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The GEF Black Sea Ecosystem recovery project and the Permanent Secretariat of the Black Sea 
Commission, jointly plan to update the information basis for regular formal reporting to the 
Commission on the state of fisheries and fishing practices in the Black Sea. This is also seen as a first 
step to meeting requirements of the FAO Code of Conduct for Responsible Fisheries, and applying the 
concept of ecosystem-based fisheries. 
 

The intention is to establish a formal fishery reporting procedure to the Commission that can be 
taken over by a future Fisheries Commission if and when agreement on this is reached. A data 
gathering exercise was reported on at a workshop held in Istanbul 15-17 April 2003, which focussed 
especially on demersal resources and recommendations for improved management. The major 
recommendation of the workshop was to set up draft indicator series for fisheries to be developed by a 
core team for more detailed consideration by a future meeting of resource experts, managers and by 
special Task Forces, as appropriate. If agreed, this could form the basis for a regular publication 
reporting on resource and environment status to its member countries by the Commission; including 
where justified, recommendations on recovery of depleted stocks, and agreement on appropriate levels 
of exploitation of healthy populations and how this should be shared between coastal countries. 
 

The present document was prepared using the following terms of reference: 
To suggest:  
 
1) A ‘general approach to monitoring changes in the Black Sea ecosystem, the status of fishery 

resources and socio-economic context, by establishing indicator time series in support of 
management decision-making’. 

2)  To outline a ‘rule-based approach to fisheries management, incorporating standard indicators 
of fishing mortality, biomass, spawning potential, recruitment and productivity for monitoring 
contraction of range and density of resources’. 

3) Spatial indicators using GIS techniques could be employed to measure progress towards re-
establishment of year-round oxygenated shelf waters and a healthy demersal fish and benthos 
community; compatible with that in the 1960’s and 70’s’. 

4) These indicators could also be used in combination with socio-economic information for 
assessment of fish stock and ecosystem recovery. 

5) Although not discussed in detail within this document, such a comprehensive indicator system 
was seen as necessary for an overall management plan, to be implemented in a uniform and 
non-discretionary fashion by all member states. Quite obviously however, such a 
comprehensive approach cannot be implemented simultaneously, and in Annex I, some key 
steps towards implementing this approach are suggested. 

 
In developing appropriate indicator series, the experts were to focus on ‘analysis and hind casting’ 

of historical data from the region, using examples from the existing data base, as well as proposing 
limit reference points (LRPs) as the basis for future fisheries management laws or rules that could be 
agreed to within the Commission. Such data as could be located in this report were not intended to be a 
comprehensive report on all Black Sea indicators, but to explore some options. It is intended that these 
data series and indicators may be made more comprehensive through an ‘Atlas’ of Black Sea resources 
based on the database assembled by the Commission. 
 
 
The use of indicators to measure the health of a fishery 
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Establishing indicators of sustainability has become a recognized first step in monitoring the health of 
fisheries ecosystems:  

- See Australian journal of Marine and Freshwater Research, Vol 51(5), 2000, for a Symposium 
organized by FAO/Australia on indicators in fisheries.  

- FAO (1999) Guideline No. 8, on indicators for sustainable development of marine capture 
fisheries, describes the logic behind a focus on the basic informational elements for a managed 
fishery.   

 
Choosing appropriate indicators for monitoring Black Sea fisheries 
Questions that need to be asked in designing an indicator-based management approach: 
• What indicators have particular relevance for decision-makers? 
• What data series exist, or could be collected, to form the basis for an indicator series? 
• What assessments, models and analyses have been carried out on the species and ecosystem? 
• Are there particular values for the likely range of indicator values which represent dangerous 

conditions (so-called Limit Reference Points)? If so what are they? (This will often require best 
judgement based on knowledge of past historical events as much as formal analysis). 

• Are there indicator values representing optimal conditions? (So-called Target Reference Points). 
• A decisional structure  will also be needed to make use of the information provided by indicators. 
 
Some approaches to deriving fishery indicators 

For illustration purposes, samples of time series of historical data were recovered, including data 
collected by the Black Sea Commission, national submissions to FAO, and from published scientific 
analyses, in particular the FAO Technical Paper by Prodanov et. al.(1997). A majority of such 
indicators suppose that a coordinated data gathering and storage system, and coordinated ship surveys 
have been agreed to by Black Sea countries, and that some form of stock assessment analyses these 
data on an annual basis. Since these pre-requirements are apparently being met only in part at the 
current time, the focus has been placed on analysis of trends in species capture data, while recognizing 
that similar analyses of biomass and fishing mortality trends will be needed for unambiguous advice. 
 

Several main approaches were followed in illustrating indicator trends, and examples are given of 
each in the following sections. 
 

A/ Trend analysis and extent of decline 
 

To determine which stocks are seriously depleted and in need of urgent protection/restoration, FAO 
(2001) makes the point that trend analysis is a valuable aid to determining the state of stocks: even 
trends in catch data, if no other supplementary information is available. They note that for trend 
analysis three types of statistics are potentially valuable. Estimates of: 

- Extent of decline 
- Long term rate of change (or decline) 
- Recent rate of change (or decline) 

For the first two approaches we need to specify the baseline from which declines/changes are 
measured. The indicator presumably could then be either: 

a) – changes relative to specified baseline years when the stock was supposed to be healthy 
(expressed as a percentage change). 

b) -  changes with respect to some supposedly optimum fishing rate (Fopt). 
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c) - other criteria which divide the time series into sections based on objective data and 
judgements.  

All of these approaches have been attempted with Black Sea landings data in this report. As noted, such 
analyses could be repeated with data on biomass, fishing mortality and fleet capacity, but up-to-date 
information allowing such analyses seems limited to date. 
 
As used or recommended by FAO (2001) trend analysis has 6 main components: 

i) Define a reference period (benchmark). 
                  ii)  Estimate a Trend (e.g. the slope of a linear regression starting from the benchmark). 

iii) Estimate the extent of decline from the benchmark period. 
iv) Identify period (s) when major impacts occurred. 
v) Estimate agreed values for the indicator for each time period 

                 vi)  Estimate values for the indicators corresponding to years of high stress (identify these). 
 

Indicators for the total Black Sea catch by species categories were referred to a base period (1967-‘89), 
marking the start of the available time series for most species, and mean landings were calculated for 
this period (e.g. Table 1 for demersal stocks). Trends were then calculated over subsequent periods 
when specific environmental and fisheries conditions prevailed. For each of these periods, an extent of 
decline is believed to be useful for debate by the Commissioners. Although negative changes occurred 
prior to 1967 for some species (see Caddy and Griffiths 1990; Zaitsev 1993) this year represents the 
start of the data series for many commercial species. The period 1967-89 could be called a relatively 
‘healthy’ one for the Black Sea ecosystem compared with subsequent conditions, and hence one 
objective for management could be to restore the fishery as closely as possible, to the conditions that 
prevailed in 1967-89.  
 
a)This baseline period could thus be the target for ecosystem reconstruction, since it preceded 

excessive pelagic overfishing, heavy eutrophic effects, and the Mnemiopsis outbreak. Of course, 
some negative events occurred prior to this ‘base period’ such as the collapse of some marine 
mammal populations, and the later decline in bonito fisheries in the Black Sea. Nonetheless, if the 
ecosystem could be restored to the condition prevailing in 1967-’89, this presumably would provide 
an acceptable and practical target for the Commission to work towards? Progress towards this goal 
could be judged by trend analysis respective to this baseline period. 

b) A second period was identified from FAO data and from the UN report for the whole Black Sea (Fig 
1) when the first Mnemiopsis outbreak was most intense (1989-92). Trends and mean landings 
during this period were also calculated (GESAMP 1995). 

c) Trends and mean values for the  more ‘recent period’, 1992 -2002  were also calculated. 
d) The trend and mean landings for the last 5 years of the time series of landings (1998-2002) were also 

calculated.  
By incorporating these trends in a table for each species, a basis for a descriptive account is provided 
(see next Figure), which allows the vulnerability of a species to be assessed from trends in each period. 

