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G. MANAGEMENT APPLICATIONS OF BASIN

Providing useful and relevant results for management of marine ecosystems is an integral component
of the BASIN programme. BASIN will offer data, analysis, and models to be included in implementing
the ecosystem approach to fisheries and ecosystem management around the whole of the Atlantic basin
in a fully integrated way (Fig. 12). To utilise existing knowledge and deliver results, BASIN will form
partnerships and links with the appropriate management and research agencies in North America and
Europe (e.g. NOAA/NMFS, DFO, ICES, NAFO, NEAFC and DG FISH).

Potential changes in fundamental production characteristics of regional subsystems driven by
basin-scale climate events require adaptation strategies in integrated ocean management. Management
considerations include those for highly migratory fish species (which in some instances span the entire
North Atlantic) and those for regional population or metapopulation structures for individual fish species
which exhibit some level of basin-scale synchrony. The need for a basin-scale perspective is particularly
clear for trans-boundary stocks. For regional populations and metapopulations exhibiting coherence in
population fluctuations related to large-scale forcing, substantial improvements in predictive capability
may be obtained by considering basin-wide effects.

Understanding the potential for synergistic interactions between basin-scale climate forcing,
ecosystem productivity, and exploitation regimes is critical in devising appropriate management
approaches. Populations of exploited marine species are strongly shaped by environmental variability
on a broad range of space and time scales. High frequency variation in environmental forcing plays
an important role in variability of growth and survival of young fish and shellfish. These variations in
conjunction with high fishing pressure may result in abrupt changes in upper trophic ecosystem structure, if
affected species are key trophic components of the ecosystem. Lower frequency forcing on broad spatial
scales affects overall levels of productivity on multidecadal time scales, changing ecosystem structures
and exploitation opportunities. Fishery management strategies must contend with the uncertainties
introduced by both high and low frequency forcing of climate-induced changes.

Commercially important pelagic fish species are mostly planktivorous and can be expected to exert
important grazing effects on zooplankton species also selected as target species under BASIN. Further,
they play an important role as a forage base for higher trophic levels, e.g. exploited demersal fish as well
as marine birds and mammals and therefore occupy the nexus of many marine food webs. Many of these
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Figure 12. There are five key components to an Ecosystem Approach to Fisheries Management (EAFM)
structure, three within the ecological sphere and two within the human sphere (Fletcher et al., 2005). All
five need some consideration in a fishery approach that accounts for the range of factors that influence a
fishery. BASIN seeks to contribute to the improvement of our ecological understanding of fish and fisheries,
but will work with those who are applying the EAFM strategy to the problems.
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pelagic fish species undergo extensive seasonal migrations, emphasizing the need for a broad (and often
trans-boundary) perspective in management of living resources and conservation of biodiversity.

Ecosystem-based management recognises the importance of essential fish habitats, multi-species
interactions, and nutrient cycling as parameters of the growth, abundance, and distribution of exploitable
fish stocks. Accordingly, it is critical to understand and predict both direct and indirect effects of human
activities on marine ecosystems including alterations in food web structure and changes in biodiversity
that may result from fish harvests or nutrient over enrichment, thereby altering food supplies or predation
rates. The recognised importance of the development of ecosystem-based management approaches
highlights the need to develop operational models for the purposes of fisheries management.

Resource management modelling

The development of conceptual and mathematical models has played a central role in marine biology
and ecology as a tool for synthesis, prediction, and understanding. This activity has encompassed the
development of models for single species, multi-species communities, and for whole ecosystems. The
use of models has proven especially important because marine systems are typically not amenable to
controlled experimental manipulation, so that alternate strategies involving the interplay of observation
and modelling are critical.

For applied problems such as fishery management and environmental protection, models are essential
for predicting outcomes of proposed management actions. Models applied in fishery management have
typically focused on single-species dynamics e.g. VPA, although multi-species (e.g. MSVPA, BORNICOM
SMS) and ecosystem models mass balance models (e.g. EWE) are available for exploited marine
systems. Present assessment models depend on an extensive observing system designed to monitor
catches, fishing effort, and demographic characteristics of the catch (size and/or age structure). In many
areas, fishery-independent scientific surveys are also conducted to monitor ecosystem status.

