FINAL REPORT CARNIVOROUS ZOO

ABSTRACT
In this final report, I present the outcome of the CARNIVOROUS ZOO Project. During my Marie Curie European Reintegration Grant (ERG) at the department of Marine Ecology at University of Gothenburg (GU) in Sweden my practical proficiency was improved using new techniques and participation on cruises. The teaching in pelagic ecology improved my pedagogic skills and my ability in leadership, and active participation in international conferences greatly improved my networking skills and expanded my personal scientific network and initiated a number of ad hoc collaborations, resulting in research activities or applications. 
The research project has generated new, and vastly lacking, knowledge of carnivorous zooplankton in Swedish and Arctic waters. This knowledge has long been needed by pelagic ecologists, modellers and policy makers. A thorough understanding of the dynamics of food webs is a principle key to enable accurate predictions of global warming on marine food webs and manage sustainable fisheries.
My ERG project did not only provide new knowledge about food webs, it is also a long-term investment in my future research career. The specific research gave me the scientific tools, the expertise and self-confidence to carry out high level research as a scientist with professional maturity and independence as well as gave me valuable experience in networking, fund-raising and project management at EU level. 

Research objectives as presented in the original proposal AND Objective of the research

	


When analysing the structure of pelagic ecosystems it is important to know whether abundances at any particularly trophic level is controlled by bottom-up (resources) or by top down (predation). Both resource limitation and predation are possible and may act in concert and both types of control have been reported in aquatic ecosystems. Although there have been numerous investigations of resource limitation on community structure, the relative importance of different components of the zooplankton community as agents of predation is not well investigated. Therefore, this project will focus on how carnivorous zooplankton function in the pelagic food web and their role in structuring the pelagic community. Carnivorous zooplankton have a substantial impact on prey and selective predation by zooplankton may influence the trophic structure of the pelagic food web. Studies on the selectivity by predators are rare.  This is mainly due to lack of simultaneous data on vertical distribution and co occurrence of prey and predators, a necessary piece of information to show selectivity and estimate predation impact. 
The overall objective was to investigate zooplankton dynamics, e.g. invertebrate predation, in the Baltic, the Kattegat and the Skagerrak. The research conducted focused on Chaetognaths and Pareuchaeta norvegica (in the Arctic), the new invader Mnemiopsis leidyi (in Swedish waters), and combined laboratory experiments with field investigations. 
Work performed
	


Several field investigations, workshops and experiments have been carried out during my Marie Curie European Reintegration Grant. 
During my ERG, I have been working as Post Doc and project manager in BAZOOCA (Baltic Zooplankton Cascades). The project was set out to study Baltic zooplankton cascades where jellyfish and fish would act as controlling animals for the food web in the Baltic Sea. Fears of an invasion by the American comb jelly, Mnemiopsis leidyi, and growth of other jellyfish led to the design of our project. The project was transnational (Denmark, Finland, Norway and Sweden) with 18 scientists engaged. I was responsible for the annual meetings, workshops and cruises, writing annual reports, the design and maintaining of the home page, the communication with the other researchers in the project. In the BAZOOCA project, twelve monitoring cruises, seven process cruises, five successful workshops and eleven meetings were conducted. The BAZOOCA project has intensively added significance to my ERG project. 
The first field investigation of many in the Arctic was carried out in April-May 2009 in Disko Bay, West Greenland. The diet and vertical and horizontal distribution of the carnivorous copepods and chaetognaths were investigated at several occasions. Feeding by the carnivorous copepod Pareuchaeta norvegica was assessed by measuring faecal pellet production and the chaetognaths were in the laboratory later analysed for gut contents. Simultaneously, prey composition, prey production and vertical distribution were determined and used to estimate predation pressure and selective feeding. In August -September 2009 I was Principal Investigator during a sex week long expedition to the North Pole with the Swedish Icebreaker Oden. 