Two examples follow to illustrate the procedure. Others are given in Annex 2 to the document. 
(In these figures the colour used for the lines is arbitrary, and does not signify any particular status of 
the fishery). 
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    (1) Chub mackerel 

Chub mackerely = 111,75x - 218819
R2 = 0,0866
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R2 = 0,5681

y = -2141,7x + 4E+06
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Fig 1. Linear trends of combined Black Sea landings for two pelagic species by specified 
periods 

 
 Comments on the above two graphs: Chub mackerel and anchovy, with differing degrees and 

timing, both showed landing increases during the base period, presumably corresponding to 
increased exploitation, but possibly nutrient enhancement also contributed to increased pelagic 
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productivity (see later section on plankton). A serious drop in landings occurred during the period of 
the first Mnemiopsis bloom, with a subsequent recovery for anchovy; the recovery accelerating over 
the last five years. In contrast, a continued long-term decline in landings has occurred for chub 
mackerel over the last decade. Chub mackerel landings dropped steadily to close to zero over the last 
five years. This comparison suggests that different ecological stresses applied to these two species. 
A comparative analysis of trends for all pelagic species should be revealing (See Annex 2 for trends 
of other pelagic species), especially if time series of biomass data are available. 

 
A summary of trends by each of the above periods can also be provided in tabular form (first shown in 
the following Table 1 for overall demersal fish catches, and second for Black Sea turbot in Table 2, and 
for a number of other species in Annex 2). 
 
Table. 1. Mean totals by sub-periods for combined Black Sea demersal fish catches. 

Demersal fish: 
(Turbot; Whiting  
Spiny dogfish; 

Red mullet) 

Baseline 
period 

(1970-1988) 

First 
Mnemiopsis 

outbreak 
(1989-1992) 

Recent years 
(1993-2001) 

Last 5 years 
(1997-2001) 

 2001 Catch 

Mean catch 22 076.6 25 959.3 20 371.3 17 612.6 13 314.6 
Trend  + - - - 

Mean catch as % of 
baseline mean 

catch 

100.00 117.59 92.28 79.78 60.31 

 
 From this Table, a clear decreasing tendency of demersal fish catches is evident since the first 
Mnemiopsis outbreak (1989-1992), although there is no assertion made that this is a causative factor: a  
resumption of overfishing cannot be discounted, given effort trends (see Fig 15).   
  
Table 2. Turbot catches in the Black Sea by periods (in tons) 

Turbot Baseline 
period 

(1970-1988) 

First 
Mnemiopsis 

outbreak 
(1989-1992) 

Recent years 
(1993-2001) 

Last 5 years 
(1997-2001) 

Value in 
2001 

Mean catch 2806.6 1045.0 2069.4 1976.7 2545.5 
Trend - - + ++  

Mean catch as % of 
baseline mean 

catch 

100.00 37.23 73.73 70.43 90.70 

Table 2 shows that the mean turbot catch was highest during the baseline period (1970-1988: 
2806.6 tons) and lowest during the first Mnemiopsis outbreak (1989-1992: 1045 tons). 
 
B/ Indicators based on level of recruitment 
 

The level of recruitment is perhaps the most important variable in deciding on what catch can safely 
be taken from a stock, and an indicator for this is needed. Prodanov et. al. (1997) summarize earlier 
data obtained by either regular annual surveys and/or VPA analysis of commercial catches. Having 
access to these types of data in the future would of course be ideal as stock indicators, but implies that 
there is in place the following: 

- An infrastructure for collection of standardized catch data for all countries 
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- Common reporting procedures and a common database. 
- Age reading of fish (otolith) samples to determine age composition 
- A stock assessment such as VPA to analyse mortality rates. 
 
The first figure for Black Sea sprat illustrates that good recruitment years typically occur at 

infrequent intervals, and greatly exceed the recruitment level for ‘average’ years. It also shows that 
stock biomass peaks 1-2 years after a good recruitment. Why good recruitment is so occasional is not 
clear: good year classes often occur when (spawning) biomass is lower, suggesting density-dependent 
recruitment. One possible mechanism could be predation by high adult densities on offspring, but the 
relevant mechanism could just as easily could have been a response to some environmental signal – this 
is not intended to be a definitive analysis! These possibilities need further investigation before the 
(Recruit/Spawning Biomass = [‘000R/(t SB)] indicator proposed here can be fully interpreted. 

Black Sea Sprat
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Fig 2. Stock biomass of sprat and ratio of annual recruitment to stock biomass 
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Catch and recruits: Western Black Sea whiting
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Figs 3. (above): Catch and recruitment for Black Sea whiting, illustrating irregularity of good 
recruitment periods. (below): Showing one indirect consequence of good recruitment: changes in 
mean body weight that could be estimated in the port of landing. 
 

The above two graphs for Black Sea whiting again show that unusually high recruitment occurs 
in only a few years, with catch rising in the years following a good recruitment. A rough measure of 
recruitment strength is proposed in the second graph, showing how an indicator for mean body weight 
of whiting declined in the two years of good recruitment, 1982 and 1990. It was convenient to 
normalize indicator values by referring them to the mean value, and then set the lowest value (1979) to 
zero, which makes it roughly correspond with recruitment trend (Fig 4). 
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Fig 4. (Upper - dots) = ln (# annual recruits); (Lower - crosses) = Mean body weight of whiting, 
calculated relative to mean value of body weight for the whole time series, then normalized so 
that the lowest value (1979) is set to zero. 
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Use of stock and recruitment relationships in indicator and reference point formulation 
This approach is widely used in the North Atlantic, but depends on having access to a reliable and 
comprehensive data sampling for age composition, and some form of retrospective analysis such as 
VPA or Adapt. The following indicative analysis also suggests that environmental conditions as well as 
stock size could be driving forces behind the dramatic changes in recruitment observed. 
 
Dividing years into good (green), medium (yellow) and poor (red) recruitment was attempted for sprat, 
using an index developed by dividing the SRR from Prodanov et. al. 1997 (table 48) into three 
segments (see following Fig 5), each containing approximately equal numbers of points/years: 
 

 
Fig 5. Dissecting the stock-recruit relationship for sprat into three traffic light zones 
corresponding to good, average and below-average recruitment/stock biomass. 
 
This allows the time series of sprat recruitment productivity to be approximately reconstructed using 
traffic light colouration: 
 
Fig 6: Spawning stock biomass histogram, coloured by whether recruitment was good, average or 
poor in that year. Good year classes often occur when adult stock is low.   
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It is also interesting to note in Fig 6, that sequences of poor and good years generally occur 
closely together in series, and that the best productivity was often at relatively low spawning stock 
biomasses (SBBs). The two asterisks mark periods when jellyfish (Aurelia) and Mnemiopsis outbreaks 
occurred, though the time duration over which these occurred was not known). 
 
Another example of two indicators measuring the same phenomenon, in this case fishing pressure, are 
the fishing mortality of age 4+ fish (from VPA), and the ratio of catch/biomass shown in Fig 7. 

Two indicators of fishing pressure: Western Black Sea 
whiting
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Fig 7.  Illustrating two possible indicators of fishing pressure: the value of F at age 4, and the 

ratio of catch/biomass.     
 
C/ Indicators representing the degree of exploitation 
     Time series of landings are classified according to the extent of exploitation that 
occurred over the historical series. This involved using existing estimates of Reference Points for each 
species time series. Following ICES procedures, and introducing the Traffic Light colour system, two 
reference points were used to segment the time series of landings. A precautionary reference point 
(FPA) marks the estimated limit to optimal exploitation (by a change in colour of the time series from 
green to yellow), and a second limit reference point (FLIM) marks the onset of overfishing (when 
indicator colour changes from yellow to red).  Some candidate indicators for FPA and FLIM are given in 
Caddy and Mahon (1995), as used in ICES reports, but since few technical reference points have been 
calculated for Black Sea resources, we use 2 existing estimates of optimal fishing: F = F(0.1), and F = 
M (adults); while recognizing that further elaboration of reference points is needed. 
 