Considerable attention has recently been directed to the development of models and management
strategies to meet broader ecosystem-based management goals (including protection of vulnerable
habitats and preservation of ecosystem structure and function). BASIN will make an important contribution
to the development of models and management strategies directed at these higher levels of organization
(multi-species and ecosystem levels) by providing detailed information on the dynamics of lower trophic
levels and system-wide production levels that could then be used as ‘drivers’ in management-oriented
models or in fully integrated models linking the dynamics of the upper trophic levels under exploitation to
the lower trophic levels. Furthermore, BASIN will further the development of an earth ocean ecosystem
key species model coupler environment. This advance will significantly enhance the incorporation of
bottom up and climate processes into the development and implementation of an ecosystem approach
to resource management of exploited resources in the Atlantic basin and associated shelf seas.

Explicit representation of species groups or assemblages in multi-species models has been undertaken
in a number of marine systems. Most often, these models consider interactions among members of
identified communities of organisms and typically span a limited number of trophic levels. Predator-prey
and competitive interactions have been most extensively modelled. In contrast to individual species
models, these models provide explicit representations of interacting species and can be used,
therefore, to examine the implications of changes in the relative abundance of species within biological
communities. In the context of BASIN, the pelagic and demersal fish components are clearly linked
through predator-prey dynamics and multi-species models can be refined through the anticipated benefits
of BASIN research. BASIN will contribute to a mechanistic understanding and forecasting of recruitment
dynamics of the target pelagic and demersal species and will determine its potential utility in prediction
of multi-species assemblages and related fisheries.

Models of whole ecosystems have been developed for a number of marine systems with direct
consideration of nutrient inputs and representation of each trophic level from primary producers through
top predators. Most ecosystem network models provide static snapshots of ecosystem processes under
certain mass balance assumptions. However, dynamic ecosystem simulation models have also been
developed and applied to these fisheries. Due to the complexity of marine ecosystems, aggregate species
groups are often used to represent at least some trophic levels, thus reducing the overall number of
compartments in the model to a more manageable size.
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H. PROGRAMME DESCRIPTION AND TIME-LINE

The BASIN programme is planned to take place in two 5-year phases (Fig. 7). The initial phase will
emphasize modelling and data integration and synthesis, and some initial field work. During the second
phase, additional observations from the field will be essential for further model development and
verification of model results.

Phase | (2010-2014):
e Data synthesis.

® Model hindcasting and scenario simulations.
¢ I|dentification of information and data gaps, experimental design (OSSEs).
¢ Development and exploitation of new technologies.

e Develop management mechanisms and begin implementation, knowledge transfer and
outreach.

¢ |nitiation of broad-scale, process, and laboratory studies.

¢ Integration and synthesis of scientific results and management advice.

¢ Design and initial implementation of a basin-scale modelling/observing system.
¢ I|dentification of mechanisms of variability and assessment of predictability.

Phase Il Operational Implementation of Phase I Science (2015-2019):
e  Skill assessment of models.

e Extension and refinement of the basin-scale field programme.
¢ Integration of observational capabilities with other international observational programmes.
e Operationalize data and model information flow to management.
e Synthesis of scientific results and integration into management advice.
Specific deliverables and products that are anticipated during the BASIN programme are presented in

Section A. The suggested sequencing of activities in the first 5-year phase of the BASIN programme
is summarized in Table 2.
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Table 2. Activities anticipated and their phasing during the first 5-years of BASIN

Contributes to

gaps, experimental design (OSSEs)

Design and initial implementation of a

Activities | Year1 | Year2 | Year 3 | Year 4 | Year 5 .
deliverables
Modelling
Hindcasting 1,2,3
""'""'""i&éh’ti’ﬁ'&éﬁéh’éfEﬁf&?ﬁé’ti&ﬁ'&ﬁé’déié_ 128

