June 1, 9:05 (S3-3576)

The relation of Northern Baltic Zooplankton to climatic forcing, eutrophication and clupeid stocks in 1979-2006: bottom-up regulation revisited

Juha Flinkman, J.-P. Pääkkönen, S. Saesmaa and J. Bruun

Finnish Institute of Marine Research, Erik Palménin aukio 1 (P.O. Box 2) FIN-00561 Helsinki, FINLAND

E-mail: Juha.flinkman@fimr.fi
We analysed FIMR and ICES data from Baltic Proper (BP), Gulf of Finland (GoF) and Gulf of Bothnia (GoB) during 1979-2006. Significant trends were observed in BP and GoF zooplankton. Neritic copepod Pseudocalanus acuspes, the preferred, high-energy food item of the Baltic herring, have decreased, whereas other copepods have increased. In GoB, which doesn’t suffer from anoxic deep-water, preferred clupeid food items Eurytemora spp. and Limnocalanus macrurus increased. BP and GoF Deep water (below halocline, 80m) suffered a long stagnation period from 1978 to 1993. During this time, the average oxygen content decreased, and after a temporary relapse after the strong saline water inflow of 1993, declined to present low values. Dissolved oxygen in sub-halocline water has remained below 2ml/l since 1996 in BP. In BS and BB systems oxygen levels at deep water remain at 5-8ml/l. Abundance of herring +1 recruits from BP and GoF decreased, while sprat +1 recruits increased since the mid-1980es. Factors causing these changes are: 1) Climatic forcing through increased precipitation in the Baltic drainage area. Positive NAO index signifies increased river runoff, preventing saline inflow. 2) Anthropogenic eutrophication increases organic matter flux to deep bottoms, consuming oxygen. In BP and GoF abundance of herring recruits significantly positively correlates to Pseudocalanus biomass in the same, and two consecutive years. Sprat food gain is less dependent on Pseudocalanus, consisting of abundant copepod species. We discuss the effects of decreasing salinity and eutrophication induced oxygen deficiency to crustacean zooplankton in Baltic food webs, and cascading effects on clupeids. 

June 1, 9:25 (S3-3767) Invited
The importance of zooplankton in reducing levels of atmospheric CO2 via the biological pump

Philip C. Reid
Sir Alister Hardy Foundation for Ocean Science, The Laboratory, Citadel Hill, The Hoe, Plymouth PL1 2PB, UK. 
E-mail: pcre@sahfos.ac.uk 

Zooplankton play a key role in climate change through the transfer of large quantities of CO2 to the deep ocean by a process known as the biological pump. Plankton composition is crucial as associated mineral material facilitates sinking of carbon rich debris and some taxa package faecal and detrital material. Ocean acidification may impact calcareous groups. Zooplankton have also been shown to be highly sensitive indicators of environmental change. Results will be presented to show that ocean temperature, circulation and planktonic ecosystems (using data from the Continuous Plankton Recorder, CPR survey) in the North Atlantic are changing rapidly in concert and that there is evidence to suggest that the changes are an ocean wide response to global warming with potential feedback effects. Given the importance of the oceans to the carbon cycle, even a minor change in the flux of carbon to the deep ocean would have a big impact increasing growth of atmospheric CO2. We have virtually no understanding of the spatial and temporal variability in the efficiency of the biological pump for most of the world’s ocean. Establishing new plankton monitoring programmes backed up by appropriate research to help understand processes is needed to address this gap in knowledge. There is little doubt within a global change context and the future of mankind that a potential acceleration in the growth of atmospheric carbon due to a reduction in the efficiency of the biological pump is a key issue for future research in zooplankton ecology.

June 1, 9:55 (S3-3264)

Sub-lethal effects of elevated CO2 on Calanus spp.

Daniel J. Mayor1, Ceri A. Matthews2, Kathryn Cook3 and Steve Hay3

1 Oceanlab, University of Aberdeen, Newburgh, Aberdeenshire AB41 6AA U.K. E-mail: dan.mayor@abdn.ac.uk 

2 School of Biological Sciences, University of Aberdeen, Zoology Building. AB24 2TZ. U.K.

3 Fisheries Research Services Laboratory, Aberdeen, PO Box 101, 375 Victoria Road, Aberdeen AB11 9DB U.K.

The partial pressure of carbon dioxide (CO2) in our atmosphere has increased from 280 to 370 ppm in the past 200 years, causing the phenomenon known as ‘ocean acidification’. Model predictions illustrate that further increases in CO2 are inevitable, with ‘worst-case’ atmospheric concentrations potentially reaching up to 8000 ppm. The ecosystem-wide implications of CO2-induced acidification remain poorly understood because almost nothing is known about how individual, key-stone species will be affected. A series of incubation studies with adult female Calanus finmarchicus, the predominant copepods in the North Atlantic and northern North Sea, were conducted to examine how their biology and ecology will be affected by the worst-case scenario CO2 concentration. Rates of, egg production and energy consumption were not significantly affected by elevated CO2. Conversely, egg-hatching success was strongly affected, with a significantly higher proportion of the eggs remaining un-hatched after 72 hrs in the CO2-enriched seawater. The implications of these data will be discussed.
June 1, 10:15 (S3-3478)

The effects of rising seawater CO2 on marine zooplankton
Kurihara H., Kato S. Matsui M. and Ishimatsu A.

Institute for East China Sea Research, Nagasaki University, 1551-7, Tairamachi, Nagasaki, 851-2213, Japan. E-mail: harukoku@e-mail.jp
Increasing atmospheric CO2 has been diffusing across the ocean surface, acidifying the whole neritic ocean, and thereby driving all marine organisms to live in lowering pH environments. The atmospheric CO2 is projected to rise from the present level of 380 ppm to about 2,000 ppm in 300 years, resulting in a pH drop of 0.77 units. As calcification rate is known to decrease with increasing seawater CO2, the future oceanic environment will likely impact on calcifying marine organisms. First, we present our studies on the CO2 effects on zooplanktonic larval stage of the sea urchins Hemicentrotus pulcherrimus and Echinometra mathaei and the shellfish Crassostrea gigas. The synthesis of calcium carbonate spicules and shells of both pluteus larvae and veliger larvae was highly affected by increased seawater CO2, suggesting a reduction of larval recruitment and population size of these organisms in the future ocean. Second, we present recent data on the long-term effects on two crustaceans (shrimp and copepod). Survival, growth and molting rate of the shrimp Palaemon pacificus were significantly affected when reared for 15 and 30 weeks in seawater equilibrated with air containing 1,000 and 1,900 ppm CO2, respectively. In contrast, no significant effect on survival, growth and reproduction was observed when the copepod Acartia tsuensis was reared from egg to adult stage under 2,000 ppm CO2 conditions. Thus, the ocean acidification may potentially alter the marine ecosystem through affecting essential constituents of the marine food web.

June 1, 11:00 (S3-3276)

Indirect effects of climate- and overfishing- induced zooplankton changes on ecosystem structure – regime shifts, trophic cascades and feedback loops in a simple ecosystem

Christian Möllmann1, Michael A. St. John1, Rabea Diekmann1 and Georgs Kornilovs2
1
Institute of Hydrobiology and Fishery Science, University of Hamburg, Olbersweg 24, D-22767 Hamburg, Germany

E-mail: christian.moellmann@uni-hamburg.de 
2
Latvian Fish Resources Agency, Daugavgrivas Street 8, LV-1007 Riga, Latvia

The Central Baltic Sea is the largest brackish water body in the world ocean, containing a highly productive but low diversity ecosystem. Climate-induced changes in hydrography have recently resulted in an Ecosystem Regime Shift with pronounced changes on all trophic levels. The most pronounced changes in the ecosystem have occurred in the zooplankton and the fish. In the zooplankton, dominance changed between the copepods Pseudocalanus acuspes and Acartia spp., a result of reduced salinities and increased temperatures. The change in hydrography also affected the reproductive success of the major fish species with the result of a change in dominance from the piscivorous cod (Gadus morhua) to the planktivorous sprat (Sprattus sprattus). Here we show the linkage between the zooplankton and fish regime changes, specifically how the trends of the key copepod species contributed to the switch in dominance of the key fish species. We further demonstrate how overfishing amplified the climate-induced changes on both trophic levels, resulting in a species-level trophic cascade and a predator-to-prey loop from cod to sprat to P. acuspes, stabilizing the new regime. Hence, our study demonstrates the multiple pathways on how climatic and anthropogenic pressures propagate through the food web, and especially the crucial role of zooplankton in mediating these ecosystem changes.

June 1, 11:20 (S3-3697)

Interannual variability in Southern Ocean ecosystems: impacts of climate-driven fluctuations in Scotia Sea food webs

Eugene J. Murphy, Philip N. Trathan, Jon L. Watkins, Keith Reid, Michael P. Meredith, Jaume Forcada, Sally E. Thorpe and Nadine Johnston

British Antarctic Survey, Natural Environment Research Council, High Cross, Madingley Road, Cambridge, CB3 0ET, U. K. 

E-mail: e.murphy@bas.ac.uk
Determining how climate fluctuations affect ocean ecosystems requires an understanding of how biological and physical processes interact across a wide range of scales. Here we present analyses that show that El Niño Southern Oscillation related anomalies in sea surface temperature (SST) in the South Pacific sector of the Southern Ocean are propagated via the Antarctic Circumpolar Current into the South Atlantic, with warm anomalies in the southeast Pacific occurring a year prior to warm anomalies in the South Atlantic. We show that across the South Atlantic sector these changes in SST, and related fluctuations in winter sea ice extent, affect recruitment and dispersal of Antarctic krill (Euphausia superba). This variation in turn affects the breeding success of seabird and marine mammal predators that depend on krill as food. The fluctuations generate shifts in trophic interactions and energy flow, highlighting the importance of alternative pathways in maintaining food webs.  Such propagating anomalies, mediated through physical and trophic interactions, are likely to be a major component of variation in oceanic ecosystems and affect responses to longer term change.
June 1, 11:40 (S3-3664)

Changes in mesozooplankton community structure in a highly stratified basin due to anthropogenic forcing.