D/ Indicators based on production 
 
One indicator that is coming to be taken more seriously is the total biological production from a 
population, which takes into account both fishing and natural causes (e.g. predation) leading to changes 
in biomass. A simple indicator of annual productivity = ∆(BT-1 - BT) +YT , and this is illustrated for 
sprat in the Fig. 8, together with biomass. Although biomass and productivity tend to change in tandem, 
the productivity of the population appears to be more variable. This illustrates for example, how 
overexploitation during a period of low production has more serious consequences. 
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SPRAT:   Spawning biomass and production
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Fig 8. Changes in biomass and production for sprat (data from Prodanov et.al. 1997) 
 
E/ The traffic light approach and some useful terminology for indicators 

The Traffic Light (TL) System is a way of displaying multiple indicators and colour coding critical 
reference points for resources where information on multiple indicators is available. The following 
operational definitions from Halliday, Fanning and Mohn (2001) are relevant to the definition and use 
of indicators in the TL approach:  
 
1)    Elements of the fishery have attributes such as biomass, growth rate, natural mortality, accuracy 

of landing statistics, observance of mesh regulations, etc. 
2)    A specific method of measuring time series of an attribute results in an indicator. 
3)    Groups of indicators that measure related processes are referred to as ‘characteristics’ 

4) Reference points are values of indicators defined on some technical basis believed to represent 
important changes of the fishery system. 

5) Individual indicators may be given specific weightings, and scaled to normalize them. 
6) Individual indicators may be bundled into an index which represents the best measure of 

how a specific characteristic of the fishery is changing with time (but this step is of doubtful 
significance for management). 

 
A TL colour coding could be used, dividing years into: 

Green –a safe or productive condition 
Yellow – an uncertain condition  
Red – a dangerous condition: immediate management action required over the short term! 
 

The boundaries between colour zones can be set to be equivalent to the LRP and PA Reference 
points; (see top of  Fig 9). In Fig 9, Turkish turbot catches are plotted and annual values in the 
histogram are coloured based on F values determined by VPA analyses, taken first from Prodanov et. 
al. (1997) and for the last decade, from similar analyses by Zengin and Dusgunes (2003). The criterion 
used for colouring was that safe exploitation corresponded to below F(0.1) = 0.4; uncertain exploitation 
to between F(0.1) and 1.5*F(0.1); while a still higher fishing rate is believed to be dangerous. One can 
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dispute the values of these cutoff points, but the figure seems to shown that the lower and declining 
catches in the late 1990’s were associated with progressive overexploitation. 
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Fig 9. Traffic light colouration of landing trends for (above) turbot, and (below) for anchovy. 
Colouration corresponds to the fishing mortality rate estimated from VPA for that year. 
 
 This TL procedure tries to document the degree to which the fishery has met a possible fisheries 
management goal during the time series, namely, to keep the fishing mortality at a moderate level. 
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Other indicators that could be treated in a similar way may be recruitment trends, estimates of mature 
biomass or egg production, estimates of condition factor for a species, available food organisms, or 
fishing capacity or economic performance of the sector, etc. Using multiple indicators for the same 
characteristic may allow comparative performance of different indicators to be studied. A summary of 
trends in turbot catches, as shown in Table 4, shows that turbot mean catch was highest during the 
baseline period (1970-1988 at 2806.6 tons) and lowest during the first Mnemiopsis outbreak (1989-
1992 at 1045 tons) but recovered subsequently, probably due to a large extent, to increased fishing 
effort: (see above figure, which indicates that the lower landings at the end of the time series are 
associated with a degree of overexploitation). The ‘apparent recovery’ of anchovy landings in recent 
years seems also largely due to an increase in effective fishing effort rather than a true recovery –
suggesting caution in interpreting catch statistics alone. Examples of this type of graph for other species 
were limited by the lack of available data. 
 
Another approach to assigning traffic light boundaries to the turbot catch data follows. At Fmax= 0.4, 
the ratio between spawning biomass and that in the virgin state (Bt/B0) and between the mean spawning 
biomass and that in the virgin state (*Br/*B0) are 0.23 and 0.20, respectively (Prodanov pers. com.). At 
F = 0.134 the same proportions will be 0.51 and 0.49, respectively. Therefore, all values of F < 0.134 
are assigned a green colour, values between 0.135 - 0.201 (1.5 x 0.134) are assigned a yellow colour, 
and those of F > 0.202 are coloured red. At F = 0.2 the proportions under consideration will be 0.4 and 
0.38, respectively. One concern here is that the onset of red conditions at F > 0.2 seems too low, 
although for a long-lived species only a low rate of exploitation is likely to be sustainable. Nonetheless, 
if the traffic light approach were to be used to drive a management rule, when F > 0.2, efforts should be 
made to reduce fishing mortality, using a variant of a COMFIE rule (ICES 1997). 
 
Table 3. Ratios between initial and mean biomasses of Black Sea turbot compared with unfished 
stock. 

F Br *Br (Br/B0) (*Br/*B0) Y/R 
0.0 20.165 19.812 1.000 1.00 0.000 
0.1 12.046 11.457 0.597 0.578 1.146 
0.2 8.091 7.434 0.401 0.375 1.487 
0.3 5.956 5.277 0.295 0.266 1.583 
0.4 4.693 4.004 0.233 0.202 1.602 
0.5 3.887 3.186 0.193 0.161 1.593 
0.6 3.263 2.627 0.162 0.133 1.576 
0.7 2.945 2.226 0.146 0.112 1.558 
0.8 2.655 1.926 0.132 0.097 1.541 
0.9 2.433 1.696 0.121 0.086 1.526 
1.0 2.258 1.510 0.112 0.076 1.510 

 
Table 4. Black Sea turbot initial biomass (in thousand tons), mean weighed value by numbers of 
fishing mortality coefficient, and catches (in thousand tons) during the baseline period: 1970 – 
1988.   

Years Br=B4-17 F4-17 Catch Years Br=B4-17 F4-17 Catch 
1970 14.973 0.395 5.238 1980 20.093 0.184 2.843 
1971 13.879 0.259 3.794 1981 20.215 0.188 3.275 
1972 14.695 0.249 3.319 1982 19.683 0.303 4.662 
1973 14.184 0.339 4.879 1983 15.922 0.538 5.306 
1974 13.251 0.137 1.727 1984 11.106 0.340 2.852 
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1975 14.261 0.114 1.328 1985 8.391 0.069 0.527 
1976 16.616 0.100 1.583 1986 8.434 0.057 0.428 
1977 19.376 0.111 2.008 1987 8.776 0.149 0.849 
1978 20.468 0.122 2.148 1988 7.742 0.233 1.116 
1979 22.449 0.334 5.447     

 
 As shown in Table 4, the mean value of F4-17 was 0.311 during the period 1970-1973. Over the 
next 5 years (1974-1978), the value of F dropped to 0.117 and in this period the initial turbot biomass 
increased from 13.25 to 22.45 thousand tons. Subsequently, the fishing mortality rate increased once 
more, and during the period 1979-1984 mean F = 0.315. Over this period the initial turbot biomass 
dropped from 22.449 to 11.106 thousand tons; i.e. to less than half. The spawning biomass remained at 
a low level during 1985-1988, at an average 8336 t, nevertheless the mean value of F4-17 dropped to 
0.127. From this we can conclude that the fluctuations observed in turbot spawning biomass during the 
baseline period (1970-1988) are mostly due to the variation in the fishing mortality. A value of Fopt = 
0.134 is suggested.    

 
F/ Indicators measuring progress towards whole-system ecosystem and environmental goals 
 
Although full assessments generally provide estimates of biomass and age structure, we have 
considered primarily landing trends in this report, since statistical data on landings are more likely to be 
available for the whole basin. Often it seems that biomass estimates have been disrupted in some cases 
by the reduction in resources for regular biomass surveys, and it is often difficult to reconstruct global 
data series for the whole Black Sea from national assessments and research papers, though this should 
be a primary objective. The same methodology could be applied to biomass trend analysis however, as 
is described here.  
 

Fig 10 from de Lieva Moreno et. al. (2000) compares the P/D ratio (catches of pelagic over demersal 
fish captures) for a range of inland seas. This seems to illustrate that the P/D ratio is a sensitive measure 
of the degree of nutrient enrichment and enclosure of a water body, with the Black Sea and Sea of 
Azov showing the highest ratios for European seas. In other words, they show the lowest proportion by 
weight of demersal and shellfish resources in the total catch. Aiming for a move to an increased P/D 
ratio might therefore be a useful indicator of environmental quality. 

