0 are parameters of the von Bertalanffy growth function, a and b are parameters of the length-weight relationship, and Z is the total mortality rate. All lengths are in cm and age in years.
	Stock
	L range
	Lc 
	Lm 
	tm 
	L(F=M) 
	Lopt 
	Lmean 
	L∞
	K
	t0
	a
	b
	Z

	fle-nsea
	7 - 50
	25
	25
	2-3
	31.8
	34.7
	30.8
	52
	0.22
	-0.5
	0.0062
	3.2
	0.8

	smooth- hounds-nea
	22 – 149
	38
	87
	6
	67
	100
	67
	153
	0.21
	-
	-
	-
	0.65


Figure � SEQ Figure \* ARABIC �1�. Conceptual drawing of sustainable, profitable fishing of the Eastern Baltic cod, showing the growth in length with age (blue line), the length at first maturity Lm, and the length with least impact on the stock, Lopt. The green line shows the number of specimens in the unexploited stock. The broken red line shows the age structure resulting from a fishery with F = M = 0.2, with a length at first capture of 64 cm.  The red circle shows the resulting mean length in the catch, well above Lm and close to Lopt. 





Figure � SEQ Figure \* ARABIC �2�. Conceptual drawing of the actual exploitation of eastern Baltic cod, based on mean values for 2005 to 2010. The mean length in the catch (red circle is below the length at first maturity, and the age structure is truncated at 5-7 years. Also, note that the hypothetical equilibrium catches (assuming constant recruitment) are about ¼ less than in the sustainable scenario shown in Fig. 1. 





Figure � SEQ Figure \* ARABIC �3�. Comparison of mean length in the catch resulting from F = M derived with K/M = 2/3, over mean length obtained with estimates of K and M from stock assessments. The broken line indicates the 1:1 ratio.





Figure � SEQ Figure \* ARABIC �4�. Optimum harvest length derived as Lopt = 2/3 L∞ over Lopt derived with estimates of M and K from stock assessments. The broken line indicates the 1:1 ratio. 





Figure � SEQ Figure \* ARABIC �5�. Length-frequency distribution for North Sea flounder for 2000-2012, with indication of length at first maturity (Lm), length if fishing mortality equals natural mortality LF=M, and optimum harvest length (Lopt). 





Figure � SEQ Figure \* ARABIC �6�. Numbers at age for North Sea flounder for 2000-2012, where age was estimated from length. The slope of the regression line for the selected points suggests a total mortality of Z = 0.8. 





Figure � SEQ Figure \* ARABIC �7�. Length-frequency distribution for smooth hound sharks of the Genus Mustelus in the Northeast Atlantic, for the years 2000 – 2012, with indication of mean length at first capture Lc, length if fishing mortality equals natural mortality LF=M, length at first maturity Lm, and optimum harvest length Lopt.





Figure � SEQ Figure \* ARABIC �8�. Numbers at age for smooth hound sharks of the Genus Mustelus in the Northeast Atlantic, for the years 2000 – 2012. The slope of the regression line for the selected points suggests a total mortality of Z = 0.65. 
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