1,7

1,2,3,4,5

1,2

1,8

1,56,7,8

basin-scale modelling/observing system 1.8
Synthesis
Retrospective data synthesis. 2,3
""" Develop management mechanisms and begin ;g
_ implementation, knowledge transfer and outreach :
Identification of mechanisms of variability 128
and assessment of predictability T
Physics-field
Identify the state of the ocean in key 134
_______________________ basins (glider deployments) -
Cross-shelf moorings (transport, salt, heat) 1,3,4,7
Argo floats 1,34
~ Atmosphere-ocean coupling: 1o
CLIVAR-BASIN collaboration ’
Biogeochemistry-field
Mooring scale studies 5
Cross-basin transects-biogeochemistry 1,3,5
Laboratory rate studies 1,5
Ecosystem-field
Cross-basin transects-zooplankton 3,4,5,6,8
Vital rates—cross-basin transects 1,3,5
Fisheries-field
Cross-shelf monitoring of spring
________________ transport of organisms into regions raAene
Fish-zooplankton feeding interactions (shelf) 1,6,7,8
""""""""""""" Fish-zooplankton feeding a6
eeeeeeeoooo....._._Interactions (deep ocean) -
Laboratory studies of bioenergetics 1,5,6
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. PROGRAMME MANAGEMENT AND OUTREACH

International Steering Committee

As with any large international scientific programme, BASIN will need effective coordination and
management. This will be particularly important for BASIN, which seeks to integrate observational and
modelling studies that span the North Atlantic. It will be necessary to coordinate sampling strategies
and to ensure the effective and timely sharing of data and other results. While each national programme
contribution to BASIN will develop its own approach to management, there will also be an International
BASIN Steering Committee to guide the overall programme. The role of this committee will be to identify
and suggest relevant research activities and scientific gaps, periodically re-evaluate the priorities of
the programme, ensure coordination with other programmes, assess progress towards programme
objectives, and to support international coordination of the research. The coordination of the multinational
field programmes and the analysis and interpretation of the results will be particularly crucial given
the international scope of the programme and the need to bring the nationally funded programmes
together. This International Steering Committee should also serve to ensure that the results of the
programme are properly integrated and disseminated to the potential users of the research.

The International Steering Committee will be composed of ~8—10 scientists and marine resource
managers representing the funded programmes from North America and Europe. Representatives
from key funding agencies will have the opportunity to sit as ex officio members of the committee. The
committee will meet once or perhaps twice a year to foster integration among the various programme
elements. The Steering Committee will plan and, with the national programme managers and national
steering committees, coordinate regular scientific meetings of groups with special interests within the
programme (e.g. the modellers, resource managers). The Committee will organize bi-annual science
meetings open to all the researchers of the programme. The Committee will also sponsor special sessions
at appropriate international scientific meetings. These special sessions will be open to all interested
scientists and provide an opportunity to share the results of the BASIN programme with the wider scientific
community and allow interaction and discussion with scientists working in related programmes.

The Steering Committee and the researchers will be supported in their work by a Programme Office that
should include an Executive Director and secretarial assistant. Funding for the Programme Office and for
the meetings and work of the Steering Committee will come from the National Programmes, which will
contribute a portion of their funding in support of international coordination. The request for this funding
should be included in the proposals to funding agencies at the time of application.

The Steering Committee will serve to connect scientists within the programme and to enhance and ensure
data and information sharing among different scientists and teams. Essentially the role of the committee
will be to actively coordinate among different separately funded programme initiatives. The development
of a true pan-Atlantic synthesis will require sharing of both results, data, ideas, and approaches. The
Steering Committee will support activities that lead to such sharing.

The Steering Committee will also work to encourage and ensure collaboration between government
and academic scientists with a focus on aligning the programme goals with the needs of ocean and
fisheries management. It will be important to develop the programme jointly to ensure that the activities
of the programme are relevant to needs of managers and later, as the programme is ongoing, to provide
opportunities for communication focused on addressing key management concerns and taking advantage
of the new understanding and tools developed within BASIN.