 
Fig 10. Ranges of value for the ratios of the pelagic to demersal (+benthic) landings for 

European inland seas (from FAO statistics). 
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In general however, before we can be confident about the interpretation of indicator trends, several 
research questions must be addressed: 
• Top predators: The effective disappearance of mackerel, bonito and bluefish from the Northern 

Black Sea in recent decades suggests the Black Sea moved from an open system to a closed one in 
the 1970’s. Are there impediments to migration into the Black Sea of stocks of these species if they 
still exist in Marmara and the Mediterranean? Is restoration of such migrations a feasible objective? 

• Benthos: are seriously affected by hypoxia – is the need for habitat repristination a priority 
objective? If so, this falls mainly outside the fisheries sector since it is largely caused by land runoff 
of nutrients, but should be dealt with by the Black Sea Commission through regulation of runoff of 
nutrients into the Black Sea. 

• Coastal ecosystems: In the North American Great Lakes and Baltic Sea, a ‘clean up’ of the aquatic 
system began from the coast outwards - and lagoon/estuary/littoral restoration projects were given 
priority. This suggests that mapping and stock assessment of lagoon species such as Mugilidae, and 
the extent of healthy aquaculture operations should be focuses for attention. 

 
Table 5: An indirect indication of the health of the ichthyofauna may be deduced from the 
following table, which summarises the trends shown in individual tables of species landings given 
in this report. 
PELAGICS Baseline Collapse 

1989-92 
*92-2002
£92-2001

*1998-
2002 
£1998-
2001 

1998+ average  
( % of baseline) 

Resident pelagic  species      
Anchovy (Engraulis)  + +       -         +     + + 136% 
Horse mackerel (Trachurus)  + +      - -        -        +   14% 
Sprat  (Sprattus)  + +      - -        + +         -  68% 
Migrants      
Mackerel  (S. scombrus)   -       +           +      -   2% 
Chub mackerel (S. japonicus) +  +      - -        -      - 42% 
Bluefish  (Pomatomus) +  +       -          +     + +   196% 
Bonito   (Sarda)    0       +           +       - -    5% 
DEMERSALS      
Turbot    (Psetta)   -       -          +     +  +  70% 
Whiting  (Merlangius)  + +     - -        -        -  51% 
Spiny dogfish (Squalus)   +      - -         -       +  32 % 
Mullets  (Mullus)   -       + +          0     - -  164% 
Mugilidae  0      ++        -     - -  19 % 
Gobies  +     - -         +     - -       139 % 
Rapana N/A    N/A         +     - -  13 % (of ’92-’02) 
Ratio +ve /-ve 8/3  

   = 2.67 
4/9  
   = 0.44 

8/5 
    =  1.6 

5/9 
   = 0.55 

 

KEY : * pelagics   £ demersals        
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Tentative conclusions from Table 5: 
While it is not possible to use catch trends alone to distinguish between effects caused by fishing from 
those caused by environmental perturbations, it seems nonetheless likely that the general increase in 
landings for many species in the baseline period represent effects of both overfishing, and for pelagic 
fish, possible also increases in planktonic production. The considerable difference between species 
composition in the baseline period and in recent years, implies considerable ecological changes, not all 
of which may be easily reversed. The extent of change in fact suggests that some species have 
produced higher landings recently (the late 1990’s to 2002) than during baseline years (e.g. anchovy, 
bluefish, gobies and Mullus). Others such as bonito and the mackerels (which had already declined 
before the baseline period), have shown serious declines or at least, have not recovered, and for the 
demersals, the declines in Mugilidae and Rapana landings merit further investigation. The serious 
increase in proportion of species showing declines, both during the Period of Collapse, and in recent 
years, merits serious investigation.  A study of these differences should seek to establish whether they 
represent changes in exploitation, or in species productivity. Such a comparative study should be 
carried out however, using surveys and time series of fishing mortality and biomass. This possibility 
will depend on a high degree of coordination between member countries in data gathering, surveys and 
stock assessment in order to provide the necessary data for these indicators. 
 
The high proportion of downward trends in landings in 1989-92 nonetheless, seem to represent a 
decline in fish stocks, especially for the resident pelagic species, and this is confirmed where biomass 
data are available. It does not seem possible to ignore the coincidence of this time period with the 
Mnemiosis outbreak, and trends seems to justify us referring to this as the ‘Period of collapse’, though 
again, overfishing cannot be discounted either.  For a few resident species (anchovy, horse mackerel) 
and for bluefish and turbot, we have seen some evidence for recovery of the fishery in recent years, 
though recent stock size estimates seem to be missing; hence presumably an increasing risk of 
overfishing exists, and the Commission should avoid assuming that increasing landings means that 
stocks are out of trouble. In fact, the few graphs showing traffic light colouration, suggest that the 
exploitation rate in the last few years is substantially higher than in the baseline period. Especially for 
the migratory pelagics, the situation of a general decline from higher biomasses prior to the baseline 
period, has continued up until the present. This surely has some relationship to anthropogenic effects 
on migration routes since the species persist outside the Black Sea. 
 
G/ Some indicators of whole-system health 

Prodanov et. al. (1997) provide data from which several indicators can be derived that appear 
relevant to environmental quality. A few of these follow: 
 

Indicators based on the area of macroalgae beds 
Fig 11 summarises the decline in Phyllophora beds from the 1970s, based on two estimates of 

biomass and one estimate of the area of beds. Since these algae cannot survive under high turbidity 
and/or low bottom oxygen, these trends measure a direct effect of unfavourable conditions in the NW 
Black Sea shelf (30-65 m depth), which is relevant to the possibility of restoration of demersal species 
in the area. Monitoring for possible recovery of these beds would therefore have direct fishery 
implications. 
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Areas and biomasses of Phyllophora beds
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Fig 11. Estimates of trends in area and biomass of Phyllophora beds in the NW Black Sea (from 
Prodanov et al. 997) 

Phytoplankton and Zooplankton in the Eastern Black Sea
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Fig 12. Estimates of zooplankton and phytoplankton from Prodanov et. al. (1997) 
 

Indicators using plankton and jelly predator abundance 
Quite clearly, from Fig 12, something quite unusual occurred in the period 1977-83, with very high 
biomasses of phytoplankton, of up to 10x the values in the 1960s. These high values presumably 
correspond to eutrophic effects, although the mechanism causing eutrophication is not indicated by this 
graph. This figure also shows that earlier high abundances of zooplankton declined in the early 1970s. 
Some possible explanations for this change suggest themselves: 
 

1) High zooplankton levels in the 1960’s and 1970’s were caused in part by overfishing of 
planktivores such as anchovy. 

2) The dramatic increase in phytoplankton after 1974-5 could have been caused by: 
- increased land runoff of nutrients 



 18

- increased predation on zooplankton by jelly predators, thus allowing phytoplankton blooms to 
intensify 

 
In Fig 13, an indicator (Zooplankton./Phytoplankton abundance) shows that the ratio of biomasses 

of zooplankton/phytoplankton declined to very low levels in the late 1970’s to early 1980s. One 
tentative explanation for this sequence of events shown in the graph is that high biomasses of Aurelia 
occurred first, but declined as the Mnemiopsis bloom began. Presumably both of these jelly predators 
bloomed as a result of high zooplankton abundance? This bloom of zooplankton could in turn, be due 
to either increased nutrients, hence increased phytoplankton, and/or a reduced feeding rate by a 
depleted anchovy stock. In the 1980s-1990s, these jelly predators were presumably cropping down the 
zooplankton, giving rise to a reduced ratio of  (Zooplankton/Phytoplankton). The following figure 
illustrates this last hypothesis. 
 

Linkage between Jelly predator biomasses and 
zooplankton/phytoplankton ratio
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Fig 13. Trends in zooplankton/phytoplankton ratios and in 2 jelly predator abundances 
 

Obviously some linkage must also exist between plankton productivity, finfish recruitment, and 
the above planktonic data series. These, and other data series available to oceanographers, should be 
located and compared with the years of good recruitment mentioned earlier for sprat and whiting, and 
of course for anchovy and other species (See Annex 2). 
 