I. Noyan Yilmaz, Asli Aslan-Yilmaz, Ahsen Yuksek and Erdogan Okus

Institute of Marine Sciences and Management, Istanbul University, Muskule Sok. No:1, 34116, Vefa, Istanbul, Turkey

E-mail: a_aslan@istanbul.edu.tr 
During the last decades anthropogenic eutrophication has been identified as the key ecological problem for the Sea of Marmara. This forcing caused significant shifts in zooplankton community structure and the highly stratified basin became a Cladocera dominated system and pollution indicator species frequently constituted the major fraction of zooplankton biomass. This paper deals with the response of Marmara zooplankton to eutrophication. The eutrophication stress on zooplankton communities has been scaled by the trophic state index (TRIX) and compared to the spatial patterns in zooplankton community and distribution of pollution indicators. Results clearly pointed out the pollution based problems at İzmit and Gemlik bays. In addition to high total zooplankton abundance at these regions, well-known pollution indicators reach high values, replacing the niches of other species that compete under normal trophic conditions of the Sea of Marmara. Penilia avirostris was the dominant species in September 2005, while its abundance drastically dropped at İzmit and Gemlik bays and replaced by the pollution-tolerant P. polyphemoides that was either absent or represented by very low numbers at other stations. Similarly, Acartia clausi abundance also increased at the region vs. Paracalanus parvus, the dominant copepod species at the rest of the Sea of Marmara. The distribution of Noctiluca scintillans also provided a good separation of troubled regions. MDS analysis supported the spatial differentiation of zooplankton communities and western and more polluted eastern parts were well separated through a transect from the Strait of Istanbul to the south. The studies performed clearly depicted the influence of anthropogenic perturbation on zooplankton communities and therefore the importance of zooplankton studies in pollution monitoring. 

June 1, 12:00 (S3-3473)

Ctenophores - invaders and their role in trophic dynamics of the planktonic community in the coastal regions off the Crimean coast of the Black Sea (Sevastopol Bay)

Galina A. Finenko1, Zinaida A. Romanova1, Galina I. Abolmasova1, Boris E.Anninsky1, Tamara V.Pavlovskaya1, Levent Bat2 and Ahmet Kideys3
1   Institute of Biology of the Southern Seas, 2 Nakhimov av., Sevastopol 99011, Ukraine. E-mail:  gfinenko@ibss.iuf.net
2    University of Ondokuz Mayis, Sinop Fisheries Faculty, Sinop, Turkey,

3    Institute of Marine Sciences, Middle East Technical University, Erdemli 33731, Turkey 

The Black Sea is an impressive model of the damaging impact of invasive species on the ecosystem as a whole and on the planktonic community in particular. The introduction of the ctenophore M. leidyi in the late 80’s resulted in a dramatic decrease in both the abundance of some species and in biodiversity of the zooplankton community. Competition between M. leidyi and planktonic fish for zooplankton prey brought about a remarkable decline in the fish stock. The appearance of a new invader ctenophore Beroe ovata, a feeder on Mnemiopsis at the end of the 1990’s caused further changes in the planktonic community. In our work we discuss the seasonal and inter-annual dynamics of the two introduced ctenophore species monitored along with meso- and microzooplankton in the inshore waters of the northern Black Sea from 2000 to 2006. The B. ovata appearance resulted in M. leidyi biomass sharply falling to extremely low values and shortening time of M. leidyi presence in plankton. The predatory pressure of M. leidyi on the meso- and microzooplankton communities (evaluated by undertaking both field and laboratory studies of the main physiological characteristics) decreased much in those years. M. leidyi population consumed daily from 1.9 ± 0.4 to 13.4 ± 5.7% of mesoplankton biomass while these values were as high as 30–40% when B. ovata was absent. Maximum daily grazing rate of microzooplankton biomass by M. leidyi larvae was as much as 40% in Sevastopol Bay in the years of high abundance. The consequence of B. ovata invasion was positive for the recovery of the Black Sea planktonic communities and the ecosystem as a whole.

June 1, 12:20 (S3-3540)

Predation and ecological impact of an introduced predatory cladoceran Cercopagis pengoi on native copepods in the Baltic Sea

Maiju Lehtiniemi1 and Elena Gorokhova2
1   Finnish Institute of Marine Research, P.O. Box 2, FI-00561 Helsinki, Finland. E-mail: maiju.lehtiniemi@fimr.fi
2   Department of Systems Ecology, Stockholm University, SE-10691 Stockholm, Sweden
We studied the potential of an introduced species, the predatory cladoceran Cercopagis pengoi, to influence native zooplankton populations in the Baltic Sea. Feeding rates of different instars of C. pengoi on copepodites and adults of Eurytemora affinis, a dominant copepod species, were determined in feeding experiments. The feeding rates of C. pengoi varied from 0.7 to 4.8 prey predator-1 d-1, being significantly higher in older instars. Based on these experimental results and long-term zooplankton abundance data from the Gulf of Finland, we estimated the in situ predation on E. affinis and related it to the observed changes in the copepod stocks following C. pengoi invasion. The results imply that at its maximum population densities, C. pengoi would consume E. affinis at a rate of up to 10,550 copepods m-3 d-1, exerting an additional predation pressure on copepods. This could explain the observed drastic decrease in E. affinis abundances especially in the eastern parts of the Gulf of Finland where C. pengoi has been most abundant. Such decline probably strengthens the food competition between planktivorous fish and mysids that feed on the same prey and increase the overall predation pressure on E. affinis, thus leading to its further decline. In the Baltic Sea, a collapse of this ecologically important species would cause major changes in virtually all trophic levels, because the food web structure is simple with only a few species of herbivorous zooplankton, planktivores and piscivores.

June 1, 2:00 (S3-3396)

Consequences of extensive aquaculture-structure removal: the relative importance of planktonic versus structure-related changes
Jennifer E. Purcell, Wen-Tseng Lo, Jia-Jang Hung, Huei-Meei Su and Pei-Kai Hsu 

Dept. of Marine Biotechnology and Resources, National sun Yat-sen University, Kaohsiung 80424, Taiwan R.O.C. 

E-mail: purcelj3@wwu.edu
The removal of extensive oyster and finfish culture structures in a hypertrophic, semi-enclosed lagoon in southwestern Taiwan provided a “natural” experiment to test resulting changes in the food web. Many changes resulted in the lagoon ecosystem, including increased flushing, water clarity, dissolved oxygen, salinity, chlorophyll a, gross production, and zooplankton, but decreased nutrients, periphyton, and dramatically reduced populations of bivalves, finfish, and jellyfish (Aurelia aurita). We examine changes in the ecosystem to determine whether they explain the near disappearance of jellyfish. Alternatively, removal of the aquaculture structures, which may have provided substrate for polyps of A. aurita, may be the primary cause. The relative importance of changes in top-down (consumers) versus bottom-up forces (nutrient inputs) in explaining the resulting ecosystem changes also is discussed. 

June 1, 2:20 (S3-3597)

 SEQ CHAPTER \h \r 1Indirect human impacts on an estuarine foodweb illustrate the false dichotomy of top-down and bottom-up
Kimmerer, W.J.

Romberg Tiburon Center, San Francisco State University, 3152 Paradise Drive, Tiburon CA 94920, USA. E-mail: kimmerer@sfsu.edu 
During the last three decades, introductions of new species have caused the most striking anthropogenic perturbations to the northern San Francisco Estuary. Introduction of the clam Corbula amurensis in 1986 triggered changes in the foodweb that have been well-described in the literature. Since introduction of this clam the summer foodweb of the oligohaline zone is characterized by low primary productivity, feeding by copepods largely on ciliates, poor survival of copepod nauplii due to predation by clams, and reduced abundance of several fish species, particularly anchovies, formerly the dominant filter-feeders. Most remaining planktivores feed visually, so the low primary productivity is coupled with fewer predatory modes. This combination has apparently facilitated the numerical dominance of the small cyclopoid Limnoithona tetraspina, which is cryptic to visual planktivores and feeds on motile prey. In recent years, survival of nauplii of the calanoid copepod Pseudodiaptomus forbesi decreased to ~zero, and the consequent decline in abundance probably contributed to the crash of several fish species. Apparently P. forbesi is squeezed between losses of nauplii to clam predation and competition for food by clams and L. tetraspina, and maintains its population only through advection from an upstream refuge. This subtle pattern of linkages complicated the response of the ecosystem to species introductions. This scenario also illustrates the false dichotomy of “top-down” vs. “bottom-up” controls: in any ecosystem, food limitation and predatory effects together control the productivity and the species composition of the zooplankton, and higher trophic levels respond in ways that can be difficult to predict.

June 1, 2:40 (S3-3755)

Copepod resistance to toxic phytoplankton

Hans G. Dam1, David T. Avery1 and Sean P. Colin2 
1 Department of Marine Sciences, University of Connecticut, Groton, CT 06340-6098, USA. E-mail: hans.dam@uconn.edu
2 Department of Environmental Sciences, Roger Williams University, Bristol, RI 02809, USA

Toxic phytoplankton blooms are increasing in distribution, duration and intensity worldwide, presumably as a result of eutrophication. These blooms represent a selective force in zooplankton populations. Animals that are resistant to the deleterious effects of toxic phytoplankton should be selected for, leading to evolutionary changes in zooplankton populations. We have carried a series of studies dealing with the evolution of resistance of populations of the copepod Acartia hudsonica to the toxic dinoflagellates Alexandrium tamarense and A. fundyense. Here we will summarize these studies that have 1) experimentally demonstrated differential resistance of populations of A. hudsonica 2) The presence of different phenotypes of resistance within populations. We will briefly outline the consequences of resistance for the structure and function of planktonic food webs. 

June 1, 3:00 (S3-3391)

Euphausia mucronata a central link of Humboldt Current food web

Tarsicio Antezana
Department of Oceanography, Pelagic Ecology Laboratory, University of Concepción, Concepción, Chile. E-mail: antezana@udec.cl  
Zooplankton and small pelagic fish are considered intermediate links in the transfer of photosynthetic production to higher trophic levels, a role mainly assumed by krill species in highly productive ecosystems. This work provides evidence suggesting a similar role for E. mucronata in the Humboldt Current System (HCS). E. mucronata, an indigenous species concentrated in the coastal upwelling belt, shows morpho-physiological adaptations to vertically migrate into the Oxygen Minimum Layer (OML). A herbivore in the mixed layer with high evacuation rates of ca. 2/h and high ingestion rates of ca. 300 ng Chl eq./ind*hr or ca 500 µgC/ind*d accounts for a significant impact on primary production (ca. 30%). Such impact is clearly supported by high densities in the pelagic (probably overlooked in fishery-oriented plankton surveys). E. mucronata amounted to ca. 50% of mesozooplankton wet weight in the coastal 60 miles belt of the HCS, and a dominant prey of fish and whales. Jack mackerel population alone accounted for ca. 30 million ton consumed a year according to stomach content analysis during fishing operation 1989-1991 off southern Chile 34-39ºS. Estimations and implications of the predation pressure upon E. mucronata of several fish populations are examined according to commercial landings off Peru and Central Chile. Alternative scenarios associated with regime shifts of small pelagic forms such as anchovy, sardine and jack mackerel and their predation or competitive pressure upon E. mucronata are examined with regard to food web structure under the assumption that euphausiids are a keystone link.

