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This issue of the GLOBEC International Newsletter focuses on the 3rd GLOBEC Open Science Meeting with a special section starting on page 19 with reports from the plenary and workshop sessions. I’d like to thank everyone who participated and helped to make the event so successful and extend a special vote of thanks to all the people who helped on the registration desk, in particular Cherisse Du Preez, Laura Bianucci, Cindy Wright, Arielle Kobryn, Julie Morgan (and family!) and to the other members of the Ephemeral Trio, Liz Gross and Keith Brander. Also thank you to PICES for allowing us to reprint several workshop reports that have already appeared in the PICES Press. It is sad to report that the GLOBEC International Project Office will formally close at the end of March next year, although heartening to see that several of the ongoing GLOBEC Regional Programmes will be finding a new home in IMBER. This will be my last newsletter as editor and Milly Hatton-Brown will be taking over the role for the final issue in the spring, when I shall be on maternity leave, so I look forward to receiving my copy and reading all the latest GLOBEC news.
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BASIN Update Peter Wiebe Woods Hole Oceanographic Institution, Woods Hole, MA, USA ([email protected]) posted opportunities for international collaboration (see http://www.nsf.gov/geo/oce/programs/biores.jsp#Cooperative).



BASIN (Basin-scale Analysis, Synthesis and INtegration) is moving " ! 3 ) . forward with funding opportunities 3YNTHESIS AND ).TEGRATION now a reality. The proposed ten year multidisciplinary programme will improve the integrated understanding of the dynamics of the marine ecosystems of the North Atlantic and produce tools to meet the future increasing demands for an ecological strategy to marine management. The programme as articulated in the “BASIN Science Plan and Implementation Strategy” (Wiebe et al., 2009) recognises the need for basin-scale studies in order to understand ecosystem-climate linkages at broad spatial scales and long temporal scales. The focus is on the sub-polar gyre system and associated shelf systems of the North Atlantic, but of necessity also includes the sub-tropical gyre. The ultimate goals of the programme are: "ASIN SCALE !NALYSIS



1.



To develop an understanding of the links between climate and the marine ecosystems of the North Atlantic basin and the services these ecosystems provide including exploited marine resources;



2.



To use this understanding to develop ecosystem based management strategies that will anticipate the effects of climate change on the living resources of the region.



A second open meeting is scheduled for Wednesday 23 September 2009 at the ICES Annual Science Conference in Berlin. This will be an opportunity to discuss implementation of the current Science Plan and discuss possible collaborations between scientists in the EU and North America especially since the expected funding opportunity through the EU Framework 7 programme has now been announced (see FP7 Cooperation Work Programme 2010, Area 6.2.2.1 Marine resources, ENV.2010.2.2.1-1 North Atlantic Ocean and associated shelf-seas protection and management options [http://cordis.europa.eu/fp7/dc/index.cfm?fuseaction=UserSite. FP7DetailsCallPage&call_id=274]). There is a related funding opportunity in the US through CAMEO (Comparative Analysis of Marine Ecosystem Organization, http://cameo.noaa.gov/). With joint sponsorship between NOAA National Marine Fisheries Service and National Science Foundation Division of Ocean Sciences, CAMEO seeks to support “fundamental research to understand complex dynamics controlling ecosystem structure, productivity, behaviour, resilience, and population connectivity, as well as effects of climate variability and anthropogenic pressures on living marine resources and critical habitats.”



Since the publication of the Science and Implementation Strategy, a number of open meetings are being held to ensure that the widest international science community has been appraised of the initiative. An open meeting was held at the 3rd GLOBEC Open Science Meeting in Victoria, BC, Canada, which was well attended. Presentations were made by Brad deYoung, Peter Wiebe, Anne Hollowed, Cisco Werner, and Mike St.John. This was followed by open discussion of the funding opportunities particularly about the possibilities provided by NSF’s recently



The date for submission of proposals to CAMEO is 5 October 2009; for EU Framework 7 Proposals, the date is 14 January 2010; for NSF the next date is 15 February 2010. Reference



Wiebe P.H., R.P. Harris, M.A. St. John, F.E. Werner, B. de Young and P. Pepin (Eds.). 2009. BASIN: Basin-scale Analysis, Synthesis, and INtegration. Science Plan and Implementation Strategy. GLOBEC Report 27: iii, 43pp. http://www.globec.org/structure/multinational/basin/basin.htm
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The report of the first BASIN workshop held in Reykjavik, 11–15 March 2005 and the BASIN Science Plan and Implementation Strategy are available as part of the GLOBEC Report Series. Contact the GLOBEC IPO, [email protected] for copies or download from the GLOBEC website: http://www.globec.org
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A non-diatom plankton bloom controlled by copepod grazing and amphipod predation: Preliminary results from the LOHAFEX iron-fertilisation experiment Maria Grazia Mazzocchi1, Humberto E. González2, Pieter Vandromme3, Inès Borrione4, Maurizio Ribera d’Alcalà1, Mangesh Gauns5, Philipp Assmy4,6, Bernhard Fuchs7, Christine Klaas4, Patrick Martin8, Marina Montresor1, Nagappa Ramaiah5, Wajih Naqvi5, Victor Smetacek4 1 Stazione Zoologica Anton Dohrn, Naples, Italy ([email protected]) 2 Universidad Austral de Chile, Institute of Marine Biology, Valdivia, and COPAS Center of Oceanography, Concepción, Chile 3 Université Paris 06, UMR 7093, LOV, Observatoire océanologique, Villefranche-sur-mer, France 4 Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany 5 National Institute of Oceanography, Goa, India 6 Bremen International Graduate School for Marine Sciences, University of Bremen, Bremen, Germany 7 Max Planck Institute for Marine Microbiology, Bremen, Germany 8 National Oceanography Centre, Southampton, UK The most memorable LOHAFEX cruise came to an end on 17 March 2009 when RV Polarstern docked in the harbour of Punta Arenas (southern Chile) after successfully carrying out the longest iron fertilisation experiment so far (39 days). The two and a half month voyage, spent in the notorious Roaring Forties of the south-western Atlantic, was as close to an adventure as a research cruise can get these days. We first had to weather a totally unexpected political storm while we were selecting a suitable meso - scale eddy in which to conduct the experiment. Permission to go ahead with fertilisation came just as we had satisfied ourselves that we were indeed right in the centre of the selected eddy. After spreading 10 tonnes of dissolved ferrous sulphate over a patch of 150 km2, we followed, with excitement, the chemical and biological changes stimulated by iron fertilisation while chasing the patch circling within the eddy (Fig. 1). Some weeks later, to our chagrin, the eddy started collapsing and ejected our patch, which, nevertheless, miraculously “waited” for two weeks, squeezed between other eddies, until our day of departure. 20°W
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Figure 2. Participants of the LOHAFEX cruise onboard the R/V Polarstern (photograph courtesy of T. Bresinsky).



We also witnessed the spectacular collapse of a stately iceberg (from a safe distance) and were rocked to near - panic by a series of freak waves during our farewell party. In short, it was an exceptionally stimulating and emotionally rewarding experience.
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The joint Indo- German venture LOHAFEX (Loha is the Hindi word for iron), for which preparations started in 2005, was targeted for the productive south - western sector of the Antarctic Circumpolar Current (ACC) where we expected to fertilise a different type of plankton community to those of the severely iron - limited ACC studied by the previous five experiments. LOHAFEX was carried out by an interdisciplinary group of 48 scientists (29 Indian, 10 German and nine from five other countries; Fig. 2): the physicists selected the eddy, pin - pointed its centre (based on altimeter images, drift trajectories of two surface buoys, and an Acoustic Doppler Current Profiler survey) and kept track of the patch while the chemists and biologists followed the processes within it and compared them with outside waters.
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In contrast to the rest of the ACC, silicic acid in the south-western Atlantic is depleted by summer also well south of the polar front, clearly due to the extensive spring diatom blooms that occur there and are conspicuous in satellite images of chlorophyll distribution. The sources of iron fuelling these blooms are varied:
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Figure 1. Chlorophyll a satellite picture of the LOHAFEX bloom from the NASA website (http://oceancolor.gsfc.nasa.gov/cgi/image_archive.cgi).
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 contact with landmasses and islands, Patagonian dust and the many icebergs characteristic of this region. The core water of the eddy in which we carried out the experiment had evidently experienced such a bloom because silicon concentrations were at limiting levels down to 100 m depth, so further growth of diatoms was not possible. In a previous experiment (European Iron Fertilization Experiment: EIFEX) conducted at the same latitude and season but in silicon-rich water 1,000 km further east, a massive diatom bloom developed and reached 3 mg Chl m-3 within three weeks. Despite consistently high levels of primary production (~1.5 g C m-2 d-1), biomass accumulation stopped thereafter due to sequential fall - out of some early - response diatom species which was compensated by population growth of others that responded later. But the situation in the LOHAFEX bloom was different.



There was no evidence, as in the case of the EIFEX diatom bloom, that the lack of biomass accumulation was due to a balance between new growth and sinking out of older cells. Low to moderate sinking fluxes with no difference between inside and outside the patch were indicated by transmissometer profiles, thorium measurements, catches of neutrally buoyant sediment traps and vertical particle profiles recorded with the Underwater Video Profiler, version 5 (UVP5; a camera system mounted on the CTD which records particles down to 0.06 mm diameter from the surface to 3,000 m depth). So the excess biomass due to iron fertilisation must have been retained in the surface layer but not as phytoplankton cells. The relatively high ammonia levels in the surface layer compared to outside waters were indicative of higher remineralisation rates but these could not have been due to bacteria because their numbers were well below the average reported from the region and their growth rates were moderate. Besides, there was no significant difference between the bacterial communities inside and outside the patch. Why they were suppressed in the entire region and not revived, as in other experiments, by iron addition is a mystery in itself begging an explanation. The only processes of bacterial and phytoplankton cell removal left are grazing by protoand metazooplankton respectively, or death and disintegration by viral attack as has been demonstrated for bacteria and flagellates. At this stage we can only speculate on the possible role of viruses, but there is a strong case for copepod grazing being the structuring factor in the LOHAFEX bloom.



The phytoplankton community of mixed flagellates responded rapidly to the iron addition by increasing, as expected, Fv/ Fm ratios (a measure of photosynthetic efficiency) above 0.4 and chlorophyll concentrations in the 60 m mixed layer doubled to 1.5 mg Chl m-3 within two weeks but stopped increasing thereafter, although rates of primary production remained high (>1.0 g C m-2 d-1). A second fertilisation three weeks later had no apparent effect indicating that the community was arrested in steady state despite abundant nutrients and sufficient light. However, there were changes in the composition of the phytoplankton that were not as easy to follow on board as in the case of large diatoms. The bulk of the biomass was contributed by small flagellates < 5 µm with the smallest size fraction (~2 µm) increasing towards the end of the experiment to densities measured by flow cytometer and corroborated with counts made with an inverted microscope as high as > 15 x 106 cells L-1. A significant fraction of the larger flagellates (~ 5 µm) were Phaeocystis solitary cells that started making numerous colonies in the second week, so we were expecting a Phaeocystis bloom to develop (Fig. 3). Dense blooms of balloon - like colonies of this alga are commonplace around the continent, however, the colonies disappeared by the third week. Although the community was dominated by pico - and nanophytoplankton it was functioning differently to the bacteria - based microbial “loop” which is the paradigm for planktonic recycling systems.



Luckily for us, the structure of the grazer community was unusually simple: the stocks of flagellate-grazing protozooplankton (ciliates and dinoflagellates) were much lower than during EIFEX, apparently controlled by heavy copepod grazing pressure, as there was an abundant food supply. Copepods were dominated by one representative each of the large (Calanus simillimus), medium (Ctenocalanus citer) and small (Oithona similis) size groups. The other copepods common in the ACC (Rhincalanus, Pleuromamma) were also present but in low numbers. In the integrated 0 - 100 m water column, the highest abundances estimated, from preliminary counts conducted onboard, ranged from 199 x 103 ind. m-2 for Oithona spp. to 90 x 103 ind. m-2 for C. simillimus, and 31 x 103 ind. m-2 for C. citer, all recorded at in-patch stations within the 20th day after fertilisation.



Figure 3. Small Phaeocystis colonies on Corethron pennatum spines (photograph courtesy of M. Montresor).



Figure 4. Calanus simillimus copepodites (photograph courtesy of M.G. Mazzocchi).
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Figure 5. Copepod vertical distribution (N ind. L-1) measured at 10 m vertical resolution step with the Underwater Video Profiler 5 along a south - north transect through the patch. The first (Station 1) and last two stations (Stations 7 and 8) were outside the fertilised patch. Data are unavailable for Station 2. The ship time (UTC - 1) is given in blue and the integrated number of copepods per m2 for the first 200 m is shown in red.
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the essential elements, including iron, were being recycled back to the phytoplankton. The necessary calculations will only be possible after all the samples from the various depth ranges sampled with the two multinets deployed at all major stations as well as the samples from grazing experiments have been processed. Due to marked spatial patchiness, reflected in wide variation in integrated standing stocks at both in - and out-stations, we cannot yet say whether copepod numbers were higher inside the patch due to congregation from the surroundings. However, the copepods inside the patch were eating more as indicated by the faecal pellet production rates expressed as volume of faecal pellets egested, which were about double inside as compared to outside the fertilised patch (67 and 39 x 106 μm3 ind.- 1 d- 1, respectively) (Fig. 6). This could well have accounted for the fate of the extra biomass inside the patch because the community structures inside and outside, in contrast to diatom - dominated blooms, were essentially similar in all respects.



Clearly, C. simillimus, consisting almost entirely of late juvenile stages (CIV–CV copepodites) with large lipid sacs, overwhelmingly dominated copepod biomass (Fig. 4). Apparently, this population had developed during the previous bloom as there were very few adult females still present. The UVP5 images (Fig. 5) indicated that the bulk of the population was concentrated around 100 m depth during the day and dispersed within the 60 m mixed surface layer at night where they left behind large numbers of faecal pellets. There was a distinct decline over the course of the experiment in numbers and diversity of plankton collected by a 20 µm mesh net routinely examined on board. As many of the missing species were found in copepod pellets, particularly tintinnid loricae, diatom frustules, cell walls of a common, large dinoflagellate (Ceratium pentagonum), foraminifera shells, it is most likely that heavy grazing pressure exerted by the copepods was responsible. The shift to the smallest phytoplankton size class, in the veritable absence of ciliates, could also be attributed to “size escape” from copepod grazing pressure. Since the C. simillimus population was not growing in numbers, the food was presumably being converted into lipid reserves by this deep diapausing species. Because lipids are hydrocarbons, 100
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Figure 6. Faecal pellet production rate (as volume, µm3 x 106 ind.-1 d-1) in Calanus simillimus averaged at the stations inside the fertilised patch (days 4 – 36 after fertilisation) and outside the patch (days 16 – 35).



Figure 7. Themisto gaudichaudii (photograph courtesy of H.E. González).
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A major conclusion from LOHAFEX is that, despite high growth rates, biomass of non - diatom phytoplankton can be kept in check by grazing pressure of oceanic copepods which can establish a recycling system analogous to, but different from, the classic microbial food web. The fact that copepods increased their feeding rates inside the patch indicates that they were food - limited in the surrounding waters. As a result, biomass accumulation was modest as was vertical flux of organic carbon, hence net uptake of atmospheric CO2 by the fertilised phytoplankton was only marginally different to the unfertilised, surrounding water. This result conforms with observations that massive phytoplankton blooms in the ocean are almost exclusively due to diatoms (coccolithophorid blooms are prominent in satellite images but usually contain much less biomass than the spring and upwelling diatom blooms) and highlights a fundamental difference between oceanic and coastal waters where many non - diatom phytoplankton species (such as Phaeocystis and Ceratium) contribute to dense blooms. Presumably the larger zooplankton stocks on a square metre basis in oceanic as compared to coastal waters can exert top - down control on the structure of the ecosystem and, in the absence of silicon, prevent uptake of nutrients to limiting concentrations.
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Figure 8. Abundance of Themisto gaudichaudii (columns) and its percentage contribution (line) to macrozooplankton abundance in rectangular mid-water trawl samples along a transect.



Macrozooplankton was dominated by the swarm - forming, hyperiid amphipod Themisto gaudichaudii, an active, aggressive, indiscriminate carnivore which attacks organisms much larger than itself with its formidable clawed appendages (Fig. 7). Its high densities in the region were the most likely reason why other large zooplankton, including euphausiids but in particular chaetognaths and salps, which thrive on copepods and small flagellates respectively, were present in relatively small numbers. The integrated average abundance of Themisto gaudichaudi in the upper 100 m water column (17 night catches with the rectangular midwater trawl) was two - fold higher inside (24 ind. 100 m-3) than outside the patch (12 ind. 100 m-3). This was confirmed by a transect of four trawls conducted from outside to inside the patch at the end of the experiment (Fig. 8). What attracted swarms of this species to the patch is not clear at this stage. As it is practically the only visual predator in this region, the strong diurnal migrations and remarkable transparency of its potential prey, in particular salps, can be attributed to selection by this predator. The impact of predation by Themisto on the copepods will be evaluated from the results of feeding experiments.



The main interest in iron fertilisation experiments has focused on the biological carbon pump because of its implications for sequestration of atmospheric CO2. LOHAFEX has shown that an adequate supply of silicic acid is a prerequisite for significant, deep carbon sequestration, thereby restricting the region of the Southern Ocean where significant amounts of carbon dioxide can be sequestered from the atmosphere. Of course, we cannot say what happened to the system in the surface layer after the C. simillimus population departed for diapausing, how much carbon they took down with them and how much was retained in the deep ocean by predation at depth. Certainly, the C:N ratio of diapausing copepods will differ considerably from sinking diatom aggregates. Further experiments will yield new insights on physical, chemical and biological processes that govern the functioning of planktonic ecosystems. These fundamental control mechanisms can only be studied under in situ conditions as it is impossible to simulate natural grazing pressure under laboratory or mesocosm conditions. More open ocean perturbation experiments, analogous to the whole - lake experiments carried out by limnologists, are called for to study the impact of zooplankton grazing pressure in different regions and seasons on phytoplankton biomass and composition, hence ultimately the global carbon cycle.



Surprisingly little is known about the biology and quantitative distribution of this interesting predator which is known to be the dominant zooplanktivore in productive regions of the northern ACC, extending northward along the Patagonian shelf in the southwest Atlantic. It seems to at least partially fill the niche occupied by small swarming fish almost everywhere else further north and is the major conduit from plankton to vertebrates and cephalopods, analogous to the role played by the much better known Antarctic krill (Euphausia superba) to the south of its range. Indeed Themisto has been called “krill of the north” and is reported to be the main food of the squid Ilex argentinus which is the target of the intense squid fishery along the Patagonian shelf break, prominent in satellite images of the world by night, because lights are used to attract squid. So why does only this region shine like an inhabited coastline in the night and why is there nothing similar in other parts of the ocean? Is it a bottom -up condition, driven by local hydrography mixing nutrient - with iron - rich waters along the shelf edge, or does the unique biology of Themisto hold the key to the explanation? Would long - term, larger - scale iron fertilisation in the ACC duplicate the processes along the Argentinean shelf edge?



Acknowledgements The costs of the experiment were equally shared by the CSIR, India and the Helmholtz Foundation, Germany. We are deeply grateful to the LOHAFEX task team at the AWI, particularly Ulrich Bathmann, who skilfully countered the attack against us and to Nick Owens of BAS, Cambridge, UK and Doug Wallace and Ulf Riebesell of the Leibniz Institute of Marine Sciences, Kiel, Germany for taking on the onerous task of evaluating the LOHAFEX risk assessment in double - quick time. Our special thanks to the captain and crew of RV Polarstern for looking after us so well and all our colleagues for making LOHAFEX such a rewarding and successful cruise.
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Marcos Llope1,2 and Priscilla Licandro2 1 University of Oslo, Oslo, Norway ([email protected]) 2 SAHFOS, Plymouth, UK Marine plankton populations reorganise at many spatial and temporal scales as a response to the changes occurring in their environment. Traditionally, the studies addressing the dynamics of plankton, and marine organisms in general, have primarily focused on temporal scales of variability. In such a context, data are typically aggregated over large geographical areas, neglecting the existence of spatial variability. However, ecosystems are not spatially homogeneous. Temporal dynamics can differ or even diverge regionally and these spatial differences can be cancelled out if they are not addressed adequately. The growing availability of spatially-referenced data, together with the development of new statistical methodologies, make it possible to simultaneously consider both the temporal and the spatial perspective in an explicit way. Improved knowledge of all scales of variability is needed if we are to evaluate the anthropogenic effects, including climate change.



biomass distribution did not affect the mean PCI level. These types of changes, with important implications for ecosystem management, would not be detected by focusing only on the mean PCI level. An analysis was applied that simultaneously included the spatial and temporal variation in the same statistical model, enabling us to identify periods of different distributions from the data itself. The variability of PCI is then analysed over time in a continuous fashion (year - to - year) and the spatial distribution patterns described by contours (not in subregions). The model formulation is built under the Generalised Additive Models (GAM) framework (similar to Llope et al., 2009) but allowing the inclusion of one, two or more different spatial distributions, i.e. threshold GAM formulation. The search for the thresholds is carried out by trying different combinations of years in a grid search. The only constraint imposed is that at least 10 % of the data is left before, after, and in - between years. In our case, with 47 years of data, this implies that the regimes should comprise a minimum of five years.



It is well known that the phytoplankton biomass, as detected by the Continuous Plankton Recorder (i.e. Phytoplankton Colour Index, PCI), has increased since the late 1980s in the North Sea and that the patterns of PCI distribution vary between North Sea regions. However, detailed studies into whether this increase has brought about significant changes in spatial distribution have not been carried out. Phytoplankton standing stock may have continued to show the same spatial pattern after the step-wise change, alternatively it may have changed to a new distribution. It is also possible that some changes in the phytoplankton í



í



We have identified three different distributions for phytoplankton biomass, with changes occurring in the years 1979 and 1987 (Fig. 1). On average, phytoplankton biomass levels were higher towards the south and lower northwards, particularly off the west coast of Norway. The most remarkable spatial changes were 1) the development of a secondary PCI maximum in the northwest corner after 1979 (Fig. 1b), which persisted until recent years (see contours



í



60



60



60



58



58



58



56



56



56



PCI 



Latitude



1.0



0.8



0.6 







 



A



 í



í



B



 0











6



8



í



í



Longitude



0











6



8



í



í



Longitude



 0











6



Longitude



A B



1.0



PCI



C







0.8 0.6



B C 1960



1965











1980



1985



1990



1995



Year



7







8



Figure 1. Phytoplankton Colour Index (PCI) spatial patterns. Spatial distributions of the phytoplankton biomass (PCI) for the three different periods (a – c) detected in the North Sea (upper panels) through the statistical analysis. The red contours are the positive deviations for each period referred to as the intercept during each regime. The 95% upper and lower confidence intervals (black dashed contours) were calculated from bootstrapping. Although it helps to identify the richer areas for each period, they cannot be used for inter- comparison as they are deviations from the intercept (different for each period). The lower panel shows the temporal evolution of the PCI averaged for the whole North Sea. The vertical dashed lines define the regimes, whose spatial pattern is shown above, while the horizontal red line represents the three different intercepts.
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Did the North Sea regime shift affect the distribution of phytoplankton?



Figure 2. Summar y of a regionalised cumulative sums analysis. a) Map highlighting the most different region detected in the spatial analyses, called the south-west margin (red circles). b) Overall (blue) and regional (red) cumulative sums for PCI. The vertical lines correspond to the two thresholds detected in Figure 1.
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indicating positive deviations over the intercept for each period) and 2) the relative decrease around the German Bight and southwards and off the west coast of England (see 0.25 isoline). The two last distributions (Fig. 1b-c) are relatively similar. They both show this secondary maximum and a more vertical distribution of the isolines (as opposed to the first regime). Though they are classified as different due to the sudden increase in the overall mean PCI from 0.66 to 0.94 (Fig. 1, lower plot) rather than to a conspicuous spatial change.



of the late 1980s, which drove the second spatio - temporal change, was much less pronounced here than in the rest of the North Sea (Fig. 2b). From these results it is possible to conclude that:



Using this data it was possible to identify the regions where the greatest spatial changes have occurred. The western and southern regions, along the coast of Britain and the Southern Bight (called south-west margin in Fig. 2a), showed relatively high phytoplankton biomass (PCI) from the mid - 1960s to the late 1970s, contrary to the general tendency of low values found elsewhere. This region eventually caught up with the general low values at the beginning of the 1980s, coinciding with the first threshold year of the spatial analysis (Fig. 2b). The step-wise increase



1.



The south-west margin shows an ‘anomalous’ pattern of PCI variability compared to the general distribution in the North Sea. This divergent behaviour contributed to shape the first two distributions for the PCI, mainly driving the shift in the orientation of the contour lines in this area, from a roughly east-west to a north-south orientation.



2.



The current spatial distribution of the phytoplankton standing stock was already established in the 1980s, before the documented regime shift occurred in the late 1980s. The regime shift did not have a conspicuous effect on the spatial pattern of phytoplankton.



References
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SAHFOS bursaries for associated researchers The CPR survey, started in 1931, has generated a large and rich database on the basin - scale abundance and distribution of plankton. SAHFOS wishes to encourage wider use of this database by the research community through an Associated Researcher bursary scheme. Topics for bursaries The aim of this scheme is to encourage research that uses CPR data and to increase publications from the database. Bursaries are intended for either research that uses CPR data directly or for indirect activities that strengthen the future use of CPR data. The latter could, for example, involve developing suitable instrumentation for the CPR, improving plankton analysis procedures or developing new statistical approaches for data analysis. Funds and obligations Funds of up to £500 to cover the calendar year 2010 will be awarded to Associated Researchers. Associated Researchers are expected to work collaboratively with SAHFOS staff, to actively promote the Foundation and to submit a final report on their work by 31 January 2011. Applications and awards Awards will be made through open competition based on the quality of the work proposed coupled to its relevance to the SAHFOS mission. The closing date for applications is 16th October 2009. Further details and an application form are available from the SAHFOS webpage at: http://www.sahfos.ac.uk/assoc-researcher-details.htm
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Distribution and abundance of echinoderms in the Subarnarekha estuary, Orissa, east coast of India Chitra Jayapalan and Santanu Mitra Zoological Survey of India, Calcutta, India ([email protected]) Kirtania is a coastal village situated about 25 km south of Digha, with a busy fishing harbour. Oil spills and litter from the boats are the main anthropogenic threat to the area. Samples were taken at both muddy and sandy sites.