Indicators based on  migratory species 

There are at least two possible explanations for the decline in migratory species within the 
Black Sea. The first is that the stock has declined to very low levels; probably due to overfishing. In 
this case we would expect their abundance to decline both in the Black Sea and outside in the 
Aegean/Mediterranean. The second is that for some reason, migration of the Mediterranean component 
of the stock into the Black Sea is inhibited by an unfavourable environment here, or is blocked at some 
point in the migration. An indication that the second hypothesis is quite likely is provided by the Fig. 
14 which shows that for bluefish, catches in the Black Sea and Marmara were much higher than in the 
Mediterranean and Aegean in the 1980s, but that they declined to low levels over the 1980’s. At the 
same time, the stock component outside in the Aegean and Mediterranean (assuming this is the same 
stock) continued to support a steady level of catches into the early 1990s. Hence, the ratio of catches 
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inside/outside the Black Sea for the same species may be a useful index of environmental conditions as 
they relate to migration (see also the earlier figure for chub mackerel, and for the other migratory 
species, grouped together as ‘large pelagics’ in Annex 2).  
 

Bluefish catches in Black Sea and Marmara compared with 
Mediterranean catches
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Fig 14. Comparison of bluefish catches in Black Sea, Marmara and Mediterranean 
 

Whole-system indicators such as this will have to be established and validated. The fitness of 
different indicators for eco-management will then need to be established by comparative analysis. For 
example, Trenkel and Rochet (2003) found that mean weight of all species caught, their mean length, 
and the overall mortality Z, to be indicators of exploitation rate measurable with reasonable precision 
for the multispecies ichthyofauna. They were less enthusiastic about the use of mean trophic level 
because it implies a high degree of sampling of all species components of the foodweb. 

 One indicator of whole ecosystem behaviour is plotted in Fig. 15: the pelagic/demersal index. 
 

Fig 15. Pelagic/Demersal index for Black Sea catches, and a polynomial fit for the whole time 
series, suggesting a decline to low levels in the 1980’s, and some subsequent recovery. 
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Trends in the pelagic/demersal index. 
Fig. 15  appears to show fairly regular high productivity peaks for small pelagics in 1975, 1981, and 

1986 during the Base Period (pink trend), and a major drop in pelagic production during the first 
Mnemiopsis bloom in 1989-92 (orange trend). There seems to have been some recovery of relatively 
higher production by demersal fish in recent years (green trend) which has accelerated over the last five 
years (purple trend). A polynomial fit (black line) for the whole period suggests that a partial return to 
conditions that applied in the late 1960s to early 1970s may be occurring. 
 
H/ Indicators of fleet capacity and socio-economic variables.  
 

Estimation of trends in overall catch and fleet size, Turkish Black 
Sea fleet.
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Fig 16. Overall estimation of trends in fleet size and catches: Turkish Black Sea fleet, showing 
that although there has been a recovery of (mainly anchovy catches) after the Mnemiopsis 
outbreak, that recent catch trends do not seem to justify continued increases in fleet size. 
 
Relatively little Black Sea integrated data could be found on the important indicators of fleet size and 
capacity shown in Fig 16 for the Turkish fleet. This deficiency should be given priority in future data 
gathering exercises. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Other types of indicators not described in this document 
 
Other types of indicators that could not be developed due a lack of available information series 
were geographical changes in species range. These types of indicator could be of the form:  

 
I = (Stock area in year t)/(Stock area during baseline period) 

 
This indicator would probably also require seasonalised survey estimates of species ranges, or 
ranges of fleet fishing operations. The ‘base line’ areas could be those shown in figures from the 
last pages of Ivanov and Beverton (1985) : (‘Maps of Distribution and Migration of Black Sea 
Fish’, p 119-35). Only for Phyllophora (see figure in text) could we locate estimates from 
published data of changes in distribution, but the Phyllophora figure illustrates the usefulness of 
such geographical range indicators. 
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I/ Different approaches to formulating and using indicator systems. 
 
1) Approaches to indicator formulation in current use elsewhere 

Three approaches to indicator formulation and use were considered, as described in the 
following sections A) to C). Further examples for Black Sea resources are given in Annex 2 of the 
document. Caddy (2002) also considered the relationship between different indicator series (see Fig 
17), and it is clear that the present document deals mainly with items in the left hand box of the figure 
below, but does not deal in detail with indicators for fleet operations, for lack of data.  
 
 Fig 17. A broad view of possible fisheries indicators (from Caddy 2002). 

 
2/ The DPSIR approach proposed by the European Environmental Agency (EEA). 

This procedure was intended ‘to help track the environmental performance of fisheries” 
(Zenetos et. al. 2002). 4 categories of indicators, as mentioned in EEA (2002), have different purposes: 

- Descriptive indicators (what is happening?) 
- Performance indicators (does it matter?) 
- Efficiency indicators (are we improving?) 
- Total welfare indicators (Are we better off?) 
Examples of these four types of indicators are given in Table 6. It is notable that one major type of 

driving force, namely, environmental variation, eutrophication, and other non-fishery human impacts 
on the environment and resource, are missing. Because these are of key importance for inland seas, 
they are introduced, though not specified, in Fig 1. If we are to follow the EEA (2002) approach, a 
‘story line’ should be developed for each indicator, linking it to a specific policy issue. It would be a 
useful exercise to develop a similar justification for each indicator finally chosen by the Commission. 
 
Table 6: The EEA classification of fishery indicators 
FUNCTION  INDICATOR FOR 
D: Driving forces  Markets, profitability, employment, incomes, processing, ship building, 

sales/landed values, consumption, import/export. 



 22

P: Pressure  Technological improvements, numbers of new vessels, fishing capacity, effort, 
intensity, summed horsepower, Insurance value fleet, catches. 

S : State  Stock status, trends, catches (numbers, biomass, CPUE, diversity), 
recruitment, spawning stock size. 

I : Impact  # stocks outside safe limits, bycatches, non-target species, habitat damage, 
exotics? 

R: Response  Quota management, fleet management, subsidies, integration of environmental 
change into fisheries, legislation, MCS 

 
b) The EEA also follows the DPSIR approach; classifying indicators into: 

- Driving forces 
- Pressures 
- State 
- Impact 
- Responses 
Examples of these five categories of indicators are shown in Table 2. 
 

Other more condensed frameworks such as PSIR or even a PSR classification (Garcia and Staples 
2000) have been used, e.g.: 

Pressure    Fish catches 
State          Size of spawning stocks 
                  Overfished area    
Response   Number of stocks regulated by quotas 
                   Expenditures for fish stock monitoring 
 
It must be admitted that the classification of indicators into 3, 4 or 5 categories is rather arbitrary, 

but from a functional or operational fishery management perspective, we can recognize that Driving 
forces and Pressures are generally: 

- Environmental or 
- Socio-economic (including investment, demand for fish, and consequent changes in fleet 

capacity) 
State and impact indicators measure the condition of the resource and socio-economic sector 
dependent on it. 
Responses can in practice, be confined to those actions that attempt to correct for negative trends, 
especially by aiming to change values of the indicators of Driving forces (i.e.: by improving the 
environment or reducing socio-economic impacts). 
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Fig 18  One possible PSIR framework (above) for fisheries research and management 
envisaged in the context of an annual research and management cycle. 
 
A system of  DPIR indicators can be used in TWO ways: 
1) Simply to monitor changes in the resource and its physical and socio-economic environment, 

leaving judgement as to whether or not to take corrective actions to the discretion of 
management authorities in each jurisdiction. At this level, (which corresponds to the current 
situation in the Black Sea area as far as fisheries are concerned), standardization of indicators 
and monitoring procedures is the first step to take. 

2) To take coordinated action when such indicator values reaching their limit reference points. 
 A hypothetical example of the second type of system is provided in the above Fig  18. 
This last approach will only be effective if further inter-government agreement is reached on the 
following issues: 

- National allocations and access conditions to zones 
- An effective decision-making structure for the Commission 
- A decisional rule is agreed to which is non-discretionary, specifying what actions become 

obligatory to all parties once indicator values enter into zones which can be defined by all 
parties as ‘red’ or dangerous. The following diagram attempts to show the functional 
relationship between DPSIR indicators. It also shows the constraints that must be overcome 
before indicator series can be used in managing transboundary or migratory resources. 