June 1, 3:20 (S3-3409)

Influence of chlorophyll and sea ice dynamics on the reproduction and recruitment of the Antarctic krill Euphausia superba in waters west of the Antarctic Peninsula (45-75 ºS, 50-80 ºW)

Marina Marrari, K.L. Daly and C. Hu

University of South Florida, College of Marine Science, 140 7th Avenue South, St. Petersburg, FL 33701 US

E-mail: mmarrari@marine.usf.edu 
The reproductive patterns and recruitment success of the Antarctic krill Euphausia superba were investigated in relation to chlorophyll distributions and sea ice dynamics in waters west of the Antarctic Peninsula during 2000/2001 and 2001/2002 as part of the Southern Ocean GLOBEC program. The Antarctic Peninsula is warming relative to other regions of the Southern Ocean, potentially impacting on phytoplankton populations and consequently on krill, which in turn may have an effect on top predators such as whales, seals, and penguins. Climatological SeaWiFS chlorophyll data (1997-2004) showed that the Bellingshausen Sea and Marguerite Bay regions consistently had higher and more persistent chlorophyll concentrations than the more northern areas along the Antarctic Peninsula shelf and the western Scotia Sea. Net and high-frequency acoustic data revealed strong interannual variability in krill abundance and population structure. Unusually high krill reproduction in 2000/2001 coincided with widespread high positive chlorophyll anomalies and resulted in a relatively large juvenile recruitment during the following spring. Ice edge blooms were only a significant feature in the Bellingshausen Sea and, thus, were not likely to support krill reproduction in the northern Peninsula region. Differences in sea ice conditions in Marguerite Bay during spring and summer also probably contributed to the variable krill abundances observed. Winter sea ice cover was extensive during both seasons. Thus, above average chlorophyll concentrations and favorable sea ice conditions in coastal areas during spring and summer 2000/2001 likely supported the high densities of larval krill observed during fall in waters west of the Antarctic Peninsula.

June 1, 4:00 (S3-3565)

Pteropods in Southern Ocean ecosystems

Brian P. V. Hunt1, Evgeny A. Pakhomov1 and Graham W. Hosie2
1 Department of Earth and Ocean Science, University of British Columbia, 6339 Stores Road, Vancouver, British Columbia, V6T 124, Canada. E-mail: bhunt@eos.ubc.ca 
2 Australian Antarctic Division, Channel Highway, Kingston, Tasmania, 7050, Australia

Southern Ocean zooplankton research has traditionally focused on the perceived key ecosystem components, predominantly Antarctic krill (Euphausia superba), but including several copepod species (e.g. Calanoides acutus, Rhincalanus gigas). More recently the tunicate Salpa thompsoni has been added to this list due to its seasonally high densities, high grazing rates, contribution to vertical flux, and southward range expansion in response to ocean warming. However, data on the majority Southern Ocean pelagic ecosystem components remain thin, despite being essential to our understanding of the ecological impacts of climate change. Until very recently Pteropoda, dominated by Limacina spp. and Clio spp., have largely been ignored in the Southern Ocean. Nevertheless, pteropods can be a major component of zooplankton biomass. Furthermore, pteropods have a measurable grazing impact and contribute significantly to the vertical flux of both organic (fecal pellets) and inorganic (aragonite shells) carbon. Orr et al. 2005 (Nature 437/29) have drawn attention to changes in oceanic acidity, due to increasing levels of atmospheric CO2, and its implications for pteropod survival. It is projected that Southern Ocean surface waters could become undersaturated with respect to aragonite by 2050. Major changes to the distribution of pteropods and their role in biological and carbonate pumps in the Southern Ocean may therefore occur within the next few decades. This highlights a need for focused research on this group. In this paper we review current knowledge on Antarctic pteropods focusing on their distribution, densities, and contribution to ecosystem processes, and assess knowledge gaps and directions for future research.

June 1, 4:20 (S3-3394)

Dominant zooplankton species shift in Changjiang River Estuary: possible causes
Guang-Tao Zhang1, Song Sun1, Zhao-Li Xu2 and Qi-Long Zhang1
1 Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071, China. E-mail: gtzhang@ms.qdio.ac.cn 

2 East China Sea Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Shanghai, 200090, China
Zooplankton in the Changjiang River Estuary was investigated quarterly in 2004, the first year after the Three Gorges Reservoir was impounded to a water level of 135 m. Compared with zooplankton assemblages during 1955-56, 1985-86, and in 2002, evident dominant species shift was observed only in August. A tropical-subtropical copepod species Temora turbinata (Dana, 1849), recognized as seasonal and non-dominant in this area before 2003, became the most abundant zooplankton species in August 2004, while previous dominant species, such as Calanus sinicus, Euchaeta concinna and Labidocera euchaeta, decreased in density and appearing frequency. T. turbinata is perennially found and seasonally predominant in coastal and estuary areas in the south of China, such as both sides of the Taiwan Strait. It appears in the Changjiang River Estuary in summer, in correspondence with northwards invasion of the Taiwan Warm Current. Our findings indicate that in summer 2004 the Changjiang River Diluted Water shrank its range and the Taiwan Warm Current occupied a lager area in both bottom and surface layers, comparing to long-term average. It is suggested that T. turbinata in Changjiang River Estuary originates from south of the East China Sea, but reasons of its prosperity in this area remain unexplained. It may be another example of northward extension of warm-water species resulting from global warming, or effects of water control of the Three Gorges Reservoir in the estuarine ecosystem.

June 1, 4:40 (S3-3710)

Genetic analysis of Continuous Plankton Recorder (CPR) samples
Richard R. Kirby1, John A. Lindley2, Gregory Beaugrand3, David G. Johns2, Anthony J. Richardson2, Martin Edwards2 and Philip C. Reid2
1 University of Plymouth, School of Biological Sciences, Drake Circus, Plymouth PL4 8AA, UK. E-mail: richard.kirby@plymouth.ac.uk
2 The Sir Alister Hardy Foundation for Ocean Science, The Laboratory, Citadel Hill, The Hoe, Plymouth PL1 2PB, UK

3 Station Marine Wimereux, CNRS UMR 8013 ELICO, Lille University, BP 80 F-62930, Wimereux, France.

Genetic analysis of Continuous Plankton Recorder (CPR) samples is enabling greater taxonomic resolution and the study of plankton population structure. Here, we present some results from the genetic analysis of CPR samples collected in the North Sea and North-eastern Atlantic that reveal the impacts of climate on benthic-pelagic coupling and the food-web. We show that pronounced changes in the North Sea meroplankton are related to an increased abundance and spatial distribution of the larvae of the benthic echinoderm, Echinocardium cordatum. Key stages of reproduction in E. cordatum, gametogenesis and spawning, are influenced by winter and spring sea temperature (January – May). A stepwise increase in sea temperature after 1987, which has created warmer conditions earlier in the year, together with increased summer phytoplankton, may benefit the reproduction and survival of this benthic species. Competition between the larvae of E. cordatum and other holozooplankton taxa may now be altering the trophodynamics of the summer pelagic ecosystem. In the North-eastern Atlantic the genetic analysis of fish larvae sampled by the CPR has revealed an unprecedented increase in the abundance of juvenile snake pipefish, Entelurus aequoreus since 2002. We argue that increased sea surface temperatures in winter and spring when the eggs of E. aqueoreus, which are brooded by the male, are developing and the young larvae are growing in the plankton are a likely cause. The increased abundance of this species in Atlantic and adjacent European seas already appears to be influencing the marine food-web.

Poster S3-2775

Zooplankton biodiversity relative to long-term ecological variations in the southeastern Mediterranean 

Abdel-Aziz N.E.1 and Mohamed M. Dorgham2
1 National Institute of Oceanography and Fisheries, Alexandria, Egypt. E-mail: nogaelsayed53@yahoo.com
2 Oceanography Department, Faculty of Science, Alexandria UNIUversity, Egypt. E-mail: mdorgham1947@yahoo.com
The construction of the High Dam on the River Nile caused a drastic drop of the amount of fresh water discharged to the southeastern Mediterranean during the Nile flood every year. As a consequence nutrient concentrations and phytoplankton production sharply decreased, followed by the long term disappearance of sardine shoals. A few years ago, the fertility of nearshore waters was restored due to the increase of nutrient load brought by discharged agricultural, domestic and industrial wastes. Phytoplankton production rose and relatively large amounts of sardines reappeared along the Egyptian coastal waters. However, the offshore waters are still lacking the high nutrient supply that used to reach them before the High Dam during the flood season. In addition, frequent variability in the quality and quantity of discharged wastes led to several changes in the environmental conditions along the southeastern Mediterranean coast during the past 50 years, reflected in serious changes in the water quality as well as the biotic components of the ecosystem. Zooplankton was influenced by such changes and experienced pronounced temporal and spatial variations in its species composition, biodiversity, seasonal production, relative abundance of the major groups and succession of the dominant species. 

Poster S3-3238

Study on role of zooplanktons in sturgeon food web
Kourosh Haddadi Moghaddam 
International Sturgeon Research Institute-Department of Ecology, P.O. Box: 41635-3464 Rasht, Iran. E-mail: khmoghadam@yahoo.com
The goal of this study was to calculate the best diet in Persian Sturgeon, Acipenser persicus, to increase production and survival of the larvae. Larvae were fed as follows: 1- Artemia parthenogenetica Instar I 100% (control treatment), 2- A. parthenogenetica 75%, Brachionus plicatilis (S- type) (Muller) 25%. 3- A. parthenogenetica 50%, B. plicatilis 75% and 4- A. parthenogenetica 25%, B. plicatilis 75%. The larvae were fed daily 25-30% of their body weight, six times during an 11 day period. Physico-chemical factors of water were analyzed by correlation coefficient and comparisons between treatments were done by Duncan's test and two-way ANOVA. The results showed that in the first week, there was significant differences in weight increase at 5% level (p<0.05). The results of the experiments showed the best growth was in the treatment No. 4, where the mean weight and growth was 41.1±0.04 mg and 6.69%, respectively. We conclude that it is possible to raise A. persicus up to the day 7 with a mixed diet of rotifer and A. parthenogenetica.
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The Study of zooplankton populations effective in nutrition of Acipenser stellatus fingerlings
Kourosh Haddadi Moghaddam 
International Sturgeon Research Institute-Department of Ecology, P.O. Box: 41635-3464 Rasht, Iran. E-mail: khmoghadam@yahoo.com
In order to study the growth rate to stellate sturgeons, three earthen ponds were randomly selected. Two ponds were treated with 16 tons organic fertilizer and 40 kg Daphnia. The physical and chemical parameters of water and also the density of zooplankton and benthos were measured during the rearing period. On the basis of the statistical analysis conducted, no significant difference was observed in the physical factors of the water in the three ponds, but nitrite values were significantly different. Zooplankton productivity was dominated by Daphnia magna and Daphnia pulex, Cyclops and nauplii of Cyclops. D. magna and D. pulex were also the most abundant prey, followed by Cyclops and nauplii of Cyclops. Tubificidae and Chironomidae were the occasional prey items. The results of gastro somatic index observations indicated a decrease in daily growth rate and condition factor with an increase in weight and length of the fingerlings, but this difference was not significant. The analysis of guts contents of the 120 fingerlings in the ponds treated with animal fertilizer and live-food indicated that 30 of the fingerlings were reared under good rearing conditions.
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A comparative account of distribution copepods in five estuaries along the northeast coast of Tamilnadu, India