Outreach will take several different forms within BASIN. We will develop web material that will be made
available both to the public and to other researchers with an interest in the North Atlantic and the research
results of BASIN. As noted below, we will share our data both within the programme and with all other
interested parties who could benefit from data collected within BASIN and the modelling results of the
researchers. The work that we do is of broad scientific and societal importance and the sharing of data
and results is essential.

BASIN will hold regularly scheduled workshops on ecosystem based management bringing together
natural and social scientists with managers and other interested stakeholders to share and explore the
results of the scientific research. These workshops will serve to bring the results of the scientific research
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to the management and policy communities in an environment in which there will be a discussion of the
implications of the results and consideration of other possible appropriate scientific studies to improve
the development of our scientific understanding for application to ecosystem based management. These
workshops will be developed both nationally and internationally, as appropriate, recognising the differing
national approaches to ocean and fisheries management.

Database management

BASIN will collect and organize large amounts of data including selected model output. While it is
not considered a requirement to centrally manage these data sets, a person or group will undertake
responsibility for 1) coordinating assembly of the historical data bases and linking to data collected during
relevant recently completed and ongoing programmes such as GLOBEC regional and national studies,
2) ensuring data collected during BASIN are made available and shared as quickly as possible, 3) fostering
the establishment of data portals to help BASIN scientists access the data, and 4) undertaking local
archiving of new data and model results. It is anticipated that the data will be in the form of distributed
databases with a BASIN website supplying seamless access to the data links.

Several programmes and projects have already dealt with many of the data management issues anticipated
within BASIN, e.g. GLOBEC, JGOFS, CLIVAR. Within the US National Science Foundation (NSF), the
Biological and Chemical Oceanography Data Management Office (BCO-DMO) (http://www.bco-dmo.org)
was recently created to serve Principal Investigators (Pls) funded by the NSF’s Biological and Chemical
Oceanography sections. It is a facility where marine biogeochemical and ecological data and information
developed in the course of scientific research can easily be disseminated, protected, and stored on short
and intermediate time-frames, and may serve as a model for data management in BASIN.

There will be a policy of open access to all data. The implementation and support of such a policy
is crucial to the success of BASIN. It is recognised, however, that some of the historical or recently
collected data sets, particularly fisheries related ones, may require some restricted access for a
limited time period. BASIN will examine and adopt policies that other large programmes (e.g. CLIVAR,
GLOBEC, GEOTRACES) have already established and comply with the laws of the EU, Canada, and
the US. Regarding data obtained during BASIN, steps will be taken to ensure quick access to such data
while still maintaining high quality calibration and processing standards.

While local archiving of the new data will be carried out, steps will be taken to discuss the permanent
archiving of the data with centralised database managers such as BODC, NODC, ICES, and others. This
is essential to ensure that the data are available long after BASIN is completed.

37



BASIN Science Plan and Implementation Strategy

J. REFERENCES

Anonymous. 2000. Emerging thematic priorities for research in Europe Working Paper IPTS-JRC Seville 4th
December 2000. 55 pp. [http://www.miur.it/UserFiles/909.pdf].

Armstrong, R.A., H. Singh, J. Torres, R.S. Nemeth, A. Can, C. Roman, R. Eustice, L. Riggs and G. Garcia-Moliner.
2006. Characterizing the deep insular shelf coral reef habitat of the Hind Bank marine conservation district
(US Virgin Islands) using the Seabed autonomous underwater vehicle. Continental Shelf Research 26(2):
194-205.

Backus, R.H., J.E. Craddock, R.L. Haedrich and B.H. Robison. 1977. Atlantic mesopelagic zoogeography. Part 7.
Order Iniomi (Myctophiformis). In: R.H. Gibbs (Ed.). Fishes of the Western North Atlantic. Memoirs of the Sears
Foundation for Marine Research 1: 266—287.

