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Cold Intermediate Layer, CIL
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Host biota originated from 5 different origin)

1. Autochthonous Ponto-Caspian species: Oldest of the Black Sea. Inhabit waters under fresh water influence 
(ROFI)

2. Thermophobic Boreal-Atlantic species: Cold water species. Observed in deep waters

3. Mediterraean species: Largest group in the Black Sea and their number keep increasing 
(Mediterranization). Consists 80% of the biomass. Prefers warm and saline waters (occupies the 
surface layer). 

4. Fresh water species: Observed in the river mouths

5. Exotic species: Transported to the BS though various vectors 



Surface chlorophyll 
distributions in summer (left) 

and in winter (right)



Ivanov and Beverton, 1985

Chashchin, 1994

Main biological activities are in the north, 
fishery is in the south

@Tahsin Ceylan

European anchovy (Engraulis encrasicolus)



Adults  @15-17C
YoY @ 12-13 C     1-1.5 month delay

Mesoscale eddies – RIM current Ocean triad (Bakun 1998):

1-Nutrient enrichment, 

2-Concentration of food  

3-Retention of larvae,

Korotaev, et al., J. Geophys. Res., 108(C4), 3122,

Importance for the BS anchovy
- Facilitate migration
- Provides retention areas (spawning, nursery 

and overwintering)



No feeding during overwintering → ~30% weight loss

High EKE (strong Rim Current) improves fish condition

Condition → Recruitment success (t+1)

Gücü et al., 2018. Fisheries Research 205 (21-31)



Spawning grounds and spawning movements (red); 
feeding grounds and feeding movements (green); 

overwintering migration (blue) of the sprat in the Black 
Sea (Ivanov and Beverton, 1985). 

Ivanov and Beverton (1980)

European Sprat (Sprattus sprattus)



Capet et al. 2016, Biogeoscience
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Given the limited 
reliability of MSY-based 
reference points due to 
high recruitment 
variability, uncertain 
stock–recruitment 
relationships, and a 
fishing pattern 
dominated by early age 

classes, a 
precautionary 
exploitation rate 
approach was adopted.



GSA RefY Species Methodology used Stock status Scientific advice

29 2024 Anchovy SAM Possibly overfished Reduce fishing mortality



GSA RefY Species Method
ology 
used

Current levels Reference points Quantitative status Stock status Scientific advice

29 2024 Anchovy SAM Fcurr (2022-2024) 
= 0.41

Fmsy = 0.63 Fcur/Fmsy = 0.65 Sustainable 
exploitation

Do not increase fishing 
mortality



Anchovy management: Input-control driven system

Main measures
• Closed season
• Spatial closures (key areas)
• Ban on daytime fishing

Adaptive seasonal rule
• Continuous monitoring of catch size composition
• Juvenile fraction threshold: 15%
• Fishery closes when threshold is exceeded

Early season → Adults dominate catch
↓

Juveniles arrive (1–1.5 months later)
↓

Juvenile % increases
↓

Threshold (15%) reached
↓

Fishery closed



Anchovy management: Adaptive TAC system

TAC-based management
•Total Allowable Catch (TAC) is implemented 
•Initial TAC based on historical reference levels

In-season adjustment
•Continuous monitoring of fishery performance 
•TAC is revised during the season

• Increased if conditions are favorable 
• Reduced if signals indicate weak recruitment 

Start of season
↓

Historical TAC set
↓

Fishery monitoring 
(catch, composition, signals)

↓
In-season evaluation

↓
TAC adjustment (↑ / ↓)



Sprat management: National system
(No quota sharing among countries)

TAC countries
• Historically assigned TAC set years ago
• Never fully utilized

Other countries
• No fishery or input control
• Spatial & seasonal closures
• Mesh size & vessel limits









CIL and CIL-forcing indicators tested so far
1. Direct SST-based CIL indicators
• SST_CIL_cell_days (number of grid-cell days with SST < 8.35°C.)
• SST_CIL_degree_cell_days (Sums how far each grid cell is below 8°C: sum(max(8.35 - SST_cell_day, 0))
• SST_CIL_area_days (Sums the area with SST < 8.35°C across days.)
• SST_CIL_degree_area_days (Area-weighted version of the degree-based indicator: sum(area_cell × max(8.35 - SST_cell_day, 0))
• SST_CIL_degree_area_normalised_days (Normalised area-weighted intensity: SST_CIL_degree_area_days / total_area)

2. Meteo-derived CIL-forcing indicators
• CFI_cell_days (Counts grid-cell days where the rolling mean 2 m air temperature is below the calibrated Meteo threshold.)
• CFI_degree_cell_days (Sums how far each grid cell is below the calibrated Meteo threshold: sum(max(threshold - Tair_roll_cell_day, 0)))
• CFI_area_days (Sums the area where rolling Meteo temperature is below the calibrated threshold.)
• CFI_degree_area_days (Area-weighted atmospheric forcing index: sum(area_cell × max(threshold - Tair_roll_cell_day, 0))
• CFI_degree_area_normalised_days (Normalised version of CFI_degree_area_days.)

3. Early Meteo-based deficit indicator
• t2m_3mo deficit CFI (Based on a 3-month right-aligned moving average: t2m_3mo(t) = mean(t2m_t, t2m_t-1, t2m_t-2); 

CFI definition: sum(max(threshold - t2m_3mo, 0))

4. Non-CIL temperature control indicators
• METEO_NDJFMA_mean_t2m (Mean 2 m air temperature over November-April). 
• METEO_DJF_mean_t2m (Mean 2 m air temperature over December-February).
• METEO_Annual_mean_t2m (Mean annual 2 m air temperature).

5. Calibration approaches used
• SST-Meteo rolling-window test (Tested different rolling windows for 2 m air temperature).
• 56-day rolling Meteo (Used as a literature-supported lag window)
• GAM calibration (Modelled the relationship between SST and rolling Meteo temperature)
• Segmented regression idea (Considered for detecting slope changes in the SST-Meteo relationship).



Climate-tuned Beverton–Holt Stock–Recruitment

•Base (classical Beverton-Holt stock-recruitment ) model
•Recruitment is predicted only from spawning stock biomass.
•REC = f(SSB)

•The climate indicator was added in three alternative ways:
•Alpha-tuned model

•Climate modifies the productivity parameter.
•Interpretation: for the same SSB, favourable or unfavourable climate can produce more or fewer recruits.

•Beta-tuned model
•Climate modifies the density-dependence parameter.
•Interpretation: climate changes how strongly recruitment levels off at higher SSB.

•Alpha + beta tuned model
•Climate modifies both productivity and density dependence.
•Interpretation: the whole shape of the stock-recruitment curve can change with climate.

•Model performance was evaluated using:
•AICc
•LOOCV prediction skill
•log-scale RMSE and MAE
•observed-predicted correlation





Catchment is 6 times of surface

Green revolution
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