Ramanibai Ravichandran and Elayaraja Paramu 
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Plankton indicators are used in composite indexes of ecosystem health. Phytoplankton communities exhibit strong responses to eutrophication and the copepods are considered to be a prominent member of the primary consumers. A study of zooplankton was carried out in five estuaries along the northeast coast of Tamilnadu, from July 2002 to April 2005. Of the 75 zooplankton species recorded during the study, copepods constituted 29 species, followed by the microzooplankton group tintinnids (21 species). The abundance of copepod in Pulicat estuary was 38.6 ( 12.9 ind/L. Acartia tonsa, and Oithona similis were the dominant calanoids. The harpacticoid group was represented by three species Euterpina acutifrons, Attheyella alaskansis and Bryocamptus hiemalis. In Ennore creek the dominant calanoid copepods were Pseudodiaptomus sp. and Oithona similis. The harpacticoid group was represented by Microsetella norvigicus and Euterpina acutifrons. Cyclopoids were nearly absent. Only three species of copepods were present in the Cooum estuary. Pseudodiaptomus sp. was the dominant among them. Copepods were the second abundant group with 136 ( 85.5 ind/L next to the rotifers in Adyar estuary. They were represented by Mesocyclops sp., Eucalanus sp., Euterpina acutifrons and Bryocamptus hiemalis. The highest abundance of copepod was 356 ind/L during Oct 2002. Cyclopoids were equally represented in this estuary. The Muttukadu estuary had a copepod abundance of 178 ( 120 ind/L, which was the highest among the estuaries studied. Oithona similes, Paracalanus parvus and Acartia tonsa were more abundant in this estuary. Copepods and rotifers were more abundant during the monsoon compared to the other seasons. 
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Seasonal and geographical variations in abundance, biomass, production rate and grazing impact of microzooplankton in eutrophic northern Hiroshima Bay, the Inland Sea of Japan

Nallamuthu Godhantaraman1, Akira Hoshika2, Shin-ichi Uye3, Yasufumi Mishima2 and Terumi Tanimoto2

1 ENVIS Centre, Department of Zoology, University of Madras, Guindy Campus, Chennai – 600 025, India. 

E-mail: godhantaraman@yahoo.com
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3 Faculty of Applied Biological Science, Hiroshima University, 4 – 4 Kagamiyama 1 Chome, Higashi Hiroshima 739-8528, Japan.

In order to elucidate the ecological roles of microzooplankton in eutrophic northern Hiroshima Bay, the Inland Sea of Japan, we measured their abundance and biomass, and estimated their production rate and grazing impact, monthly from June 2000 to May 2001. There were remarkable seasonal variations in abundance and biomass of microzooplankton:- being high in spring-summer and low in fall-winter. Over the study area and study period, tintinnids were overwhelmingly dominant in terms of abundance (mean: 71.4%), followed, in order, by copepod nauplii (14.4%) and naked ciliates (14.2%). In terms of biomass, tintinnids, copepod nauplii and naked ciliates accounted for 51.2, 29.8, and 19.0%, respectively. Geographically, the abundance and biomass of microzooplankton were highest at the innermost station and decreased offshore. Tintinnids occurred homogenously over the area, whereas naked ciliates tended to occur more abundantly at inshore stations and copepod nauplii at offshore stations. The biomass of microzooplankton showed a significant positive relationship with chlorophyll a concentration (both total and <10 (m fraction) suggesting that microzooplankton growth is controlled by food supply. The grazing impact of microzooplankton, as expressed by daily removal of phytoplankton biomass, was lower at inshore stations (annual mean: 2.0%) than offshore stations (5.8%). These results demonstrated that in northern Hiroshima Bay, the trophodynamic role of microzooplankton as nanoplankton grazers is less important in the innermost highly eutrophic area compared to offshore less eutrophic area. Indirect effects of climate- and overfishing- induced zooplankton changes on ecosystem structure – regime shifts, trophic cascades and feedback loops in a simple ecosystem
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Changes in zooplankton community related to environmental and anthropogenic influences in a subtropical lagoon

Roxana De Silva-Dávila1*, Ricardo Palomares-García1*, Alán Zavala-Norzagaray2 and Diana Cecilia Escobedo-Urías2*
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· COFAA and EDI Grant recipients.
Plankton samples were taken monthly in 21 stations in the San Ignacio-Navachiste-Macapule lagoon system, Mexico, from October 2002 to September 2003, in order to evaluate the zooplankton community structure changes associated to environmental variability and to possible anthropogenic effects. Forty-four zooplanktonic taxa were recorded along the year. Four groups constituted 91% of the total abundance; with copepods dominating (50%), followed by decapods, chaetognaths, and cladocerans. Changes in zooplankton composition were related to seasonal environmental conditions, but dominance of copepods and decapods was maintained throughout the year, with exception of summer when the gelatinous component (medusae and cnidarians) was important. Principal factor analysis (PFA) identified 4 areas and one isolated station in function of the distribution of dominant groups: the first area, included stations with strong influence of neritic waters, high diversity, and copepods Centropages furcatus, Labidocera trispinosa, and Corycaeus affinis, cladocerans and chaetognats broadly distributed. The second area was characterized by high plankton volumes (PV) and high concentrations of copepods typical of lagoon environments (Acartia clausi and A. lilljeborgii). In the Macapule area, predominance of Paracalanus and Clausocalanus and low PV was observed. Stations with strong impact of sewages formed the fourth area. This last area, and one isolated station were also characterized by the lowest α diversity, abundance, PV, but with highest values of chlorophyll-a throughout the year. Besides the spatial definition of these areas, this work points out the strong effects of sewage discharges on the zooplanktonic community in this lagoon system. 
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Amphipods (hypheriidae) in the macroplankton community of the Antarctic waters (Pacific part of Antarctic, PPA)

Sergey M. Ignatyev and Vladimir Grinzov
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Pelagic amphipods dominate the number species and are an important link in Antarctic seas trophic chains, particularly for many fishes, seabirds and squids. We studied in March-April 2002 Bransfild Strait, an area known for being most productive in krill fisheries. Zooplankton samples were collected in vertical tows (0-100 m) at 25 stations. In addition to amphipods, krill (Euphausia superba Dana) and salps (Salpa thompsoni Foxton) dominate the macroplankton. Of the three groups, amphipods have the greatest specific diversity (5 species), but the lowest abundance. All found amphipod species are representative for Antarctic waters: Parathemisto gaudichaudi (Guerin), Hyperia galba (Montagu) (Hypereidae), Primno macropa Guerin-Menville (Phrosinidae), Cyllopus lucasii Bate (Vibiliidae) and Scina sp. (Scinidae). P. gaudichaudi and P. macropa constitute 92 % of the total amphipod biomass. Amphipod abundance ranged from 4 up to 63 m-3, but generally did not exceed 30 m-3. We distinguish two amphipods groups: “free” amphipods, which live in krill aggregations, are active predators and good swimmers, but scarce in numbers. Members of the second group live and feed within salps (Parathemisto) and medusae (Hyperia). One in ten salps was infected with amphipods. During this study, we observed a decrease of krill and an increase of salps, with salp biomass exceeding krill biomass by > 25-fold. Therefore abundance of amphipods associated with salps should have also increased. Because amphipods are nutritionally better than salps, they can potentially mitigate the negative effects of krill reduction for higher trophic levels. 
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Causal analysis of HAB and zooplankton in the East China Sea

Zhao-li Xu1 and Qian Gao2,1 
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Based on the data of eight oceanographic surveys in the nearshore of the East China Sea (121º~123º00´E, 27º~30ºN) from March to June in 2005, a study was carried out to analyze the dynamics of zooplankton in process of the Harmful Algal Blooms (HAB). The change in water environment, especially temperature, caused a shift in the dominant species and a decrease in biomass. Calanus sinicus (Copepoda, Crustacea), a key zooplankton species of the East China Sea, strengthened its dominance from March to May, resulting in low species diversity during this period. In June, the dominance of C. sinicus decreased rapidly, the number of temperate water species decreased and warm water species increased; for example, Sagitta enflata and Lucifer intermedius developed their populations rapidly during this period. The increase in diversity was linked with the warm water species occurrence. There was a HAB event in the spring. In the investigated area, zooplankton’s biomass increased first when temperature rose and reinforcing from the Taiwan Warm Current, then the warm water species were replaced by the temperate water species, which resulted in a decrease in zooplankton biomass. The decrease in zooplankton biomass might have resulted in a relaxation of grazing, allowing the development of the HAB. 
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Man-induced changes in trophic pathways of metazooplankton in the Senegal River Estuary (West Africa).
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To minimize the flooding effects in Saint-Louis city (Senegal, 16°N, 16°W), a channel was dug in October 2003 in the sandbar along the Senegal River estuary. However, this management has completely disturbed the hydro dynamism of the estuary and has induced deep hydrological modifications. To test the effects of increased marine influence on the planktonic trophic pathway, gut fluorescence measurements and field experiments on zooplankton feeding and metabolism were performed in April 2006 at a station located near the new channel, allowing us to compare these results with the same study performed in May 2002. Before the creation of the channel, phytoplankton was dominated by picoplanktonic cells (83 to 94% of total numbers), and particulate organic carbon (1.2 to 2.7 mg l-1), of which organic detritus accounted for 20 – 70%. The dominant zooplankton (Cirriped larvae, Acartia clausi, Temora stylifera and Paracalanus spp) could not meet their metabolic requirement solely with ingestion of phytoplankton. They exerted a selective feeding upon heterotrophic nanoflagellates (HNF) and detritus to complete their energetic needs. In 2006, phytoplankton biomass was slightly more abundant (15 µg Chla l-1 vs 10 µg Chla l-1 in 2002), and nanoplankton more representative (50%). The dominant zooplankton, with the same taxa as in 2002, grazed mainly on nanophytoplankton and met their metabolic needs with autotrophic carbon. Then, if microbial and multivorous pathways were dominant for mesozooplankton before 2003, the opening of the channel, by allowing massive intrusion of upwelled marine water, enhanced nanophytoplankton and herbivorous pathway.
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Distribution and biomass of large jellyfish assemblages and association with oceanographic features in the Yellow Sea and Northern East China Sea