Although echinoderms are predominantly marine organisms, some stenohaline echinoderm species are able to tolerate salinity fluctuations and can inhabit estuaries. Echinoderms are efficient scavengers and have an integral role within their respective marine ecosystems (Pawson and Miller, 2008). Many asteroids are keystone species and sea urchins, if not controlled by predators, may overgraze their habitat. Asteroids have several commensals, including polychaetes that feed on the sea star’s leftovers (Barnes, 1987; Brusca and Brusca, 2003). Indian echinoderms have been studied extensively by Kohler (1899–1927); Clark and Row (1971); James (1987) and Sastry (2007).



Kankrapal is a fishing village, approximately 22 km west of Digha. During low tide a vast area is exposed on both sides of Kankrapal. Udaypur is a village near the southern most part of the Subarnarekha estuary along the border between West Bengal and Orissa. The intertidal zone is very wide. A vast crustacean belt can be observed at this beach, the red crab occupies the supralittoral area inside the Casuarina forest and a grass belt area of the upper beaches. On the lower tidal zone a large aggregation of cnidarians was also observed.



A total 649 species of this phyla were recorded in India, 52 of which were found in the coastal region of Orissa (Sastry, 2007). Early investigations on estuarine echinoderms carried out by Sastry (1995) reported 15 species including Asteroidea, Echinoidea and Ophiuroidea. Mukhopadhya (1995) recorded five species of Holothuroidea in the Hugli - Matla estuary, West Bengal. In the Mahanadi estuary, Orissa, Pattanayak and Halder (1998) reported two species: Astropecten sp. and Temnopleurus toreumaticus (Leske, 1778).



During the 2006 – 2008 study on the fauna of Subarnarekha estuary, Orissa echinoderm species were collected and identified (Fig. 2). The results of this study are shown in Table 1. Specimens were preserved in 70% ethyl alcohol and were identified to species level using methods described by Clark and Rowe (1971) and Sastry (2007). A total of 62 echinoderms from six species; five genera and five families were recorded. The sea star Astropecten



The Subarnarekha is one of the major rivers of eastern India. Originating from the Ranchi plateau, Jharkhand state, the Subarnarekha flows over 477 km through three Indian states. The river opens into the Bay of Bengal at north east Orissa (21°34´ – 21°37´, 87°20´ – 87°27´) where mangroves, bushes, salt marshes, mudflats and sandy beaches comprise the estuary (Fig. 1). Anthropogenic loading and the collection of post larval tiger prawns (resulting in the depletion of other invertebrate larvae) are the major pressures on the estuary. Four stations were selected for the study as follows. Talsari has a popular beach that is used by both tourists and local fishermen. To the north is a vast mudflat, with recently established mangroves, which remains submerged during high tides. Recently a fishing harbour and large mollusc fishery have been established in Talsari.
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Figure 2. a) Sea cucumber (Acaudina molpadioides), b) sea urchin (Temnopleurus toreumaticus), c) sea star (Astropecten indicus), d) sea cucumber (Thorosina inversigatoris) e) sea star (Astropecten eurycanthus) and f) sea star (Ophiactis modesta).



Bay of Bengal Figure 1. Schematic map of Subarnarekha estuary.
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 Table 1. Habitat and Indian distribution of echinoderms found in the Subarnarekha estuary, Orissa Species Thorosonia investigatoris Acaudina molpadioides



Habitat Indian distribution Sandy estuarine intertidal zone West Bengal and Orissa Sandy / muddy estuarine areas mid-lower Tamilnadu, Andaman and Nicobar Islands West Bengal and intertidal zone Orissa



Astropecten indicus Astropecten euryacanthus Ophiactus modesta



Sandy intertidal zone Sandy intertidal zone Mangrove, muddy intertidal zone



Temnopleurus toreumaticus



Sandy / muddy intertidal zone



Bay of Bengal, West Bengal and Orissa Bay of Bengal, Nicobar Island, West Bengal and Orissa Bay of Bengal, Tamilnadu, Andaman Islands, West Bengal and Orissa Gujarat, Maharastra, Andhrapradesh, Tamilnadu, Andoman and Nicobar Islands, West Bengal and Orissa



indicus and sea cucumber Acaudina molpadioedes were commonly found during the survey. Thorosonia investigatorisch, a sea cucumber endemic to the coast of Orissa, was abundant in 1990 – 2000, but found to be scarce during this study. A. molpadioides was the most abundant species in Udaypur whereas T. toreumaticus was more commonly found in Talsari. Both of these species were observed at all four stations. Astropecten eurycanthus was observed only in Talsari and is therefore considered to be a rare species. T. investigatoris was present only in Kirtania. Talsari and Udaipur showed higher species diversity and abundances than the other sites. Some echinoid species maintain benthic reef ecosystems by keeping algal growth under control (Macfarlene, 2007). Sedimentation and the disappearance of the rocky shore causes habitat loss and therefore a decrease in the abundance of the species present. Other organisms like holothurians, when abundant, aid the health of the ecosystem by overturning sediment and extracting organic matter (Pawson and Miller, 2008). The abundance of organisms like echinoderms is a key element in the structural changes of many marine ecosystems. Moreover, research on echinoderms has contributed to the overall knowledge of animal fertilisation and development. Many echinoderms are easy to culture and maintain in a laboratory, and produce a large amount of eggs. Further periodical monitoring will be undertaken in the Orissa coast to measure the distribution, abundance and present status of echinoderms.
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Short - term feeding rates of calanoid copepods in Ensenada de La Paz, Mexico Sergio Hernández - Trujillo1,2, José Reyes Hernández - Alfonso1, Gabriela Ma. Esqueda - Escárcega1, Rocío Pacheco - Chávez1, Gerardo Aceves - Medina1,2 and Sonia Futema Jiménez IPN - CICIMAR, La Paz, Baja California Sur, México (1COFAA recipient, 2EDI recipient) One of the paths through which matter and energy flow from lower to upper trophic levels is feeding, and its quantification is a key factor in the study of trophic interactions. In the case of marine zooplankton, this type of analysis requires different methods (Båmstedt et al., 2000) and several forms have been proposed to approach it (Mauchline, 1998).



this reason herbivorous zooplankton are recognised as an important component of marine ecosystems. In feeding studies the rate of filtration of water, the rate of ingestion or daily ration and the coefficient of consumption or grazing rate are useful indicators of the trophic impact of zooplankton on the phytoplankton (García - Pámanes et al., 1991; Båmstedt et al., 2000).



Phytoplankton consumption by zooplankton grazing or herbivory is known and is considered to be the main route for transference of energy to higher trophic levels (Conover and Huntley, 1980). For



Indicators of grazing of a population, include size of the organism, sex, life stage, concentration, type and chemical composition of the food (García - Pámanes et al., 1991). Each indicator behaves
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 in a different way in different habitats and therefore estimation for a particular area has to be done in situ (Wang and Conover, 1986; Turner et al., 1998).



In temperate coastal Mexican waters García - Pámanes (1989), García-Pámanes et al. (1991) and Lara-Lara and Matus-Hernández (1997) developed experiments to assess grazing rates, and they are the background on this issue; consequently we have been running experiments to obtain the grazing rate, clearance rate and ingestion rate of Acartia lilljeborgii Giesbrecht, 1889 as part of a major data set series project addressed to estimate secondary production of zooplankton in the studied area. Therefore, the main goal of this study was to estimate the grazing rate of A. lilljeborgii through a short-time series at Ensenada de La Paz, BCS, México. Adult female copepods of A. lilljeborgii were separated from live zooplankton samples collected 13 – 17 November 2006, in a oceanographic station in the ensenada of La Paz Bay (24°08’ 43.99”N and 110°21’ 08.26”W), using a cylinder - conical net of 0.60 m diameter and 333 µm mesh. Copepods were transferred to Petri dishes with filtered sea water before the experiments. Groups of 60 copepods were then transferred to three 1000 ml incubation bottles. Each bottle was filled with sea water obtained from the sampling station which had been filtered through a 50 µm mesh net to remove predators and other organisms competing for food but maintaining the natural phytoplankton population. The bottles were incubated at the same water temperature as the sampling site for 24 hours, and a control bottle without copepods was also incubated for each station. Chlorophyll a was spectrophotometrically determined at the beginning and at the end of the experiments according to the Venrick and Hayward (1984) technique as well as the Jeffrey and Humphrey (1975) models. The water from each experimental bottle was filtered through a 0.7 µm mesh filter and calculations were made to estimate filtration, ingestion and grazing rates following Båmstedt et al. (2000). Acartia lilljeborgii grazing rate
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Figure 2. Potential Chl a production consumed by A. lilljeborgi.



The clearance rate (F) reached a maximum in the second day of experimentation, averaging 14 ml-1 ind-1 d-1; whereas on the other days it ranged between 9.5 and 12 ml-1 ind-1 d-1 (Fig. 1). An increase in the ingestion rate of chlorophyll a (I) was observed from the first to second day followed by a reduction until it became practically undetectable on the fifth day (0.09 ml-1 ind-1 d-1) with an average of 2.54 mg Chl a consum∙ind-1 d-1. The consumption of phytoplankton (g) had the same pattern of variation that clearance rate had averaging 0.60 d-1. The potential production of Chl a that was consumed by copepods was more than 100% during the four days of experimentation, falling drastically during the last day (Fig. 2). During the days of experimentation the sea surface temperature stayed constant around 25°C (24.9 – 26.0°C). There were no significant differences in SST records (p < 0.05) (Fig. 3a). The concentration of Chl a at 0 m (1.83 – 2.66 mg Chl a∙m-3) and 5 m depth (1.86 – 2.56 mg Chl a∙m-3) did not have significant variation between layers nor between the days of sampling (Fig. 3b). SST and chlorophyll a reached values above those reported for autumn in the study site (Espinoza and Rodríguez, 1987; Martínez - López et al., 2001). A decrease in the mean ingestion rates measured along the sampling period might reflect food quality and the fact that chlorophyll a was consistently in a narrow variance interval (1.83 – 2.66 mg Chl a∙m3). F values in this study were higher than other calanoids (Rhincalanus gigas, Calanus propinquus) and lower than others previously recorded (Table 1). F and I values showed daily changes of up to 18 %. The percentage of potential production of chlorophyll a consumed by A. lilljeborgii was higher and indicates that the impact on phytoplankton depletion was significant during the days of experimentation.
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Table 1. Comparison of the copepod clearance rates
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Studies of nutritional ecology in marine zooplankton have mainly taken place in temperate habitats and only a few in tropical environments (Turner et al., 1998). It is known that zooplankton grazing is an important source of phytoplankton mortality in fresh waters, marine and estuarine habitats (Berk et al., 1977; Landry and Hassett, 1982; Gallegos, 1989; Jeppesen et al., 1996).



Potential Chl a production consumed by A. lilljeborgi 250



18



ml · ind-1 · d-1



Chlorophyll a 0.0 – 2.0 ± 0.88 Natural food Acartia lilljeborgi



Figure 1. Day to day variation in clearance rate, ingestion rate and phytoplankton mortality rate.
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Figure 3. Day to day variation in a) water temperature and b) chlorophyll a concentration at the surface in Ensenada de La Paz.



Several authors have established that egg production of calanoid copepods is often affected by both food concentration and food quality in two ways (Mauchline, 1998; Niehoff, 2000): remaining or returning to an immature stage when exposed to starvation, or maturing and spawning without eating and using their stored internal reserves (Ohman, 1987; Saito and Tsuda, 2000). Pacheco - Chavez et al. (unpublished data) showed that on this short time scale, the species had a daily egg production rate fluctuating between 10 and 18 eggs · female-1· d-1 despite a reduction of feeding coefficients, suggesting that A. lilljeborgii follows the second path, probably due to a lack of quality of food and reducing the energy spent on feeding activity; if this species does not feed because of quality, starvation occurs and females will use their internal body reserves (Nival et al., 1990) or hemolymph which may function as a short - time nutrient pool for one or two more clutches (Carlotti and Hirche, 1997), as other calanoid species do. Nevertheless, knowledge of the physiological process whereby females use body reserves for gonad maturation when food is



limited and scarce, although it is known that other Acartia species (Dagg, 1977) have little ability to accumulate large energy stores (Mayzaud et al., 1992) and without food, egg production ceases and females die within a few days. Acartia lilljeborgii is a broadcaster spawning species that is more sensitive to the quality of food than food abundance for short periods of time, releasing low numbers of eggs with high spawning frequency. However, it is necessary to identify general patterns of feeding activity related to food supply and temperature in order to relate clutch size and spawning frequency in the study area.
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Important Dates July 1, 2009



Climate Change Effects on Fish and Fisheries:



» Registration and Abstract submission opens Important August 31, 2009 Dates » Deadline for submission of proposals for workshops



Forecasting impacts, assessing ecosystem responses, and evaluating management strategies



July 1, 200930, 2009 November



» Abstract acceptance notification Symposium and associated workshops



February 1, 2010 May 28, 2010 » Early registration deadline Manuscript submission deadline



April 25-29, 2010 Local Host and associated workshops » Symposium Fisheries Research Agency of Japan



May Arrangements 28, 2010 Local



» Manuscript submission deadline Tohoku National Fisheries Research Institute



VenueHost Local



Sendai Conference Center, Sendai, Japan Fisheries Research Agency of Japan http://tnfri.fra.affrc.go.jp/eindex.html



Local Arrangements Tohoku National Fisheries Research Institute Contact For all enquiries please contact: Venue April 26–29, 2010 Sendai, Japan http://www.pices.int/climatechange2010.aspx
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Fifth International Panel on the Anchoveta: towards an ecosystem approach to fisheries Francisco Chavez1, Miguel Niquen2 ([email protected]), Jorge Csirke3, Arnaud Bertrand4, Claudia Wostnitza2 and Renato Guevara-Carrasco2 ([email protected]) 1 Monterey Bay Aquarium Research Institute, Moss Landing, CA, USA 2 Instituto del Mar del Peru, Callao, Peru 3 Food and Agriculture Organization, Rome, Italy 4 Institut de Recherche pour le Développment, Sète, France



Figure 1. Panel participants.
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The Peruvian Fishery Research and Management Institute (IMARPE - Instituto del Mar del Peru) convened the Fifth International Panel on the Anchoveta on 10 – 14 August with scientists from France, Peru, South Africa and the United States (Fig. 1). The first four panels had taken place in rapid succession between 1970 and 1973 when the Peruvian anchovy or anchoveta (Engraulis ringens) fishery crashed precipitously (Fig. 2). Following this crash there was a dramatic shift in management including the fishery target species due to an increase in sardine, jack and horse mackerel among others that were favoured by the decrease in anchoveta and a new warmer environmental regime (Chavez et al., 2003). The anchoveta began to reappear in significant numbers in the mid - 1980s and the lessons learned in the early 1970s led to a much more careful management of the species. As a result of improved management and a new cooler environmental regime the population was minimally impacted by one of the largest El Niño events in recent history during 1997 –98. Soon after IMARPE convened an “International Workshop about the Peruvian Anchoveta” in 2000 where the full activities of the institute were presented and reviewed by a panel consisting of Francisco Chavez, Dave Checkley, Pierre Freón and François Gerlotto. A productive relationship between IMARPE and IRD, France was established soon after. The focus was on an integrated and multi-disciplinary study of the pelagic ecosystem and led to the recent publication of a special issue in Progress in Oceanography (Bertrand et al., 2008). The anchoveta supports the largest mono- specific fishery in the world, lives in the most variable ocean ecosystem (Chavez et al., 2008), and was recently ranked as one of the better managed (Mondoux et al., 2008). Nonetheless there have been significant advances in the areas of climate variability, ecological forecasting, ecosystem approaches to fisheries and bio-economics and it was deemed an important time for a review with a look forward given new threats during the anthropocene. The purpose of the Fifth Panel was to assess: 1) the present state of the population of anchoveta; 2) what environmental factors affect its abundance



Year



Figure 2. Landings of anchoveta (Engraulis ringens) and sardine (Sardinops sagax) from 1950 to 2008.



and how these are forced by climate; 3) predictions on annual, decadal and climate change time scales; 4) the impact of the fishery on the entire ecosystem; and 5) how to better incorporate climate variability and fisheries impact on the ecosystem in the decision support system. The first day of the panel consisted of a series of presentations that focused on a general introduction to the Peruvian ecosystem (M. Niquen, IMARPE), the ecosystem approach to fisheries (J. Csirke, FAO), climate variability and ecological forecasting (F. Chavez, MBARI), spatial and temporal determinants of the anchoveta productive habitat (A. Bertrand, IRD), sardine and anchovy in the Benguela ecosystem (L. Hutchings, MCM), the use of ecosystem models in the decision-making process (A. Jarre, UCT), bio-economic options for sustainable fisheries (C. Costello, UCSB) and the ecological, economic and social footprint of the different components of the anchoveta fishery (P. Freón, IRD). The next few days were spent in working groups that paralleled the first days presentations and reviewed and updated 45 years of time series from the excellent monitoring programme at IMARPE, that more recently includes sediment cores going back 500 years (Gutierrez et al., 2009), and combined these with global time series. On the fourth day the groups prepared presentations and reports that considered: 1) the relationship between the anchoveta, its biology and the environment; 2) these relations and their use in forecasting conditions for the next decade; 3) output of models testing the impact of the fishery on other components of the ecosystem in particular seabirds, who have maintained reduced numbers over the past decades; 4) the potential impacts of climate and global change; 5) the prospects of integrating past environmental information, predictions of the environment on annual, decadal and climate change scales with bio-economic models that would provide different harvest scenarios that could maximise profits and ecosystem services; 6) Ecological Risk Assessments (ERA) as tools for ecosystem approaches
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 impacts of climate and global change are obscured by multidecadal variability but could become evident in 10 to 20 years; 9) bio-economic models, linked to environmental predictions, can be valuable tools to explore time-varying optimum equilibrium conditions for the ecosystem approach to fisheries.



a) Anchovy 2 0 -2



These conclusions led to the following scenarios: 1) given a regime change in the late 1990s (Fig. 3) the present-day cold phase may last at least 5–10 years until 2020; 2) with good management there are good probabilities that anchoveta remain as the dominant species after a regime shift albeit at lower levels; 3) without careful management and / or if the regime shift is large there are good probabilities that other species will replace anchoveta during a warm regime; 4) the relative influence of climate and global change will increase and become important in 10 to 20 years; 5) this influence may not necessarily be negative and under one scenario upwelling will intensify and favour anchoveta but this could not possibly persist permanently; longer term scenarios are impossible to predict accurately at present.
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Figure 3. Time series of anomalies in fish catch (anchoveta and sardine) compared to anomalies in a series of environmental variables (Empirical Orthogonal Function of sea surface temperature (SST) in the Peru domain, depth of the 15°C isotherm close to the coast of Peru and surface oxygen off Peru). There is clear alignment of the positive anomalies in the sardine catch with the positive anomalies in the environmental parameters for about 20 years. The negative anchoveta catch anomalies are of the same length but begin and end earlier. Figure by S. Purca, IMARPE.



to anchoveta fishery management. On the final day a set of conclusions, scenarios and recommendations were presented to the authorities that manage Peruvian fisheries. The main conclusions of the panel were: 1) the present-day anchovy population is healthy with a steady fishing mortality between 0.6 and 0.8 over the past five years; 2) even with very low fishing, models predict an order of ten years for seabirds to recover from their present levels of around 2 million to a population of 5 million; 3) there are strong relations between the fishery and the environment and these are most notable on multi-decadal time-scales (Fig. 3); 4) these relations, coupled with the biological response of the anchoveta, suggest “bottom-up” regulation; 5) the diet of anchoveta has been relatively constant since 1953 and based primarily on euphausiids for its caloric energy (Espinoza and Bertrand, 2008); 6) during the present multi-decadal cold period the anchoveta population, as well as other ecosystem components, have moved slightly northward; 7) the sediment cores suggest that the sardine era from 1920 to 1950 was notable in California and Japan (Kawasaki, 1983) was absent off Peru (Gutierrez et al., 2009) with a period of over 100 years of anchoveta dominance until 1972; 8) present-day



The following recommendations were adopted by the panel: 1) maintain the excellent IMARPE monitoring programme; 2) develop an environmental index (Fig. 3) that can be used to estimate ecosystem state and be predicted by models; 3) review the monitoring programme to ensure that the index can be calculated accurately and in particular with respect to large zooplankton and euphausiids; 4) continue development of environmental and ecosystem forecasts at seasonal, decadal and longer (>20 years) time scales; 5) integrate the output from the ecosystem forecasts with bio-economic and higher trophic level models; 6) develop an Ecological Risk Assessment with a broad group of stakeholders; 7) organise an informal meeting in six months to formalise the efforts of the panel in a series of peer-reviewed publications; and 8) convene a new panel in five years to determine regime state and review improved state of knowledge regarding climate and global change. References



Bertrand A., R. Guevara-Carrasco, P. Soler, J. Csirke and F.P. Chavez (Eds.). 2008. The northern Humboldt current ecosystem: ocean dynamics, ecosystem processes, and fisheries. Progress in Oceanography 79(2 – 4): 95 – 412. Chavez F.P., J.P. Ryan, S. Lluch-Cota and M. Ñiquen C. 2003. From anchovies to sardines and back-multidecadal change in the Pacific Ocean. Science 299: 217 – 221. Chavez F.P., A. Bertrand, R. Guevara, P. Soler and J. Csirke. 2008. The northern Humboldt Current System: brief history, present status and a view towards the future. Progress in Oceanography, 79(2 – 4): 95 – 105. Espinoza P. and A. Bertrand. 2008. Revisiting Peruvian anchovy (Engraulis ringens) trophodynamics provides a new vision of the Humboldt Current system. Progress in Oceanography 79(2 – 4): 215 – 227. Gutiérrez D., A. Sifeddine, D.B. Field, L. Ortlieb, G. Vargas, F. Chávez, F.P. Velazco, V. Ferreira, P. Tapia, R. Salvatteci, H. Boucher, M.C. Morales, J. Valdés, J.-L. Reyss, A. Campusano, M. Boussafir, M. MandengYogo, M. García and T. Baumgartner. 2009. Rapid reorganization in ocean biogeochemistry off Peru towards the end of the Little Ice Age. Biogeosciences 6: 835 – 848. Kawasaki T. 1983. Why do some pelagic fishes have wide fluctuations in their numbers? Biological basis of fluctuation from the viewpoint of evolutionary ecology. p.1065 – 1080. In G.D. Sharp and J. Csirke (Eds.). Reports of the Expert Consultation to Examine Changes in Abundance and Species Composition of Neritic Fish Resources. FAO Fisheries Report 291(2,3): 1224 pp. Mondoux S., T. Pitcher and D. Pauly. 2008. Ranking maritime countries by the sustainability of their fisheries. p.13–27 In: J. Alder and D. Pauly (Eds.). A comparative assessment of biodiversity, fisheries and aquaculture in 53 countries’ Exclusive Economic Zones. Fisheries Centre Research Reports 16(7). Fisheries Centre, University of British Columbia.
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Fisheries and aquaculture in our changing climate A policy brief from the Global Partnership on Climate, Fisheries and Aquaculture (PaCFA)* Coastal communities, fishers, and fish farmers are already profoundly affected by climate change. Rising sea levels, acid oceans, droughts and floods are among the impacts of climate change. Oceans provide the very air, the oxygen we breathe, and climate change is altering the ancient balance between oceans and the atmosphere. This policy brief highlights the key issues to ensure that decision makers and climate change negotiators are aware of and understand the changes and their impacts, and the opportunities for adaptation and mitigation in aquatic ecosystems, fisheries and aquaculture at the UNFCCC COP - 15 in Copenhagen in December 2009 and in national and local responses to climate change. The brief also reflects the consensus of 19 concerned international and regional agencies. The build - up of carbon dioxide and other greenhouse gases in our atmosphere (IPCC, 2007) is changing several of the features of the earth’s climate, oceans, coasts and freshwater ecosystems that affect fisheries and aquaculture. Air and sea surface temperatures, rainfall, sea level, acidity of the ocean, wind patterns, and the intensity of tropical cyclones are all changing. The impact of climate change on aquatic ecosystems, and on fisheries and aquaculture, however, is not so well known. Climate change is modifying the distribution and productivity of marine and freshwater species and is already affecting biological processes and altering food webs. The consequences for sustainability of aquatic ecosystems for fisheries and aquaculture, and for the people that depend on them, are uncertain. Some countries and fisheries will benefit while others will lose – the only certainty is change and decision - makers must be prepared for it. It is clear that fishers, fish farmers and coastal inhabitants will bear the full force of these impacts through less stable livelihoods, changes in the availability and quality of fish for food, and rising risks to their health, safety and homes. Many fisheries-dependent communities already live a precarious and vulnerable existence because of poverty and their lack of social services and essential infrastructure. The well - being of these communities is further undermined by overexploited fishery resources and degraded ecosystems. The implications of climate change for food security and livelihoods in small island states and many developing countries are profound.



t improve the management of fisheries and aquaculture and the integrity and resilience of aquatic ecosystems; t respond to the opportunities for and threats to food and livelihood security due to climate change impacts; and t help the fisheries and aquaculture sector reduce greenhouse gas emissions. Healthy aquatic ecosystems contribute to food security and livelihoods Fisheries and aquaculture contribute significantly to food security and livelihoods, but depend on healthy aquatic ecosystems. These contributions are often unrecognised and undervalued. t Fish (including shellfish) provides essential nutrition for 3 billion people and at least 50% of animal protein and minerals to 400 million people in the poorest countries. t Over 500 million people in developing countries depend, directly or indirectly, on fisheries and aquaculture for their livelihoods. t Aquaculture is the world’s fastest growing food production system, growing at 7% annually. t Fish products are among the most widely traded foods, with more than 37% by volume of world production traded internationally.



Investments are urgently needed to mitigate these growing threats, to adapt to their impacts and to build our knowledge of complex ocean and aquatic processes. The overarching requirement is to reduce global emissions of greenhouse gasses – the primary human driver of climate change. Fisheries and aquaculture need specific adaptation and mitigation measures that:



Fisheries, aquaculture and fish habitats are at risk in the developing world Deltas and estuaries are in the front line of climate change. For example, sea level rise and reduced river flows are causing increasing saltwater intrusion in the Mekong delta and threatening the viability of catfish aquaculture. This industry produces about 1 million tonnes per year, valued at $1 billion and provides over 150,000 livelihood opportunities, mostly for women.



