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Summary 

Small pelagic fish (SPF) depend heavily on environmental changes (e.g. hypoxia) and when combined 

with human-induced pressures (e.g. high exploitation rates) the sustainable management of the stocks 

is challenged. To enhance our understanding on how combined pressures affect SPF, impacts on the 

pelagic niche were studied in a coastal area of the Eastern Mediterranean as part of the PERSEUS 

project. Two sites with different levels of disturbance and hydrographic characteristics were sampled 

during two periods (thermal stratification and mixing) following an integrated pelagic ‘end-to-end’ 

sampling approach that involved concurrent measurements of abiotic and biotic variables. The 

considerably higher anthropogenic pressures exerted at site A, combined with its topographic and 

hydrographic characteristics, caused hypoxia below the summer thermocline, leading to a different 

overall community structure and function compared to site B. More importantly, the ‘compacted’ vital 

space for SPF caused by hypoxia, confined their diel vertical migration range to the oxygen-rich layer, 

consequently altering their predator vulnerability. However, SPF densities in site A were extremely 

higher than in site B with large numbers of juvenile fish. The combined results suggest that complex 

interactions taking place in hypoxic areas can result in them functioning as nursery grounds despite 

their severe degradation. 

Introduction 

Fish populations living in areas with seasonal or chronic anoxic conditions in the deeper layers can 

experience habitat loss, higher exposure to predators and in more extreme cases massive fish kills (e.g. 

Breitburg 2002). Hypoxia in coastal marine waters is typically a result of high nutrient inputs and 

subsequent eutrophication and can have direct and indirect effects on the structure and function of the 

food web. Changes in oxygen concentration have been used to explain the multi-decadal biomass 

alterations of SPF off the coasts of Peru through the indirect effect of hypoxia to suitable prey 

availability for SPF (Bertrand et al. 2011). In conjunction with fishing pressure exerted on SPF stocks, it 

follows that trophic interactions become more complex in anoxic areas. The purpose of this study was 

to determine the extent to which hypoxic conditions affect SPF both through alterations in 

physicochemical conditions as well as modifications in the pelagic food web structure and function.  

 

Materials & Methods 

Saronikos gulf (West-Central Aegean Sea) is adjacent to the large city of Athens, thus receiving both 

urban and industrial inputs. To the north, lies the small, enclosed and shallow Elefsina Bay (site A) 

that features heavy industrial activities along its coastline (oil refineries, shipyards) and the treated 

wastes of ~5 million citizens at its east entrance. It is thus subject to extended water pollution 

primarily by organic matter and metal enrichment and its anoxic layer is of varying intensity 

occurring yearly from May until late October (Pavlidou et al. 2013). Aghios Kosmas (site B), lies on the 

eastern side of Saronikos gulf and although still adjacent to the Athens metropolitan area no 

industries operate nearby. Fishing for SPF, apart from the temporal closures implemented on purse-

seiners in the entirety of Greek Seas, is completely prohibited throughout the year inside Elefsina Bay, 

this is not the case for Aghios Kosmas. Two research surveys were performed in the area during the 

mixing period (December 2012) and during thermal stratification (September 2013) on board the R/V 

Philia within the framework of the project PERSEUS (www.perseus-net.eu). During each survey SPF 

were captured by means of a pelagic trawl in each of the abovementioned sites, i.e., Elefsina Bay and 
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Aghios Kosmas area. Concurrently, 3 stations located at the mean trawling path of each site were 

sampled for abiotic and biotic variables, at 3 discrete depths. Profiles of temperature, salinity and 

oxygen were obtained by CTD casts and seawater samples were collected and analysed for dissolved 

inorganic nutrients, chla, and pico- nano- and microplankton abundances. Finally, vertical tows of 

plankton nets were performed to collect mesozooplankton and microplankton for abundance, biomass 

and species composition estimations.  

 

Results and Discussion 
During the stratification period the eutrophic conditions in Elefsina resulted in hypoxic to anoxic 

conditions in the deeper layers of the area. CTD profiles showed a sharp decline of oxygen 

concentration only in Elefsina Bay in the summer that started dropping at 10 m and declined steadily 

close to 0 mL/L a few meters above the bottom. Oxygen concentration was ~5 mL/L throughout the 

water column in Agios Kosmas during the same period and at the same levels (~5 mL/L) in both areas 

in winter. Regarding biotic components, it was evident that the summer food web structure was 

largely driven by oxygen and nutrient differences in the two areas. Nutrients, especially nitrogen, in 

the deeper layers were found to have extreme values relative to the surface layers as well as compared 

with the Aghios Kosmas site. This resulted in a more productive system that supported higher 

mesozooplankton values during all periods studied.  

In December (no fishing season for purse seiners) anchovies were confined only inside the Elefsina 

Bay, were exclusively juveniles, with a biomass of <7 metric tonnes (mt) (density: 5.4 x 10-6 Kg m-3) and 

were completely absent in the rest of Saronikos gulf. On the contrary, sardine was the dominant 

species inside Elefsina Bay with a biomass of >625 mt (density: 4.9 x 10-4 Kg m-3) whereas in Aghios 

Kosmas sardine biomass was ~183 mt (density: 4.6 x 10-6 Kg m-3). During the same period in Aghios 

Kosmas, other SPF (round sardinella, bogue and Mediterranean horse mackerel juveniles) had similar 

biomasses (and densities) as that of sardine. During the stratification period, in Elefsina Bay adult 

anchovies and both juvenile and adult sardines were comprising the catch, with biomasses of 170 and 

228 mt, respectively (anchovy density: 1.3 x 10-4 Kg m-3; sardine density: 1.8 x 10-4 Kg m-3). On the 

contrary, in Aghios Kosmas in September, anchovy biomass was quite low (~26 mt, density: 6.5 x 10-7 

Kg m-3) with the highest biomass (and density) displayed by round sardinella and sardine with 236 mt 

(density: 4.7 x 10-6 Kg m-3) and 187 mt (density: 6 x 10-6 Kg m-3), respectively. Although comparisons in 

fish biomass are not direct given the no-fishing character of Elefsina Bay it was obvious that the area 

served as a nursery ground for both anchovies and sardines. Given that areas with hypoxic or anoxic 

conditions appear to be spreading and often coincide with major fishing grounds around the world 

(Diaz & Rosenberg, 2008), it is necessary to identify and characterize the potential function of such 

areas. Their beneficial role for the stocks (as in this particular case of this study) might not be as 

apparent when the quality of these fish that grow in a polluted environment is taken into account.  
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