Fang Zhang1, 2 and Song Sun1
1 Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of sciences, 7 Nanhai Road, Qingdao, 266071, China. E-mail: sunsong.cn@gmail.com 
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Temporal and Spatial distribution, biomass and composition of large jellyfish assemblages were examined based on samples collected from bottom trawl field surveys in 2006 in the Yellow Sea (YS) and Northern East China Sea (NECS). Stomolophus meleagris, Cyanea spp., Semaeostomeae sp., Aequorea spp., Aurelia aurita, and Pelagia noctiluca were registered. Among them, S. meleagris overwhelming other gelatinous species, formed jellyfish blooms and accounted for more than 90% of the catch in September. The total biomass of jellyfish assemblage varied from April to November, and the maximum biomass in YS was 10.5, 12000, 2065 kg/net·h in April, September, and November,respectively, and in NECS it was 500, 5000, 1500 kg/net·h in June, August, and October, respectively. Jellyfish biomass was usually higher in the tidal fronts ( boundary of the Yellow Sea Bottom Cold Water ( YSBCW ) ) than adjacent areas in September, where the high-density biomass ranged from about 2 to 12 ton/net·h (12 ton: equivalent to 25-100 indiv./100 m2 at the surface water). The high-density areas usually shrank northward and toward the center accompanying the reduction of YSBCW from September to November in YS. As far as the distribution pattern, dominant species prefer to occur in the specific water mass in association with their adaptation. Based on data from 1999 to 2006, the possible causes resulting in jellyfish bloom of S. meleagris or Cyanea spp in recent years will be discussed.
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Seasonal variations of the copepod community derived from the seasonal monsoon system in the southern East China Sea
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This study was carried out in the southern East China Sea (ECS) in December 2003, and Febuary, June and August 2004. Waters in the southeastern ECS were occupied by the Kuroshio Current (KC) all year round. However, hydrographic conditions in the southwestern ECS were influenced by the China Coastal Current (CCC), the Kuroshio Branch Current (KBC), and the South China Sea Current (SCSC) which were controlled by the seasonal monsoon system. In this study, 141 species of copepods belonging to 54 genera and 27 families were identified. According to the result of cluster analysis, the species composition of copepods was divided into 3 groups, CCCG, SCSG and KG. The CCCG group was associated with the CCC. It had low values for Shannon’s diversity, Simpson’s evenness indices, and high copepod abundance. The dominant and indicator species in this group were Calanus sinicus and Corycaeus (Ditrichocorycaeus). The SCSG group was associated with the SCSC, where dominant and indicator species were Temora turbinata, Undinula vulgaris, Oncaea venusta and Canthocalanus pauper. The KG group was found in the area where the KC intrudes year round. It had the lowest copepod abundance, and highest diversity and evenness among the 3 groups. Its dominant species were Oncaea venusta, Acrocalanus gibber, and Paracalanus aculeatus. There wasn’t a distinct indicator species in the Kg group. Canonical correspondence analysis was used to correlate copepods to hydrographic conditions, and will be discussed. 
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Seasonal and spatial changes in abundance, vertical distribution, grazing and egg production of dominant copepods in the Humboldt Current System off Central Peru
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Zooplankton was collected at two stations during austral summer and winter 2006 off Callao (12º S), Peru, using stratified vertical multinet hauls. The copepod Acartia tonsa was the dominant species, except in winter at the offshore station, when Centropages brachiatus was dominant. A. tonsa showed an ontogenetic vertical distribution, with 94 % of the adults in the upper 20 m, and copepodids and nauplii occupying deeper layers. At the offshore station, nanoflagellates were numerically dominant followed by dinoflagellates and diatoms (Chaetoceros spp., Asterionellopsis glacialis, Dactyliosolen mediterraneus), whereas nearshore diatoms ranked second in dominance and dinoflagellates third. Total ingestion rate was 69.8 to 85.4 cells copepod -1 hour-1 during summer and 20.8 to 45.1 cells copepod-1 hour -1 during winter. Both copepod species showed a strong selectivity for nanoflagellates and diatoms, but against dinoflagellates. Although most cells ingested by A. tonsa were nanoflagellates, in terms of biomass (volume or carbon) diatoms were the most important group. In winter, ingestion rates were generally lower despite only slightly lower in-situ phytoplankton concentrations. Similarly, egg production rates measured during the grazing incubations were considerably higher in summer (10.2 eggs female-1 day-1) than in winter (0.75 eggs female-1 day-1). Gelatinous zooplankton present in higher numbers in winter (especially at the offshore station) may have caused the strong reduction in A. tonsa abundance, and may have effected the ingestion and egg production rates observed. This study was supported by the EU FP6 project CENSOR.
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Impact of artificial eutrophication on coastal zooplankton community: a comparative study of zooplankton communities receiving different human activities (fish and pearl oyster farming) 
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One central problem in coastal marine waters is eutrophication due to anthropogenic nutrient loading. Japan has a long history of aquaculture, and such farming activities often cause environmental problems in Japanese coastal waters. To assess the impact of farming activities on coastal zooplankton communities, we conducted comparative studies at coastal marine waters, Uchiumi and Fukuura Bays, neighboring but receiving different farming effects (pearl oyster and fish farmings) at Uwa Sea, east side of the Bungo Channel. Fukuura Bay is highly eutrophic due to fish farming and other activities while the trophic status of Uchiumi Bay is oligo-mesotrophic. Seasonal changes of zooplankton communities were monitored from May 2005 to May 2006. To include microzooplankton as well as mesozooplankton, Van-Dorn sampler was used and 40 µm-mesh net filtering was done. Coastal calanoid copepods, Paracalanus spp. and Temora spp., dominated zooplankton communities at both sites, but their abundances different with higher abundances at Uchiumi Bay. Species compositions of calanoid copepods were also different with more frequent appearances of larger species such as Calanus spp. and Eucalanus spp. at Uchiumi Bay. The densities of microzooplankton including rotifers, bivalve larvae, and appendicularians, were higher at Fukuura Bay, however. The impact of eutrophication on zooplankton community structure and overall impact on the function of planktonic food web in coastal marine waters were analyzed and will be discussed. 
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Distribution and population structure of the non-indigenous cladoceran Evadne anonoyx in comparison of the native Evadne nordmanni in the north-eastern Baltic Sea