 
Once agreement is reached on the appropriate institutional response to specific indicator values 
(which suggest the stock has dropped into a hazardous condition), a fisheries control law (see e.g. 
ICES 1997) can be adopted. This may take the form of a ramp function (a COMFIE rule) requiring 
fishing mortality to be progressively reduced as biomass falls below some critical level, or simply 
that it be dropped to low levels, or catches of the endangered species prohibited until stock recovery 
is evident. 
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Fig 19: Preconditions that need to be met before full cooperative management approach can be 
achieved. 

 
 Thus, if the DPSIR approach is to be followed, the Commission should consider what these 

(D)PS(I)R indicators are to be used for. The first answer will be ‘to track the performance of the 
fisheries sector’ in the broadest sense, including relevant environmental issues, catch, effort and fleet 
capacity, Monitoring Control and Surveillance (MCS), and socio-economic aspects such as prices, 
costs, earnings, employment, subsidies etc are also important, but have not been addressed in this 
paper. This approach of tracking changes seems the most immediately feasible one. As indicated 
earlier, the application of fishery management rules will need a number of preliminary decisions to be 
made. 

 
3/ Stock assessment, indicators and reference points 

Conventional approaches to stock assessment, whether they rely on retrospective analysis of 
historical catch data (e.g. VPA or ADAPT methodologies), or involve conceptual frameworks in the 
form of mathematical models, all depend heavily on historical data series collected in a standard way. It 
is also reasonable to suppose that the recent widespread use of ‘fisheries independent’ assessments, 
based on annual series of estimates of biomass, size of fish, and age composition from standardized 
vessel surveys, will be essential in order to create the time series needed for modelling and assessment. 
These data series which form ‘indicators’ of some population ‘characteristic’ such as biomass, fishing 
mortality or productivity, depend essentially on standard coordinated research vessel surveys being 
carried out annually.  
 

Thus, coordinated research cruises need to be carried out annually in a standard way in order to 
build up or maintain the needed data series used in this document. Evidently, classical approaches to 
fish stock assessment also use ‘indicator series’. Hence an approach to formulating standard indicators, 
as emphasized in FAO (2003) and in the symposium sponsored by FAO/CSIRO, is not incompatible 
with assessment-based management. Perhaps the change in emphasis in recent years comes when we 
consider ‘reference points’, defined as critical values of indicators which suggest that management 
action should be taken, following the approach in the 1995 UN Fish Stock Agreement. Prior to 1995, 
the classical approach was to suggest that ‘reference points’ should be values determined from 



 25

modelling that represent ‘desirable’ values for the indicator that fisheries managers should aim for: i.e., 
‘Target Reference Points’ or TRPs. It had become evident by 1995 however, that once TRP’s have 
been exceeded, returning to the TRP is not easy. This led to formulation of values of indicators that 
managers should avoid, or Limit Reference Points, LRPs  (Caddy and Mahon 1995). What is implicit 
in this latter development, is that using indicators to determine management action requires that LRPs 
be defined for the indicator series used in management. An example of the use of indicators in a 
‘management control law’ is provided in the preceding figure. 
 

Conventionally, fisheries ‘models’ such as calculations of yield per recruit, egg per recruit or 
production models have been used to define reference points. There is no obvious reason however, that 
other types of analyses cannot be used to define critical values that can serve as reference points. In 
fact, reference points can be calculated from ecosystem models, but also from historical experience 
with exploitation of the resource. This latter ‘empirical’ approach seems dictated in situations such as 
that for the Black Sea where appropriate models taking into account environmental fluctuations and 
anthropogenic impacts, as well as fish stock dynamics, are still tentative or unformulated. Some 
examples of how such empirical approaches can be assembled into RPs are given in this document.  
 

The important point is that the management body, in this case the Black Sea Commission, 
should formulate clear objectives, and a plan for their implementation. This approach which combines 
model-based estimates of RPs, with judgements on conditions and years when the ecosystem was in a 
favourable state, is the one used in this document. 

 
4/ Preconditions to using indicators in a fisheries management rule 

Agreeing on a common monitoring framework would already be a considerable step forward. The 
second step can only be taken when all the ‘preconditions for management functionality’ shown on the 
right side of Fig 19 are met, and will require considerably more work in seeking agreement at the 
Commission level, but these preconditions should be included in future plans of the Commission.  

 
As a first priority, the Commission will also have to decide which resources must be managed 

cooperatively, and which can be managed separately within each jurisdiction. For example, referring to 
the Table of possible indicators arrived at during the demersal resources  workshop: (i.e. the table 
labelled as a ‘Proposed indicator-based assessment framework’), we see that: 

 
Implementing monitoring and management actions for ‘lagoons and inshore species’ may require 

indicators for: 
- Local indicators for shallow shelf resources (e.g. Rapana, Anadara, Venus), 
-  Indicators for Aquaculture production,  
- The extent of Marine Protected Areas,  
- State of employment in the sector,  
- Fish consumption levels and exports/imports,  
- National regulations and their state of enforcement,  
- Regulations on inshore gear, 
-  MCS capabilities,  
- Consumer demand and market prices,  
- NGO activities. 
This complex  of indicators covers all national responsibilities for coastal fisheries, and it might be 

wise for the Commission to leave the development of relevant indicators for inshore species to the 



 26

discretion of national members of the Commission within their respective zones, while perhaps 
providing some suggestions for standardisation? 

 
Fig 20. A hypothetical decision rule framework for management of resources shared by coastal 
States 
 

It would seem essential however, that agreement be reached as soon as possible, as to which are the 
important trans-boundary and migratory species. Once these are decided on, a move should be made as 
soon as possible to coordinated management action, including standardisation of indicator series. 
Species that should be considered for this priority action might include turbot, whiting, sprat, anchovy, 
horse mackerel, bonito and bluefish. Fig 20 then shows some of the activities of a working fishery 
Commission that will need to be considered when working with an indicator-based management 
system. 

 
An important priority seems to be to start collecting immediately reliable and standardized data on 

the capacity of the active fishing fleet,  to update a licensed registry of vessels; and to coordinate and 
standardize collection of data needed for these priority indicators. 
 
5/ Use of indicators and reference points in a Fisheries Management Rule  
 A fisheries management rule is one where actions by managers are dictated by the values of one or 
more indicators. 
1) A fisheries management rule may use the same indicators as described in sections A) and B) 
CHECK?? but will also require a judgement as to the management action required. This should be 
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pre-agreed by all parties and depends on specifying the value of the indicators agreed to as ‘control 
variables’ at which management action is essential. 
2) Values of Limit Reference Points (LRPs) need to be defined and used to trigger actions. In the ICES 
framework, another less dangerous point is often defined: a precautionary reference point (or PA), 
marking the end of safe (green) conditions and the start of uncertain (yellow) conditions. When the 
fishery passes this point, management is warned that actions will soon be needed if the indicator then 
changes from yellow to red. 
 
CONCLUSIONS 
 
Relevance of current assessment & management paradigms elsewhere. 

A key conclusion is that Black Sea countries should look carefully before copying an approach 
from supposedly ‘advanced’ management frameworks elsewhere! In the NW Atlantic, important 
groundfish stocks have been progressively collapsing for the last 10 yr or so, and in the NE Atlantic, 
despite recent attempts by the Commission to seriously cut capacity and quotas, some EC member 
countries resist the stock rebuilding plans proposed by the Commission (See September 2003 special 
ICES session on Stock Rebuilding Plans on the ICES web site). The immediate prospects for the 
fisheries of the North Sea and adjacent waters are now worse than at any time in the past despite a high 
level of scientific inputs.  Even the EC when discussing the CFP (The Common Fisheries Policy), says 
in (EC 2001) that: “...almost twenty years from its inception the CFP.... has not delivered sustainable 
exploitation of fisheries resources, and will need to be changed if it is to do so”. What is needed, there 
and elsewhere, is firm, coordinated management action based on currently available data: in other 
words, the decision-making structure is at least as important as improved scientific advice. 