Beaugrand, G. 2005. Monitoring pelagic ecosystems using plankton indicators. ICES Journal of Marine Science
62: 333—-338.

Beaugrand, G., K.M. Brander, J.A. Lindley, S. Souissi and P.C. Reid. 2003. Plankton effect on cod recruitment in
the North Sea. Nature 426: 661—664.

Beaugrand, G., J.A. Lindley, P. Helaouet and D. Bonnet. 2007. Macroecological study of Centropages typicus in the
North Atlantic Ocean. Progress in Oceanography 72(2-3): 259-273.

Behrenfeld, M.J. and P.G. Falkowski. 1997. Photosynthetic rates derived from satellite-based chlorophyll
concentration. Limnology and Oceanography 42: 1-20.

Belkin, I.M., S. Levitus, J. Antonov and S. Malmberg. 1998. “Great Salinity Anomalies” in the North Atlantic. Progress
in Oceanography 41(1): 1-68.

Benfield, M.C., P. Grosjean, P.F. Culverhouse, X. Irigoien, M.E. Sieracki, A. Lopez-Urrutia, H.G. Dam, Q. Hu, C.S.
Davis, A. Hansen, C.H. Pilskaln, E.M. Riseman, H. Schultz, P.E. Utgoff and G. Gorsky. 2007. RAPID, Research
on Automated Plankton Identification. Oceanography 20(2): 172-187.

Bonnet D., R. Harris, A. Lopez-Urrutia, C. Halsband-Lenk, W. Greve, L.Valdes, H.-J. Hirche, M. Engel, M.T.
Alvarez-Ossorio and K. Wiltshire. 2007. Comparative seasonal dynamics of Centropages typicus at seven
coastal monitoring stations in the North Sea, English Channel and Bay of Biscay. Progress in Oceanography
72: 233-248.

Bonnet, D., A. Richardson, R. Harris, A. Hirst, G. Beaugrand, M. Edwards, S. Ceballos, R. Diekman, A. Lopez-Urrutia,
L. Valdes, F. Carlotti, J.C. Molinero, H. Weikert, W. Greve, D. Lucic, A. Albaina, N. Daly Yahia, S. Fonda Umani,
A. Miranda, A. Dos Santos, K. Cook, S. Robinson and M.L. Fernandez Puelles. 2005. An overview of Calanus
helgolandicus ecology in European waters. Progress in Oceanography 65: 1-53.

Brander, K.M. and R. Mohn. 2004. Effect of the North Atlantic Oscillation on recruitment of Atlantic cod (Gadus
morhua). Canadian Journal of Fisheries and Aquatic Sciences 61: 1558—1564.

Broecker, W.S. 1997.Thermohaline circulation, the Achilles heel of our climate system: Will man-made CO, upset
the current balance? Science 278(5343): 1582—-1594.

Brown, C.W. and J.A. Yoder. 1994. Coccolithophorid blooms in the global ocean. Journal of Geophysical Research
99(C4): 7467-7482.

Burgess, J., J.H. Dunnigan, J.S. Mechling and E.C. Norton. 2005. NOAA's ecosystem approach to management.
Proceedings of MTS/IEEE, pp.1-4. http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=10918

Charney, J., M. Halem and R. Jastrow. 1969. Use of incomplete historical data to infer the present state of the
atmosphere. Journal of Atmospheric Science 26: 1160—-1163.

Churnside, J.H. and J.J. Wilson. 2004. Airborne lidar imaging of salmon. Applied Optics 43(6): 1416—-1424.

Churnside, J.H. and R.E. Thorne. 2005. Comparison of airborne lidar measurements with 420 kHz echo-sounder
measurements of zooplankton. Applied Optics 44(26): 5504—5511.

38



BASIN Science Plan and Implementation Strategy

Clark, D.S., S. Gavaris and J.M. Hinze. 2002. Assessment of cod in Division 4X in 2002. Canadian Science Advisory
Secretariat Research Document 2002/105.