Maria Põllupüü, Mart Simm and Arno Põllumäe
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The Ponto-Caspian predatory cladoceran Evadne anonyx G. O. Sars, 1897 was first recorded in the central Gulf of Finland in 1999 and in its eastern part in 2000. In the Gulf of Riga the first specimens were found in 2000. Distribution pattern and increase in population density in years 2000-2006 indicate successful establishment of this new invader in the Baltic Sea recently. E. anonyx and the native E. nordmanni Loven are present in mesozooplankton community from June to October. In annual scale, the abundance maximum of E. anonyx occurs later in the season than that of E. nordmanni (August and June, respectively). During the abundance peak of both species, parthenogenetic females were dominating in the population. The mean body length and height of E. anonyx were larger than those of E. nordmanni, both in case of males and females. Average parthenogenetic fecundity was higher for E. anonyx than for E. nordmanni while the gamogenetic fecundity for both species was similar (1-2 eggs per individual).
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Shifts in composition and community structure of pelagic copepods in the Gulf of Trieste (Northern Adriatic Sea)
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The present study intended to reveal seasonal, interannual and decadal oscillations in the composition and community structure of pelagic copepods in the Gulf of Trieste (Northern Adriatic Sea) in relation to some environmental factors (phytoplankton taxonomic structure, sea temperature, North Atlantic Oscillation). The study is based on mesozooplankton samples collected by a vertical WP2 net (200 µm) on a monthly basis from April 1970 to December 1980, and from January 1986 to December 2005 at one monitoring station (depth 21 m) in the Gulf. Dynamics pattern and trends of the most common calanoid, cyclopoid and harpacticoid copepods (22 species) on seasonal, annual and decadal time scale are illustrated by cluster analysis, time-series analyses, and analysis of variance (ANOVA). We report substantial shifts in copepod community during the period 1970-2005. Small-sized species such as Diaixis pygmoea, Euterpina acutifrons, Oncaea sp., Coryceus sp. increased significantly during the 1990s. The total numerical abundance of copepods sharply shifted after 2001-2002 to the level exceeding the one observed in the 1980s. The mode of sea temperature revealed lowest values in February (8.22 ± 0.98°C) and maximum in August (23.57 ± 1.19°C). The average monthly temperature slightly increased from July to December during the period 2000–2005, especially compared to the 1970s. Temporal variability of copepod community in the coastal ecosystem of the Northern Adriatic Sea was found to correlate with the environmental factors, which might suggest a mutual effect of climatic changes, shift in phytoplankton structure, and possibly anthropogenic pressure too.
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Changes in ctenophore Mnemiopsis leidyi phenology and population dynamics linked to environmental variability and climate forcing in its recipient areas of the Southern Seas.
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The native habitat of the ctenophore Mnemiopsis leidyi is the Atlantic American coast. In 1980s it was introduced in the Black Sea, then spread to the Azov, Marmara, Aegean Seas. In 1999 it was introduced into the Caspian, in 2005 it was found in the Adriatic, and in 2006 - along the north-western European coast. Therefore analyse of factors which control its development is important for prediction of its possible future expansions in new areas. M.leidyi has wide environmental tolerance and could become established in different environmental conditions. We analysed variability of M. leidyi morphological, ecologic- physiological features in the Black, Azov, Caspian, and Aegean Seas as a response to different environmental conditions (salinity, temperature, prey concentration) of these seas and climate shifts effect, including large-scale atmospheric forcing. The M. leidyi physiological features in different environments determine life cycle, which includes fecundity, reproduction time and duration, growth and size, pattern of distribution and finally predation rate on zoo- and ichthyoplankton. Interannual individual and population M. leidyi size, spatial distribution in spring, seasonal time of spreading from the Black Sea to the adjacent seas, and from the Southern Caspian to the north are controlled by SST, particularly by minimal winter SST, which are determined mostly by NAO and modified by EAWR indexes. M. leidyi effects on the Southern Seas ecosystems are different. The strongest impact was recorded in the productive Black, Azov and Caspian Seas. But the effect depends on population size, which is controlled by climate forcing. 
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Grazing dynamics of Calanus finmarchicus and Oithona similis on the microplankton assemblage in the Irminger basin, North Atlantic
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Copepods can shape microplankton communities and affect the carbon flux through their grazing activities. Nevertheless, the factors determining the degree of omnivory and selective feeding by different copepod species and stages in the marine environment remains an open question. Here we compare the feeding rates and prey preferences of the adult females and nauplii of the calanoid Calanus finmarchicus and of the females of the cyclopoid Oithona similis on the spring and summer microplankton assemblage in the Irminger basin. Our results show that the feeding selection by the different copepod species and stages differed substantially and according to the type and relative concentration of the prey. These feeding strategies may reflect differences in the energetic and nutritional requirements of the different copepods. In addition, high predation rates on ciliates and negative selection on flagellates by all copepods may have contributed to the bloom of flagellates during spring and summer.
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Plankton production and the abundance and feeding of larval fish in contrasting El Niño and La Niña years at Australia’s North West Cape.
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Coastal seas adjacent to Australia’s North West Cape are dynamic in terms of their physical oceanography. The first year of our study (1997/98, an El Niño year), was characterised by a weak Leeuwin Current, a thinner mixed layer and a higher frequency of upwelling events, resulting in periodically very high rates of primary production – up to 8 g C m-2 d-1. In 1998/99, (a La Niña year) a stronger Leeuwin current suppressed the tendency of the system to upwell and resulted in generally lower rates of primary production. In spite of these differences we were unable to demonstrate substantial differences between years in copepod secondary production rates, which were generally low (~13 mg C m-2 d-1). We suspect the cause of this anomaly is the highly pulsed nature of upwelling (and subsequent production events), a strongly advective physical environment and a domination of food web structure by microbial processes. Bongo net collections contained the larvae of 76 families of fishes, with a similar community composition in each year, though some families (e.g. Pomacentridae, Carangidae) showed differences in abundance. Most larvae preyed upon copepods, and individual families of fishes exhibited strong selection for particular taxa. Late stage larvae sampled with light traps were threefold higher in the La Niña year and differed markedly in community composition between years. Richest catches occurred at stations characterised by high mixing. Paradoxically, temperature rather than food was more important in determining the growth rate of at least one species of coral reef fish (Pomacentrus coelestis).
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Seasonal variability and production of zooplankton community of Razdol’naya River estuary (the Peter Great Bay, Sea of Japan/East Sea)
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Zooplankton in the Razdol’naya River estuary (depending on the tidal cycle) consists of freshwater, brackish, neritic and oceanic taxa. Peaks of biomass (more than 1 g/m3) and species diversity are usually observed during June and September. At this time estuarine copepods (Sinocalanus tenellus, Eurytemora pacifica, sometimes Schmackeria inopina) are the most common species. The period of maximum number is April-May; it is connected with development of rotifers (Synchaeta sp., Polyarthra dolichoptera, etc.). Also the rotifers are indicators of organic pollution of the estuary (peaks of number up to some million ind./m3). In the winter, during a seasonal minimum of zooplankton, Sinocalanus tenellus and freshwater rotifers are dominant species. In spring, species diversity of planktonic animals increases with the addition of copepods (freshwater Thermocyclops сrassus, Th. asiaticus, brackish Sinocalanus tenellus, Schmackeria inopina, Eurytemora pacifica, neritic - Acartia clausi, Oithona similis, O. brevirostris) and cladocerans (Diaphanosoma dubium, Bosmina longirostris, Bosminopsis deitersi). In summer rotifers are mainly represented by species from the genera Brachionus, Keratella, Trichocerca, Hexarthra, Polyarthra, Filinia. In autumn, the decrease of number of cladocerans and thermophilic rotifers (diapause stage) account for the reduction of species diversity and abundance of zooplankton. Three main groups form the biomass and production of zooplankton community (copepods, rotifers and cladocerans).
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Threshold dynamics in the regulation mechanism of central Baltic Sea zooplankton: causes, mechanisms and ecological implications
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During the last decades there has been an intense scientific debate to elucidate which are the driving factors on zooplankton variations in the Baltic Sea, variations that could also help explain the drastic inter-annual changes in growth of zooplankton-feeder clupeid fish. One theory suggests that zooplankton dynamics are regulated by abiotic conditions, whereas the other stresses the importance of predation by clupeid fish. Here we provide evidence that the two theories are not mutually exclusive, showing that zooplankton dynamics respond to either bottom-up or top-down forces depending on the dynamics of the Baltic major zooplanktivorous fish, the clupeid sprat (Sprattus sprattus). Zooplankton is regulated by climate-controlled hydrographic factors when sprat abundance is low, whereas it is driven by sprat predation pressure when sprat population exceeds a certain threshold. The discontinuous shift in the zooplankton mechanism of regulation is originally triggered by the change in the population of the main piscivore of the Baltic ecosystem, the cod (Gadus morhua), which strongly shapes sprat population. This study provides evidence thus of the existence of two alternative ecosystem configurations in the Baltic Sea, one cod-dominated and one sprat-dominated, characterized by different zooplankton communities and ecosystem functioning, whose establishment ultimately depends on the top-predator biomass. The two different mechanisms of zooplankton regulation could represent an example of alternative stable states maintained by different ecological attractors.
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Biomass, production rate and trophic roles of net-zooplankton community across the environmental gradient in Yatsushiro Bay, Japan
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The geographical variations in biomass and production rate of net-zooplankton were studied across the environmental gradient in Yatsushiro Bay, Japan, monthly from May 2002 to April 2003. The bay is elongated and there are significant geographical variations in environmental conditions along the bay axis. Based on such environmental/hydrographical properties, the bay was divided into three, i.e. the inner (average depth, salinity and chlorophyll a concentration: 11 m, 31.8 psu, 6.5 μg l-1, respectively), middle (30 m, 32.8 psu, 3.2 μg l-1) and outer (43 m, 33.4 psu, 1.9 μg l-1) regions. Net-zooplankton biomass was high in warm months and low in cold months, with annual average of 20.2, 38.8 and 16.4 mg C m-3 in the inner, middle and outer region, respectively. Copepods were the most important constituent (>70% of net-zooplankton) in all regions. The inner region was characterized by the dominance of Oithona spp. (primarily O. davisae) in summer and Acartia spp. (primarily A. omorii) in winter-spring, respectively. In the middle region, Microsetella norvegica dominated in summer-fall. In both middle and outer regions, Calanus sinicus and Eucalanus spp. dominated in winter-spring and fall, respectively. The annual average net-zooplankton secondary production rate was 4.4, 7.5 and 3.9 mg C m-3 d-1 in the inner, middle and outer regions, respectively. If the secondary producers depended entirely on phytoplankton for food, their carbon requirement was equivalent to 5.6, 19.7 and 16.9% of the phytoplankton biomass in respective regions. In Yatsushiro Bay, the trophic roles of net-zooplankton varied across the environmental gradient, and the trophic link between phytoplankton and secondary producers was loosest in the inner eutrophic region. 
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Summer distribution and abundance of the invasive ctenophore Mnemiopsis leidyi (Agassiz A., 1865) in the Black Sea
Lyudmila Kamburska1, Kremena Stefanova2, Tamara Shiganova3 and Wolfram Schrimpf1
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Introductions of invasive alien species (IAS) in the European Seas are historical processes, but IAS have escalated considerably nowadays as a result of globalization and intensive human activity. Climate change further affects the spreading of IAS and sensitivity of aquatic ecosystems to novel species. Among the enclosed basins, the Black Sea is ranked as a highly invaded environment. IAS, together with anthropogenic eutrophication and overfishing emerged as key ecological issues for the Black Sea ecosystem health. The need for regional policies and transboundary approaches to deal with bioinvasions is a challenging theme for the Black Sea scientific community, to increase awareness and information on IAS issues. One of the invasive species with a great ecological impact on the Black Sea ecosystem is the ctenophore Mnemiopsis leidyi (Agassiz A., 1865). The present study is devoted to the summer distribution of M. leidyi after the coming of its predator Beroe ovata (phylum Ctenophore) to the Black Sea. Data from areas (North-Eastern, Western, North-Western) with different trophic and hydrophysical conditions were used to reveal M. leidyi distributional shift along the gradients and to distinguish plankton community features among the regions and years (1998-2004). Higher ctenophore abundance was recorded in the North-Western and Western Black Sea (high trophic status) compared to the North-Eastern part. Long-term dynamics of the species displayed a huge variability due to the trophic relationship between M. leidyi ‑ B. ovata, contributing to the recovery of the Black Sea plankton fauna.
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Can the Continuous Plankton Recorder (CPR) be used to infer sardine diet?
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Knowledge on the impact of climate variability in the diet of planktivorous fish is limited by the labourious work involved in stomach content analysis, impractical for large scale studies. Routine measurements of plankton such as the Continuous Plankton Recorder (CPR) survey provide valuable information of the temporal variation of phyto- and zooplankton prey availability for higher trophic levels. Sardines are a world-wide distributed and commercially important planktivorous fish, at the basis of the pelagic marine food-web. Being predominantly non-selective filter-feeders, their diets closely correspond to the water plankton species and a significant relationship was recently found between Sardina pilchardus feeding intensity and remotely sensed chlorophyll a. Data of sardine stomach prey composition and CPR were obtained during 2003 for the same location off the west coast of Portugal, an area characterized by strong seasonality of plankton abundance and composition, mainly governed by upwelling events. Phyto- and zooplankton prey in sardine stomachs were identified to the lowest possible taxa and their numerical and volumetric abundance was registered, as well as their contribution to the prey carbon content. The seasonal variation of the abundance and composition of sardine diet was then compared to the abundance and composition of the water plankton obtained with the CPR at the same time and for the same area where the fish were collected, in order to evaluate if CPR data can be used to proxy sardine prey availability and diet composition at large temporal scales.
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A model of the growth and development of Crassostrea virginica larvae
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A biochemically-based model was developed to simulate the growth, development, and metamorphosis of larvae of the Eastern oyster, Crassostrea virginica. This model defines larvae in terms of their gross biochemical composition: protein, neutral lipid, polar lipid, carbohydrate, and ash content. The model includes parameterizations for larval filtration, ingestion, and respiration, which determine growth rate, and processes controlling larval mortality and metamorphosis. The initial biochemical content of the larva is determined by the composition of the egg. Simulations of larval growth and survival, that use environmental conditions from Chesapeake Bay, show that food quality and timing of food availability are the two factors that have the largest influence on larval survival. This suggests that changes in phytoplankton species assemblage and/or changes in environmental conditions, such as those that occur as a result of climate change, that affect the timing of phytoplankton blooms can potentially control C. virginica larval survival, which will affect recruitment to post-settlement populations.
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Long-term changes in North Atlantic zooplankton biomass 
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New measures of zooplankton biomass have been derived from CPR samples in the North Atlantic from 1958 to 2005. The final aim was to investigate how the zooplankton standing stock had varied throughout the last decades, knowing that in different areas of the North Atlantic significant changes in the distribution of the dominant zooplankton species as well as the plankton assemblage have been observed. During the forty-five years of monitoring the contribution of the different groups (e.g. copepods, euphausiids, meroplankton larvae) to