*PaCFA is an informal group created in 2009 to encourage states to include aquatic ecosystems, fisheries and aquaculture issues when formulating action to combat climate change, particularly in the build up to the UNFCC COP15 meeting in Copenhagen, December 2009. This policy brief brochure was the first output of the group and the original can be downloaded from ftp://ftp.fao.org/FI/brochure/climate_change/. PaCFA includes the following organisations: Benguela Current Commission, European Bureau for Conservation and Development (EBCD), Global Ocean Ecosystem Dynamics (GLOBEC), Intergovernmental Oceanographic Commission of the United Nations Educational, Scientific and Culture Organization (UNESCO-IOC), International Council for the Exploration of the Sea (ICES), Network of Aquaculture Centres in Central-Eastern Europe (NACEE), Organización del Sector Pesquero y Acuícola del Istmo Centroamericano (OSPESCA), Organization for Economic Co-operation and Development (OECD), Southeast Asian Fisheries Development Center (SEAFDEC), Secretariat of the Pacific Community (SPC), The Network of Aquaculture Centres in Asia-Pacific (NACA), United Nations Environmental Programme (UNEP), United Nations Food and Agriculture Organization (FAO), United Nations International Strategy for Disaster Reduction (UN ISDR), World Bank, WorldFish Center.
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 Crucial role of healthy oceans in climate change



Ecosystem approach – balancing resource use with nature’s ability to respond to climate change Coral reefs are degrading with increasing water temperatures and acidification of the oceans (Hoegh -Guldberg et al., 2007), and are growing more sensitive to the threats of over - fishing, pollution, poor tourism practices and invasive species. This will affect the quantity and type of fish available to coastal communities in developing countries and small island states. Ecosystem-based approaches to fisheries and coastal management are required. These approaches recognise the need for people to use coral reefs for their food security and livelihoods while enabling these valuable ecosystems to adapt to the effects of climate change, and to reduce the threats from other environmental stresses.



t Oceans are the earth’s main buffer to climate change and will likely bear the greatest burden of impacts. t Oceans removed about 25% of atmospheric carbon dioxide emitted by human activities from 2000 to 2007. t Oceans absorb more that 95% of the sun’s radiation, making air temperatures tolerable for life on land. t Oceans provide 85% of the water vapour in the atmosphere, and these clouds are key to regulating climate on land and sea. t Ocean health influences the capacity of oceans to absorb carbon. Sustainable aquatic ecosystems are crucial for climate change adaptation Healthy aquatic ecosystems are critical for production of wild fish and for some of the ‘seed’ and much of the feed for aquaculture. The productivity of coastal fisheries is closely tied to the health of coastal ecosystems, which provide food, habitats and nursery areas for fish. Estuaries, coral reefs, mangroves and sea grass beds are particularly important. In freshwater systems, ecosystem health and productivity is linked to water quality and flow and the health of wetlands. The stocks of small schooling fish like anchovies and sardines found in schools in the ocean are highly sensitive to changes in ocean conditions. These small pelagic fish are a basic food for millions and are often processed into fishmeal and used to feed cultured fish, as well as poultry and pigs. Coastal ecosystems that support fisheries also help protect communities from the impacts of natural hazards and disasters (ProAct Network, 2008). Mangroves create barriers to destructive waves from storms and hold sediments in place within their root systems, reducing coastal erosion. Healthy coral reefs, sea grass beds and wetlands provide similar benefits. Climate change imperils the structure and function of these already stressed ecosystems. Fisheries and aquaculture can support mitigation and adaptation Adaptation measures are well known by managers and decision makers, but political will and action is often lacking. To build resilience to the effects of climate change and derive sustainable benefits, fisheries and aquaculture managers need to adopt and adhere to best practices such as those described in the FAO Code of Conduct for Responsible Fisheries, reducing overfishing and rebuilding fish stocks. These practices need to be integrated more effectively with the management of river basins, watersheds and coastal zones. Aquaculture of herbivorous species can provide nutritious food with a small carbon footprint. Farming of shellfish, such as oysters and mussels, is not only good business, but also helps clean coastal waters, while culturing aquatic plants helps remove wastes from polluted waters. In contrast to the potential declines in agricultural yields in many areas of the world, climate change opens new opportunities for aquaculture as increasing numbers of species are cultured, as the sea encroaches on coastal lands, as more dams and impoundments are constructed in river basins to buffer the effects of changing rainfall patterns, and as urban waste demands more innovative disposal.



Fisheries and aquaculture need to be blended into national climate change adaptation strategies. Without careful planning, aquatic ecosystems, fisheries and aquaculture can potentially suffer as a result of adaptation measures applied by other sectors, such as increased use of dams and hydropower in catchments with high rainfall, or the construction of artificial coastal defences or marine wind farms. Mitigation solutions reducing the carbon footprint of fisheries and aquaculture will require innovative approaches. One example is the recent inclusion of mangrove conservation as eligible for Reducing Emissions from Deforestation and Forest Degradation in Developing Countries (REDD) funding, which demonstrates the potential for catchment forest protection. Other approaches to explore include: linking vessel decommissioning with emissions reduction funding schemes, finding innovative but environmentally safe ways to sequester carbon in aquatic ecosystems, and developing low - carbon aquaculture production systems. Many capture fisheries and their supporting ecosystems have been poorly managed, and the economic losses due to overfishing, pollution and habitat loss are estimated to exceed $50 billion per year (World Bank and FAO, 2008). Improved governance, innovative technologies and more responsible practices can generate increased and sustainable benefits from fisheries. The current fishing fleet is too large to catch available fish resources efficiently and therefore consumes more fossil fuel than necessary. Reducing fleet overcapacity will not only help rebuild fish stocks and sustain global catches, but can substantially reduce carbon emissions from the sector. Changing the investment climate Increasing investment in fisheries, aquaculture and aquatic ecosystems is an investment in the ‘liquid assets’ of adaptation. Aquatic ecosystems play a crucial role in buffering and distributing climatic shocks, whether from storms, floods, coastal erosion or drought. Investment in aquatic science is fundamental – investment in knowledge of aquatic ecosystems, in the complex biological and chemical processes that determine the ocean carbon cycle, and in knowledge of the currents and eddies that generate hurricanes. Equally important is an understanding of the ways that people cope with and adapt to living in a changing climate, and how their institutions and livelihood systems have evolved to maintain resilience to future change in aquatic ecosystems.
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 What can we do now? t Implement comprehensive and integrated ecosystem approaches to managing coasts, oceans, fisheries, aquaculture; to adapting to climate change; and to reducing risk from natural disasters. t Move to environmentally friendly and fuel - efficient fishing and aquaculture practices. t Eliminate subsidies that promote overfishing and excess fishing capacity. t Provide climate change education in schools and create greater awareness among all stakeholders. t Undertake assessments of local vulnerability and risk to achieve climate proofing. t Integrate aquaculture with other sectors. t Build local ocean - climate models. t Strengthen our knowledge of aquatic ecosystem dynamics and biogeochemical cycles such as ocean carbon and nitrogen cycles. t Encourage sustainable, environmentally friendly biofuel production from algae and seaweed. t Encourage funding mechanisms and innovations that benefit from synergies between adaptation and mitigation in fisheries and aquaculture. t Conduct scientific and other studies (e.g. economic) to identify options for carbon sequestration by aquatic ecosystems which do not harm these and other ecosystems. t Consider appropriate regulatory measures to safeguard the aquatic environment and its resources against adverse impacts of mitigation strategies and measures. Investment in awareness is also essential, from the local council considering a seawall to policy - makers considering fuel subsidies. Awareness is crucial for the millions who will lose their farms to the sea and need options and alternatives for their own investments and those of their local communities. Vulnerability and risk assessment can inform these decisions; technologies and education can offer alternatives. Applying best practices in natural resources stewardship and governance is a ‘no regrets’ pathway, generating current and future benefits, increasing resilience of aquatic ecosystems and economies, and often reducing emissions. Implementing the aquatic agenda Implementing adaptation and mitigation pathways for communities dependent on fisheries, aquaculture and aquatic ecosystems will need increased attention from policy-makers and planners. Sustainable and resilient aquatic ecosystems not only benefit fishers and coastal communities but also provide goods



and services at national and global levels, for example, through improved food security and conservation of biodiversity. For fishers, fish farmers and coastal peoples in the front line of climate change, for example, residents of low - lying developing countries and small island states, key actions should include securing resources to: t Fill critical gaps in knowledge to assess the vulnerability of aquatic ecosystems, fisheries and aquaculture to climate change; t Strengthen human and institutional capacity to identify the risks of climate change to coastal communities and fishing industries, and implement adaptation and mitigation measures; t Raise awareness that healthy and productive ecosystems, which arise from well - managed fisheries and aquaculture, and careful use of catchments and coastal zones, are a cross - sectoral responsibility.



Resources
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From ecosystem function to ecosystem prediction Victoria, BC, Canada 22 – 26 June 2009
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GLOBEC OSM



Finally, we wish to thank all of the scientists of GLOBEC for your dedication, commitment, and enthusiasm, and for participating in this 3rd Open Science Meeting. The meeting was attended by over 300 participants from 34 countries, which helped make the meeting a success. Proceedings from the Symposium will be published in a future issue of Progress in Oceanography. Presentations and posters from the meeting are available on the GLOBEC website under GLOBEC 3rd OSM. Enjoy the reports in this Newsletter!



GLOBEC OSM



Now, 21 years after the workshop in Wintergreen, VA that led to the GLOBEC approach, the marine world looks very different. Satellites provide rapid and global coverage of an increasing array of ocean properties, massive amounts of data are instantly available over the internet, young scientists are routinely trained with both oceanographic and fisheries backgrounds, multi - disciplinary research projects are being developed in full collaboration with social scientists, and the main drivers of change in marine ecosystems are realised to be climate, humans, and their interactions. As the sessions and presentations at this 3rd Open Science Meeting showed, the international GLOBEC programme has had a significant role in effecting these changes.



This 3rd OSM would not have happened without the support of several of GLOBEC’s partner organisations. We thank our co - sponsoring organisations Fisheries & Oceans Canada, International Council for the Exploration of the Sea, Institute for Coastal and Ocean Research of the University of Victoria, the US National Science Foundation, Ocean Networks Canada, North Pacific Marine Science Organisation (PICES), Scientific Committee on Antarctic Research, Scientific Committee on Oceanic Research, Research Council of Norway, and the University of Victoria for all of their support. We also thank the members of the Scientific Steering Committee (J. Alheit, H. Batchelder, K. Brander, W. Broadgate, D. Checkley. D. Haidvogel, J. Hall, R. Harris, G. Hunt, A. Jarre, S. Lluch - Cota, O. Maury, Y. Sakurai, S. Sundby, Q. Tang, E. Urban and F. Werner) and the members of the Organising Committee (D. Ashby, M. Barange, A. Bychkov, L. Dunbar, E. Fok, M. Hatton-Brown, S. McKinnell, R. Ommer, I. Perry, M. Taylor, G. Tunnell) for their hard work, without which this symposium would not have happened.



GLOBEC OSM



As the brief descriptions in this special report on the GLOBEC OSM show, it has been a fabulous and exciting journey. In the late 1980s, when the GLOBEC programme was being developed by the United States on Georges Bank, the scientific view of the ocean was very different from what it is today. Oceanographers and fisheries scientists were just beginning to work together in a true inter - disciplinary fashion, images of a global ocean from satellites were becoming available, desktop computers were slow and bulky, the internet (and e - mail) did not exist, and the major forcings on the ocean were seen to be climate variability (by oceanographers) and fishing (by fisheries scientists).



GLOBEC’s three main sponsoring organisations have been unfailingly supportive. The Scientific Committee on Oceanic Research (SCOR) and the Intergovernmental Oceanographic Commission (IOC) of the United Nations adopted GLOBEC as one of their large ocean programmes in 1992, followed in 1995 by the acceptance of GLOBEC as a core project of the International Geosphere - Biosphere Programme (IGBP). The continued support by all of these organisations and the personal support of their staff has been absolutely invaluable and a significant contributor to the success of the programme. GLOBEC science projects were funded by individual countries and, in several cases, by Regional Science organisations such as ICES and PICES. GLOBEC wishes to thank each of these international and regional organisations and participating countries for their support. In particular, we wish to thank the United States National Science Foundation, the United Kingdom Natural Environmental Research Council and the Plymouth Marine Laboratory for their support of the international organisational work of GLOBEC and the International Project Office (IPO), whose staff (especially Dawn Ashby, Lotty Dunbar and Milly Hatton - Brown) have been indispensable to the smooth operation of GLOBEC, and to the careful planning of this meeting.



GLOBEC OSM



The third, and final, Open Science Meeting (OSM) for the Global Ocean Ecosystems Dynamics (GLOBEC) programme was held at the Victoria Conference Centre in Victoria, British Columbia, Canada, from 22 – 26 June 2009. It followed two previous highly successful GLOBEC Open Science Meetings, in 1998 in Paris, France and 2002 in Qingdao, China. The aim of GLOBEC has been to advance understanding of the structure and functioning of the global ocean ecosystem, its major subsystems, and its response to physical forcing so that a capability can be developed to forecast the responses of the marine ecosystem to global change. The purpose of this OSM was to contribute to the synthesis and integration of GLOBEC’s activities, to trace (as the subtitle of the symposium indicates) our journey from ecosystem function to ecosystem prediction. The format of the symposium involved two days of intense and focused workshops on ten topics, a day of reviewing and summarising GLOBEC achievements to date, and plenary sessions on the latest advances in ecosystem structure, function and forcing; ecosystem monitoring and prediction; and ecosystem management and their human dimensions. The OSM concluded with a thought provoking session on marine ecosystem science: into the future and, since GLOBEC will formally close in early 2010, a symbolic “hand - over” of GLOBEC’s outstanding research questions to the Integrated Marine Biogeochemistry and Ecosystems Research (IMBER) project.
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Session 2: GLOBEC Achievements Manuel Barange1 and Ian Perry2 1 GLOBEC IPO, Plymouth Marine Laboratory, Plymouth, UK ([email protected]) 2 Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo BC, Canada As the final Open Science Meeting of the international GLOBEC programme, this session featured invited presentations summarising and synthesising core GLOBEC accomplishments over its more than 10 years of research. The session started with a short history of GLOBEC, delivered by Liz Gross (past Executive Director of SCOR) and Roger Harris (past Chair of the GLOBEC SSC). Eileen Hofmann (Old Dominion University, USA) reviewed developments on our understanding of the physical / biological coupling of marine ecosystems. She was followed by Coleen Moloney (UCT, South Africa), presenting her view of GLOBEC’s work on food web processes in marine ecosystems. In two topical presentations Svein Sundby (IMR, Norway) reviewed the impacts of climate / global change in marine ecosystems, while Yasuhiro Yamanaka (Hokkaido University) provided the state of the art in forecasting and predicting marine ecosystem responses to climate change. The session was closed with a presentation by Ian Perry (DFO, Canada) on the human dimensions of global environmental change. The session set the stage for the invited and contributed presentations which followed in all the subsequent sessions. Here we summarise the above presentations. The origins and evolution of GLOBEC Roger P. Harris and Elizabeth Gross The presentation was divided into two parts. In the first part Liz Gross walked us through the process that linked the first GLOBEC planning workshop (Wintergreen, USA, 1988) to the approval of the international GLOBEC Implementation Plan in 1999. Key to this process was the approach of US GLOBEC to SCOR and IOC to develop an international GLOBEC programme, and the workshops that followed in 1992 –1993 to develop the GLOBEC Science Plan, in Ravello, (Italy), Cambridge (UK), Paris (France), Lowestoft (UK), Norfolk (USA) and Villefranche - sur - Mer (France). As a result of these meetings a first draft of the Elizabeth Gross (SCOR) giving the opening presentation for Session 2 on the origins and evolution of GLOBEC.



Science Plan was presented to the sponsors in 1994, and on its basis GLOBEC was accepted as a core project of the IGBP, SCOR and IOC in 1995. However, two more years were needed before the Science Plan was formally approved, and a further two years for the Implementation Plan to be finalised, formally marking the start of GLOBEC International. In the second part Roger Harris described the implementation process. First, the four Focus Working Groups were established: Retrospective analysis, Process studies, Prediction and modelling, and Feedbacks from ecosystem changes. At the same time four regional programmes were initiated: Small Pelagic fish And Climate Change (SPACC), ICES - GLOBEC Cod and Climate Change (CCC), PICES-GLOBEC Climate Change and Carrying Capacity (CCCC) and Southern Ocean GLOBEC (SO) – later on three further regional programmes were constituted: Climate Impacts on Oceanic Top Predators (CLIOTOP), Ecosystem Studies of Sub - Arctic Seas (ESSAS), and in collaboration with IMBER, the Integrated Climate and Ecosystem Dynamics in the Southern Ocean (ICED). A number of national and multi-national activities were also established. The global implementation of the programme is reflected in the location of the 14 meetings of the Scientific Steering Committee, which includes Canada, China, France, Italy, Japan, Namibia, Peru, South Africa, Spain, UK and USA, the exhaustive list of workshops and science meetings, and the > 3,100 papers produced, > 26 special journal issues and at least three major books. He concluded noting that GLOBEC continues to evolve, and that the platform for integration and synthesis that culminated in this OSM will be used to pass on some of the outstanding science to be developed further by the IMBER project. Physical - biological coupling in marine ecosystems Eileen Hofmann, Francisco Werner and Eugene J. Murphy Eileen Hofmann took the stage to look at the paradigm shifts that had taken place in the science area of physical - biological coupling during the life of GLOBEC, with a particular emphasis on recruitment processes and food web structures. Before GLOBEC physical and biological oceanography were essentially separate disciplines, limiting our ability to attribute causes, effects and mechanisms. Most studies were restricted geographically and temporally, and decadal and longer time variability were largely unrecognised. It is in this context that the GLOBEC challenge of understanding the dependence of population dynamics on the physical structure of the ocean and the links to ecosystem dynamics was developed. We now strongly recognise that ecosystems operate in a space and time continuum, affected by both direct and indirect forces. We have learned that ecosystem structure varies depending on the scale of observation, and that the processes affecting even a single species are scale - dependent. Because species have optimal environmental windows at different scales, changes in abundance over time because of environmental variability
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In a presentation that built on many of the principles outlined by the previous two speakers, Svein Sundby reflected on the environmental processes that operate at the population versus individual level, and how these processes differentially impact marine ecosystems, from phytoplankton to sea birds and mammals. A strong message through Sundby’s presentation was the recognition of the differences between interannual, decadal, and multidecadal patterns of climate variability, and their interactions with the longer term climate change signal. Focusing particularly on North Atlantic processes he noted the importance of decadal climate signals, and concluded that this signal is linked to the interaction between
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Svein Sundby at the podium.
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Coleen Moloney answering questions on her presentation “Food web processes in marine ecosystems”.
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In this lecture Coleen Moloney introduced the lessons learned during GLOBEC regarding marine food web structure and dynamics. Her lecture was based on six powerful messages, simple in their formulation and yet profound in their consequences. First she argued that food webs are special, in the sense that they complex and variable, interconnecting species, size and age classes. Their complexity has forced us



Impacts of climate / global change Svein Sundby
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Food web processes in marine ecosystems Coleen Moloney



to reduce the number of interactions considered in our models compared to the initial representations of food webs by Hardy et al. (1924). Second, she brought attention to the importance of processes at the population level in determining the functioning of food webs. Key species in different regions develop at different times, behave in different ways and show remarkable flexibility in their patterns of growth and reproduction. As a result, the functioning of ecosystems is more complex that one might conclude from species composition alone. In her third message Dr Moloney remarked on the successful use of long time series in GLOBEC to identify patterns of change, such as global warming. The effects of these changes in particular on ecosystem structure have consequences that cascade through the entire marine food web, but the cascading process is still poorly understood. Her fourth message was that we have learned that food webs change, and that the changes are scale - dependent, for example as a result of particular regime shifts. This point resonated with Dr Hofmann’s comments on the modelling of alternative marine food web structures. Her fifth message recognised the work done through GLOBEC in identifying patterns of control of marine food webs (e.g. top-down, bottom - up, wasp - waist), how these vary between regions and with time. Her final point was a strong argument to look for ways of understanding marine food webs from end to end, as a way of linking conservation objectives and management needs. She concluded that for this to succeed we require innovative ways of dealing with the complexity of marine food webs, so that food web dynamics can be forecast.
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are to be expected, leading to alternative marine food web structures. This argument has important implications for production and maintenance of predator species, challenging the pre - GLOBEC concept that ecosystems varied randomly around some fairly constant equilibrium. The paradigm shifts have led to a number of hypotheses to understand physical - biological interactions, for example regarding recruitment success: match - mismatch, optimal environmental window, turbulent encounter rate, stable ocean, member vagrant, ocean triad, etc., developed and elaborated around GLOBEC field and modelling programmes. Modelling has been central to GLOBEC, building on increasingly realistic circulation models, integration of individual - based models to determine transport pathways, residence times and growth controls. GLOBEC work has improved the identification of spawning areas, recruitment regions, and the quantification of population connectivity at all scales. GLOBEC’s approach was linked to the concept of ecosystem “target species” and this was reflected in the preferred modelling strategy. In these models process complexity and detail decrease as we move away from the target species. In recent years GLOBEC modelling evolved to include humans as part of the marine food web, something quite unthinkable before GLOBEC. In the last section of her presentation Dr Hofmann highlighted the challenges of a post - GLOBEC world: to provide meaningful forecasts and projections of marine population variability and response to climate change and human impacts, and to link coastal, basin - scale and global models through adequate scaling of physical - biological models.
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 atmospheric and oceanic circulation. He reviewed recent work on the use of bioclimatic envelopes of temperature tolerance to predict the distribution and abundance of key species, but noted that even a single species has different tolerances in different habitats. Using Atlantic cod and Calanus finmarchicus as examples he elaborated on the idea that temperature change may in fact be a proxy for advection, thus explaining variable species’ responses to temperature in different ecosystems. Continuing on the theme of temperature as both a driver and a proxy for change, he demonstrated that temperature influences primary production in high- latitude marine ecosystems, but that wind - speed is more important in upwelling regions. Regarding secondary and tertiary producers, he noted that temperature change is already causing latitudinal displacements, and that these are causing fundamental shifts in the structure of the marine communities. He concluded by illustrating conceptually the differential impact caused by a temperature change as a function of the level of interaction between two populations, echoing some of the food web complexities introduced by Dr Moloney. Future projecting marine ecosystem responses to climate change Yasuhiro Yamanaka Yasuhiro Yamanaka started by showing how to simplify the complex food web introduced in Dr Moloney’s talk into ecosystem functional groups, and how this approach allowed the development of key models such as NEMURO, which have been the cornerstone of much of GLOBEC’s ecosystem understanding and predictive work. He reviewed recent developments regarding our current ability to model, in hindcast mode, the interactions between climate, ecosystems and fish resources. Moving on to forecasts, he described the differences between one - way and two - way approaches and how both are used to link from climate to fish, and the opportunities that the different modelling structures provide to ask different ecological questions. For the remainder of his presentation Dr Yamanaka focused on his team’s ground breaking work in Japan, looking at the ability to predict regional-scale changes in circulation, sea surface temperature, mixed layer depth, nutrient concentrations, phytoplankton production, composition and seasonality in response to specific rates of atmospheric carbon dioxide emissions. He then presented preliminary results for specific fish species of projections of climate changes. In particular, he showed the impacts of specific atmospheric carbon emissions on the mean weight and geographical distribution of Japanese sardine, based on changes in the functioning of the marine ecosystem, including changes in circulation, water column structure, and biological structure and functioning. The work presented defines the state of the art in approaches to ecosystem prediction through modelling. He concluded by outlying the next steps in our quest: a) to consider two - way coupling of ecosystem and fish components rather than one-way coupling, b) improving descriptions of processes at the cellular level, c) assimilating observations in models to improve forecasting accuracy and, of course, d) increasing the resolution of the models to increase the applications of the patterns observed.