 
Some key issues leading to stock declines and impeding their recovery are as follows: 

1)   Overcapacity of fleets.  
2)   Increased demand and prices on global markets. 
3)   Political disagreement on diagnosis of overcapacity. 
4)   Lack of political will to take actions to restore stocks. 
5)   No implementation of the precautionary approach. 
6)   Short memories of what used to be the ‘normal’ state of stocks. 
7)    Problems on allocations (disagreement on shares to parties of catch or total fishing capacity).  
8)    Inadequate funding of Commissions and unwillingness of member States to cede management 
powers to the Commission. 
 

Other organizational issues also prevent sustainable fisheries: 
 9) Absence of a management plan, agreed by all parties leads to conflictual management strategies. 
10)  Inadequate linkages between government and industry lead to illegal fishing if the rationale for 

regulations has not been explained to industry. 
11) ‘Top down’ governmental decision-making instead of co-management with the fishing industry, is 
generally unsuccessful in achieving industry consensus. 
12) Perhaps, above all, there has been a tendency to assume constant productivity and ignore 
environmental/ecological signals! Experience in the Black Sea since the 1960’s should caution against 
standard approaches to management that do not take into account environmental issues. 
  

Stock rebuilding is now a first priority on both sides of the Atlantic, in the NE Pacific and 
elsewhere in the world. From a recent global review of stock rebuilding plans (Caddy and Agnew 
2003), it is clear that stock rebuilding is a difficult and painful process!  Relatively few successes have 
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been achieved to date, and a stock rebuilding process may have to continue for many years under a 
non-discretionary management regime before success is achieved. This argues for not allowing 
collapses of populations, since their recovery will be difficult and painful.  
 

Most conventional fisheries commissions provide little consideration to environmental effects 
except those caused by fishing. It would be an error however, to assume changes in resource abundance 
are simply a function of fishing effort - environment changes must also be taken into account! Fisheries 
biologists must take these factors into account in modelling species biology. For example, there are 
probably limits to the effect that removal of predators could have in increasing available anchovy 
biomass. In fact, having a balanced ecosystem is likely to provide varied economic benefits and more 
stable economic yields over the long term. 
 
An objective for the meeting? 
By the end of the next meeting we should aim for the following objectives: 

1) to assemble a table showing what data series exist of relevance to fishery, ecosystem, and 
associated socio-economic considerations. 

2) To document what routine observations (catch monitoring, sampling, at-sea surveys, routine 
otolith age reading etc) are currently being carried out, and whether these can be coordinated 
more effectively to ensure the data for indicators is being collected and analysed on a regular 
basis. 

3) An overall plan of action for future development of indicator series should be developed with 
firm commitments by member countries within their resources.  

 
      An identification of priorities for immediate action to support effective implementation of 

fisheries management measures is needed, and what possibilities exist are for coordinating activities 
in these areas. 
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ANNEX  1a. Suggestions for a checklist for species stock assessments  
(After Dasykov –presented at last Black Sea demersal working group). 
 
It is evident that the indicators suggested here mainly depend on routine implementation of catch 
sampling, age reading and at-sea surveys, and the analysis of the data using the methods described in 
this annex. The main difference an explicit indicator-based approach provides, is a way of seeing 
changes in a range of indicators over time, and categorizing years according to productivity conditions 
and ecosystem characteristics. 
Stock:  
Author: 
 Date: 
*At the end of this checklist please fill all the important references you know (not only related to 
the information in the checklist). 
 
**Please feel free to add other information/comments at the end 
 
1. General 
step Item Considerations 
1.1 Stock definition What is the spatial definition of the stock 

 
1.2 Stock structure Has tagging, micro-constituents, genetics and/or other 

morphometrics been used to define stock unit? 
 

1.3 Spatial structure Is or should the assessment be spatially structured? 
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2. Data 
step Item Considerations 
2.1 Official catch data: time 

(year-seasons)  
 

2.2 Illegal catch data: time 
(year-seasons) 

 

2.3 Expert evaluation of the 
catch: time (year-seasons) 

 

2.4 Age, size and sex-structure 
of the catch, time (year-
seasons):  
size measurements: length 
(measure e.g. TL, FL) 
weight, 
catch-at-age, 
weight-at-age, 
Maturity-at-age, 
Size-at-age, 
age-specific reproductive 
information 

  

2.5 Indices of abundance (year-
seasons) 

For all indices, consider whether an index is absolute or 
relative, sampling design, standardization. What portion of 
the stock is indexed (e.g. spawning stock, total biomass)? 
  

2.6 commercial effort (year-
seasons) 

If not properly registered is it possible to some information 
about number of fishermen, licenses, gears etc. 

2.7 Egg surveys (year-seasons) 
 
 

Estimation of stage specific egg abundance, production, 
mortality, spawning stock sex and maturity structure, 
fecundity?  
 

2.8 Larvae surveys (year-
seasons) 

Stage, size specific abundance, production,  
 

2.9 Juvenile surveys(year-
seasons) 

Which age-groups covered? Survey design  

2.10 Age, size and sex-structure 
of the survey time (year-
seasons):  
size measurements: length 
(measure e.g. TL, FL) 
weight, 
catch-at-age, 
weight-at-age, 
Maturity-at-age, 
Size-at-age, 
age-specific reproductive 
information 

 

2.11 Feeding and diet, time  
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(year-seasons): 
2.12 Chemical and physiological 

analyses e.g. fat content, 
energetics, time (year-
seasons): 

 

2.13 Tagging information, time 
(year-seasons): 

Consider both tag loss and shedding and tag return rates. 
Was population uniformly tagged or were samples 
recovered? 
 

2.14 Environmental data How are environmental information presently used, what 
processes are represented by which variables, proxies etc.; 
what are potential other candidate variables, how are they 
monitored, how predictable are they?  

2.15 Multispecies/ecosystem 
considerations 

Is information for this stock included or is it possible to be 
included into a multispecies/ecosystem models or be used for 
ecosystem-based management 

2.16 Fishery information Are people familiar with the fishery? Who have spent time 
on fishing boats, consulted and involved in discussions of the 
value of different data-sources. Is this information used and 
if how ? 
 

 
3. Assessment model 
step Item Considerations 
3.1 Age, size, length or sex-

structured model 
What model have been used? What are the main 
assumptions? Are alternative models considered? Time span 
covered 
 

3.2 spatially explicit or not  
3.3 Key model parameters: 

natural mortality, 
vulnerability, 
fishing mortality, 
catchability 

Are these parameters assumed to be constant or are they 
estimated? If they are estimated, are prior distributions 
assumed? Are they assumed to be time-invariant. 
 

3.4 Recruitment  
 
4. Prediction model(s) (for different time frames separately, e.g. short-, medium-, long-term) 
step Item Considerations 
4.1 Age, size, sex or fleet-

structured prediction model 
What models are currently used? What are the main 
assumptions? Are alternative models considered?  
 

4.2 Spatially explicit or not  
4.3 Key model parameters What is the source of the parameters, how is variability and 

dependence between different parameters accounted for? 
4.4 Recruitment How is recruitment incorporated into the prediction model ? 

Is a relationship between spawning stock and recruitment 
assumed?  
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4.6 Evaluation of predictions Are predictions evaluated post-hoc? If so, how?  
  
1b) Draft form for advice to the Black Sea Commission on stock status 
 
Assuming indicators and reference points are adopted into collective lack Sea fishery management, 
technical working groups should develop a standardized way of presenting results. A starting point for 
such standardization is presented here that should be modified after discussion by stock assessment 
workers. 
 
1) Describe methodology and assumptions 
 

3) A brief description of changes in overall ecosystem characteristics (e.g. piscivore/planktivore 
index and pelagic/demersal ratio from landings): 

 
Illustrations: 
Plot pisc./plank. and pel/dem 
ratios over time 
 
 
A separate page for each species/stock: 
Trends (regression) biomass relative to B(0) or to the reference baseline period 
-   Biomass trend since baseline period 
Slope over last 5 yr and extrapolation for next year 
- Trends in landings and fishing mortality 

 
Illustration: 
Show landing trends coloured  
in relation to F -> Fmax, or 
F(0.1) 
 
 
- Trends in mean size/size at maturity 

 
Current stock status and known parameter values (table) 
Recent stock assessments 
Reference points 
Fleet trends 
Description and interpretation of historical trends  
Highlights of evaluation 
Management recommendations? 
Research recommendations 
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ANNEX 2: Examples of indicator time series of landings for some Black Sea species and brief 
commentaries. 
 