the total zooplankton biomass has been evaluated. The changes in the phenology of the biomass were also considered. The relationship between quantity, quality and seasonal timing of plankton and the poor fish recruitment seen in recent years in the North Sea are also discussed. 
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Zooplankton fluctuations in the Gulf of Trieste (Northern Adriatic Sea): what is the role of small pelagic fish?
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The trophic link between zooplankton and planktivorous fish is a fundamental step for energy transfer from primary producers to higher trophic levels in marine ecosystems. As a consequence, fluctuations in zooplankton populations might be strongly related to predation (top-down control). This relationship is very difficult to demonstrate because of the complexity of food webs in many systems and few studies have attempted to explore this subject. A further difficulty is represented by the lack of simultaneous long time series of fish and its prey in the same area. Here we present a comparative analysis of long term (from January 1989 to December 2006) time series of zooplankton and landings of small pelagics in the Gulf of Trieste (Italy). In this area, anchovies (Engraulis encrasicolus) and sardines (Sardina pilchardus) represent the most abundant species among planktivorous fishes. The study of gut content of these species demonstrated that their diet is essentially based on copepods (in particular on the genus Oncaea and the species Acatia clausi, Temora longicornis and Euterpina acutifrons). Data concerning the diet of anchovies and sardines pointed out that only few species are involved in top-down mediation and time series analysis highlighted significant relationship between fish and their preys. 
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Spatial distributions, community structure and trophic interactions of phytoplankton, micro- and mesozooplankton and planktivorous fish in the Gulf of Finland, Baltic Sea
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The brackish water Baltic Sea is one of the most thoroughly studied marine systems in the world. However, synoptic studies covering the whole pelagic ecosystem from primary producers to fish have rarely been attempted. We studied the distribution of cyanobacteria, phytoplankton, microzooplankton, mesozooplankton, and planktivorous fish, during 2-week cruises in summers of 2004-06 within a 70 x 170 nm sea area in the Gulf of Finland (GoF), northern Baltic. Application of two research vessels ensured intensive sampling of a wide range of biological, chemical and physical variables. Hydrography and planktonic species were sampled with traditional methods as well as continuously measuring devices. Primary and secondary productivities were studied with onboard measurements. The distribution of planktivorous fish (Baltic herring, sprat and three-spined sticklebacks) was determined with echosounding and trawling, and their stomach contents were analysed. Spatial analysis revealed how environmental variables affected the abundance and composition of the phyto- and zooplankton communities, and how these influenced the distribution and food consumption of the fish. The copepod species that are considered as preferred food for herring (Pseudocalanus spp and Temora longicornis) increased westward with greater water depth and higher salinity. However, fish abundance was highest in the more limnic and eutrophic NE part of the study area, where the abundances of brackish water copepods (Eurytemora affinis) and cyanobacteria were the highest. This highlights the complexity of natural interactions in the field, and shows that hypotheses arising from laboratory results or long-term analyses may be rejected or reversed in a spatially oriented study. 
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Does the Three Gorge Project influence the zooplankton and ichthyoplankton population in Changjiang Estuary up to now?
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The ecological survey of the Changjiang estuary before the Three Gorge Dam launches into use indicated the correlation of river flux with plankton abundance, especially the estuarine dominant species, and plankton community. Some environmental factors (such as salinity, nutrients and suspended sediments), which are correlated with plankton community composition and abundance will fluctuate with the river flux variation brought about by the Three Gorge Dam. To date there has been a slight increase of zooplankton abundance, with estuarine species shrinking and more warm pelagic species in Changjiang estuary being present in October. Further research has been started on account of the far-reaching influence in the Changjiang estuary after the Three Gorge Dam launched into use. Carnivorous zooplankton in Changjiang diluted water increased in recent years, the icthyoplankton were also influenced by the change of habitat and fish population.
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Zooplankton production of estuarine systems of Primorye (Russia)
Evgeny I. Barabanshchikov
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Estuarine systems of Primorye have different zooplankton production, which are linked with the structure of the zooplankton community, with the orography of the reservoir, latitude and morphology. Freshwater and brackish groups of planktonic animals (Copepoda, Cladocera and Rotifera) have the highest production in estuaries of rivers with extended estuarine zone (Razdol’naya River and Artemovka River) and lakes or lagoon type. Brackish and sea neritic of species of zooplankton (Copepoda) predominate in estuaries of rivers with average and short estuarine zone (Narva, Sukhodol, Kievka, Avvakumovka, etc.). Zooplankton biomass is 1-2 orders of magnitude higher in the lower portion of estuaries than upstream or out to sea. The dominant biomass species in estuarine systems of Primorye are represented by Rotifera - Synchaeta sp., Brachionus calyciflorus, Keratella quadrata, Filinia terminalis, Notolca acuminata, Polyarthra dolichoptera (all freshwater), Cladocera - Diaphanosoma dubium, Bosmina longirostris, Bosminopsis deitersi, Cydorus sphaericus (all freshwater), Copepoda - Thermocyclops asiaticus, T. crassus, Mesocyclops leuckarti, Diacyclops bicuspidatus (freshwater), Sinocalanus tenellus, Schmackeria inopina, Eurytemora pacifica, E. americana (brackish), Acartia clausi, A. longiremis, A. tumida, Pseudocalanus newmanni, Paracalanus parvus, Oithona similis, O. brevirostris (neritic).
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Night illumination-induced zooplankton community change and feeding, and weight increase of juvenile black seabream, Acanthopagrus schlegeli
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We examined whether night illumination can induce positive phototaxis of zooplankton and how juvenile black seabream, Acanthopagrus schlegeli, in netted cages respond to the zooplankton with respect to stomach contents and weight increase. Zooplankton abundance in open water near the fish rearing facility was much higher in most taxa under night illumination than that under natural condition. Correspondingly, large benthic zooplankton (e.g. amphipods) was the most important diet for juvenile fishes reared in the netted cages that received artificial illumination, whereas two calanoid copepods (Paracalanus parvus, and P. aculeteus) were in the control cages that did not receive night illumination. Despite such contrast in diet composition, the fish weight was not significantly different. The juveniles in the control cages, however, showed much larger variation in both weight and body length, with some juveniles having grown little. These results indicated that there was severe competition among the juveniles for food resource and only some highly competitive ones gained significant weight, suggesting the juvenile black seabream overall grew better under night illumination.
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The occurrence of ctenophore Beroe ovata in Narragansett Bay, Rhode Island, 2006
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An unusual occurrence of the ctenophore Beroe ovata was observed in Narragansett Bay, RI, USA in the summer/fall of 2006. This warm water species, which preys exclusively on other jellyfish, is usually distributed in waters off-shore of Narragansett Bay. We hypothesize that it was carried into the Bay by an on-shelf warm-water intrusion in July. We took advantage of this rare event to investigate the ecology of B. ovata in the region, including impacts on its primary prey, another ctenophore, Mnemiopsis leidyi. During August and September, the period coinciding with increasing abundance of B. ovata, M. leidyi declined from 810 to 1 ind. m-2. In past years this has been a period during which M. leidyi increased or maintained high abundance. Also observed was the transfer of the endoparasitic anemone Edwardsiella lineata from its usual host (M. leidyi) to B. ovata, with an infection rate of 28%. Beginning in October the population of B. ovata declined from a high of 1.34 ind. m-2, probably because of the shortage of prey and decreasing water temperatures. Continued study will be directed at determining whether B. ovata has a multi-year influence on M. leidyi, via depletion of M. leidyi’s over-wintering population. The infrequency of B. ovata’s appearances in Narragansett Bay indicates that the species cannot successfully colonize the region; however, it is possible that frequency of its appearances might be altered if climate change influences its transportation pathway into Narragansett Bay. 
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Feeding of Calanus finmarchicus and Metridia longa females during the spring bloom in the St. Lawrence estuary, Canada: evidence from stable isotope analysis and trophic biomarkers
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Tropho-dynamic processes and interactions are most significant forces structuring marine communities. Feeding fuels all metabolic processes, and the physiological capability of an organism to exploit food resources is pivotal for the success of a species in its habitat. The feeding strategies of Calanus finmarchicus and Metridia longa, both dominant calanoid copepod species in the zooplankton community of the St. Lawrence, Canada, differ. C. finmarchicus is often considered herbivorous, and thus its reproduction mainly depends on the phytoplankton development, whereas M. longa is omnivorous. Detailed knowledge, however, on possible differences in feeding behaviour of the two species is lacking although such information is essential for understanding the functioning of the pelagic system. Therefore, the aim of this study was to elucidate the feeding of C. finmarchicus and M. longa during the spring bloom when both species reproduce at high rates. Weekly samples were taken from the end of May until mid August 2006 for analysing the fatty acid composition and stable isotope signatures of females of both species. Fatty acids can be used as trophic biomarkers for the ingestion of specific algae taxa. The analysis of nitrogen (15N/14N = (15N) isotopes provides estimates of the trophic level since (15N is typically enriched in the tissues of consumers. Based on these results, the trophic position of the two species during the spring bloom in the estuary of the St. Lawrence will be compared.
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A combined approach to understand trophic interactions between Cercopagis pengoi (Cladocera: Onychopoda) and mysids in the Gulf of Finland
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We applied a combined approach using (1) molecular markers, (2) feeding experiments, and (3) stable isotopes, to understand trophic interactions between native mysids, Mysis mixta and M. relicta, and a recent invader to the Baltic Sea, the cladoceran Cercopagis pengoi. Frequency of predation on C. pengoi assayed by molecular diet analysis of field-collected mysids varied between 5 and 43% depending on mysid size and species. Surprisingly, it was consistently higher in stomachs of juveniles than in adults and in M. mixta than in M. relicta. In feeding experiments, both mysid species ingested C. pengoi of a maximum of 16 prey mysid-1 d-1 and a specific consumption rate of 0.15 day-1, similar to rates reported for predation on other prey species. Results of stable isotope analysis corroborate those of feeding experiments and molecular analysis and indicate higher contribution of C. pengoi to nutrition of juveniles and of M. mixta. These ontogenetic and interspecific differences in mysid predation on C. pengoi are likely to reflect differences related to their different migratory behavior. Thus, despite its low relative abundance, C. pengoi is readily consumed by mysids; this may affect lower food web interactions and the nutrition of mysids in the invaded ecosystems.
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Factors affecting zooplankton long-term changes in the south-eastern Baltic Sea coastal ecosystems 
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A statistical analysis of environmental and biological long-term data of the Gulf of Riga and Gulf of Finland was performed. Long-term changes (1973-2004) in the biomass of main zooplankton taxonomic groups were analysed for two different seasons in the Gulf of Riga. In spring shifts in Acartia and Eurytemora biomass were observed since the late 1980s. Limnocalanus almost disappeared from May samples since the mid 1980s. Bosmina biomass was significantly higher during the 1989-2000 period. The decreasing tendency in Acartia and Eurytemora biomass in August samples was observed over the whole period. However, in the case of Acartia, it was statistically insignificant. Relatively low biomass of Limnocalanus was recorded in 1980s and 1990s, and it recovered again during 2000s. Extremely low values of biomass of Bosmina (since 1999) were found. Long-term changes in zooplankton community structure were tested against environmental and biological factors. The Gulf of Riga zooplankton community changes are significantly correlated with changes in herring abundance, recruitment level and also with decrease of herring average weight. The long-term zooplankton series of August (1963-2004) in Gulf of Finland showed significant decrease of Centropages in the western, Limnocalanus in the central, cladocerans and Acartia in the eastern part of Gulf, while the biomass of Eurytemora in the central part has been increasing as well as Bosmina in western part. The biomass of most dominant crustacean species is strongly dependent on salinity in the Gulf of Finland. Analysis from the Curonian Lagoon will be discussed. 
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Meroplanktonic larvae in the marine food web - a combination of grazing experiments and stable isotope analyses at Helgoland Roads, North Sea
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Knowledge about the feeding behavior and the importance of meroplanktonic larvae in the marine food web is rare, even though these larvae are, at times, more abundant than holoplanktonic organisms such as copepods. The aim of this study was to better understand the role of the meroplanktonic larvae as potential grazers in the food web of the North Sea at Helgoland Roads. Here, we present results from a combination of feeding experiments and δ15N and δ13C stable isotope analyses of abundant meroplanktonic larvae, i.e. Liocarcinus sp. and Lanice conchilega. Experiments and stable isotope sampling were conducted weekly from late April to August 2006. In the feeding experiments, the larvae were incubated for 8h in natural, 70µm pre-screened seawater at ambient water temperature. Feeding rates were determined by measuring pigment concentrations in the incubation-water before and after the incubation. Stable isotope signatures were determined in abundant zooplankton groups and in the seston to monitor the long term feeding history. The experiments show that larvae fed upon phytoplankton at various rates. Also the results from stable isotope analysis point to feeding on lower trophic levels. In general, the stable isotope signatures in the larvae were approximately one trophic level above the signatures found in the seston throughout the time series. The trophic position of larvae of a single species did not change significantly with growth in summer. Differences in trophic levels were only found between taxa. Meroplanktonic larvae can play a major role as grazers in marine food webs.
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Impact of urbanization and possible climate change on Welfare of traditional fisherie: A case study of South Western Coast of India
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Due to the presence of upwelling currents, the western coast of India has a well established fishing industry, which is an important economic activity in the region. Reduced strength of upwelling currents between 120 to 150 of latitude, coupled with sewage and effluents from urban centers have often resulted in algal blooms, more so during post monsoon with a result of anaerobic conditions, having a severe economic impact on the fishing sector. Global circulation models for this region have suggested no significant reduction in the rainfall, but a reduced number of rain days, implying higher flush out from inland with a potential of longer and more frequent formation of anaerobic conditions. The possible fallout of such eventuality is likely to manifest in the harvesting of ‘Low Hanging Apple’, but Sanitary and Phytosantiary measures under General Agreement on Agriculture of World Trade Organization would restrict its market only to Persian Gulf nations or for domestic consumption only instead of usual EU market. We would like to highlight these issues.
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Consequences of interannual variability in the trophic status of Neocalanus plumchrus in the Strait of Georgia, British Columbia
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The calanoid copepod Neocalanus plumchrus has traditionally dominated the biomass of the mezozooplankton community in the Strait of Georgia (SoG). In recent years, however, N. plumchrus biomass in the SoG has declined and in 2005, the population crashed. We have analyzed the stable isotope signatures ((13C and (15N) and fatty acids of N. plumchrus from 2001-2006 to assess whether changes in dietary quality are associated with this decline in biomass. This study constitutes one of the longest time series of fatty acid dynamics for calanoid copepods, and is one of the very few data sets available on fatty acid composition of coastal Neocalanus species. Our data show that between 2001 and 2006, N. plumchrus became increasingly herbivorous as evidenced by the rise of diatom markers (16:1n-7/16:00; 20:5n-3) and the decline of flagellate, carnivory and bacterial markers (22:6n-3, 18:1n-9, ∑15+17) in fatty acid profiles. Stable isotope data generally support these trends. These changes coincide with a decline in the diversity of phytoplankton in the SoG, and an increased abundance of diatoms in surface waters. Combining these data with chemical, physical and biological data from the SoG, we present a conceptual model that explains how variability in diet composition and trophic position affects N. plumchrus population dynamics. We also discuss the potential impact that trophic variability of N. plumchrus may have on higher trophic levels in the SoG.
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Use of the Alqueva Dam to regulate planktonic assemblages in the Guadiana estuary: basis for sustainable water and ecosystem services management
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The phytoplankton and zooplankton assemblages in the Guadiana estuary (south Portugal) were compared in two contrasting hydrologic years characterized by high and low freshwater discharges. Changes in salinity, nutrients and turbidity, which were mainly due to changes in freshwater input, had an important influence on the structure of the planktonic assemblages. Nevertheless, coastal upwelling can also influence the productivity of the lower estuarine area during short periods both in winter and in summer. In 2000, a short-term freshwater pulse during May (average 126.5 m3 s–1) was markedly beneficial; phytoplanktonic diversity increased, and this caused an increase in zooplanktonic diversity. As phyto-zooplankton coupling in these systems is an important regulator of processes in the trophic web, changes in the dominant groups can have consequences on water quality, especially on the occurrence of toxic plankton blooms. Modeling simulations indicate that a daily discharge of 50 m3 s-1, every week during critical periods, such as Summer/Autumn, could be enough to avoid cyanobacteria blooms. Since freshwater “pulses” can be managed by operating the freshwater release from dams, understanding the relationships between the periodicity and magnitude of inflow pulse events and the estuarine ecosystem structure and healthy functioning is a crucial step towards the development of management modelling tools, as proposed in this study. 
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Effects of elemental stoichiometric imbalance and prey size on cascading trophic interactions