Results and degree to which the objectives were met
	


We made cutting edge contributions to the knowledge of the ctenophore Mnemiopsis leidyi in Swedish waters and Chaetognaths and the carnivorous copepod Pareuchaeta sp. in Arctic waters. Our results document that predation is an important regulating factor for populations of copepods, with following most important achievements. 
In Swedish waters

i. Our results suggest that Mnemiopsis has not become a successful invader of the Baltic Sea. 
ii. The gelatinous zooplankton in the Baltic differed remarkably from those in the Skagerrak and Kattegat. During our investigation, Skagerrak and Kattegat were dominated by ctenophores (Mnemiopsis leidyi, Bolinopsis infundibulum, Pleurobrachia pileus, Beroe spp.) while scyphomedusae (Aurelia aurita and Cyanea capillata) were more common in the Baltic Sea. This is an unusual situation since the larger jellyfish normally dominate on the Swedish West coast. Since the introduction of Mnemiopsis, virtually no Aurelia has been observed on the Swedish West coast. 
iii. Mnemiopsis is a major zooplankton predator in the Skagerrak and Kattegat during six months of the year with seasonal peaks in September-November. At that time, the predation on mesozooplankton may reach 15% per day and we conclude that predation by Mnemiopsis has drastically reduced the zooplankton community in this region. In 2009, this reduction led to increased chlorophyll concentration typical of a trophic cascading effect in the food web. In the Baltic proper, however, abundances and predation rates from Mnemiopsis are at present too low to affect the zooplankton community. 

iv. We have also paid attention to the importance of eutrophication and light conditions for the competition between fish and jellyfish for food. The mechanism of prey capture by fish is expected to be less efficient if water becomes more turbid and darker due to algal blooms and increased content of colour dissolved organic substances. Our analysis suggests that in the current Baltic Sea the jellyfish abundance is sensitive to changes in eutrophication as well as to cod fishery. It is predicted that jellyfish abundance is stimulated by further increase in Baltic Sea eutrophication as well as by decreased cod fishery and vice versa.
In the Arctic

i. Results revealed that copepods and appendicularians where the main prey item for the chaetognaths Eukrohnia hamata and Sagitta elegans. Number of prey per chaetognath (NPC) was among the highest recorded and ranged from 0.2 to 0.4 prey ind-1, and the feeding rate from 0.5 to 1 prey d-1 .

ii. The well investigated chaetognaths are often considered to be dominant predators, but the impact by the copepod Pareuchaeta norvegica exceeded chaetognath predation 10 fold and the predation impact of P. norvegica was equivalent to 19% of the copepod population production. Such strong predation is likely to have effects on population dynamics of copepods and illustrate the importance of this species in the pelagic ecosystem. 
iii. In the Arctic Ocean, Pareuchaeta sp. was the dominant predator. The data analyses are ongoing.  

The investigations have, and will result in several publications (see appendix).
I have been on parental leave from the 1 January 2012 until 31 may 2012. After this period, the 1 June 2012, I will start a new position as researcher at King Abdullah University of Science and Technology (KAUST) in Saudi Arabia. The ERG has significantly reinforced my prospects of reaching, and further maintaining, a leading position within an international scientific community.

List specific training received on scientific and technical aspects

	


The Marie Curie European Reintegration Grant (ERG) at the department of Marine Ecology at University of Gothenburg (GU) improved my skills in numerous ways:
i. My earlier knowledge in pelagic ecology was improved with complementary knowledge in marine food webs. The results revealed that carnivorous zooplankton are important predators of copepods in Swedish and Arctic waters.
ii. New techniques in zooplankton research and numerous field studies (4 cruises in Swedish water and 2 cruises in the Arctic) improved my practical proficiency and expanded my network.
iii. The participation in international conferences and workshops greatly improved my networking skills and expanded my personal scientific network.
iv. Project management of Carnivorous Zoo, acting as Principal investigator (PI) on cruises and as project manager for BAZOOCA improved my skills in project management and leadership abilities. I have managed the ERG project Carnivorous Zoo for three years, including management of resources (disposables, equipment, travelling and conferences). This work entailed day to day project management and research (planning of scientific cruises and experiments, execution of experiments, analysis and writing) and course teaching in Plankton ecology. The position at GU has provided me with valuable management experience in coordinating both field work and a broad team of researchers. 
v. Teaching in plankton ecology improved my pedagogic skills. Positive feedback by the students, on my supervision, indicate that my leadership capacities are good.
I participated in fruitful collaboration projects with other scientists at GU and in the BAZOOCA project (Prof. P. Tiselius, Prof. U. Båmstedt, Prof. D.L. Aksnes, Dr. L. Granhag, Dr. L.J. Hansson, M. Haraldsson, Dr. A Hosia, Dr. C. Jaspers, Prof. T. Kiørboe, Prof. J. Kuparinen, Dr. P.O. Moksnes, Dr. L. F. Møller, Dr. L. Riemann, Dr. O. Setälä, Dr. Titelman).  I also collaborated with researchers at Technical University of Denmark (DTU-Aqua)(Prof. T.G. Nielsen, Dr. S. Jonasdottir, Dr. M. Koski, Dr. J. Dutz, R. Swalethorp and S. Kjellerup), Aarhus University, Denmark (Dr. E.F. Møller, M. Maar), Greenland Institute of Natural Resources (Prof. S. Rysgaard, Dr. T.J. Pedersen and Dr. K.E. Arendt),  University of Tromsø, Norway (Prof. M. Reigstad, Dr. C. Svensen, Dr. C.W. Riser), Virginia Institute of Marine Science, USA (Dr. K. Tang) and University of Bremen, Germany (Dr. M. Iversen). 