The human dimensions of global environmental change in marine systems R. Ian Perry, Manuel Barange and Rosemary Ommer



R. Ian Perry, OSM co-convenor and session co-chair.



Closing this session Ian Perry and co - authors argued that humans are intrinsic components of marine ecosystems, an idea encapsulated in the concept of “coupled marine social-ecological systems”, where the delineation between social and ecological systems is artificial given the strong two - way feedbacks observed. He then compared the dynamics of human and biophysical subsystems with regards to their drivers and, particularly, their interactions (e.g. fishing and climate). He demonstrated how these interactions are scale dependent. This led him to introduce local versus global drivers of change, and how the scale of any analysis of social - ecological systems needs to be consistent between the human and the biophysical subsystem. He introduced global environmental change (GEC) as causing unexpected impacts on marine ecosystems, which are often called “surprises” and “crises” when they affect humans. To understand these crises, and given that human responses can exacerbate as well as mitigate these “crises”, we need to bring concepts such as vulnerability and adaptive capacity into our research discourse. The responses of the biophysical and human subsystems to global environmental change can be both short term (coping strategies) and long term (adaptive strategies). Dr Perry then described that GEC is likely to compromise the ability of biophysical and human subsystems to use short - term strategies, and discussed the problems that having only long - term strategies available would cause. In conclusion he reflected that human responses can improve or worsen changes in biophysical systems, and that the overall the magnitude of environmental change may be less important than how societies respond to this change. Management and policy measures for adapting marine social- ecological systems to global change were outlined. The session was a powerful reminder of how far GLOBEC has developed since its implementation. Ecological paradigms were shifted, process understanding has evolved significantly, prediction capability is starting to become operational in some regions, and the role of humans has been re - defined and embedded in our research. Attendees remarked on the volume and significance of GLOBEC’s achievements, and the session set the stage for the rest of the symposium.
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Session 3: Ecosystem structure and functioning Salvador E. Lluch-Cota1 and George L. Hunt, Jr.2 1 CIBNOR, La Paz, BCS, Mexico ([email protected]) 2 University of Washington, Seattle, WA, USA ([email protected])
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Antarctic ecosystems were the focus of two other papers, one on the effects of food web structure on mesopelagic fish by Dr. Evengy Pakhomov (Preliminary investigation of the mesopelagic food webs in the tropics and Antarctic using stable isotope analyses) and another by Dr. Eugene Murphy and co - authors (Variability and change in Southern Ocean ecosystems) who discussed how Southern Ocean ecosystems have responded by considering past and present influences on their structure and function. Dr. Pakhomov and co - authors used the differences in the food web structure and carbon cycling between two very different ecological regions, tropics and the Antarctic to understand the role of these organisms in ecosystem function. Among other findings, they showed preliminary results that indicate that the tropical mesopelagic community is more diverse as compared to the Antarctic community. Dr. Murphy used the comparative approach to highlight the complex physical - biological interactions at a range of temporal and spatial scales (including lag effects) that generate direct and indirect responses in Antarctic marine ecosystems.
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A number of papers focused on Antarctic systems also picked up the theme of the critical role played by zooplankton. Dr. Angus Atkinson and co - authors (Seasonal and regional importance of copepods, protozoans, diatoms and sediment as alternative food items for Antarctic krill) used combined stomach content analysis and fatty acid biomarkers (in krill stomachs and tissue) to examine feeding behaviour and alternative food sources of krill. This analysis showed that sediment or benthic feeding, rather than being occasional, is a major component of krill biology since it occurs commonly, year - round and in a variety of habitats. The presentation of Dr. Katrin Schmidt and co - authors (Regional differences in overwintering of Antarctic krill, Euphausia superba) analysed the feeding ecology of krill in winter in three habitats differing in latitude, ice coverage and water depth (Lazarev Sea, Bransfield Strait and South Georgia). The results showed that adult krill might use different overwintering strategies according to their habitat: feeding activities can be high even in winter and seem to depend not only on light levels but also on the availability of suitable food. Krill ecology was also the subject of Dr. Stephen Nicol’s presentation (Can the ecology of krill be described simply?) who examined recent information that has changed some of the paradigms of krill biology. He also outlined some areas of research that are necessary to arrive at a holistic view of krill ecology. These three papers showed not only how much GLOBEC has contributed to our understanding of the biology of krill, but also how careful examination of what we have thought of as a well - known species can be rewarded with surprising and important discoveries.
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Three talks addressed the effects of climate variability on the zooplankton of the California Current System and ecosystem responses to the resulting bottom-up changes. Dr. Mark Ohman presented an invited talk (Climate signals in the California Current holozooplankton: resolving the “invisible present”) that focused on climate - scale influences on the California Current pelagic ecosystem. For this, he analysed the CalCOFI holozooplankton record and related changes in the zooplankton to changes in a variety of physical variables over the past six decades. Dr Ohman placed special emphasis on the “invisible present”, including slowly moving environmental changes and those with time lags that can have a strong structuring influence on ecosystems, but generally remain invisible to the typical short- term research programmes. Some environmental changes have been rather fast moving, and Dr. Jay O. Peterson and co - authors (Hypoxia in the northern California Current: interannual variability and influence on copepod recruitment) showed that over the last ten years, hypoxic bottom waters along the shelf of Oregon and Washington have been increasing. This hypoxia may be negatively impacting copepod (Calanus marshallae) recruitment in the northern California Current ecosystem. This result is quite important as this copepod species is a major prey of both fish and seabirds. Following this theme, Dr. David Ainley and David Hyrenbach (Top - down and bottom-up factors affecting seabird population trends in the California Current System: 1985 – 2006) presented an analysis of 20 years of data that document how changing environmental conditions have affected seabird population trends in the central portion of the California Current System (CCS). They showed evidence that declining primary production rates and zooplankton stocks resulted in a decreasing carrying capacity for seabird populations in the CCS. Additionally, they suggested that the increasing populations of the previously



exploited baleen whales in the central CCS could further impact the seabirds there by competing for zooplankton prey.
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The understanding and prediction of the effects of climate variation and climate change on marine ecosystems, and their ability to support sustainable fisheries, require that we understand how components of ecosystems are linked. Additionally, it is necessary to know how individual elements respond to climate variability and how these responses affect the linkages between ecosystem components. To this end, Plenary Session 3 (co-chaired by Yasunori Sakurai, George Hunt, Qisheng Tang and Salvador Lluch - Cota) included talks covering descriptions of observed responses of populations and ecosystems to climate variations and other forcing. Fifteen oral talks were delivered by scientists from eight countries, covering different trophic levels (from plankton to top predators), ecosystems, regions, and climate - scale influences. Eight of the talks focused on zooplankton, four on fish, one on seabirds and two on ecosystems as a whole, though several papers dealt with multiple trophic levels and the sensitivity of their interactions to climate variability.
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 The marine ecosystems of the North Atlantic Ocean and Baltic Sea were represented by four papers. Dr. Ebru Unal and co - authors (Testing the three - gyre hypothesis: basin - scale population genetic structure of Calanus finmarchicus in the North Atlantic Ocean) took an ocean - basin scale view of the population genetic structure and genetic diversity of the copepod C. finmarchicus, the dominant copepod in many North Atlantic ecosystems. Preliminary results indicated significant genetic heterogeneity among the populations of this copepod that occupy the three gyres in the North Atlantic Ocean. The three other papers examined bottom - up and top - down forcing of fish populations in the Baltic, the North Sea, and the Gulf of Maine. Dr. Christian Moellmann and co - authors (Climate - induced synchronous regime shifts along environmental and diversity gradients in Baltic Sea sub - systems) assessed changes in the structure and function of the Baltic Sea ecosystem and evaluated the relative effects of the different external forcing factors. A meta - analytic approach (principal component and regime shift analyses as well as generalised additive models using large datasets of hydro - climatic, nutrient, phyto - zooplankton and fisheries variables) was applied to study the importance of global (i.e. climatic) relative to local (e.g. fisheries and eutrophication) forcing factors. Dr. Jeffrey Runge and co -authors (Bottoms up: potential effects of environmental forcing on apex predators in the Gulf of Maine) focused on the influence of oceanographic shifts (rapid change in temperature, salinity, primary and secondary productivity) on the somatic condition of northern Atlantic bluefin tuna. Medium and giant size classes of this species experienced a 5 –25% decline in summer body weight between the mid - 1980s and the mid - 1990s. Such reductions in key energy stores have the potential to severely alter migration and reproductive patterns of highly mobile species, and highlight the importance of understanding and incorporating the effect of bottom up forcing in fisheries management. Representing the North Sea, Dr. Geir Ottersen and co - authors (Spawning stock and recruitment relationship in North Sea cod shaped by food and climate) employed a novel approach to assess the recruitment problem of the North Sea cod (Gadus morhua) stock. The results presented showed that a model combining the Ricker and Beverton - Holt stock - recruitment models had considerably more explanatory power than either of the two in isolation. In essence, food availability (zooplankton) determines which model applies. Examination of zooplankton in the Yellow Sea and the northeastern North Pacific showed the importance of different size classes of zooplankton. Dr. Wuchang Zhang (Paired standard and size fractionated dilution incubations in the southern Yellow Sea) presented some experiments with paired standard and size - fractionated dilution incubations of waters from 10 m depth in three stations with different trophic status in southern Yellow Sea. The results suggested that microzooplankton > 20 μm were important grazers of the community, and that removing them from the experiments would result in higher phytoplankton net growth rates. In



Nearly forty posters were displayed at the ecosystem structure, function and forcing poster session.



the Gulf of Alaska. Dr. Suzanne Strom and co - authors (Oceanographic conditions and lower trophic level responses leading to variable pink salmon recruitment in the coastal Gulf of Alaska) investigated the how primary production and the structure of the planktonic food web affected the recruitment success of pink salmon. The results showed that food availability for juvenile salmon in the summer is linked to both spring and summer conditions, and is related to physical processes that drive large - scale movements of water masses on the shelf. Most interesting was the finding that the high primary and secondary production did not guarantee strong recruitment by pink salmon. Most important was the quality of the phytoplankton and the abundance of large species of zooplankton. The effects of climate - driven regime shifts on a tropical system was the subject of Dr. Maria Gasalla (Six decades of change in the South Brazil Bight fishery ecosystem). She discussed major changes in the South Brazil Bight that have been affected by natural, human and management systems during recent decades, with a particular emphasis on fisheries. Fishery - dependent and independent data showed shifts in fish communities, species composition, trophic levels, and individual mean lengths. As a whole, Session 3 provided excellent examples of how climate variability, as well as human activities, have influenced the structure, function and productivity of diverse marine ecosystems. The value of time series was evident throughout, as was the potential for comparative studies to provide insights as to critical linkages in marine ecosystems. From the results presented, it was clear that the GLOBEC approach has been successful. Nevertheless, we have a great deal of additional work ahead of us before we will be able to predict the potential effects of global change. The session chairs wish to thank the presenters of both the oral and poster presentations for a most stimulating session, and the GLOBEC IPO for organising and hosting a most enjoyable meeting.
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Session 4: Ecosystem observation, modelling and prediction Hal Batchelder1, Roger Harris2 and Dale Haidvogel3 1 Oregon State University, Corvallis, OR, USA ([email protected]) 2 Plymouth Marine Laboratory, Plymouth, UK 3 Rutgers University New Brunswick, NJ, USA
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Modelling: A wide range of modelling approaches, some combining observations, were presented in the session. Olivier Maury gave a talk on “Size - structured energy fluxes through global pelagic ecosystems: seasonal, inter - annual and decadal variability in the three oceans”. The work involved the use the Apex Predator ECOSystem Model (APECOSM), which is currently being developed in the framework of the CLIOTOP synthesis and modelling working group, to study the propagation of environmental variability through size-structured pelagic communities in the global ocean. His talk focused on the component of APECOSM which represents energy fluxes through open ocean pelagic communities with three coupled size - structured partial differential equations in five dimensions (3D space, time and organism weight). The epipelagic, mesopelagic migratory and mesopelagic non - migratory communities were explicitly distinguished, and included various levels of biodiversity. “Integrating data, fieldwork, and models into an ecosystem - level synthesis: the modelling challenge of the Bering Ecosystem Study/Bering Sea Integrated Research Program” was the title of the presentation by Kerim Aydin and colleagues. The Bering Ecosystem Study / Bering Sea Integrated Research Program is unique in its approach to integrating data, fieldwork with modelling efforts throughout all years of the project. The talk provided preliminary results from a multispecies bioenergetics model for forage and predatory fish species, coupled to a circulation and lower trophic level model for the northeast Pacific. Finally, the authors discussed the challenge of providing immediate feedback between field researchers and modellers as well as ultimately improving understanding of the long - term (20 – 50 year) outlook for the Bering Sea ecosystem. From the US GLOBEC Georges Bank programme Rubao Ji and colleagues gave a presentation entitled “Modelling spatio - temporal distributional patterns of copepod populations in the Gulf of Maine - Georges Bank region”. This study used a coupled biological - physical model to examine the processes controlling the observed distributional patterns of three representative copepod populations – Pseudocalanus spp., Centropages typicus, and Centropages hamatus – in the Gulf of Maine - Georges Bank region. Analyses of observational data and model results suggested that temperature and food
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Ecosystem observation: The session began with a presentation by Dave Mackas and Sonia Batten, “ Perspectives on a decade of change in the Alaska Gyre: a comparison of two deep ocean zooplankton time series”. Results from one of the earliest and longest open - ocean zooplankton time series, Ocean Weather Station P, were reviewed. There are cool and warm periods in the Alaska Gyre time series, each with characteristic anomalies in zooplankton community composition and phenology. Observational studies as part of the Southern Ocean GLOBEC programme were described in a talk presented by Ana Sirovic (co - author John Hildebrand) on, “Using passive acoustics to model blue whale habitat off the Western Antarctic Peninsula”. 2001 and 2002 differed greatly in the extent of sea ice, regions having high chlorophyll and krill and zooplankton densities. Few blue whale calls were recorded in 2001, the year of higher krill and zooplankton densities. Blue whale calls in the study region were positively correlated with depth and SST, and negatively correlated with the mean zooplankton abundance from 101 – 300 m and the mean krill biomass in the top 100 m. The negative correlation between whale calls and zooplankton could occur if feeding animals do not produce calls. Also in the Antarctic, a presentation on “Antarctic sea ice: measuring habitat complexity and seasonal and regional variability in habitat use for minke whales” was given by Marcia Garcia Rojas. Minke whales are found in association with sea ice in the Antarctic year round, often occurring hundreds of kilometres into the pack. A comprehensive sea ice classification system was integrated with a cetacean sighting survey regime to describe habitat on a series of studies across three regions of the Antarctic. Work in the Northern California Current off Oregon and Washington was described by James Ruzicka and colleagues in a talk on “Inter - annual variability in the Northern California Current food web structure: revealing trophic pressures upon juvenile salmon”. This system is a seasonally productive and open ecosystem, which is home to both a diverse endemic community and to seasonally transient species migrating mostly from the south. Community composition was synthesized into a series of independent, mass - balanced food web models from which interannual changes in bottom - up and top - down pressures acting upon juvenile coho salmon and juvenile Chinook salmon



were quantified and food web structure was compared for three consecutive, but contrasting years. Shin-ichi Ito and co-authors described a method for tuning a subset of the parameters in the NEMURO (North Pacific Ecosystem Model Understanding for Regional Oceanography) model in the Oyashio in their presentation on “Lower - trophic - ecosystem monitoring in the Oyashio region and application of an automated approach for calibrating the NEMURO nutrient - phytoplankton - zooplankton food web model in the Oyashio region”. Parameter estimates obtained from the automated tuning process provided better agreement of the model with satellite estimated chlorophyll in the NW Pacific.
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GLOBEC promoted a new approach to research on marine ecosystem dynamics. This involved the close coupling of ecosystem observation, through innovative sampling and observation systems, with a new generation of coupled physical - biological models. This session of 14 talks provided a variety of examples of the outcome of this approach, particularly from the GLOBEC National and Regional Programmes. The session demonstrated that through the combination of ecosystem observation and modelling significant progress has been made in linking marine population variability to climate change, making prediction of ecosystem response a practical goal.
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The lecture hall was packed for the plenary sessions.



dependent egg production and development rates, temporally and spatially varying mortality rate, and physical transport and biological behaviours are all important controls on the characteristic seasonal and spatial patterns of the copepod populations in the system. Another talk on application of the NEMURO model was presented by Naoki Yoshie. This was entitled, “Dynamics of lower trophic level ecosystems in five ecological regions in the western North Pacific simulated by an ecosystem model eNEMURO”. eNEMURO is a plankton functional types model (3N – 4P – 4Z – 4D), which is an extended version of NEMURO, a standard lower - trophic - level marine ecosystem model developed within PICES for temperature and subarctic regions. Extensions to NEMURO are inclusion of a microbial food web, additional phytoplankton functional groups, and new temperature dependencies that enable better modelling of subtropical regions. The model successfully reproduced the seasonal variations of the biomasses of total - phytoplankton and mesozooplankton and the concentrations of nitrate in all regions, although the concentrations of silicic acid were slightly overestimated. The comparison of plankton community structures between the model and observation showed underestimation of picophytoplankton and overestimation of nanophytoplankton and macrozooplankton in all regions. “Operational larval drift modelling in the northeast North Atlantic” was the subject of the talk by Frode Vikebo and colleagues focusing on an operational product quantifying the real - time distribution of larval Norwegian spring spawning herring and northeast Arctic cod particularly in relation to potential oil-spill pollution risks. Eleuterio Yanez and colleagues presented a talk on “Anchovy (Engraulis ringens) and sardine (Sardinops sagax) landings forecast off northern Chile: a multivariate neural networks ecosystemic approach”. They evaluated the performance of artificial neural networks to forecast monthly anchovy (Engraulis ringens) and sardine (Sardinops sagax) catches in northern Chile (18°21’S – 24°S), using environmental variables, and anchovy and sardine catches between 1963 and 2007. The strong correlation between estimated and observed sardine catches suggests that the models captured the trend of the historical data. Prediction: A number of talks in the session addressed the GLOBEC goal of ecosystem prediction. Marcos Llope and co - authors gave a talk on “Predicting regime shifts under different scenarios in the Black Sea”. Threshold Generalised Additive Models (tGAM) were used in this study to investigate



the dynamic structure of the food web of the Black Sea ecological system. Conclusions were that in some periods and for certain trophic levels the type of trophic regulation could shift to the alternative (e.g. top - down to bottom - up) under slightly different conditions, while other periods and / or trophic levels were very stable to any external forcing. This novel approach can help to explore the effects that possible future scenarios could have on the type and strength of trophic links in the marine system. Prediction of the future state of the Bering Sea ecosystem was the subject of the presentation by Thomas Wilderbuer and colleagues, “An application of estimating the future productivity of Bering Sea northern rock sole from statistical downscaled IPCC models”. Downscaled estimates of future springtime wind direction from IPCC models were used to estimate the impacts of climate change on cross - shelf transport of northern rock sole (Lepidopsetta polyzystra) larvae in the Bering Sea. The ensemble forecast model results showed that climate change may result in a modest mean increase in the frequency of strong year classes of northern rock sole through 2050. Anne Hollowed gave an account of “A global initiative to forecast climate change impacts on fish and shellfish”. Quantitative forecasts of the potential impact of climate change impacts on marine ecosystems are needed to provide ecologists, commercial stakeholders, and natural resource managers with the best available information for decision making. In response to this need, interdisciplinary research teams have been formed to develop ecological models to quantify climate change impacts on fish and fisheries throughout the world. To facilitate the advancement of this critical research, ICES and PICES formed the working group on Forecasting Climate Change Impacts on Fish and Shellfish (WG - FCCIFS). This group is synthesizing and modelling approaches that are typically applied to evaluate the impacts of climate change on fish and shellfish resources, including statistical downscaling, dynamical downscaling on regional scales and dynamic global models were. Goals are to better understand the mechanisms underlying fish responses to climate forcing, and to identify key sources of uncertainty that limit prediction value. In addition to the oral presentations the session also had an excellent poster session. Thirty - five posters were presented on topics ranging from “Biomass fluxes and biomass spectra in an ecosystem model”, “Diel - vertical migration behaviour of Euphausia pacifica in a dynamic coastal upwelling environment: 2D modelling at the Oregon coast”, and “Marine ecosystem models: strategies, applications, and future directions” to “Is prey abundance important for growth and survival in larval cod?”. The posters were of a high standard and provoked active discussion. The convenors selected the poster entitled “Modelling the circumpolar distribution of Antarctic krill”, by Dr Sally Thorpe of the British Antarctic Survey, as the recipient of the best poster award for session 4. Congratulations Sally. Overall the session gave a good representation of the range of GLOBEC work on ecosystem observation, modelling and prediction. The impressive contribution of the GLOBEC programme to these key aspects of marine ecosystem research was evident to all those who participated both in the oral and poster sessions.



26



Session 6: Ecosystem approach to management Dave Checkley1, Keith Brander2 and Astrid Jarre3 1 Scripps Institution of Oceanography, La Jolla, CA, USA ([email protected]) 2 DTU Aqua - Danish Institute of Aquatic Resources, Copenhagen, Denmark 3 Marine Research Institute, University of Cape Town, Cape Town, South Africa Austevoll) gave an animated report history and critique of ecosystem - based management. Elizabeth Fulton (CSIRO, Hobart) et al. emphasised that there is no single, silver bullet in fisheries management but, conversely, the need for a diversity of ever - evolving solutions across systems. Elizabeth Turner (NOAA, Durham, New Hampshire) discussed the transition of GLOBEC results to application, citing fisheries management, ocean observing systems, and operational fisheries management. Eight excellent posters were presented. The two student - led posters to receive prizes were by Mike Smith (UCT) et al., on the use of frame - based models of regime shifts in the Southern Benguela, and Mali Skogen (University of Oslo), on density dependent and independent population dynamics of blue whiting.



Wendy Broadgate1 and Olivier Maury2 1 International Geosphere-Biosphere Programme, Stockholm, Sweden ([email protected]) 2 IRD, Sète, France ([email protected]) perspectives on what the future of marine ecosystem science holds: an outsider’s view from Ken Denman, a long - term view from John Steele and a view from within IMBER given by Julie Hall, its chair. Ken Denman (Fisheries and Oceans, Canada) focused on the rapid climate changes that are occurring and the realisation that things seem to be moving much faster than models predicted. He commented, “The future is rushing to meet us, and the changes to fisheries ecosystems are not likely to be incremental.” Showing the faster-than-predicted decline in Arctic sea ice, he called for the development of comprehensive climate models, including food webs, which could explore the food web ramifications of an ice - free Arctic Ocean.
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Wendy Broadgate, co-chair S7.



We need to explore new metabolic pathways, thresholds and surprises, ocean acidification and new microbial groups such as Archaea. These emerging issues were identified by John Field in the session “into the future”. John leads the team re c o m m e n d i n g s c i e n t i f i c additions to the Integrated Marine Biogeochemistry and Ecosystem Research (IMBER) project on the conclusion of GLOBEC. Three other speakers provided different
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Session 7: Marine ecosystem science: into the future
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Common threads throughout the session included the complementary effects of fishing and climate change on ecosystems; the use of indicators of ecosystem status, hence change, and the need to develop management support tools; the importance of human dimensions of ecosystems and end-to-end modelling; the need to study multiple, diverse systems (e.g. from artisanal to industrial fisheries) which, in turn, require, a diversity of models and management types; and the need for holistic and participatory management. Perhaps the single most evident point was the need to include humans as part of marine ecosystems. In this respect, the challenge may have shifted from melding what Warren Wooster once termed immiscible investigators, “oceanographers, meteorologists, and fishery scientists,” to melding natural, social, and fishery scientists in pursuit of an ecosystem approach to management.
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GLOBEC OSM Session 6, “Ecosystem Approach to Management,” focused on the use of indicators and models to resolve the effects of fishing and the environment on fisheries for use in management. Lynne Shannon (University of Cape Town) et al., in the invited keynote talk, provided a comprehensive overview, describing in - depth studies over multiple time scales of the use of indicators in management of South African fisheries. Knowledge - based systems and human dimensions were stressed. Astrid Jarre (UCT) et al. followed with a discussion of frame - based models and expert systems as decision support tools, emphasising the need to consider conflicting interests and uncertainties in holistic and participatory management. Jason Link (NOAA Fisheries Service, Woods Hole) et al. used indicators to compare 19 ecosystems and concluded that major ecosystem changes were due primarily to fisheries and human dimension factors and secondarily to the environment. Alida Bundy (Bedford Institute of Oceanography) et al. used six indicators to classify 19 ecosystems observed for 15 –44 years as improving, stationary, or deteriorating. Dian Gifford (University of Rhode Island) et al. constructed an end-to-end budget for the plankton and benthos production available to three guilds of predators on Georges Bank under a range of climate and human disturbance. Three different metrics of ecosystem production were maximum species yield, food - web based yield, and species diversity based yield. Cameron Ainsworth (NOAA Fisheries Service, Seattle) et al. used the spatially explicit Atlantis model with a wide variety of inputs to test ecosystem - based management strategies involving artisanal fisheries and rare and endangered species. Howard Browman (Institute of Marine Science,
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Figure 2. Regional programmes mapped onto the globe.



Ocean acidification was a recurring theme throughout the session. The consequences of marine ecosystems are largely unknown. For example, pteropods, marine snails with an aragonite shell, are a food source for juvenile North Pacific salmon as well as mackerel, herring and cod (Fig. 1). What are the consequences of depleted populations of pteropods for ocean ecosystems? What are the economic implications for commercial fisheries and the effects on the human communities that depend on them? Ken praised GLOBEC for its many scientific accomplishments, but above all, for creating a global network of scientists outside national organisations, where fisheries ecosystems can be studied free from the self - interests of individual nations. Having been involved in the development of GLOBEC and a number of other major international programmes, John Steele (Woods Hole Oceanographic Institute) gave his views on the essential features – beyond the scientific challenges – of a successful programme: a disciplinary basis for priorities, an integrated approach to the agencies and optimism about funding. He commended GLOBEC on its successes and noted that perhaps the most important overall achievement was in demonstrating the general significance of the direct relations between physical dynamics, plankton and pelagic fish populations. But he felt the central theme, global ecosystem dynamics, still remains a challenge: how can marine ecologists establish global generalisations about the dynamics of ecosystems under a wide range of habitats and forcings? Whist the application of GLOBEC work has often been on the relatively short - term variations in recruitment of larval fish to the adult stocks, John suggested that the longer term, evolutionary implications are of greater significance as we try to predict the implications of gradual climatic trends. The challenges of global changes – climate change, ocean acidification, over - fishing, loss of diversity, pollution, overpopulation in the coastal zone – remain driving concerns for the future of marine research. However, the biggest challenge in creating an end-to-end approach to food web analysis may be in persuading biogeochemists, fisheries ecologists and managers to work together. John illustrated that viewing humans – their actions and decisions – as integral to marine systems needs to be recognised in future programmes as it was in GLOBEC.