Amy N.S. Siuda and H.G. Dam
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Human induced changes in coastal ecosystems include switches in phytoplankton cell size and nutrient loading. The latter can give rise to variations in the elemental composition of the phytoplankton. Both cell size and variable elemental composition of the phytoplankton are hypothesized to alter prey selectivity in copepods. Reduction in cell size should lead to consumption of microzooplankton. Similarly when the stoichiometric imbalance (difference in elemental composition ratio) between phytoplankton and zooplankton increases, zooplankton should preferentially ingest microzooplankton. Both of these effects should lead to a strengthening of planktonic trophic cascades. We conducted field experiments to test these hypotheses. We employed path analysis to identify the strength of direct and indirect effects of copepod additions on the growth rates of lower trophic levels (ciliates, heterotrophic and autotrophic flagellates and bacteria). Experiments were conducted in March, June, August and September of 2004, in two regions of Long Island Sound that differed in nutrient loading. We were able to compare instances in which phytoplankton size was similar between times or regions, but the stoichiometric imbalance varied significantly, and vice versa. The results are consistent with the hypothesis that when large phytoplankton of adequate nutritional quality are available, they are directly grazed by copepods, and hence cascading trophic interactions are not pronounced. However, there was no support for the stoichiometric imbalance hypothesis. That is, when phytoplankton was large and stoichiometric imbalance was high, increasing copepod abundance had no effect on chlorophyll growth rate. Further work is required to test the stoichiometric imbalance hypothesis.
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Temporal variability of the first stages of Euphausia mucronata and its relation with oceanographic conditions off northern Perú (1994 –2006)
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Zooplankton samples were collected from August 1994 to December 2006 at four fixed stations located 5 to 20 nm offshore, off Paita (05°00’S), an upwelling area influenced by the Equatorial front with Equatorial Surface Waters (ESW), Tropical Surface Waters (TSW) and Coastal Cold Waters (CCW). Samples were collected at subsurface with a 330 micron WP-2 net for five minutes at three knots. For the measurement of water temperature, salinity and oxygen concentration, water samples were collected at pre-established depth levels (10, 25, 50, 75 and 100m). The objective of this study is verify possible spatial and temporal variability influenced by oceanographic conditions on stages first of the euphausiids (calyptopis and furcilias). The stages of Euphausia mucronata like calyptopis was dominant with 70.6% while furcilias stage was 29.2% of Euphausia mucronata. Relative abundance of calyptopis and furcilias were negative correlated (r2 = 0.78). Long-term trends were significant at p = 0.05 for several vertical and horizontal temperature and oxygen gradients. Euphausiid abundance increased from 1999 to 2000. Greater abundance was found at 15 nautical miles, and was related to oceanographic conditions. Spearman Correlation coefficients between furcilias and oceanographic parameters (p<0.05) were: temperature (r2 = 0.20), salinity (r2 = -0.22), oxygen (r2 = 0.34). In contrast, calyptopis was not correlated with oceanographic variables.
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Lethal and sublethal effects of PAHs on marine copepods
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The project PETROZOO is as a consequence of the catastrophe of the fuel cargo Prestige in Galician waters in 2002, which evidenced the lack of knowledge on the consequences of crude oil spills for the dynamics and functioning of marine planktonic food webs, and in special for zooplankton. Through this project, the effects of important components of the water-soluble fractions of fuel oils (polycyclic aromatic hydrocarbons, PAHs) on marine copepods have been studied. We determined lethal and sublethal responses of different developmental stages of the marine copepods Paracartia (Acartia) grani and Oithona davisae to single and mixtures of PAHs. The sublethal effects studied included narcosis, and detriments on feeding, egg production and egg viability rates. This poster highlights the major results of this study and their ecological implications.
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Can zooplankton escape predation in turbid water?
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Algae-induced turbidity has increased considerably during the last decades in the Baltic Sea.  Due to increasing eutrophication, certain phytoplankton species and cyanobacteria form large blooms.  Studies have shown that turbidity may provide shelter for small fish against predators.  Few studies have been done to reveal whether also zooplankton may us turbidity to escape predators, such as small fish or mysid shrimps.  We performed short-term laboratory experiments, where we fed mysid shrimps and small planktivorous fish with different zooplankton prey in turbid and clear water.  Here we present the results on copepods’ and daphnids’ ability to avoid predation in turbid water.  We show that the calanoid copepod Acartia bifilosa was fed significantly less by mysid shrimps and pike larvae in turbid water, caused by cyanobacteria.  In a comparison between the calanoid copepod Eurytemora affinis and the water flea Daphnia longispina, it was shown that the copepods were significantly more efficient in avoiding predation by pike larvae.  Our results suggest that the copepod populations may get a competitive advantage in turbid water in comparison to daphnids.  Further, zooplankton may benefit from seeking shelter and migrating towards blooms or turbid water.  Previously, it has been shown that copepod survival is high, but fecundity decreases in toxic cyanobacteria blooms.  Hence, we hypothesise that the survival benefits of associating with dense albeit toxic blooms may override the relatively minor impact of toxicity on copepod fecundity. 