i. I will continue my work in the Arctic Ocean this summer (2012) during a expedition on the Swedish icebreaker Oden (LOMROG III, financed by the Swedish Polar secretariat).  

ii. I will continue my work with carnivorous zooplankton’s role in the Arctic together with T.G. Nielsen at DTU-Aqua in Denmark. Our joint project (my EIF-project Zoo Role) showed high research competence and represents an important scientific development within this field.

ii. 
I will continue my work in connection with the ongoing monitoring program Marine Basis (in the Godhåbsfjord, West Greenland). 
Relevance for basic and applied science and for applications
	


The proposed research project has generated new, and vastly lacking, knowledge of carnivorous zooplankton in Swedish and Arctic waters. This knowledge has long been needed by pelagic ecologists, modellers and policy makers. A thorough understanding of the dynamics of food webs is a principle key to enable accurate predictions of global warming on marine food webs and manage sustainable fisheries. 
i. The outcomes from the work with Mnemiopsis sp. and other jellyfish in Swedish waters will be useful for scientists, legislators, policy makers and the public, and provide scientific and political support for better management of the Baltic Sea area in the future. 
ii. No measurements of feeding and predation impact by chaetognaths and Carnivorous copepods have earlier been carried out in the Arctic Ocean. The dynamics of digestion is important study since the correct determination of digestion time is critical for any predation impact estimate. For the first time digestion times for the Chaetognaths Sagitta elegans and Eukrohnia hamata were determined at low temperatures (0 oC and 1.5 oC). This knowledge has long been needed by pelagic ecologists, modellers and policy makers. A thorough understanding of the dynamics of food webs is a principle key to enable accurate predictions of global warming on marine food webs and manage sustainable fisheries. 
My ERG project did not only provide new knowledge about food webs, it is also a long-term investment in my future research career. The specific research gave me the scientific tools, the expertise and self-confidence to carry out high level research as a scientist with professional maturity and independence as well as gave me valuable experience in networking, fund-raising and project management at EU level. 
New objectives established during the course of work 

	


The work in Arctic (in Greenland and in the Arctic Ocean) was not in the original plan. Since the work in Arctic became a significant part of my work, the results are discussed in the result section above.  
During my ERG I have been part of a Nordic network “The biological pump in the Nordic seas: Copepods and appendicularians as producers and consumers of sinking particles”. I participated in a Workshop at Sven Lovéns Centre for Marine Sciences-Kristineberg, Sweden.
Background Of the research and work performed

Anthropogenic emission of CO2 to the atmosphere changes our world. Our ability to predict the effect of climate change depends on our understanding of the functioning and efficiency of the oceans biological pump: the amount of particulate organic carbon (POC) sinking out from the oceans surface layers, and where this carbon is released back as dissolved CO2. The biological pump is thought to remove ca 5-9 Gt C year-1 from the euphotic zone; an amount which roughly equals the annual anthropogenic CO2 emission. The efficiency of the biological pump is, however, reduced by the rapid attenuation of the sinking POC flux with depth. This flux attenuation is mainly determined by the quality and quantity of sinking particles, bacterial remineralisation and zooplankton consumption and fragmentation of particles 

Appendicularians and copepods are two of the key zooplankton organisms with respect to vertical flux; both as producers of sinking particles and as their degraders. Majority of the sinking flux is either formed by faecal pellets, or by macroscopic organic aggregates, generally referred to as marine snow, for which discarded houses of appendicularians are a significant source. 

The workshop focused on these understudied processes. We investigated: 
i. The role of copepods vs. appendicularians in creating the vertical flux
ii. The behavioural processes resulting in marine snow degradation by copepods 

iii. Quantified the appropriate rates of particle production vs. degradation by copepods and appendicularians

iv. Compared the importance of bacterial vs. metazoan degradation of diverse aggregates in the Nordic sea areas.