The following commentaries do not attempt to explain the trends illustrated below, but simply point to 
similarities and differences between species that are worth further commentary. These diagrams could 
usefully be incorporated into a standard report to the Commission, but some further analysis is 
recommended when indicators of stock biomass, fishing mortality and fishing capacity/fleet size have 
been located, and stock trends could usefully be compared with environmental and planktonic indicator 
trends as shown in the main body of the report. 
 
A/ PELAGICS 
 

1) Anchovy: 
Landings rose throughout the base period, when fishing intensity is also reported to have risen, perhaps 
together with eutrophication. A pronounced collapse occurred in 1989-92, followed by a recovery 
which has accelerated recently. 
 

Anchovy

y = 3993,3x - 8E+06
R2 = 0,1164

y = 14080x - 3E+07
R2 = 0,4803

y = -1553,5x + 3E+06
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R2 = 0,5901
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Anchovy 1967-89 1989-92 1992-02 1998-02 2002
Mean catch (t) 254710 125976 272718 289479 346411
Trend       + +        -       +      ++       + 
% to baseline mean 
catch 100% 49% 107% 114% 136%
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2) Horse mackerel: 
This species showed similar trends by time period as anchovy, except that the rise in landings occurred 
after a period of stability during the base period. The period of collapse is the same, but was not 
followed by accelerated rises in recent years.  
 
 

Horse   mackerel

y = 402,4x - 764273
R2 = 0,0422

y = 4366,2x - 9E+06
R2 = 0,6996

y = -28337x + 6E+07
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Horse Mackerel 1967-89 1989-92 1992-02 1998-02 2002
Mean catch (t) 50582 50004 9418 8350 7040
Trend      + +       - -        -      +        - 
% to baseline mean catch 100% 99% 5% 17% 14%
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3) Sprat 
Sprat landings resembled the above two pelagic species, but trends were more similar to horse 
mackerel. An exception is the possible decline in landings in recent years. 
 

Sprat

y = 4342,1x - 9E+06

R2 = 0,6983

y = -28469x + 6E+07

R2 = 0,8829
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Sprat 1967-89 1989-92 1992-02 1998-02 2002
Mean catches 38517 50992 32096 43629 26430
Trend      + +        - -      + +       -       - 
% to baseline mean catch 100 132% 83% 113% 68%
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Sprat catches and fishing mortality rates: a traffic light illustration. 
Colours were assigned in the above graph according to the following criteria of fishing mortality rate. 
GREEN YELLOW RED 
F<0.5 M*0.95→F<0.475 0.475< F<0.712 F>0.712 

In the above figure, traffic light colours have been assigned depending on the ratio of fishing to 
natural mortality rate, noting that for small pelagics, a fishing rate below that of the natural death rate 
has been shown to be precautionary, given the high risk of death from natural causes (Patterson 1992). 
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4) Atlantic mackerel 

Scomber

y = -7,2605x + 14599
R2 = 0,0309

y = 79,3x - 157612
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y = 3,7455x - 7338,1
R2 = 0,0084

y = -52,8x + 105790
R2 = 0,2386
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Scomber 1967-89 1989-92 1992-02 1998-02 2002 
Mean catch (t) 238  234 142 190 5 
Trend        -      +       +      -           - - 
% to baseline mean catch 100 98% 59% 80%         2% 

 
Although two pulses of production occurred in the early 1950’s and early 1960’s, the stock 
component which enters the Black Sea has remained at low levels since then. Catches outside the 
Black Sea have continued, and if this is the same stock, one possible implication is that a barrier to 
immigration to the Black Sea now exists. 
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5) The migratory species category 
 

Migratory species

y = 135,51x - 248431
R2 = 0,0293
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Migratory species 1967-89 1989-92 1992-02 1998-02 2002
Mean Catch (tonnes) 19534 23244 16412 18785 19321
Trend       + +      -      +      - -       + 
% to baseline mean catch 100% 119% 84% 17% 96%

 
Migratory species include bluefish, bonito, and mackerels. Stock production was high if irregular for 
these species until a pronounced trough in the 1970’s. For this species category, a  recovery  of catches 
in the 1970’s has been followed by a decline in recent years. 
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6) Bluefish 

Bluefish

y = -220,45x + 445302
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Bluefish   1967-89   1989-92   1992-02   1998-02 2002 
Mean Catch (t) 7180 6496 4961 5527 14104 
Trend     + +        -        +      + +      + + 
% to baseline mean catch 100% 90% 69% 77% 196% 
 
A steady rise in bluefish landings continued until the 1990’s followed by a decline which has been 
followed by a rapid rise over the last 5 yr. 
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7) Bonito 

Bonito

y = -0,5385x + 10224
R2 = 3E-07
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Bonito  1967-89   1989-92    1992-02   1998-02   2002 
Mean Catch 9158 9277 9125 11803 5175 
Trend         0        +         +        -  -        - 
% to baseline mean catch 100% 101% 100% 129% 57% 

 
 After 1963, catches of this species have remained at low levels in the Black Sea, but have continued at 
steady levels outside in the Mediterranean Sea, suggesting that a barrier to immigration rather than 
stock depletion is responsible for low catches in the Black Sea. 
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B/ DEMERSALS 
 
8) Turbot 

y = -128,08x + 256272
R2 = 0,1805
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 (See comments in the main text) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 43

9) Whiting 

y = 1349,1x - 3E+06
R2 = 0,533
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Baseline period 

(1967-88) 
Whiting 

First Mnemiopsis 
outbreak (1989-92) 

Recent years 
(1993-2001) 

Last 4 years (1998-
2001) 2002 

13760,6 20058,8 13790,8 12570,3   

 + + - -  -  -    

100 145,8 100,2 91,3   
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10) Spiny dogfish 
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Species:          
  Spiny dogfish 

Baseline period 
(1967-88) 

First 
Mnemiopsis 

outbreak (1989-
92) 

Recent years 
(1993-2001) 

Last 4 years 
(1998-2001)  2002 

Mean catch (tonnes) 
in interval 4621,6 3498,3 1695,4 1493,3   

Trend (-, +, - - or ++) +  - -  -  +    

Mean catch as % of 
baseline mean catch 100 75,7 36,7 32,3   
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11) Mullus sp 
 
 

y = 316,8x - 629233
R2 = 0,62
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Species        
Mullus 

Baseline period 
(1967-88) 

First Mnemiopsis 
outbreak 
(1989-92) 

Recent years 
(1993-2001) 

Last 4 years 
(1998-2001)       2002 

Mean catch 
(tonnes) in interval 887,7 1357,3 1369,4 1458,5   

Trend (-, +, - - or 
++) - ++  0   -   

Mean catch as % 
of baseline mean 

catch 
100 152,9 154,3 164,3   
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Rapana 
 

Species        
Rapana   Recent years (1992-

2002) Last 5 years (1998-2002) Value in 2002 

Mean catch 
(tonnes) in 

interval 
  5674,3 6586 754 

Trend (-, +, - - or 
++)   +  - -  

Mean catch as % 
of baseline mean 

catch 
  N/A  N/A    
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Gobies 
 

Species:    Gobies Baseline period 
(1967-88) 

First Mnemiopsis 
outbreak (1989-92) 

Recent years 
(1992-2002) 

Last 5 years 
(1998-2002) 

Catch in 
2002 

Mean catch (tonnes) 
in interval 167 269 343,3 245 231,8 

Trend (-, +, - - or ++) +  - - +   - -  

Mean catch as % of 
baseline mean catch 100 161,1 205,5 146,7 138,8 
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Mugilidae 
 
Baseline period 

(1967-88) 
First Mnemiopsis 

outbreak (1989-92) Recent years (1993-2002) Last 4 years (1998-2002) Landings in 2002 

1837,3 4041 13713,9 10538,6 353 

0   + -  - -    

100 219,9 746,4 537,6 19,2 
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