John Field (University of Cape Town) summarised the conclusions of the Transition Task Team, which he chairs. The team was appointed by the sponsors of IMBER–the Scientific Committee on Oceanic Research and the International Geosphere-Biosphere Programme–to recommend how the second phase of IMBER should proceed to accommodate new scientific developments that need addressing on the completion of GLOBEC. John argued that with accelerating global change the urgency of achieving the IMBER vision and goal is even more apparent than when IMBER was launched five years ago. The team recommend that IMBER give priority to regional research programmes, comparative studies within and across these programmes and to a number of emerging scientific issues introduced at the start of this article. New emphasis is needed on integrating human dimensions into marine research. He illustrated how innovative technologies such as satellite telemetry, electronic tags, acoustics, biomarkers, molecular techniques and in situ molecular probes need to be encompassed by IMBER and encouraged the development of molecular and genomic techniques. The final talk in the session was given by Julie Hall (National Institute of Water and Atmosphere, New Zealand and chair of IMBER), who described the ten - year project which was launched in 2004. The goal of IMBER is to investigate the sensitivity of marine biogeochemical cycles and ecosystems to global change, on time scales ranging from years to decades. Julie described the various themes of IMBER and its structure, including working groups on end - to - end food webs, carbon, continental margins, data management and capacity building and a number of regional activities. Julie described how IMBER is being implemented through ongoing integration and synthesis, particularly comparative studies within and between regions. IMBER are responding to the preliminary results of the Transition Task Team and putting emphasis on ocean acidification and human dimensions. Julie invited the GLOBEC community and regional programmes to consider joining IMBER to address the integrated goals of biogeochemical cycles and ecosystems. The final 30 minutes was inadequate for ample discussion on the future of marine ecosystem science and its funding, the uncertainties of climatic predictions and surprises to come. But it was enjoyable and informative and we thank the convenors for inviting us to chair this session.
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Photographs from the 3rd GLOBEC OSM



Manuel Barange and Stephen de Mora



Arielle Kobryn and Cherisse Du Preez



OSM participants viewing the GLOBEC Wall of Fame
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The GLOBEC OSM banquet, Hotel Grand Pacific, Victoria, BC, Canada
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PICES and GLOBEC staff. Left to right: Christina Chiu, Lotty Dunbar, Milly Hatton-Brown, Dawn Ashby, Julie Morgan (SO GLOBEC) and Julia Yazvenko
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Raghu Murtugudde
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Antony Starfield and John Field at the welcome reception



Food station at the Royal British Columbia Museum
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Salvador Lluch-Cota, Alex Bychkov and Daniel Lluch-Belda



OSM banquet at the Hotel Grand Pacific



The Ephemeral Trio



Michio Kishi



Welcome reception at the museum



Jason Link



Shin-ichi Ito and Bill Peterson



Inside the Victoria Conference Centre
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Ken Drinkwater



Roger Harris and Manuel Barange
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Laura Richards speaking at the opening ceremony of the conference
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Workshop D: Krill biology and ecology in the world’s oceans



Food station at the welcome reception
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Evelyn and John Steele and Chris Reid



Carl van der Lingen, Enrique Curchitser and Dave Checkley
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Welcome reception at the Royal British Columbia Museum



OSM participants studying recent publications
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Workshop A: Modelling ecosystems and ocean processes: the GLOBEC perspective of the past, present and future Enrique Curchister1, Alejandro Gallego2, Michio Kishi3 and Emanuele Di Lorenzo4 1 Rutgers University, New Brunswick, NJ, USA ([email protected]) 2 Marine Laboratory Aberdeen, Marine Scotland, Aberdeen, UK 3 Hokkaido University, Sapporo, Hokkaido, Japan 4 Georgia Institute of Technology, Atlanta, GA, USA This two day workshop attracted a considerable interest, with approximately 50 attendees over both days. The general goals of the workshop were to summarise the physical and biological modelling activities during the GLOBEC years and discuss future directions. The workshop was divided into four sub - topics: 1) Physical and biological modelling, 2) Biological and advanced ecosystem models, 3) Frontiers in ecosystem modelling, and 4) Climate change in regional marine ecosystems, although there was some unavoidable overlap between these. Workshop activities included five invited (review) talks (by Francisco Werner, Raghu Murtugudde, Jerome Fiechter, Michael Follows and Kenneth Drinkwater), which introduced individual sub -topics, and over 35 submitted talks, in addition to six posters and a final discussion session. Some of the common themes that emerged from the discussions and some of the presentations focused on 1) end - to - end models, 2) agent - based models, 3) complex food - webs, 4) simple vs. complex ecosystem models, and 5) evolutionary models. The traditional (“classical” or more “advanced”) physicalbiological coupled models, especially NPZD models coupled with three - dimensional physical models, have achieved considerable progress in the study of marine ecosystems. For long-term predictions, like the ecosystem response to climate change, traditional methods using physical-biological coupled models are still useful. Since the 1990s, IBM (Individual Based Models) have been successfully employed to capture much of the physical - biological interaction in marine ecosystems. The IBM approach has also been widely used in modelling zooplankton or larval fish behaviour. However, as it was pointed out during the discussions, the more complex models need more data to assess the degree of realism and more parameters need to be specified. There is ample space for discussion on this matter, but we must recognise that, although advances in computing technology allow us to increase the number of biological compartments or refine the grid in our models, ecosystem models are just “models”, i.e. representations of nature. Nevertheless, as the impacts of climate change become manifest in all components of the earth system, the need for high resolution (metre scale) multi - compartment modelling frameworks for policy and decision - making and adaptive management is very clear. The IPCC - class models continue to enhance their spatial resolutions but participatory decision - making on the ground will always require further improvements in the resolution at which earth system information is provided with its irreducible uncertainties, and will require dynamic and statistical downscaling.
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Figure 1. Example of Chesapeake Bay Earth System Prediction framework. Panels show an example of various stress parameters for the striped bass during a simulation of severe drought in July 1999 (courtesy of R. Murtugudde, University of Maryland, USA).



A prototype implementation of a regional earth system prediction framework was illustrated for the Chesapeake Bay by Raghu Murtugudde (Fig. 1). This forecasting system uses the WRF (Weather Research and Forecasting) regional atmosphere model, NOAH land surface model, ROMS (Regional Ocean Modelling System) ocean model and the SWAT (Soil and Water Assessment Tool) watershed model to generate seasonal predictions and decadal projections for not only meteorological and climatic variables but also for nutrient and sediment loading of streams, pathogens, harmful algal blooms, fisheries, dissolved oxygen, and other ecosystem parameters. An important aspect of this type of regional earth system prediction approach is to recruit users such as city water supply managers, parks and river keepers, and watermen so that the model forecasts are employed in decision - making. This allows quantitative feedbacks from the users that are important to validate, optimise, provide uncertainties, and improve skills and products of the earth system prediction. In the case of the Chesapeake Bay system, an interactive decision - making tool has been developed, such that users can change land use types, crops, urban sprawl, emissions, population, and other variables of interest to track the impacts on air and water quality, health of the coast - estuarine ecosystems, pathogen levels, and other critical system indicators. While the task of validating the output of these systems with data remains an important issue to address, the philosophy is to demonstrate the feasibility of regional earth system prediction and their usefulness in determining the observational data needs.
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Model Prochlorococcus biomass was converted to cell density assuming a quota of 1 fg P cell–1. Black lines indicate isotherms. Source: Follows et al. 2007. Science 315: 1843 – 1846.
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Left column shows observations, right column shows results from a single model integration: (A and B) nitrate (µmol kg–1); (C and D) total Prochlorococcus abundance [log (cells ml–1)]; (E, G and I) distributions of the three most abundant Prochlorococcus ecotypes [log (cells ml–1)] ranked vertically; (F, H and J) the three emergent model ecotypes ranked vertically by abundance.
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Figure 2. Observed and modelled properties along the AMT13 cruise track.
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As a general observation, the Regional Ocean Modelling System (ROMS) emerged as the most widely used physical model for coastal and shelf applications, although results using other physical models were also presented. In the case of NPZD models, there was a wide degree of “regional variability”. The size of NPZD models averages around ten compartments. In most of these models, phytoplankton are divided into two to four compartments, and zooplankton into two to four. The NEMURO model, which was developed by the PICES CCCC (Climate Change and Carrying Capacity) Model Task Team, was one of the more popular NPZD models. One of the topics that came out in the discussion period was that the number of compartments in a biological model is not necessarily a measure of its complexity. A four - compartment model may have more parameters to tune, and thus making it more complex than a ten - compartment model which has simple feedbacks. The question of what is the appropriate level of complexity was widely discussed and in the mind of the organisers will continue to be an important topic in the near future. The workshop was a fitting final presentation of GLOBEC modelling work. We thank the OSM organisers and all workshop attendees and participants and, in particular, we appreciate the interaction with so many GLOBEC friends through these last ten years. The organisers would also like to thank Ivonne Ortiz and Jerome Fiechter for helping with running the workshop.
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Another interesting avenue for future ecosystem modelling was discussed by Jerome Fiechter. The approach involves combining existing ecosystem models with Bayesian Hierarchical Models (BHM). BHM is a unified probabilistic modelling methodology that updates uncertain distributional knowledge about process models and parameters in the presence of multi - platform observations. Summary measures of the resulting “posterior” distributions provide realistic quantitative estimates of central



tendencies and uncertainties. Process model distributions are based on NPZD - type lower trophic level ecosystem models, including NEMURO (North Pacific Ecosystem Model for Understanding Regional Oceanography) specifically developed and parameterised for the North Pacific Ocean. A significant outcome of BHMs will be a quantitative understanding and comparisons of the relative uncertainties of modelled state variables and parameters (e.g. from NPZD or NEMURO), region - by - region across different oceanic ecosystems.
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Other topics of discussion about future progress and model applications included the use of modelling tools to describe species migrations (in regional models), including the spread of ”invasive” species or, in terms of methodology, allowing for shifting parameters/distributions to describe entropy maximisation. An interesting approach based on the self - organising principle of marine ecosystems was presented by Michael Follows, where the marine ecosystems are organised by the relative fitness of the myriad of potentially viable phenotypes in a given environment. With this guiding principle an ocean model is seeded with many tens or hundreds of plausible phytoplankton physiologies, which are then allowed to “self-organise”. Using this approach a familiar pattern of biogeographical provinces naturally emerges in the model with a subset of the initialised organisms ultimately dominating the population of each province. The emergent biogeography is broadly plausible, with pleasing correspondence between observed and model-analog ecotypes of the cyanobacterium Prochlorococcus (Fig. 2). These types of complex model solutions can be understood using established ecological concepts; in particular, it was found that resource competition theory accurately anticipates the characteristics of the modelled subtropical ecosystems. Based on these results it was suggested that such “self-assembling” ecosystem approaches are particularly suitable for modelling the broader food web and will provide preliminary illustrations incorporating heterotrophic microbes and predators in a similar manner.
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Workshop B: Comparisons of processes and climate impacts in sub-Arctic and Antarctic marine ecosystems: observations and modelling approaches Margaret Mary McBride1 ([email protected]), George L. Hunt, Jr.2 and Kenneth Drinkwater1 1 Institute of Marine Research, Bergen, Norway 2 University of Washington, Seattle, WA, USA At the GLOBEC OSM, the GLOBEC regional programmes ICED (Integrating Climate and Ecosystem Dynamics) and ESSAS (Ecosystem Studies of Sub - Arctic Seas) collaborated to convene a two-day workshop on ”Comparison of processes and climate impacts in sub - Arctic and Antarctic marine ecosystems: observations and modelling approaches” where anticipated responses to climate change of marine ecosystems in both regions were considered. Convenors from ICED included Eileen Hofmann (USA), and Eugene Murphy (UK), and from ESSAS, George Hunt (USA), Bernard Megrey (USA), Sei - ichi Saitoh (Japan), and Hyoung - Chul Shin (Korea). Approximately 40 individuals participated in this workshop, and in all, eighteen talks were presented. The workshop combined oral presentations and discussion sessions to give an overview of sub -Arctic and maritime Antarctic marine systems. Presentations included talks on modelling approaches being used in Antarctic and sub - Arctic seas, and observations of climate impacts in these regions. The workshop examined differences between Antarctic and sub - Arctic marine ecosystems, and the processes that create these differences including ecosystem structure and function, and the effects of physical processes–physical forcing such as sea ice, winds, and advection – on interspecies interactions at upper, mid, and lower trophic levels and species productivity. This forum provided an opportunity for the scientific communities in both regions to explore similarities and differences between approaches. Workshop participants also reviewed progress toward developing functional end - to - end models to study the effects of climate on marine ecosystems. The outcome of the workshop will be a paper synthesizing workshop results for the OSM special issue, as well as a white paper or blueprint to move forward with further comparative studies of these polar marine ecosystems. The workshop was introduced by Eileen Hofmann (Old Dominion University) and discussion sessions were led by Ken Drinkwater (Institute of Marine Research, Bergen), Eileen Hofmann, George Hunt (University of Washington), and Eugene Murphy (British Antarctic Survey). The workshop was structured into four topic areas, each with a series of presentations followed by a discussion session, including: Topic 1: Setting the stage - climate studies Talks were presented by Charles Green (Cornell University) and Eugene Murphy that included material on the role of large-scale climate patterns on regional marine ecosystems. Green focused on the northwest Atlantic system and the importance of remote climate forcing such as the two important modes of high-latitude climate variability: the North Atlantic Oscillation and the Arctic Oscillation for influencing regional ecosystem responses. He also explored the relative importance of climate - forcing for



bottom - up ecosystem impacts and overfishing in top - down impacts. Implications of these findings were discussed for the management of northwest Atlantic shelf ecosystems and their living resources during the coming decades. Murphy focused on the impacts of large - scale climate variability of the marine ecosystems of the Southern Ocean. There, bottom - up forcing by physical processes appears to dominate ecosystem variability. As in the northwest Atlantic, advective processes are important in the Southern Ocean, both for resupply of critical nutrients, and as a mechanism for mixing of zooplankton stocks and for transport of krill to sub -Antarctic regions such as South Georgia. As in the sub - Arctic systems, in the Antarctic, seasonal sea ice cover plays an important role in the timing of production and in the use of this production by krill and the availability of the krill to top predators. Topic 2: Arctic and Antarctic system comparisons Four papers were presented in this session. Hyoung - Chul Shin (Korean Polar Research Institute) et al. discussed the relationship between the amount of chlorophyll in the water and the amount of krill. He contrasted the layered nature of krill aggregations away from the ice in open water and the more compact aggregations or schools of krill near the ice edge. George Hunt compared the effects of current orientation on Arctic and Antarctic marine systems, using as indicators, the seabird faunas of the two polar regions. In the northern hemisphere, community similarity is strongest meridionally and relatively weak at comparable latitudes on the two sides of the North Atlantic or North Pacific oceans, a reflection of the north - south orientation of their boundary currents. In contrast, in the Antarctic, patterns of seabird community similarity are strongest in an annular orientation and weaker between latitude bands, a function of the annular orientation of the major current systems of the Southern Ocean. Hunt speculated that the difference in circulation patterns between the northern and southern hemispheres might forestall incursion of temperate species to Antarctic waters whereas temperate species are already increasing in number and biomass where northward flowing currents are carrying them to the sub - Arctic. Eileen Hofmann et al. described the Southern Ocean GLOBEC programme objectives as focused on understanding the physical and biological factors that contribute to Antarctic krill (Euphausia superba) growth, reproduction, recruitment, and survivorship throughout the year. The questions posed reflected a broad view of the Antarctic marine ecosystem and included studies of the habitat, prey, predators and competitors of Antarctic krill, as well as studies specifically focused on Antarctic krill biology and physiology. Overwintering strategies were highlighted as an important but largely unknown component of the Antarctic ecosystem. Eugene Murphy et al. gave an overview of the
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modelling efforts that will occur in ICED as a follow - on to the Southern Ocean GLOBEC programme. They discussed how Southern Ocean ecosystems are changing rapidly, and that these changes constitute a major challenge to develop circumpolar views of the structure, function, and responses of the Southern Ocean to change. This is a key to developing ecosystem models that can predict the impacts of climate and harvesting in the Southern Ocean.
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Three papers addressed aspects of the ecology of pinnipeds in polar regions. John Bengtson (National Marine Mammal Laboratory) provided a nice comparison of the use of the sea - ice environment by seals in the Antarctic and the Arctic and sub - Arctic seas. These animals are important components of the marine ecosystem, both because of their consumption of prey, and because they in turn are prey for other top - predators. Despite the distance between the poles, he
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Topic 4: Arctic and Antarctic top predator studies Six papers were presented in this section. Five focused on either marine mammals or marine birds, and one focused on the impact of variability in ocean currents on Myctophids, a group of small mesopelagic fishes. James Lovvorn (University of Wyoming) et al. assessed habitat needs of spectacled eiders, a threatened species that winters in pack ice of the Bering Sea. Data on benthic prey, sea ice, and weather were linked using a spatially - explicit simulation model of eider energy balance that integrated field, laboratory, and remote sensing studies. Thresholds of adequate resources were identified; the resilience of these food webs to perturbation may depend strongly on spatial heterogeneity in communities. Explicit consideration of such spatiotemporal effects, and the physical and biological factors that maintain heterogeneity, may be critical to modelling long - term patterns in benthic food webs that lead to top predators. Martin Renner (University of Washington) et al. modelled the distribution and abundance of northern fulmars, a seabird, in relation to physical parameters and fishing activity in the Bering Sea. In many parts of their range, the diet of fulmars has been supplemented by offal and discards from fishing vessels. Model results suggest that the pattern of population changes since 1975 have responded more strongly to changes in fishing practices and the availability of offal than to climate variability.
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Three papers addressed aspects of the importance of bio - physical coupling for the distribution and abundance of zooplankton. Erica Head (Bedford Institute of Oceanography) et al. compared the ecology of the copepod Calanus finmarchicus in the Norwegian and Labrador Seas. Despite its more northerly location, the spring bloom generally starts earlier in the Norwegian Sea. Within each sea, however, there are regional and inter - annual differences in temperature and spring bloom dynamics. The responses of C. finmarchicus populations to these differences include differences in physical characteristics, physiological rates and seasonal cycles. As temperatures in the Norwegian and Labrador seas increase up to a certain threshold, the authors suggest that the timing of life history events for C. finmarchicus will likely be advanced, and that the time spent in the near surface layers will probably decrease, although the effect on net productivity may not be large. Sally Thorpe (British Antarctic Survey) et al. described the results of modelling the life cycle and distribution of Antarctic krill in the peninsula region of Antarctica. Krill has a heterogeneous distribution and a large proportion of its circumpolar population located in the southwest Atlantic sector. These populations are believed to be maintained from upstream krill stocks and they are closely associated with sea ice which provides a critical habitat during winter. The interaction of the krill with the sea ice can create regions of rapid dispersal or increased retention. Model results showed that variations in currents and the location of the ice edge in the northern peninsula region can affect whether krill there will be advected toward Bransfield



The final paper in this topic session was presented by Kenneth Drinkwater who showed how comparative studies within the sub-Arctic seas provided insights into the role of physical forcing on the biological components of marine ecosystems. Two major ESSAS studies were highlighted: 1) NORCAN (Comparison of Marine Ecosystems of Norway and Canada) that compared aspects of the Barents Sea / Norwegian Sea with the Labrador Sea and shelves; and 2) the MENU (Marine Ecosystem Comparisons of Norway and the United States) project that compared the Bering Sea and Gulf of Alaska in the Pacific with Georges Bank / Gulf of Maine and the Barents / Norwegian Seas in the Atlantic.
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Topic 3: Lower trophic level comparisons Six talks addressed aspects of lower trophic level ecology in the sub - polar and polar seas. Two of the papers addressed variability of chlorophyll distribution in northern and southern seas. Kohei Mizobata (Tokyo University of Marine Science and Technology) et al. (presented by Sei - ichi Saitoh, Hokkaido University) described recent drastic sea ice reduction and changes in ocean circulation in the western Arctic Ocean, and how changes in ocean physics impact both climate and marine ecosystems. For instance, recent changes in the spatiotemporal distribution of chlorophyll were linked to long distance basin - ward transport of high chlorophyll waters, intensified Beaufort clockwise ice- ocean circulation, increased light availability, and increased horizontal advection from the shelf of the Chukchi Sea. For the south Atlantic sector of the Southern Ocean, Jisoo Park (Korea Ocean Research and Development Institute and Seoul National University) et al. described research results explaining the dominant temporal and spatial patterns of chlorophyll. Variations in levels of chlorophyll there have a periodicity of approximately seven years, while periodicity in the northern region of the Drake Passage seemed to relate more to the Southern Oscillation.



Strait or toward South Georgia. On much smaller spatial and temporal scales, Lewis Incze (University of Southern Maine) et al. showed that internal wave fields in the Gulf of Maine are displaced toward the surface during periods of strong tidal flow (internal tides) over shallow banks. The interaction of the waves with the surface layer (convergence, divergence and shearing) results in the formation of ephemeral, but very dense, surface patches of euphausiids, and an ensuing rapid feeding response by herring, marine mammals and birds. The coupled biophysical processes associated with internal waves and topographic forcing can help explain observations of geographic feeding patterns among some predators, and should add to our understanding of temporal variability and possible future changes in these patterns.
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 continent. Foraging movements of many individuals allowed precise location of foraging areas, and provided detailed oceanographic information at low cost from areas that are logistically difficult to sample. Daniel Crocker (Sonoma State University) et al. characterised habitat utilisation and foraging behaviour of three common seal species in the western Antarctic Peninsula using Satellite Relay Data Loggers. Their results suggest that elephant seals forage in a greater range of habitat types, and that crabeater seals are more dependent on sea ice and would thus be more impacted by climate change.



Figure 1. A female southern elephant seal, with a Sea Mammal Research Unit CTD tag, at Livingston Island, South Shetland Islands, Antarctica. These tagged seals can provide information on not only their preferred foraging locations, but also on the spatial and temporal distribution of water masses as they move from one location to another. Photograph provided by D. Costa (University of California, Santa Cruz, USA).



showed that there were striking similarities between the roles of species in the north and the south in terms of their dependence on sea ice and their use of open water. Shifting patterns in the distribution, timing, and other characteristics of seasonal sea ice are critical factors determining breeding success and rates of survival, and for some species, such as the ring seal in the Arctic, the loss of summer sea ice is likely to severely impact their populations. Elephant seals (Fig. 1) figured prominently in two of the papers. Anne - Cecile Dragon (Centre d’Etudes Biologiques de Chizé) et al. presented results from a new generation of temperature and salinity satellite - relayed data loggers, collecting temperature and salinity throughout the top 1000 m of the water column covering a vast area of the Southern Ocean extending from the Polar Front to the Antarctic



One paper focused on the impact of large - scale circulation patterns on meso - pelagic lanternfish. Konstantin Rogachev (Pacific Oceanological Institute) et al. explained the mechanism for transport of warm Alaskan Stream water into the Oyashio and Kamchatka region by eddies, rather than by a continuous flow. Results suggest that warming in the Oyashio is likely linked to the penetration of warm Alaskan Stream water westward, and that warming in the Okhotsk Sea is likely linked to the increased transport of warm water westward by the Alaskan Stream and Aleutian eddies. The abundance and vertical migratory behaviour of mesopelagic fish species in the region, such as lanternfish, play a major role in the oceanic food web and these changes in hydrography are likely to affect their ecology. Workshop discussions pointed to a number of overarching issues that will lay the foundation for future research to identify differences and similarities between Antarctic and sub - Arctic marine ecosystems, and facilitate more effective management of natural resources in both regions. As we see ESSAS and ICED change over to IMBER, there is the opportunity to take a broader approach to ecosystem comparisons including other ecosystems and biogeochemical cycles as well as the more conventional approaches to ecosystem study.



Workshop C: Worldwide large-scale fluctuations of sardine and anchovy: revisiting Schartzlose et al. (1999) Carl van der Lingen1, Jürgen Alheit2 and Salvador Lluch-Cota3 1 Marine and Coastal Management, Cape Town, South Africa ([email protected]) 2 Leibniz Institute for Baltic Sea Research, Warnemünde, Germany ([email protected]) 3 Northwest Biological Research Center, La Paz, Mexico ([email protected]) Small pelagic fish, including sardine and anchovy, support large fisheries in many parts of the world’s oceans and together comprise approximately one quarter of annual global landings made by marine fisheries. In addition to their economic importance, these species are also often ecologically important, being major zooplankton  predators and the dominant prey of many piscivorous fish, marine mammal and seabird species. Small pelagic fish characteristically exhibit large fluctuations in population size that vary on interannual, decadal and centennial time - scales and appear to be environmentally



mediated. In many instances sardine and anchovy alternate in abundance, a phenomenon initially known as the Regime Problem (Lluch - Belda et al., 1989). Substantial research into alternations between sardine and anchovy was conducted during the last part of the 20th century under SCOR Working Group 98 on “Worldwide Large -scale Fluctuations of Sardine and Anchovy Populations”, as well as under the Small Pelagic Fish and Climate Change (SPACC) regional programme of GLOBEC, and the findings of this research were summarised in the landmark paper on this topic by Schwartzlose et al. (1999). A number of new and revised ideas about the causes of sardine and anchovy alternations have been proposed during the decade since publication of the Schwartzlose et al. (1999) paper, and the subject of anchovy / sardine alternations has been discussed in
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Figure 1. The “Trophic dissimilarity” hypothesis: conceptual schematic of how physical forcing may lead to environments that favour either sardine or anchovy and hence lead to species alternations. From van der Lingen et al. (2006).



over the past decade on sardine and anchovy alternations from a variety of systems; discuss and review recent hypotheses about possible causes of these alternations; attempt to attain consensus on such mechanism/s; and identify new research areas, including meta - analyses and simulation models, to test hypotheses concerning such mechanisms. The workshop was a Dahlem style workshop, where selected experts were invited to prepare background material on hypotheses about sardine / anchovy alternations which were distributed to participants prior to the workshop and which were discussed during the workshop. Approximately 25 scientists from Brazil, Canada, Chile, China, Germany, Mexico, Namibia, Peru, Spain, South Africa, and the USA participated in the workshop.