Corti, S., F. Molteni and T.N. Palmer. 1999. Signature of recent climate change in frequencies of natural atmospheric
circulation regimes. Nature 398: 799-802.

Cushing, D.H. 1972. The production cycle and the number of marine fish. Symposia of the Zoological Society of
London 29: 213-232.

Cushing, D.H. 1990. Plankton production and year-class strength in fish populations: an update of the match/mismatch
hypothesis. Advances in Marine Biology: An Annual Review 26: 249—-293.

Cushing, D.H. and R.R. Dickson. 1976. The biological response in the sea to climatic changes. Advances in Marine
Biology: An Annual Review 14: 1-122.

Dalgleish, F.R., F.M. Caimi, C.H. Mazel and J.M. Glynn. 2006. Extended range underwater optical imaging
architecture. IEEE Oceans 2006.

Davis C.S., Q. Hu, S.M. Gallager, X. Tang, C.J. Ashjian. 2004. Real-time observation of taxa-specific plankton
distributions: an optical sampling method. Marine Ecology Progress Series 284: 77—-96.

Davis, C.S. and D.J. McGillicuddy. 2006. Transatlantic Abundance of the N,-fixing colonial cyanobacterium
Trichodesmium. Science 312(5779): 1517-1520.

Davis, C.S., F.T. Thwaites, S.M. Gallager and Q. Hu. 2005. A three-axis fast-tow digital Video Plankton Recorder for
rapid surveys of plankton taxa and hydrography. Limnology and Oceanography Methods 3: 59-74.

Denman, K.L., G. Brasseur, A. Chidthaisong, P. Ciais, P.M. Cox, R.E. Dickinson, D. Hauglustaine, C. Heinze, E.
Holland, D. Jacob, U. Lohmann, S. Ramachandran, P.L. da Silva Dias, S.C. Wofsy and X. Zhang. 2007.
Couplings between changes in the climate system and biogeochemistry. In: S. Solomon, D. Qin, M. Manning,
Z. Chen, M. Marquis, K.B. Averyt, M.Tignor and H.L. Miller (eds.). Climate change 2007: The physical science
basis. Contribution of Working Group | to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
p.499-587.

deYoung, B., M. Heath, F. Werner, F. Chai, B. Megrey and P. Monfray. 2004. Challenges of modeling ocean basin
ecosystems. Science 304(5676): 1463—1466.

Dominguez-Caballero, J.A., N. Loomis, W. Li, Q. Hu, J. Milgram, G. Barbastathis and C. Davis. 2007. Advances in
plankton imaging using digital holography. Proceedings of the OSA topical meeting Digital Holography and 3D
Imaging, June 18-20, 2007, Vancouver, British Columbia.

FAO. 2007. The state of world fisheries and aquaculture 2006. FAO Fisheries and Aquaculture Department, Food
and Agriculture Organization of the United Nations, Rome. 162 pp.

Fasham, M.J.R., B.M. Balino and M.C. Bowles. 2001. A new vision of ocean biogeochemistry after a decade of the
Joint Global Ocean Flux Study (JGOFS). Ambio 10: 1-31.

Fletcher, W.J., J. Chesson, K.J. Sainsbury, M. Fisher and T. Hundloe. 2005. A flexible and practical framework
for reporting on ecologically sustainable development for wild capture fisheries. Fisheries Research 71:
175-183.

Frank K.T., B. Petrie, J.C. Choi and W.C. Leggett. 2005. Trophic cascades in a formerly cod-dominated ecosystem.
Science 308: 1621-1623.

Frank, K.T., B. Petrie and N.L. Shackell. 2007. The ups and downs of trophic control in continental shelf ecosystems.
Trends in Ecology and Evolution 22: 236—242.

Frank, K.T., B. Petrie, N.L. Shackell and J.S. Choi. 2006. LETTER: Reconciling differences in trophic control in
mid-latitude marine ecosystems. Ecology Letters 9(10): 1096—1105.