Redistribution of water masses Humboldt Current slows down Subtropical Surface Water covers coastal realm



Weakening of Asian Monsoon Positive Arctic Oscillation Index



Figure 3. The “Combined advection and trophodynamic” hypothesis: conceptual diagrams of the chain of events in the Humboldt Current ecosystem between 1969 and 1971 (left) and the Kuroshio Extension during the mid/late 1980s (right) that resulted in species replacements (note that no causal relationships are implied). From Alheit and Bakun (2009).
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The workshop on Worldwide Large - Scale Fluctuations of Sardine and Anchovy was held in order to bring together participants who are familiar with and interested in this topic. The aims of the workshop were to update and synthesize information collected
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several regional meetings organised by the GLOBEC Focus 1 group and by SPACC. That some of these alternations are synchronous at basin scales has been taken as evidence for The workshop began with an introduction that provided an long - term oceanic forcing driven by shifts in global climate, overview of sardine / anchovy alternations and described the but the mechanism/s linking global climate cycles and regional modus operandi and expected outcomes of the workshop. Brief or local processes that impact on sardine and anchovy and summaries of the physical and biological characteristics of the may drive species alternations remain unresolved. Changing four large marine ecosystems (the Benguela, California and physical regimes that result in food environments that favour Humboldt Current systems, as well as the Kuroshio - Oyashio one genus over the other because of their differing trophic region) in which anchovy / sardine alternations have been ecologies have been suggested (Chavez et al., 2003; Alheit and documented, were then given, followed by a wide - ranging Niquen, 2004; van der Lingen et al., 2006, 2009; see Fig. 1), discussion on a variety of issues raised during the system as have differential optimal temperatures for growth rates descriptions. An update of results from recent paleosedimentary of early life history stages of sardine and anchovy (Takasuka et al., 2007; see Fig. 2), Humboldt Current Kuroshio Extension and differences in spawning temperature Sardine biomass decreases Anchovy biomass decreases Sardine biomass increases optima of these and other small pelagic species (Takasuka et al., 2008a). Alternative Sardine shirasu decreases Sardine mortality increases Meso-zooplankton biomass declines explanations for sardine/anchovy alternations are related to the loophole hypothesis of Productivity changes in Kuroshio and Huroshio-Oyashio Transition Zone Productivity changes in Humboldt Current ecosystem Bakun and Broad (2003), the boundary current flow hypothesis (MacCall, 2009), Kuroshio Current speeds up Coastal water SST and salinity increases Kuroshio SST increases and the advection of different water masses Thermocline shoals Kuroshio Extension Mixed Layer Depth shallows Oyashio front retreats northward (Alheit and Bakun, 2009; see Fig. 3).
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Figure 2. The “Temperature-based” hypothesis: relationships between the recent 3-day mean growth rate and sea surface temperature for larval Japanese anchovy (red circles) and larval Japanese sardine (yellow circles). Mean and standard deviation data, and fitted quadratic functions, are shown. From Takasuka et al. (2007).
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 studies, particularly those conducted off Peru and Chile, was then provided. The remainder of the workshop was spent discussing and reviewing the recent hypotheses on anchovy / sardine alternations listed in Table 1. Table 1. List of main hypotheses (and their relevant references) discussed at the workshop on worldwide largescale fluctuations of sardine and anchovy. Hypothesis



References



Combined advection and trophodynamic hypothesis Loop-hole, School trap and Active opportunist hypotheses Intra-guild predation hypothesis Fishing hypothesis Boundary current flow hypothesis Trophic partitioning and habitat hypothesis Temperature-based hypothesis



Alheit and Niquen (2004); Alheit and Bakun (2009) Bakun and Cury (1999); Bakun and Broad (2003); Bakun (2009) Irigoien and de Roos (2009) Smith et al. (2009) MacCall (2009) Rykazcewski and Checkley (2008)



Kuroshio Extension Oscillation hypothesis Trophic dissimilarity hypothesis



Takasuka et al. (2007); Takasuka et al. (2008a); Takasuka et al. (2008b) Takahashi et al. (2009) van der Lingen et al. (2006); van der Lingen et al. (2009)



Whilst it is beyond the scope of this article to present a detailed report on the results of those discussions, some interesting and useful points emerged. There was general agreement that none of the hypotheses discussed were contradictory, and that there is considerable overlap between some of the hypotheses, and that mechanisms of species alternations may well be synergistic. Given this, the relative contributions of different mechanisms in driving sardine/anchovy alternations in the different systems should be evaluated. Additionally, the importance of recognising the life history stage at which an individual, hypothesized mechanism impacted was highlighted, since with the exception of advective processes no other mechanism was considered to operate across all life history stages. Five of the hypotheses seem to be appropriate for integration into a common framework for understanding sardine / anchovy alternations, namely the “Boundary current flow” hypothesis, the “Kuroshio Extension oscillation” hypothesis, the “Combined advection and trophodynamic” hypothesis, the “Trophic partitioning and habitat” hypothesis, and the “Trophic dissimilarity” hypothesis. The “Integrated” hypothesis appears to be applicable for eastern boundary current systems and the Kuroshio/Oyashio current system off Japan. However, since the majority of participants in the Victoria workshop were biologists, elaboration of the “Integrated” hypothesis of sardine / anchovy alternations requires collaboration with and input from physical oceanographers and climatologists. The outcome of the discussions of the workshop in Victoria will be a joint paper describing and critically discussing all hypotheses presented, and a second paper describing the new “Integrated” hypothesis is planned. These papers will provide a better understanding of anchovy and sardine population fluctuations and species alternations, which will enable improved management of these ecologically and economically important fish species. In addition, they will provide a basis for predictive modelling of anchovy and sardine fluctuations, including global change effects, conducted under new research programmes.
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Krill biology and ecology workshop in session.



1.



The biomass of all krill species has likely been underestimated, and thus there is a need to make better use of acoustics and large plankton nets in order to derive proper estimates of krill biomass;



2.



We need to gain a better appreciation of the role of krill as predators and prey in marine food webs, especially with regards to krill as a “wasp - waist” species (e.g. Euphausia superba, E. pacifica and Meganyctiphanes norvegica) – by definition, such species occupy an intermediate trophic level that is strongly dominated by a single species with large fluctuations in biomass such that their prey and predators are measurably impacted by the large swings in biomass;



3.



We only have a very rudimentary knowledge of krill behaviour and the factors which result in krill forming schools, aggregations and patches at multiple time -space scales and its role in energy cost, physiological adaptation mechanisms to a strong seasonal environment such as the Southern Ocean, species condition and parasite transmission;
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The purpose of the krill workshop was fourfold. Firstly, the convenors recognised the need for those working on different euphausiid species to get together to discuss methods/approaches that have proved effective for one species to see if they could be applied to other euphausiid species. Secondly, we wanted to make sure that there was a degree of harmony (or at least that there was no serious disconnect) in research approaches, recognising the need to improve technical aspects of specific methods where necessary. Thirdly, we wanted to generate ideas for future collaborations (laboratory / seagoing exchanges of personnel and exchange and pooling of datasets to address



Towards these ends, on the first day, 16 presentations were made which summarised national programmes – nine talks on work in the Antarctic mostly focused on the Antarctic krill Euphausia superba by scientists from the UK, Germany, Australia, Korea and the USA and seven talks on work carried out in the Pacific (in Peru / Chile, Mexico, USA, Canada, Japan, China and Korea). At least five common themes emerged from the discussions:
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The Victoria workshop marked the sixth time that krill biologists had assembled for the specific purpose of discussing krill biology and ecology. Over 50 people from at least 11 nations attended the workshop for the two full days whereas another 50 attended one or more of the talks on the first day. The first two krill workshops were held in Wilmington (North Carolina, USA) and Bremerhaven (Germany) in 1982 and 1983. After a long pause, regular gatherings took place with the third and fourth meetings in Santa Cruz (California, USA) in 1999 and Nagoya (Japan) in 2002. The Hiroshima meeting was the fifth. Discussions are underway to propose a seventh meeting in Pucon (Chile) as part of the forthcoming PICES / ICES 5th Zooplankton Production Symposium to be convened in 2011.



broad-scale issues). Finally, we proposed to produce a tangible product, to show where krill research is at the moment, and to identify hurdles to progress and potential solutions. It was agreed that “the krill workshop group” will produce a summary paper for consideration of publication in Marine Ecology Progress Series.
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This report summarises activities at the two - day workshop on “Krill biology and ecology in the world’s oceans” co - convened by the authors of this article. The idea for this workshop originated at a workshop with a similar title that was held at the PICES/ICES/GLOBEC 4th Zooplankton Production Symposium in May 2007, in Hiroshima (Japan). More than one hundred krill enthusiasts at this workshop endorsed the need to meet more regularly, thus Drs. So Kawaguchi and Bill Peterson proposed that another workshop be held at the 3rd and final GLOBEC Open Science Meeting. The proposal was approved and planning began in earnest.
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We need much more pan-oceanic research which will allow us to work out the impact of climate variability and change on krill ecology and production at different latitudinal ecosystems – on this topic, there is abundant evidence that the Antarctic waters are warming and that the ice sheet is melting, two processes that are certain to impact krill but in ways that we can only guess; and



5.



Vast improvements have been made using IBM models linked with ROMS (Regional Ocean Model System) to gain a better understanding of krill population dynamics and of how eggs of broadcast spawning species and larvae are transported as a result of interaction of currents with ontogenic variations in vertical distributions.



Talks were supplemented by 17 posters that summarised topics such as larval development and growth, maturation, secondary production, parasitism, analysis of exploitation strategies, effect of global warming, grazing rates, variations in digestive enzymes, lipid trophic markers and larval drift modelling in different regions in the Southern Ocean and Pacific Ocean. The second day included talks on four hot topics such as novel uses of bottom mounted upward facing echo - sounders and high - speed video systems to study krill behaviour and hydrodynamics of swimming and krill patchiness, estimation of mortality rates of E. pacifica, and a comparison of the role of krill as prey in the Antarctic and North Pacific ecosystems. The remainder of this day was devoted to discussions of the structure of the synthesis paper. This will be one tangible output from the workshop, in which we will introduce krill as “wasp - waist” species in important productive ecosystems around the world. The paper will highlight recent developments and issues in krill biology, improving our understanding of how this group fit into their ecosystems.



The workshop included some outreach materials produced by Lisa Roberts, a PhD student from the College of Fine Arts, University of New South Wales, who produced both our “krill logo” and an animation named Antarctic Energies which was shown during the workshop breaks and during the poster session. Lisa’s delightful and fascinating videos can be viewed at http://www.antarcticanimation.com/. The video Antarctic Energies was inspired after Lisa travelled to the Southern Ocean on board the R/V Aurora Australis and saw schooling krill alive in the Australian Antarctic Division Krill Laboratory in Tasmania and heard the insights of scientists who breed them. Antarctic Energies represents physical and biological forces that interact to shape Antarctica: diatoms, krill, sea butterflies (pteropods), seals, albatrosses, humans, sea ice, bottom water circulation, the circumpolar current, ice melting, and sea level rising. For further details see her webpage at http://www.lisaroberts.com.au/.



A “krill logo” designed by Lisa Roberts.



An evening social at the Irish Times pub was attended by about 50 krill biologists and ecologists, where many krill stories were exchanged by all, but most importantly, new, exciting and fruitful collaborations were established. Without a doubt, these two days were truly an unforgettable bonding experience for everyone.



The workshop was concluded by a presentation prepared by Dr. Jaime Gómez - Gutiérrez which honoured the life - time achievements of three distinguished krill biologists, Edward Brinton and Margaret Knight (from Scripps Institution of Oceanography) and John Mauchline (from the Scottish Association of Marine Science, Oban, Dunstaffnage Laboratory). Each received a “commemorative diploma”, a copy of a krill video and a fetching krill “paper weight” made by Lisa Roberts (see below). Each of these scientists was a pioneer in early work on krill: Ed Brinton for work on zoogeography, taxonomy and ecology of krill throughout the Pacific Ocean; Margaret Knight for work on larval krill taxonomy, including descriptions of the larvae of 13 euphausiid species, and John Mauchline for his research and periodic landmark reviews in Advances in Marine Biology on the biology and ecology of krill worldwide which are still considered core texts of euphausiid biology. Tarsicio Antezana (Chile) had the original idea to do this tribute and wrote an informal, sometimes humorous, poetic text to remember the legacy of Ed and Margaret. Unfortunately our friend Tarsicio was unable to attend the workshop. Krill biologists bonding in the Irish pub.
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Workshop E: Biogeochemistry of the oceans in a changing climate Francis Chan1 and Debby Ianson2 1 Oregon State University, Corvallis, OR, USA ([email protected]) 2 Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, BC, Canada The biogeochemical state of today’s oceans is the product of feedbacks between climate forcing, ocean circulation and the transformation of energy and nutrients by microbes and metazoans. How ocean biogeochemistry will be altered by a changing climate was the focus of a one day workshop held at the 2009 GLOBEC Open Science Meeting in Victoria, Canada. This workshop, co - convened by authors of this article, was organised to identify biogeochemical processes of key concern as well as research needs that will be critical for sustaining a continued understanding of the pathways, rates and patterns of biogeochemical changes.
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oxyclines. If observed rates of oxygen declines were to continue, slope and deep shelf fish populations may see a 60% loss of habitat by 2050 as a consequence of expanding hypoxic zones along western North America. Over longer time scales, Andreas Schmittner’s modelling efforts point to marked expansion of hypoxic zones across the global ocean in response to CO2 forcing (Fig. 2). Collectively, these results suggest that changes in oxygen availability and carbonate chemistry resulting from climate change are likely to have a profound influence on ocean biogeochemistry and ecology.
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Narrowing the uncertainty inherent in our projections of future biogeochemical changes remains a vital challenge. Stephanie Henson’s work provided an example of empirical, biome-specific modelling efforts that exploit observed interannual variability in climate - production functions to derive predictions of within and among biome changes. Scaling from contemporary, within ecosystem observations to future climate scenarios across ecosystems is of course, not without pitfalls. Ricardo Letelier’s presentation on coupled biogeochemical and microbial time



GLOBEC OSM



Figure 1. Time series of (top) temperature and (bottom) oxygen concentrations in the Alaskan Gyre (Whitney et al. 2007) on the 26.5 (red), 26.7 (purple), 26.9 (blue) and 27.0 (green) isopycnal surfaces and near the continental shelf (black) on the 26.7 surface. Two mesoscale eddies are labelled 1 and 2.
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While the effects of changes in ocean productivity for marine populations have long been central elements of GLOBEC science, workshop participants highlighted the importance of considering biogeochemical changes, such as ocean acidification and hypoxia that can have important, but currently poorly understood impacts on marine food webs. Observations across the Northeast Pacific have revealed declines in the oxygen content of the ocean interior (Fig. 1). Over the continental slope and shelf, this decline has manifested as a shoaling of low - oxygen oxyclines. Along the Oregon coast, strengthening of upwelling wind stress has acted in conjunction with offshore oxygen declines to further promote the formation of anoxia across mid - and inner - shelf waters. Modelling efforts presented by Laura Bianucci were in close agreement with these observations and showed the value of a coupled coastal circulation - ecosystem model in evaluating the effects of climate change on shelf oxygen and carbonate system dynamics. Research from Frank Whitney and colleagues at Fisheries and Oceans Canada (DFO) suggests that changes in coastal hypoxia may have already affected groundfish landings along with habitat shifts to more northern waters for fish populations caught on the leading edge of shoaling
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One core theme of the workshop was the unparalleled value of sustained time - series observations in revealing the scope for change in ocean biogeochemistry. For example, Roberta Hamme presented recent findings from the Line - P time - series efforts in the Northeast Pacific where long standing patterns of summertime high nutrient, low chlorophyll conditions were interrupted in 2008 by anomalously elevated levels of primary production and nutrient drawdown. Because such high latitude systems contribute a disproportionately large share to global ocean production, understanding patterns and causes of production variability there is critical. For the well - studied Line - P, a combination of long - term in situ and remote sensing observations were further instrumental in identifying possible causes for the high productivity. Richard Matear similarly presented analyses that show a coupling between increased drought intensity (and aeolian iron fluxes) and enhanced productivity over the New Zealand sector of the Southern Ocean.
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Figure 2. Global map of the percentage decrease in oxygen availability from the present to year 4000 at a depth of 286 m, as predicted by Schmittner et al., 2008 using a business as usual scenario (i.e. the burning of all readily available fossil fuel reserves, corresponding to a total release of 5100 Gt C).



series highlighted the scope for evolutionary adaptations by microbes as an unresolved source of uncertainty in our understanding of climate -ocean feedbacks. Indeed, workshop participants wrestled with the challenges of incorporating evolutionary processes and the accelerating information on microbial genomic and functional diversity into our conceptual and numerical models of the ocean ecosystem. The workshop discussion turned to issues of future research directions and needs. It was agreed that a variety of models, over variable time and space scales, statistical and mechanistic, were important to best tackle climate change issues with open communication amongst modellers. There was quick



consensus that in situ and remote sensing time - series efforts should be sustained wherever possible, as they will continue to provide an expanding understanding of ocean biogeochemistry and its changes that allow improved model development and validation. Indeed, Jim Christian pointed out that some important time - series efforts are approaching durations (e.g. 30 years) where the ability to resolve secular trends from decadal and interannual variability will be possible. While any list of parameters to be included in time - series efforts will certainly not be definitive, it was recognised that along with temperature and salinity, oxygen, carbonate system parameters, nutrients, primary production, nitrogen fixation, and export production will be among the core suite of measurements that will continue to inform our understanding of ocean biogeochemistry in years to come. In many respects, the call for continued and expanded support for time - series measurements, including their standardisation and data archival activities, echo the findings of past efforts that have organised around this topic. This convergence undoubtedly reflects the recognition that sustained ocean observations will be central to meeting an ever pressing need for understanding ocean dynamics in a changing climate. References



Schmittner A., A. Oschlies, H.D. Matthews, and E.D. Galbraith. 2008. Future changes in climate, ocean circulation, ecosystems and biogeochemical cycling simulated for a business as usual CO2 emission scenario until year 4000 AD. Global Biogeochemical Cycles 22: GB1013, doi:10.1029/2007GB002953. Whitney F.A., H.J. Freeland and M. Robert. 2007. Decreasing oxygen levels in the interior waters of the subarctic Pacific. Progress in Oceanography 75: 179 – 199, doi:10.1016/ j.pocean.2007.08.007.



Workshop F: Continuous Plankton Recorder surveys of the global ocean Sonia Batten1 and Peter Burkill2 1 SAHFOS, Pacific Biological Station, Nanaimo, Canada 2 SAHFOS, Plymouth, UK The Continuous Plankton Recorder (CPR) is an instrument designed to be towed behind ships of opportunity and to collect plankton samples along the ship’s path. The samples provide broad scale horizontal coverage of larger hard-shelled phytoplankton and more robust mesozooplankton organisms. There are currently five regional CPR surveys around the globe (Fig. 1). The longest running survey, operated by the Sir Alister Hardy Foundation for Ocean Science (SAHFOS), has collected samples in the North Sea and North Atlantic in an essentially unchanged fashion since the 1940s. The Gulf of Maine survey has been conducted since 1961 by the US NOAA / National Marine Fisheries Service laboratory in Narragansett, and one in the Southern Ocean has been carried out for 19 years by the Australian Antarctic Division. The North Pacific has a more recent survey; a PICES project managed by SAHFOS is now in its tenth year. The AusCPR survey that began in 2009 will sample the East Australian Current and the ocean between Tasmania and Antarctica. Each of these surveys has demonstrated their regional value, but the community that runs these surveys now recognises a more holistic requirement. The CPR workshop convened at the



2009 GLOBEC Open Science Meeting was intended to address the global issues that now require a global approach. This new scientific focus would bring together these surveys to examine how integration and inter - comparison might enable the global ocean to be better studied. Members from each of the five surveys were present at the workshop and gave presentations covering recent results from these surveys, the lessons learned, as well as a variety of applications and analyses of data. The workshop addressed a number of questions: Where to go in the future? What do we need to improve? What are the issues concerning standardisation or inter - calibration of methods? Discussion after the presentations was thorough and wide - ranging. There was a consensus that we need to form a ‘commonwealth’ of surveys, so that mutual benefit is achieved through pooling our wealth of expertise. This commonwealth would tie the surveys more closely together and enhance the sense of belonging to a community. It would also raise the visibility of the CPR approach and this could facilitate new surveys and the development of associated instrumentation in the future. For the latter costs would be lower because there would be a larger potential market visible to the instrument
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Figure 1. Images of the five CPR surveys from the workshop presentations showing the extent of global coverage.



There was recognition that it would be beneficial to have data available more rapidly after sampling. Following normal protocols it takes 12 – 18 months for full quality controlled data to be available. The Pacific CPR survey processes a portion of the samples within about three months, so that some indication of current conditions is possible. Other ‘quick and dirty’ methods were suggested but each would involve additional processing. Prioritising a proportion of the samples is something that each survey could initiate straight away without adding to the sample processing requirements. It was agreed that SAHFOS should complete and make available a CPR survey methods handbook, which would include data management. This would greatly help new surveys to get established and provide a valuable resource for existing surveys to maintain consistency in methods. The existing CPR surveys have extensive spatial coverage, but there is still a vast amount of the global ocean not sampled. For instance, there is no sampling in the tropics, in the south Pacific, in the Mediterranean, or in upwelling regions. Emphasising



43



GLOBEC OSM



The issue of standardisation and inter - calibration received extensive discussion. It was recognised that while a standard set of methods and approaches was desirable, each survey has made particular modifications or has certain requirements, either from historic reasons or local characteristics. It would not be expected that a survey would change protocols at this point. For example, the Baltic Sea (a CPR survey is in the planning stages) has particularly small zooplankton taxa and uses 200 μm mesh to sample. The use of standard CPR mesh size of 270 μm would under - sample the plankton in this region to an unworkable degree. The Southern Ocean CPR survey counts plankton in 5 nautical mile sections by washing the plankton off the filtering mesh, rather than using a special microscope stage that keeps the plankton on the mesh and viewing 10 nautical mile sections as is the norm in the other surveys. However, many indicators of change, such as phenological shifts or changes in species distributions, are independent of the methods used to generate the data and would not prevent data integration. Wherever possible, however, we recommend that inter - calibration exercises be undertaken to allow conversion factors to be generated.



Molecular techniques are being applied more frequently to CPR material, and the cost is likely to decrease while the abilities of the technique are likely to increase. These would help with taxonomic standardisation and address key issues; Oithona similis is considered cosmopolitan in surface waters. How phenotypically and genotypically similar is this species throughout the world? Molecular procedures can be used to facilitate the identification of taxa not easily enumerated by conventional CPR techniques, such as gelatinous plankton and taxa that form harmful algal blooms.
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developer. To this end, it was agreed that a Memorandum of Understanding (MOU) would be drawn up. Although an MOU is not a legally binding document, it would demonstrate mutual recognition and a commitment to work together to develop a global database, identify who to contact for various issues, suggest a framework for data access and a means of addressing common issues. Establishing a CPR commonwealth Project Office at SAHFOS in Plymouth was raised as a possibility and this will be looked into.
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GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009 the value of CPR data to resource and policy decision - making processes may help find a local champion who can work with the CPR commonwealth to set up a new survey in some of these key areas. Expansion into these regions would additionally help compile data for the next report of the Intergovernmental Panel on Climate Change. The workshop felt that momentum was gaining on the role of CPR data in contributing to the biological observations needed by ocean observing systems. A white paper that is being prepared for the upcoming OceanObs’09 conference (21–25 September 2009, Venice, Italy) will incorporate the discussion from the workshop, in addition to contributions by the wider community, to maintain this momentum. The Journal of Plankton Research had expressed an interest in publishing papers from the workshop, and about 5 – 6 articles



are likely to form a themed section in the journal (deadline for submission was agreed as the end of 2009). We concluded that with the very positive views expressed in working more closely together, scientists from the CPR surveys need to meet more often and communicate more frequently and that we should utilise many different fora to make this happen. We intend to take advantage of future international symposia to convene workshops (including annual taxonomic workshops that are to be hosted by SAHFOS), produce a newsletter and initiate an internet - based CPR list - serve where updates and ideas can be posted. The benefits of meeting in person were felt by everyone and it has not happened frequently enough in the past. The workshop agreed that a more holistic global approach is now warranted.



Workshop G: Cod and Climate Change - the past, the present and the future Øyvind Fiksen1 and Jeff Runge2 1 University of Bergen, Bergen, Norway ([email protected]) 2 University of Maine, Portland, ME, USA ([email protected]) The workshop attracted an audience of 20 – 30 scientists, and consisted of a series of scientific presentations with time for discussions in between. Geographically, we obtained a good spread covering most large stocks in the North Atlantic. Thematically we covered time - series analysis, comparative analysis, numerical modelling and genetics, reflecting former activities in the Cod and Climate Change (CCC) working group. Also, in the spirit of GLOBEC, the workshop was remarkably multidisciplinary, with physical oceanographers, ecologists, geneticists, physiologists and fisheries science well represented in the audience and among speakers. In retrospect, the intellectual nursery area and trans-boundary, trans-Atlantic or cross - disciplinary meeting point that CCC (and GLOBEC) has been, is difficult to measure, but may be an important achievement in itself. As our first keynote speaker, Keith Brander reviewed the aims, history and evolution of CCC. Brander pointed out that there has been a transition in focus of the activities of the working group since its beginning in 1992: 1) from recruitment to productivity of fish stocks; 2) from climate variability to anthropogenic global warming, 3) from single -species book -keeping assessments to ecosystem approaches. In his presentation, Keith integrated the meetings and activity - history of CCC spiced with scientific highlights. Apparently, most progress has been achieved in understanding growth processes of cod, both larval and adults, particularly in how these are influenced by temperature and food. Some concern was raised on our limited predictive ability, which also relates to the weakness of global and regional climate models in capturing essential modes of North Atlantic variability. As a conclusion, he pointed at the current high levels of fishing mortality in many cod stocks, and argued that reduced fishing mortality is a win - win - win, no regret strategy. Geir Ottersen has also been instrumental to the CCC programme, and gave an invited talk about applications of time - series analyses and retrospective studies of cod and climate. One of the main points in his talk was the evidence suggesting that cod is more sensitive to climate variability



as mean age of spawning stock decline and at lower levels of SSB. On the positive side, he also referred to a study suggesting that cod had survived the last ice - age on both sides of the Atlantic. This may mean that cod are quite resilient to climate change–at least given the appropriate time for natural selection to act on the gene pool, a topic also addressed by Ian Bradbury during the workshop. Christian Möllmann reviewed the story about the Baltic cod stock, emphasizing that it is different from most other stocks in many respects, such as its dependence on oxygen and salinity conditions rather than temperature in recruitment variability. Also, compared to elsewhere, the ecological interactions of Baltic cod with zooplankton and sprat is quite well understood, and is an obvious textbook example of ecological dynamics. Christian presented some new, and rather complex simulations using ‘Biological Ensemble Modelling’ with the reassuring prediction that reduced fishing pressure will increase stock and yield in any climate scenario. Ian Bradbury discussed his research on fine scale genetic differentiation among cod stocks, addressing questions about the meaning of differences in genetic population structure and in terms of adaptive responses. Genes associated with temperature - physiology were found to vary among different stocks. The findings suggest parallel temperature associated clines on either side of the Atlantic, consistent with parallel adaptive co - evolution of multiple genes in response to gradients in ocean temperature. Such polymorphism is important to maintain to increase the resilience of stocks to climatic fluctuations. The research documents the presence of small - scale local adaptation despite high dispersal potential and provides a foundation of knowledge for spatial management of Atlantic cod based on its genetic population structure. Brian Rothschild and colleagues presented a large compilation of time - series data on heat - budgets in the Gulf of Maine and Georges Bank region. Their analysis suggests that a dramatic net increase in heat flux has taken place over
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Jeffrey Runge put forward a combined observing and modelling strategy for forecasting effects of climate change on the dynamics of spatially structured cod populations spawning in the western Gulf of Maine. Present understanding indicates at least two genetically differentiated complexes that likely diverge in trophic interactions and physiological and behavioural responses to different winter and spring environments. Coupled physical - biological modelling has advanced to the point where forecasting of environmental conditions for recruitment into each of the two populations is feasible, backed by hydrographic, primary production and zooplankton data collected by local remote sensing and fixed station sampling. Forecasts of environmental influences of dispersal and growth of planktonic early life stages, combined with understanding of possible population - specific usage of coastal habitat by juveniles and differential resident and migratory patterns of adults can be used to develop scenarios for spatially explicit population responses to multiple forcings, including climate change, anthropogenic impacts on nearshore juvenile habitat and management interventions such as regional fisheries closures.



In the end, it was perfectly natural for Svein Sundby and Brian Rothschild to provide closing statements for the CCC programme, representing the continuity from beginning to end. They emphasized the integrative effects this activity has had in the marine science community, creating common ground for many disciplines. The closing discussion highlighted: ongoing and further needs to provide an overall synthesis of CCC findings, the need for processes to put findings into a management context and to interact with the stock assessment community (why the stock assessments need GLOBEC), the role of coupled physical biological modelling, data and modelling needs for mechanistic depictions of climate forcing for recruitment forecasting 3–4 years ahead and for predicting changes to overall ecosystem productivity, relationships and synthesis between the Foci and GLOBEC programmes, and the need to consider genetic population structure in ecosystem approaches to management. A group of interested workshop participants met later in the week after the workshop to discuss possible final synthesis actions to complete the work of the ICES Cod and Climate Change working group. A two day workshop, scheduled to take place in Copenhagen in November, has been supported by the GLOBEC office to plan the writing of a final, forward looking synthesis paper. Possibilities include: 1) a paper directed to the stock assessment community indicating advances in and applications for approaches to forecasting environmental conditions for recruitment and ecosystem productivity changes, 2) a paper discussing the important problems for understanding cod and climate change in the future, including the contribution of new approaches in genetic analysis and study of fine scale population structure or 3) a final “synthesis of syntheses” paper highlighting the findings of CCC and next steps forward.



Workshop H: Plankton phenology and life history in a changing climate: observation and modelling David Mackas1, Rubao Ji2 and Martin Edwards3 1 Institute of Ocean Sciences, Sidney, BC, Canada ([email protected]) 2 Woods Hole Oceanographic Institution, Woods Hole, MA, USA 3 Sir Alister Hardy Foundation for Ocean Science, Plymouth, UK the numbers of presentations were almost equally balanced between results from “field observation/time series” and “numerical models”. Opportunity for close interaction and inter - comparison of the two approaches was one of the highlights of the workshop. There was also a broad geographic distribution of study areas (Fig. 1) and of target taxa (three papers on Calanus finmarchicus, seven on multiple zooplankton taxa, two on phytoplankton, and one on the planktonic larvae of scallops).
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Ecological consequences of plankton phenologic variability have long been recognised by oceanographers and fisheries scientists (e.g. Cushing’s 1969 and 1990 “match - mismatch” hypothesis), but the intensity of research activity and published output has increased greatly during the GLOBEC era. A recent workshop at the 3rd GLOBEC Open Science Meeting, co - convened by authors of this article, contained 13 multi - authored talks within the general topic area “Plankton phenology and life history in a changing climate”. Fortuitously,
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Anna Neuheimer presented a very interesting attempt to disentangle the effects of fishing and climate on size - at - age changes in cod. Is the decreasing size - at - age caused by temperature, food or fisheries-induced evolutionary effects? By calculating the ‘growing degree - days’ for various species, she showed that this effectively captures the temperature - effect of size - at - age. She then checked for food - effects on the slope of the length - at - age vs. degree - days, but found none, and concluded that the decreasing length - at - age is not caused by reduced immature growth rates. Instead, she suggested that fisheries targeting the largest proportion of the stock have led



Trond Kristiansen is one of the young modellers doing the hard work of building and debugging large computer codes integrating physical oceanography, larval fish physiology, behaviour and plankton ecology. In his talk, he presented model confirmation of how the different latitudes and in particular, the light regimes, of Georges Bank and the Barents Sea creates differences in the phenology of these cod stocks.
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to fisheries - induced evolution, earlier maturation and reduced post - mature growth rates.
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the past 25 years – although this is not reflected in sea - surface measurements. Their analysis indicates that the impact of the Arctic Ocean and Labrador Sea climates on the Gulf of Maine region has significantly increased. This upstream effect is much stronger than the change of heat flux due to climate - induced local weather change. It is likely that major oceanographic events in the 1990s indicated by lower surface salinity have affected fish stocks including cod by reducing condition and increasing natural mortality rate.



GLOBEC OSM



GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009



GLOBEC OSM GLOBEC OSM GLOBEC OSM GLOBEC OSM



GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009



Figure 1. Range of ocean regions examined by papers in the phenology workshop.



Results from the zooplankton studies indicated that annual phenology outcomes are controlled by a sequence of physiological, developmental and behavioural “choices” made at different developmental stages (Fig. 2). Water temperature during the growing season is an important regulator and cue of these choices, and can often be used to predict year - to - year variations in zooplankton timing. However, temperature dependence of timing varies among taxa, and in some regions shows non -linear thresholds or sign reversals from the “warmer implies earlier” pattern that dominates in mid - latitudes. The two phytoplankton studies showed the zooplanktologists just how much can be learned from data that have high resolution coverage in both time and space. For example, Thomas and Weatherbee (Fig. 3) partitioned total interannual variability of satellite - sensed chlorophyll among three components: variability of annual mean, variability of seasonal amplitude, and variability of seasonal phase. They found that phase variation (i.e. peak timing) is the largest component for most locations in the California Current System. The workshop included a plenary discussion time -block during which participants identified knowledge gaps within present



data and modelling approaches. The following were flagged as important areas for future research: t



Physiological, behavioural, and predator–prey mechanisms that cause phenologic variability;



t



Climate drivers of phenologic variability (direct forcing vs. triggering cues, proxy vs. causal associations);



t



Finer resolution of age/stage structure in observational time series;



t



Broader attention in models to roles of transport, migration, age - dependent changes in distribution, and exchange with other populations;



t



Spatial / temporal scales and potential for spatial / temporal separation of driver and response (closely linked to the previous topic); and



t



Broadening the range of modelled life history patterns.



GLOBEC has agreed to fund a small follow - up workshop at which these and other observations will be fleshed out for publication as a “Horizons” article in the Journal of Plankton Research.
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Figure 2. For many zooplankton taxa, annual phenology is controlled by choices among life history (red boxes) or behavioural (blue box) strategies made during relatively brief portions of the life cycle. Models can be used to evaluate the adaptive fitness of these choices under differing environmental scenarios. Figure courtesy of Øystein Varpe.
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Figure 3. Partitioning of total interannual variability of satellite-sensed chlorophyll in the California Current System (left panel) among three contributing components: variability of the annual mean (middle panel), variability of amplitude of harmonic components (top right), and variability of phase (i.e. timing) of the harmonic components (bottom right). Figure courtesy of A. Thomas and R. Weatherbee (University of Maine, USA).
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Workshop I: Climate impact on ecosystem dynamics of marginal and semi-enclosed seas Yasunori Sakurai1 and Christian Möllman2 1 Hokkaido University, Hakodate, Japan ([email protected]) 2 University of Hamburg, Hamburg, Germany
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Figure 1. Response of plankton to climatic conditions in European Shelf Seas (1970 – 2005). For each ecosystem at least a 25 year period was tested. Boxes illustrate the variability in the strength of the relationship between plankton and climate, and encompass the first and third quartiles of the distribution. The figure further illustrates a higher sensitivity in northern ecosystems (NS and BS). However, when considering only threshold climate values no differences were observed in the plankton response, regardless the geographic locations of the ecosystems investigated. The horizontal line indicates the mean value of the total effect size. NS: North Sea, BS: Baltic Sea, NWM: northwestern Mediterranean, AS: Adriatic Sea (figure courtesy of J.-C. Molinero).
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Two studies compared climate influences over a range of geographical systems. The response of plankton trophic levels to climate was explored in the northwestern Mediterranean and four European shelf seas: as the Adriatic, North, Baltic and Black



1.0
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Marginal and semi-enclosed seas contribute a substantial share to the world fisheries catch and are hence significantly impacted by human exploitation. Additionally these areas are increasingly affected by climate variability and change. However, whereas our knowledge on the ecological functioning of single marginal seas and semi-enclosed ecosystems has very much progressed, a synthesis of results derived by local GLOBEC efforts is still missing. Consequently, this workshop seeked to compare climatic influences on semi - enclosed and marginal seas on a global scale. The geographic scope of this workshop was traditional GLOBEC study areas such as the Barents Sea, North Sea, Mediterranean, Baltic Sea, Black Sea, East China Sea, Yellow Sea, Okhotsk Sea, Sea of Japan, Georges Bank, Bering Sea, Gulf of Alaska and the Scotia Sea (or other Southern Ocean regions). Particularly rewarding periods for cooperative studies were the late 1980s and 1990s, when dramatic changes were observed in the North Pacific as well as in the North Atlantic in association with changes in climatic indices such as the NAO, AO and PDO. In total 14 very diverse studies from 11 different areas were presented during the meeting, focusing mainly on higher trophic levels, particularly zooplankton and fish.
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Figure 2. Conceptual diagram of the different seasonally varying effects of climate and fishing on the central Baltic ecosystem (figure courtesy of C. Möllmann).
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Seas. The study revealed coherent, synchronised climate-related changes in plankton during the late 1980s (Fig. 1). Similar climate - related changes were reported for several northern hemisphere systems, namely the Japan East Sea, Kuroshio and Oyashio ecosystems, the California Current and Iberian Upwelling systems as well as the North, Baltic and Mediterranean Seas. In spite of the very diverse structure of these different systems, all of them exhibited strong synchronous reactions suggesting large - scale atmospheric teleconnections. A system - specific synthesis reviewing both the influence of climate and overfishing has been presented for central Baltic pelagic ecosystem dynamics. This system which is characterised by a simple trophic structure and only a few dominant fish species exhibited both ecosystem regime shifts and trophic cascades. A conceptual model synthesizing the different pathways of change into a holistic understanding of ecosystem functioning has been developed as a basis for a reliable ecosystem - based management (Fig. 2).



higher SST in summer and autumn. Similarly climate effects on Baltic cod, sprat and herring have been reported. Furthermore, a combined effect of climate and fishery triggering a shift in a hake population of the NW Mediterranean has been found for the early 1980s. Finally a number of presentations dealt with diverse themes such as the effect of increased abundances of jellyfish and invasive species on ecosystems in the Mediterranean, climate effects on the Gulf of California, dynamics and functional role of heterotrophic flagellates during the spring diatom bloom in the central part of the Yellow Sea, and the dynamics of chlorophyll a concentration due to climate change and its possible impact on Sardinella lemuru at the Bali Strait, Indonesia.



Studies focusing on zooplankton dynamics were presented for northwestern Pacific marginal seas around Korea and in the Balearic Sea (western Mediterranean) showing increasing biomasses with climate warming. For the Yellow and East China Seas a study on Calanus sinicus, a key species functionally equivalent to C. finmarchicus in the North Atlantic, was presented. Based on data of the last ten years, the seasonal and regional variations in population distribution, biomass, reproduction and recruitment were studied in relation to the temperature, food supply, cold water mass, fronts and lipid reserve.



In summary, a recurring theme of the workshop was climate-related trends in upper trophic level dynamics of the investigated marginal and semi - enclosed seas. An obvious pattern was regime shifts in ecosystem structure and function which occurred frequently in the late 1980s / early 1990s. Workshop discussions centred around this issue and large - scale atmospheric teleconnections in the northern hemisphere were hypothesized to be responsible for this phenomenon, which needs to be discussed with climatologists. In general workshop participants felt that more synthesis effort is needed towards a comprehensive understanding of the dynamics of these systems, especially considering the interplay between climate and exploitation effects. Further analyses need explicitly to incorporate additional expertise from systems not represented at this workshop, e.g. the Black and Barents Seas.



Several studies demonstrated climate influences on commercially important fish species. Examples are long - term climate effects on growth and survival of Japanese chum salmon in the Okhotsk Sea. The condition of this stock improved under the ocean condition of less sea ice cover area in winter and



To facilitate the intended large - scale comparison of semi - enclosed and marginal seas ecosystems, GLOBEC has agreed to fund a small follow - up workshop next autumn at which these analyses will be initialised potentially leading to a synthesis article in a major peer - reviewed journal.
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Workshop J: Socio-economic dynamics and ecosystems, governance implications Kathleen Miller1 and Anthony Charles2 1 National Center for Atmospheric Research, Boulder, CO, USA ([email protected]) 2 Saint Mary’s University, Halifax, NS, Canada



t



What constitutes effective governance within the context of oceanic ecosystems and the fisheries that they support?



t



How can effective governance be achieved and maintained in the context of environmental, technological, economic and social change and associated uncertainties? What do we need to understand about the human dimensions of ecosystem use to develop effective approaches to fisheries governance?



t



What type of information is needed from the science community to support effective resource governance?



t



How can research contributions from the social and biophysical research communities be more effectively integrated to serve those information needs?



The group identified a set of key messages for fishery governance that can serve as a useful starting point for future research. These are: Focus on the scale relevant for management of human use of oceans within a given context.



2.



Recognise that some management and governance issues are common across scales, while others are not – and that there are interactions across scales.



3.



Recognise that the dichotomy between competition and cooperation is a central feature of the fishery governance problem, one that arises at all scales.



A lively afternoon discussion session focused on the path forward for integrating social science research into broader international scientific efforts to understand the role of the oceans in global environmental change and the impacts of anthropogenic stressors on marine systems.



4.



Highlight the social and economic realities that interact both with ocean management and with biophysical change.



5.



Note that while fisheries are just one use of the ocean, the experiences and challenges in fisheries management can help us learn about multi - sectoral ocean management.



As several of the GLOBEC regional programmes transition into their new positions as IMBER programmes, there is a need to consider how the social science research community can best guide and contribute to end - to - end assessments of the role of human activities in marine systems. An important first step will be to articulate lessons learned from previous research, and how those lessons point to high priority questions for future multidisciplinary research.



6.



Pay attention to the essential nature of institutions (international to local) and social - ecological systems, to the fundamental requirement for resilience, flexibility, adaptive capacity and inter-disciplinarity, to strategies that utilise an ecosystem approach and robust management, and to the use of varied and appropriate methods for analysis.



A point repeatedly raised in the discussion was the particular need for attention to scale and scope issues, e.g. coastal versus open-ocean situations; sub-national to national to multi-national



In summary, the participants of Workshop J concluded that it is crucial to integrate human dimensions research into future scientific work on marine ecosystems and global change. We look forward to participating in the effort.
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The morning session consisted of a set of presentations covering topics ranging from the historical roots and nature of fishery governance inadequacies to the analysis of specific fishery management tools. The presentations also included descriptions of the elements of effective governance, the significance of new communication technologies for fisheries management, methods for assessing management performance and analyses of the competitive dynamics of harvesting activity under alternative management regimes.



scales; single - species to multi - species to multi - sector challenges. It is important to understand that these differences in context have important impacts on human relationships with natural systems and the nature of co - dependency among actors.
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A coastal community, Nova Scotia, Canada.
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This workshop focused on questions pertaining to the governance of fisheries and more broadly, of the many uses of marine ecosystems, in the context of rapid socioeconomic change and a variable and changing climate. Here, governance arrangements are understood as the institutions that define how specific fishery and / or ocean management regimes are developed and implemented. In other words, governance arrangements set the ground rules for management. Key questions addressed in the workshop included:
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Planet under pressure: new knowledge, new solutions Call for proposals to host a major international global-change Open Science Conference in 2012 The International Geosphere-Biosphere Programme (IGBP) is seeking sponsors and a host city for its 2012 Open Science Conference, Planet Under Pressure: new knowledge, new solutions. The three-day conference will attract around 2500 world-leading environmental -change scientists. It will be followed by a day dedicated to discussing the findings with policymakers, the public, and funders of environmental science. IGBP has two main work programmes: the nine core (including GLOBEC) and four joint research projects plus fast track initiatives; and our programme of synthesis. These will feature prominently though not exclusively in the Open Science Conference programme. IGBP is at the first stage of developing ten global-change synthesis reports to be published between 2010 and 2014. IGBP will work with the International Council for Science’s three other international global-change programmes to develop these syntheses. These programmes, the World Climate Research Programme (WCRP), the International Human Dimensions Programme (IHDP) and DIVERSITAS, along with IGBP, form the Earth System Science Partnership (ESSP). Syntheses t Global limits to growth t Geoengineering t The role of changing nutrient loads in coastal zones and the open ocean in an increased CO2 world t Global nitrogen assessment and a future outlook t Earth-system resilience: earth-system prediction t Earth-system impacts from changes in the cryosphere t Megacities and coastal zones t Global environmental change and sustainable development: the needs of least developed countries t The role of land cover and land use in modulating climate t Aerosols



Audience t The global-change research community. IGBP is particularly keen to enable researchers from the developing world to attend t



International bodies such as the United Nations Environment Programme, WHO, UNESCO, and the WMO



t



The International Council for Science’s other globalchange programmes which form the ESSP



t



Government departments



t



Environmental protection agencies



t



Funding agencies



t



Environmental charities and other non-governmental organisations



t



International media



Further details on submitting a proposal can be found on the IGBP website: http://www.igbp.net/page.php?pid=488 For other queries or an informal chat about the conference please contact Owen Gaffney, IGBP Director of Communications, [email protected], tel: 00 46 8 673 9556.



15 - 17 February 2010 Kochi, India



The SAFARI Initiative (Societal Applications in Fisheries and Aquaculture using Remotely-sensed Imagery) is organising an International Symposium on Remote Sensing and Fisheries from 15 – 17 February 2010 in Kochi, India. This symposium will highlight case studies using Earth observation data with contributions from key fisheries systems around the world. SAFARI aims to accelerate the assimilation of satellite Earth observation data into fisheries research and management on a global scale. This initiative, funded by the Canadian Space Agency, falls under the Group of Earth Observation (GEO) Task AG-06-02, which calls for consultation at the international level to identify opportunities for enhanced utilisation of Earth observation data in fisheries and aquaculture. The following themes will be addressed during the symposium: r Operational use of remote sensing for fish harvesting r Earth observation ecosystem indicators to assess fish health, growth and recruitment r Use of remote sensing in aquaculture r Implications of climate change on fisheries



r r r r



Food security and sustainability Remote sensing in the detection and monitoring of harmful algal blooms as pertaining to fisheries and aquaculture Earth observation satellite data in fisheries models Remote sensing applications in the management of coastal zones and fisheries



The deadline for registration and abstract submission is 15 October 2009, for further details see the symposium webpage: http://www.geosafari.org/kochi/
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Harold P. Batchelder1, William Peterson2 and Nicholas A. Bond3 1 College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, OR, USA ([email protected]) 2 Northwest Fisheries Science Center, NOAA-NMFS, Hatfield Marine Science Center, Newport, OR, USA 3 Pacific Marine Environmental Laboratory, NOAA, Seattle, WA, USA The Northeast Pacific (NEP) regional programme of US GLOBEC has spent nearly a decade examining the responses of the Northern California Current and Gulf of Alaska continental shelf ecosystems to climate forcing. As a means of promoting the exchange of ideas among the many project teams involved in the recent synthesis phase, and to assess strengths and gaps in our understanding of climate- ocean physics - ecosystems interactions, an informal exercise was carried out during the autumn 2007 scientific investigator meeting. The nature of the exercise was not divulged ahead of time, in part to encourage interactions among the participants, but also to simulate the conditions under which such requests are made by local regulatory agencies and policymakers. The exercise consisted of first a presentation of actual climate forecasts for the next twelve months, as provided by NOAA’s Climate Prediction Center and other groups. These forecasts reflect the development of La Niña conditions in the tropical Pacific during the summer of 2007, and the expectation that La Niña conditions will persist into 2008. The charge to the attendees of the workshop was to use these atmospheric forecasts to project potential conditions and consequences for the marine ecosystems of the California Current System (CCS) and the coastal Gulf of Alaska (CGOA). Groups were asked to assign a degree of certainty (or confidence) to the various elements of their outlooks, including providing advice for fisheries management and monitoring strategies appropriate to the situation. The synthesis workshop attendees were divided into three break-out groups of approximately a dozen people each, with some effort to include diverse expertise (balance of CGOA / CCS and climate / physics / biology) in each group. The “expert assessment” exercise and the projections developed were published in an EOS Transactions article in August 2008 (Bond et al., 2008). A goal of publishing the results of the exercise was to unequivocally document the predictions, so that a later assessment of the skill of the expert panel could be evaluated. Except for a few forecasts, and the final results for salmon returns, the skill of the forecasts can now be assessed. In addition, we want to describe in greater detail some of the mechanisms upon which salmon forecasting in the Northern California Current is based. Table 1 summarises the “forecasts” produced for physical and biological indicators for the Northern California Current



and Coastal Gulf of Alaska regions (listed in Table 1). To briefly summarise the EOS article, there was greater agreement among the groups and confidence levels associated with predictions of CCS impacts than in the forecasts for the CGOA. Many of the forecasts were based on known preconditioning of the system (recent changes in the ecosystem) and on historical precedent. Knowing the preconditioning (documentation of recent conditions and trends through ongoing monitoring) of these ecosystems was key to making predictions with high confidence. Knowing the response of these ecosystems to prior La Niñas was an important consideration used by the groups. Consensus on some projections was more common for atmospheric and physical processes, and especially in the CCS, probably because of well documented effects there of prior La Niña events. There was greater debate about the impacts on higher trophic level responses, especially in the Gulf of Alaska – more distant from the equatorial ENSO forcing. The forecasts proved to be reasonably accurate (summarised in Fig. 1), although the experts missed on some of their forecasts. No highly confident forecasts were made for the Gulf of Alaska. In the Gulf of Alaska region, moderately certain forecasts of weaker downwelling winds, reduced precipitation, and colder SSTs came to pass in 2008. However, a forecast of decreased ACC transport having a moderate certainty level was incorrect. ACC transport appeared to be near normal (not exceptional) during winter, and slightly greater than normal for the March – September 2008 period, which disagrees with the forecast. Three low certainty (e.g. more likely to occur than not) biological forecasts of a later spring phytoplankton bloom, high primary production and high zooplankton production were accurate. The forecast of higher adult returns of pink and coho salmon entering the CGOA in 2008 appears not to have materialized, as the 2009 returns of Prince William Sound pink salmon are much lower than average, and the returns of SE Alaska pink and coho appear about average. Two forecasts in the CCS had high certainty associated with them by the experts: increased offshore sea level pressure and increased upwelling wind strength. The first was predicted correctly, the second perhaps not. To some extent the answer depends on what time period you evaluate upwelling over. Overall, upwelling was high, but perhaps not exceptionally high. Except for the salinity prediction in
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Table 1. Forecasts and confidence levels (**high [>90% certainty]; *moderate [66 – 90% certainty]) from the expert group exercise Element Tropical Pacific CCS atmosphere



CCS physical oceanography



Group 1 La Niña** Offshore ridge** High upwelling** High precipitation north* Low precipitation south* (winter**spring*) Cold SST* High equatorward transport* Weak stratification* Early spring transition* High hypoxia*



CCS biology



High primary productivity* High boreal zooplankton* Low sub-tropical zooplankton* High juvenile salmon survival*



CGOA atmosphere



Low downwelling * Low wind mixing Low air temperature* Low precipitation*



CGOA physical Cold SST* oceanography Weak stratification Low ACC speed* Low nutrient concentration CGOA biology Late spring bloom High coastal zooplankton (early)



Group 2 La Niña** Offshore ridge** High upwelling** High precipitation north* Low precipitation south* (winter-spring)** Cold SST* High equatorward transport* Weak stratification* Fresh north Salty south Early spring transition* High hypoxia* High primary productivity* High boreal zooplankton* Low sub-tropical zooplankton* High juvenile salmon survival* High salmon return north* Low salmon return south High squid* Low downwelling* Low wind mixing High air temperature* Low precipitation* Cold SST* Weak stratification Low ACC speed* High nutrient concentration* High plankton production* High juvenile salmon survival* High shelikof pollock*



the CCS, all of the other eleven predictions were made with a moderate level of certainty associated with them. Six of these are judged to have been correct (reduced precipitation in southern regions; reduced SST; earlier spring transition; high primary production, more boreal zooplankton species assemblage, and higher returns of adult salmon). Two forecasts (higher precipitation in the Northern California Current; more severe and widespread near-bottom hypoxia) were clearly missed. And three predictions either have not been evaluated yet (stratification intensity) or are too close to call (California Current southward transport is looking high, but not fully evaluated; juvenile salmon survival was only average). One lesson learned from the assessment of the accuracy of these forecasts is that unless forecasts are very specific, they can be difficult to assess as clearly correct or incorrect. The remainder of this article examines in greater detail the response of salmon populations in the Northern California Current to the 2008 La Niña. Because the 2008 La Niña event was similar in many (but not all) respects to the 1999 La Niña, we compare these two events and examine possible mechanisms through which atmospheric forcing effects ocean conditions and lower trophic ecosystems and in turn salmon ecology. We show this in Table 2, which



Group 3 La Niña** Offshore ridge** High upwelling** High precipitation north* Low precipitation south* (winter-spring)** Cold SST** Weak stratification* Fresh north* Salty south* High eddies* High hypoxia* High primary productivity* High boreal zooplankton** Low sub-tropical zooplankton** High juvenile salmon survival* High salmon return (2009 – 10)* High potential HAB High tuna offshore* High hake (US)* Low downwelling* Low wind mixing Low air temperature* Low precipitation, north* High precipitation, south Cold SST* Low ACC speed* High slope eddies* High nutrient concentration* Late spring bloom High primary productivity High coastal zooplankton* High juvenile salmon survival* High jack return* High salmon return (2009)*



lists the ranks of values of various physical and biological ecosystem indicators, calculated over the time period of 1998 – present. This is the time period over which we have developed a number of indices that are used to forecast salmon returns. Those interested in the details of the forecasting and details of the rankings as well as values associated with these ranks are invited to look at the web page at http://www.nwfsc.noaa.gov and clicking on “Ocean Index Tools”, then on “January 2009 Forecast”. In terms of physical processes, the Pacific Decadal Oscillation (PDO) during the first summer that salmon reside at sea was the most negative of the 11 year time series in 2008 and 1999 (ranks 1 and 2, respectively). The PDO during the winter before the salmon migrate to the ocean were not as high (rank 5 in 1999 and rank 3 in 2008) but this is chiefly because they were preceded by warm summers / autumns (of 1998 and 2007). An index of ENSO activity (the Multivariate ENSO Index, MEI) had its highest ranks in 2008 (rank 1) and 1999 (rank 2), indicative of the strong La Niña in each of those years. As for sea surface temperatures (SST), the result is what one would have expected from the MEI and PDO values, that is, SSTs in 2008 and 1999 were equivalent and ranked as the second coldest in the data record. The coldest summer was in the year 2000 (another year characterised
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1: Offshore sea level pressure anomaly 2: Upwelling wind strength 3: Precipitation in the Northern California Current 4: Precipitation in the Southern California Current 5: Sea surface temperature 6: California Current southward transport  6WUDWL¿FDWLRQ 8: Salinity (fresher in the north, saltier in the south) 9: Spring transition timing (decrease = earlier) 10: Incidence or severity of hypoxia in the Northern California Current 11: Primary productivity 12: Zooplankton community composition (increase = more boreal) 13: Juvenile salmon survival 14: Adult salmon return in 2009 (coho) or 2010 (Chinook)



Figure 1. Forecasts of changes in atmosphere, ocean and biological conditions in the CGOA and CCS regions of the Northeast Pacific in response to the predicted La Niña conditions of autumn 2007 to summer 2008. Upward (downward) arrows indicant an increase (decrease) in the value for a particular variable. Double - ended arrows indicate predictions that were not consistent across all three independent expert groups. The colour of the arrows indicates level of certainty associated with each prediction. White arrows indicate 50 – 66% certainty, light blue and light red indicate moderate (66 – 90%) certainty, and dark red indicates high (>90%) certainty in the prediction. There were no high certainty predictions for decreases. Abbreviations a-n in the CGOA and 1 – 14 in the CCS are keyed to specific variables as described to the right of the figure.



by negative PDO values). Deep waters that resided on the shelf (and which upwell to the sea surface when north winds are strong) were the coldest and saltiest in 2008 (with second and third ranks during summers of 2001 – 2002 for temperature and 1999 – 2000 for salinity). In terms of biological responses, the northern copepod biomass anomaly (which is based on the biomass of three boreal species –Calanus marshallae, Pseudocalanus mimus and Acartia longiremis) is an index of both water type (i.e. the degree to which the Northern California Current is composed of water from the subarctic Pacific) and an index of bioenergetics of the food chain (boreal species are lipid-rich thus anchor a lipid-rich food chain). 2008 had the highest biomass of “fatty” copepods. Copepod community structure, as measured by the X - axis score of



an ordination, had its highest rank in 2008 and 4th highest rank in 1999. The second and third ranks were in 2000 and 2002. Copepod diversity as measured by species richness was not as favourable as the other copepod indicators, ranking 4 (in 2008) and 2 (in 1999). Finally, the biological date of the spring transition (the date when the zooplankton community transitioned from a winter community to a summer community and an indicator of when the boreal “fatty” copepods dominate the zooplankton) was earliest in 2008 (but only ranked 7th in 1999). Furthermore, although not shown in the table, the biomass of Neocalanus plumchrus, a dominant member of the oceanic Gulf of Alaska zooplankton community and an uncommon visitor to Oregon shelf waters, had its highest biomass in the years 2007 and 2008 (next highest value was in 2001).
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Table 3. Rankings of the conditions for 11 year time series from 1999 – 2009. Rankings are ordered with 1 being most favourable for secondary production and salmon survival and highest value being least favourable. The table compares the rankings for two La Niña years (1999 and 2008) and shows rankings that are already available for 2009. Predictor



1999



2008



2009



PDO (December – March)



5



3



1



Explanation PDO during the winter before juvenile salmon go to sea



PDO (May – September)



2



1



--



PDO during the summer when juvenile salmon first enter the sea



MEI (January – June)



2



1



6



ENSO index during winter – spring before salmon go to sea



SST (December – March)



7



1



2



SST at NOAA Buoy 46050



SST (May – September)



2



2



--



SST at NOAA Buoy 46050



Deep shelf temperatures (May – September)



4



1



--



Temperature at 50 m at a mid-shelf station (depth = 62 m)



Deep shelf salinity



3



1



--



Salinity at 50 m at a mid-shelf station (depth = 62 m)



Spring transition (physical)



7



6



5



Date when upwelling begins in spring based on changes in sea level and a Bakun UI



Upwelling in April and May



1



4



5



Amount of upwelling in spring



Length of upwelling season



3



7



--



Self explanatory



Copepod species richness



2



4



--



Diversity of copepods (low ranks are low diversity)



Northern copepod biomass anomaly



8



1



--



Biomass of northern (lipid - rich) copepods (a low rank is good)



Copepod community structure



4



1



--



X-axis ordination scores. Low ranks are good.



Spring transition (biological)



7



1



2



Date when the copepod community had transition from a winter - to a summer - community.



Catches of juvenile spring chinook in June trawl surveys



2



1



4



Catches of juvenile spring chinook in June predict returns of adults two years later



Catches of juvenile coho salmon in September trawl surveys



2



6



--



Catches of juvenile coho salmon in September predict returns 18 months later



In terms of a response by the salmon, we comment here upon the results of pelagic trawl surveys that have been conducted every June and September from 1998 to present. The catches of juvenile spring Chinook (fish that entered the ocean in May) were the highest of our 11 year time series in 2008 and second highest in 1999. The catches of coho salmon (again, for fish that entered the ocean in May) were only the 6th highest in 2008 but second highest in 1999. The highest September catches for coho were in 2000 and 2002. Adult salmon that went to sea during the 2008 La Niña event are just now beginning to return from the ocean. Forecasts of returning adult spring Chinook salmon (expected to return in 2010 and 2011) are projected to be the highest returns since records were first kept (beginning in 1938). Upwards of 600,000 to 1,000,000 adult Chinook are anticipated. The previous highest number of returns were in 2001 (391,367) and 2002 (268,813) for fish that went to sea during the 1999 La Niña event. For coho salmon, adult returns are already fairly high to date and are on track for record returns. Final counts will not be available until November 2009. To summarise, for the most part, similar physical forcing and biological responses were seen for the recent 1999 and 2008 La Niña events. There were however four inconsistencies between the response of certain variables to the La Niñas of



2008 and 1999. In 1999, the winter SST and physical spring transition both ranked 7th (warm water and a late spring transition), and the northern copepod biomass anomaly and biological spring transition also had high (and unfavourable) ranks of 8th and 7th, respectively. These results were likely the result of prior strong transport of warm subtropical water into the Northern California Current region by the massive “El Niño of the century” in 1998 resulting in a time lag between “removal” of this water through mixing and advection during the autumn 1998 and winter 1998 – 1999 and replacement by cold sub - arctic water more typical of non - El Niño years. Thus, despite the presence of a strong La Niña event at the equator, there was a time lag between hydrographic changes associated with the ending of the El Niño event in 1998 and initiation of the La Niña event in 1999, and this delayed the transition of the zooplankton community composition as well. Residual influence of the strong 1998 El Niño may also account for the mid-rank (7) of the PDO in winter 1999, and for the deep upwelled waters not being as cold or as salty as would be expected for a La Niña event. Reference Bond N.A., H.P. Batchelder and S.J. Bograd. 2008. Forecasting northeastern Pacific ecosystem responses to La Niña. EOS Transactions, American Geophysical Union, 89(35): 321 – 322.
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CLIOTOP into the future: building scenarios for oceanic ecosystems in the XXI century CLIOTOP mid-term workshop, UNESCO, Paris, 8 – 11 February 2010 Olivier Maury1 and Patrick Lehodey2 1 IRD, Sète, France ([email protected]) 2 MEMMS, CLS, Ramonville, France ([email protected]) CLIOTOP (http://www.globec.org/structure/regional/cliotop/ cliotop.htm) is a 10 - year scientific programme which has been operating since 2005 as a GLOBEC regional programme and which will operate for the next five years under the IMBER programme, the two IOC / SCOR / IGBP sponsored programmes focusing on marine ecosystems. CLIOTOP addresses some of the contemporary challenges raised by global changes in oceanic earth systems such as climate change, ocean acidification, overfishing, biodiversity threats and erosion, globalisation of fish markets, international governance of the sea, etc. In particular, CLIOTOP focuses on oceanic top predators within their ecosystems and is based on a worldwide comparative approach among regions, oceans and species. It requires a substantive international collaborative effort to identify, characterise, monitor and model the key processes involved in the dynamics of oceanic ecosystems in a context of both climate variability and change and intensive fishing of top predators. The goal is to improve knowledge and to develop a reliable predictive capacity combining observation and modelling for single species and ecosystem dynamics at short, medium and long term scales. The implementation of CLIOTOP has been defined along two successive five- year phases. The first phase will end at the end of 2009, synchronously with GLOBEC ending. The second and final implementation phase (2010 – 2014) will be planned during the CLIOTOP “Mid-Term Workshop” which will be held 8 – 11 February 2010 at UNESCO in Paris. During the workshop, the major future axes of the programme will be updated and the implementation plan for the second phase of the programme will be drafted as an addendum to the CLIOTOP Science Plan (http://www.globec.org/structure/regional/cliotop/cliotop_ science_plan.pdf). The workshop will focus on defining the strategy to efficiently build scenarios for oceanic ecosystems evolution under anthropogenic and natural forcing in the XXI century in support of international governance. Recognising that oceanic ecosystems and associated artisanal and industrial fisheries have global drivers such as climate change, global fish markets and international legal frameworks, one of the major goals of CLIOTOP during its second phase will be to establish formal partnerships with oceanic Regional Fisheries Management Organisations (RFMOs: tuna commissions, whaling commission etc.) to provide them with useful science and products to help going toward an integrated ecosystem approach to oceanic fisheries at the global scale, taking example of the linkages between scientists and international policy makers that IPCC managed to put into effect for climate change.



In this perspective, further to the research activities on oceanic top predators conducted in the Working Groups, the CLIOTOP Scientific Steering Committee will propose to the discussion during the workshop that the second phase of CLIOTOP be oriented towards the development of specific “scientific products” to help the implementation of an ecosystem approach to oceanic fisheries and the conservation of emblematic top predator species at the global scale. This would include the development of: r



the CLIOTOP-MDST: Model and Data Sharing Tool gathering global data sets of different types and model outputs at the global scale and displaying them through a single web interface to stimulate comparative analysis;



r



the CLIOTOP-MAAS: Mid-trophic Automatic Acoustic Sampler to deploy large scale arrays of autonomous drifting acoustic recorders;



r



the CLIOTOP-ESM: Earth System Modelling framework coupling models from physics to fish to markets;



r



the CLIOTOP-SEE: Scenarios of Ecosystem Evolution from short- to long-term including food security issues associated with oceanic fisheries and conservation of charismatic top predator species;



r



the CLIOTOP-SIP: Synthetic Indicator Panel integrating data and model outputs for an ecosystem approach to oceanic fisheries in a climate change perspective.



Summarising and synthesising the current activities and achievements of CLIOTOP as well as defining and specifying the new general directions of the programme will constitute the main objectives of the mid-term workshop. Two major outputs are expected: r



the implementation plan for the second phase of CLIOTOP will be written and published in the IMBER Report Series as an addendum to the CLIOTOP Science Plan;



r



a position paper in a high impact factor journal synthesising and publicising the new scientific directions of the CLIOTOP programme.



The workshop is open to the community in a wide sense, including scientists and representatives of major scientific groups working on top predators and oceanic ecosystems, policy makers, RFMOs, non-governmental organisations and potential funders. For any information regarding the workshop, please contact Olivier Maury or Patrick Lehodey.
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CLIOTOP Working Group 2 Workshop Swansea, UK, 28 – 30 July 2009 Rory P. Wilson Chair, CLIOTOP WG2, Swansea University, Swansea, Wales, UK ([email protected]) At the end of July 2009, the Institute of Environmental Sustainability of Swansea University was used as a venue to host a workshop of the CLIOTOP WG2 (physiology, behaviour and spatial distribution of top predators) with the defined aim of determining the extent to which we can predict what top predators do according to circumstance. Participants were: David Ainley, Jean-Marc Fromentin, Adrian Gleiss, Brendan Godley, David Grémillet, Graeme Hays, Victoria Hobson, Ian Jonsen, François Royer, David Sims, Andrew Trites and Rory P. Wilson. Sorely missed were Heidi Dewar, Mark Hindell, Bruce Mate and Henri Weimerskirch, who were unable to make the meeting. Each of the participants was a top predator specialist in one of the major taxa, and each was asked to give a short talk reflecting their own interpretation of the workshop theme to set the scene. The issue of ‘predicting what?’ was deliberately left vague so that invitees came with their own perceptions as to what we can, and need to, predict. A stated objective of the workshop was to do the groundwork to enable the group to produce a document intended for publication in a peer-reviewed journal under the title; ‘Towards predicting top predator reaction to environmental circumstance; illusions, allusions and reality’. A starting point was the recognition that the planet has a wide variety of marine top predators and that we do not have the resources to study each species extensively in order to be able to respond to the primary aim of the conference. The proposition was, therefore, to determine a maximum about top predator lifestyles using mechanistic models. These would start by considering the physical characteristics of the predators since these modulate so much of animal biology. In definition of this ‘hardware’, the group elected a box - based hierarchical system, with animals split into five levels; L1 at the top, into air-breathers and water breathers, at the next level, L2, into homeotherms and ectotherms, L3 into flyers and swimmers, L4 into air-associated and lipid-based buoyancy and L5 into the location of the tissue responsible for the buoyancy tissue, being either in the body or on the external surface. Within these categories, the working group recognised a number of continua that need defining. These were primarily; the mass of the animal, the extent of buoyancy tissue, the gas / lipid - free body density, the fineness ratio and the drag coefficient. Characterisation of any particular top predator using these parameters equates with physiological implications that can be modelled using published relationships that relate to thermal tolerance, energy expenditure, speed, cost of transport and manoeuvrability. For example, energy expenditure during non - movement depends on the size of the animal, whether it is homeotherm or ectotherm, the extent and type of the external buoyancy tissue, and the insulating properties of this buoyancy tissue with respect to ambient temperature. During movement of the same animal, the energy expenditure is modulated by the speed, the drag coefficient, the dive angle, the overall body density (including cognisance of the extent of lipid and air) and the depth (which affects buoyancy in systems containing air). Considerations



Some of the attendees of the Swansea CLIOTOP WG2 workshop. From left to right: David Grémillet, David Simms, David Ainley, Rory Wilson, François Royer, Jean-Marc Fromentin, Ian Jonsen, Graeme Hays, Andrew Trites.



of such elements should allow us to cascade down to behavioural, physiological and ecological correlates. For example, energy expenditure during movement will affect expected speeds and extents (percentage time) of movement anticipated in the animal’s lifestyle. These need to be balanced by appropriate ingestion rates of food (energy out = energy in) whereby information on prey quality (e.g. energy density), predator assimilation efficiency, heat increment of feeding and digestion speed are critical in modelling putative rates of prey ingestion needed to sustain the observed lifestyle. Importantly, the frequency with which predators need to encounter prey depends on how long they can fast and this depends again on their physical attributes (see hierarchical hardware definition above). The actual rates of prey encounter, and their variation over time, will depend on prey mass and distribution and on the predator’s ability to detect it (which can be modelled by consideration of perception range according to the sensory systems used by the predator). Behavioural choice exerted by top predators in search strategies such as manifest in track tortuosity etc. were recognised as an extremely complex area that could benefit from a modelling approach but might not dovetail easily with that proposed. How the above factors, over time, could relate to changes in top predator body condition and capacity to breed, and eventually affect population processes was also discussed. The discussions frequently considered the extent to which the literature might provide broad-scale information for use in the proposed model (such as allometric considerations) and there was a concerted effort to highlight holes in our knowledge that, if dealt with, would empower the proposed models. Since the end of the workshop, work has been in progress on the proposed models to see how far we can derive top predator reaction to circumstance as proposed. The hope is that the modelling approach will allow us some real insights but also highlight weaknesses in our ability to predict particular aspects. This should act as a pointer for identifying where we go from here in moving towards CLIOTOP’s goals.



56



GLOBEC INTERNATIONAL NEWSLETTER OCTOBER 2009



Modelling the multi-species culture ecosystem in Sungo Bay, China Shi Jie1 ([email protected]), Wei Hao2,1, Zhao Liang1, Yuan Ye1,3, Fang Jianguang4 and Zhang Jihong4 1 Ocean University of China, Qingdao, China 2 Tianjin University of Science and Technology, Tianjin, China 3 National Marine Environmental Forecasting Center, SOA, Beijing, China 4 Yellow Sea Fisheries Research Institute, CAFS, Qingdao, China



Distance from bottom (m)



Kelp



Kelp and bivalves



Bivalves



Latitude (N)



Latitude (N)



Sea food produced from 41° aquaculture is more and more 37°09' Bivalves important in China and thus a 37°08' 39° Bohai Sea healthy model for aquaculture 37°07' is needed for sustainable Yellow Sea Chengshantou 37°06' 37° production. Sungo Bay is Shandong Peninsula Qingdao among the largest aquaculture 37°05' production site in China 37°04' 35° (Fig. 1). To fulfil the increasing 37°03' Sungo Bay P.R. China need for aquaculture products, its 33° 37°02' culture area has been extended East China Sea to the open sea and the culture 37°01' density has been increased. The 31° 117° 119° 121° 123° 125° 127° 122°26' 122°28' 122°0' 122°32' 122°34' aquaculture establishments and Longitude (E) Longitude (E) organisms greatly influence the Figure 1. Location and topography of Sungo Bay and the aquaculture scenarios. The star denotes the hydrodynamic features of Sungo observation station. Bay. It was observed that the current at the surface layer is half the strength of that at the The frictional effects of both the establishments at the surface and bottom layer, with the maximum current strength appearing in the kelp in the water column are parameterised. Coefficients are the middle or lower layer with a phase lag as it propagates determined based on the observations of current profiles in April from upper to lower depths (Fig. 2). Another boundary layer and July 2006. The Princeton Ocean Model (POM) has been at the surface is formed due to the rafts and buoys which modified to simulate the dynamic structure of Sungo Bay under induce an even stronger friction than the seabed (Fan et al., the influence of the culture activities, by adding the two types of 2009). Meanwhile, aquaculture activities have a great effect friction (Fig. 3). The simulation results indicate that suspended on the ecosystem. In recent years, the scarcity of nutrients aquaculture causes a 40% reduction in the average current speed has become crucial to the growth of kelp and phytoplankton and a significant increase (71%) in the average half - life time of because of the weakening of the water exchange. As a result, water exchange (Shi et al., in press). the growth rate of bivalves feeding on phytoplankton is slower Coupled with the hydrodynamic model, a three-dimensional multiand their size is smaller. species culture ecosystem model has been established in Sungo Bay (Fig. 4). It involves four state variables, i.e. phytoplankton Observation current speed at Xunshan station (cm s-1) biomass, dissolved inorganic nitrogen (DIN) concentration, 35 particulate organic matter (POM) concentration and kelp dry weight. Phytoplankton absorbs DIN for photosynthesis, and 8 30 releases DIN through respiration. Kelp grows by absorbing the DIN. The mortality of phytoplankton and kelp contributes to 25 the POM, which turns back to DIN through mineralisation. The 6 cultured bivalves feed on POM. The excretion of bivalves and 20
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Figure 2. Profiles of tidal current in Station Xunshan according to the observation in April 2006.
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Figure 3. Schematic diagram of two types of friction. One is caused by the aquaculture establishment at the surface; the other is caused by the kelp in the water column. The water depth influenced by the kelp friction varies as the growth of the kelp. Cd= drag coefficient.
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Figure 5. Nutrient budgets during the kelp growth period (from 1 November to 31 May).



the sediment renewal are also sources of DIN. The model focuses on the variation of the drag caused by the kelp during the period of growth, and the competition of nutrients between kelp and phytoplankton. Aquaculture activities have extensive effects on the ecosystem environment. The annual cycle and seasonal distribution of phytoplankton biomass and DIN concentration have been simulated. There is an obvious seasonal signal which is also enhanced by the seasonal aquaculture activities. The horizontal distributions are partly controlled by the aquaculture scenarios. However, the nutrient supply from the open sea is the most important source of DIN during the kelp growth period,
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Figure 6. The distribution of the kelp harvest biomass.



The main aim of the ecosystem culture model is to estimate the kelp culture carrying capacity. An increase of the kelp culture density increases the frictions by both the increasing establishments and the kelp itself, which inhibit the supply of DIN from the open sea by slowing down the current. Numerical experiments with different initial kelp culture densities verify that kelp production is not necessarily higher with higher initial culture density. The model results also indicate that kelp production reaches its peak when the culture density is 0.9 times the present culture density (Fig. 7). Therefore, 0.9 times of the present density is the optimum culture density according to the model. References Fan X., H. Wei, Y. Yuan, and L. Zhao. 2009. The features of vertical structures of tidal current in a typical coastal mariculture area of China. Journal of Ocean University of China 39(2): 181 – 186. Shi J. and H. Wei. in press. Simulation of hydrodynamic structure in a semi-enclosed bay with dense raft-culture. Journal of Ocean University of China.
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accounting for 40% (Fig. 5). Therefore, from the distribution of the kelp production (Fig. 6), the region near the mouth of the bay is the highest production region for kelp. The kelp biomass decreases from the mouth to the top of the bay.
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Figure 4. The schematic diagram of the multi-species culture ecosystem model in Sungo Bay. The diagram separates the state variables in the model (real rectangles) and the forcing data (dashed ellipse).
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Figure 7. Variations of kelp biomass under different kelp culture density.
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Explosive cyclogenesis of extra-tropical cyclone Klaus and its impact on the water column stability in the Bay of Biscay Manuel González1 ([email protected]), Luis Ferrer1, Almudena Fontán1, Anna Rubio1, Julien Mader1, Andrea Del Campo1, Pedro Liria1, Carlos Hernández1, Luis Cuesta1, Jon Berregui1, Adolfo Uriarte1 and Michael Collins1,2 1 Marine Research Division, AZTI-Tecnalia, Pasaia, Gipuzkoa, Spain 2 National Oceanography Centre, Southampton, UK Pasaia station
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During previous days, the water column showed relative stratification, in the southeastern corner of the bay. The vertical profiles of water temperature and salinity, at the Donostia buoy (43°33.8’N – 2º1.4’W), are shown in Figure 1 (middle and bottom images). From 7 to 21 January, the maximum temperature depth was located at between 50 and 75 m (13.4°C). In general, minimum temperature was measured at 10 m depth, reaching values of 11°C. With respect to salinity, there was a minimum at 10 m depth, with values of between 27–35 PSU (influenced by the effects of strong river discharges); it increased with the depth, showing values around 35 – 36 PSU. After the Klaus passage, there was a high degree of mixing in the water column, as shown in Figure 1. The temperature showed a constant value of around 12.15°C (at least, between 10 and 200 m depth), whilst the salinity reached 35.6 PSU.
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On 23 – 24 January 2009, a deep extra - tropical cyclone “Klaus”, the consequence of an explosive cyclogenesis, crossed over the Bay of Biscay from west to east. The explosive cyclogenesis consists of the deepening and intensification of a surface low - pressure, in a short period of time, due to its interaction with a perturbation in height in baroclinic instability conditions. In the latitudes of the Bay of Biscay, the pressure fall must be equal or in excess of to 19 – 20 mb in 24 hours. The deep low - pressure, with 970 mb at sea level, swept quickly (moving at around 60 km h-1) across southern France in the early morning of 24 January; it reached the Mediterranean in the early afternoon. There was a very strong pressure gradient in the southeastern corner of the Bay of Biscay, generating strong west - northwesterly winds (> 100 km h-1). This can be seen in Figure 1 (upper image), where meteorological data at the station located at the mouth of Pasaia harbour (43°20.3’N-1°55.5’W) are shown. As the low centre translated eastwards over the bay, the significant and maximum wave heights increased rapidly along the Basque Country coast (> 13 and 20 m, respectively), together with the currents in the water column. This resulted in strong vertical water column mixing, as measured by offshore oceano - meteorological buoys (600 m depth).
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Figure 1. Atmospheric pressure and wind gust (at 16 m above sea level) observed at the Pasaia station, and vertical profiles of water temperature and salinity (at 10, 20, 30, 50, 75, 100 and 200 m depth), observed at the Donostia buoy, from 7 to 27 January 2009.
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CALENDAR 4 – 5 October 2009: Partnership for Climate, Fisheries and Aquaculture (PaCFA) meeting, Rome, Italy.



16 – 19 November 2009: SOLAS Open Science Conference, Barcelona, Spain http://solas2009.confmanager.com/main.cfm?cid=1573



13 – 16 October 2009: Second DIVERSITAS Open Science Conference – Biodiversity and society: understanding connections, adapting to change, Cape Town, South Africa http://www.diversitas-osc.org/



14 – 18 December 2009: AGU Fall Meeting 2009, San Francisco, USA http://www.agu.org/meetings/fm09/



18 – 21 October 2009: Harmful algal blooms and eutrophication: GEOHAB 2nd Open Science Meeting, Beijing, China http://www.geohab-osm-bj.ac.cn/



1 – 4 February 2010: MEECE Annual Science Meeting, Heraklion, Greece http://www.meece.eu



20 – 22 October 2009: 39th SCOR Executive Committee Meeting, Beijing, China http://www.scor-int.org/2009EC/2009EC.htm



23 October - 1 November 2009: PICES Eighteenth Annual Meeting, Jeju, Korea h t t p : / / w w w. p i c e s . i n t / m e e t i n g s / a n n u a l / P I C E S - 2 0 0 9 / 2 0 0 9 background.aspx



8 – 11 February 2010: CLIOTOP into the future: building scenarios for oceanic ecosystems in the XXI century, CLIOTOP mid-term workshop, UNESCO, Paris 15 – 17 February 2010: Remote sensing and fisheries international symposium, Kochi, India http://www.geosafari.org/kochi/index.html



November 2009: ESSAS WG3 NEMURO-ROMS meeting, Santa Cruz, CA, USA.



16 – 18 March 2010: IGBP SC meeting, Grenoble, France



2–4 November 2009: QUEST_FISH PI meeting, London, UK.



31 March 2010: Official closure of the GLOBEC IPO



http://www.igbp.net



http://web.pml.ac.uk/quest-fish/



3 – 6 November 2009: International symposium on rebuilding depleted fish stocks: biology, ecology, social science and management strategies, Warnemünde, Germany



26 – 29 April 2010: Climate change effects of fish and fisheries: forecasting impacts, assessing ecosystems responses, and evaluating management strategies, Sendai, Japan



http://www.uncover.eu/index.php?id=180



http://www.pices.int/meetings/international_symposia/2010/cc_ effects_fish/default.aspx



11 – 13 November 2009: GLOBEC Scientific Steering Committee Meeting, Plymouth, UK



30 May - 3 June 2010: 34th annual larval fish conference, Santa Fe, New Mexico, USA



http://www.globec.org/



http://www.larvalfishcon.org/
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