Friedland, K.D., J.A. Hare, G.B. Wood, L.A. Col, L.J. Buckley, D.G. Mountain, J. Kane, J. Brodziak, R.G. Lough and C.H.

Pilskaln. 2008. Does the fall bloom control recruitment of Georges Bank haddock, Melanogrammus aeglefinus,
through parental condition? Canadian Journal of Fisheries and Aquatic Sciences 65: 1076—1086.

39



BASIN Science Plan and Implementation Strategy

Friedrichs, M.A.M., L. Anderson, R. Armstrong, F. Chai, J. Christian, S. Doney, J. Dunne, M. Fuijii, R. Hood, D.J.
McGillicuddy, M. Schartau, Y. Spitz and J. Wiggert. 2007. Assessment of skill and portability in regional marine
biogeochemical models: the role of multiple planktonic groups. Journal of Geophysical Research 112(C08001),
doi:10.1029/2006JC003852.

GLOBEC. 1994. Report of the first meeting of the International GLOBEC working group on Numerical Modelling.
Villefranche-sur-Mer, France, July 12—-14, 1993. GLOBEC Report 6: 60 pp.

Goffredi, S.K., W. Jones, C.A. Scholin, R. Marin lll and R.C. Vrijenhoek. 2006. Molecular detection of marine larvae.
Marine Biotechnology 8: 1-12.

Greene, C.H. and A.J. Pershing. 2007. Climate drives sea change. Science 315: 1084—1085.

Greene, C.H., A.J. Pershing, A. Conversi, B. Planque, C. Hannah, D. Sameoto, E. Head, P.C. Smith, P.C. Reid,
J. Jossi, D. Mountain, M.C. Benfield, P.H. Wiebe and T. Durbin. 2003. Trans-Atlantic responses of Calanus
finmarchicus populations to basin-scale forcing associated with the North Atlantic Oscillation. Progress in
Oceanography 58: 301-312.

Greenfield, D., I.R. Marin, S. Jensen, E. Massion, B. Roman, J. Feldman and C.A. Scholin. 2006. Application of
environmental sample processor (ESP) methodology for quantifying Pseudo-nitzschia australis using ribosomal
RNA-targeted probes in sandwich and fluorescent in situ hybridization formats. Limnology and Oceanography
Methods 4: 426-435.

Grosjean, P., M. Picheral, C. Warembourg and G. Gorsky. 2004. Enumeration, measurement, and identification of
net zooplankton samples using the ZOOSCAN digital imaging system. ICES Journal of Marine Science 61:
518-525.

Hashioka, T. and Y. Yamanaka. 2007. Ecosystem change in the western North Pacific associated with global warming
obtained by 3-D NEMURO. Ecological Modelling 202(1-2): 95-104.

Head, E.J.H. and D. Sameoto. 2007. Interdecadal variability in zooplankton and phytoplankton abundance on the
Newfoundland and Scotian Shelves. Deep-Sea Research Il 54(23-26): 2686-2701.

Heath, M.R., J.O. Backhaus, K. Richardson, E. McKenzie, D. Slagstad, D. Beare, J. Dunn, J.G. Fraser, A. Gallego, D.
Hainbucher, S. Hay, S. Jonasdottir, H. Madden, J. Mardaljevic and A. Schacht. 1999. Climate fluctuations and the
spring invasion of the North Sea by Calanus finmarchicus. Fisheries Oceanography 8(Suppl. 1): 163—-176.

Heath, M.R., P.R. Boyle, A. Gislason, W.S.C. Gurney, S.J. Hay, E.J.H. Head, S. Holmes, A. Ingvarsdottir, S.H.
Jonasdottir, P. Lindeque, R.T. Pollard, J. Rasmussen, K. Richards, K. Richardson, G. Smerdon and D.
Spiers. 2004. Comparative ecology of over-wintering Calanus finmarchicus in the northern North Atlantic, and
implication for life-cycle patterns. ICES Journal of Marine Science 61: 698—708.

Heath M.R., J. Rasmussen, Y. Ahmed, J. Allen, C.I.H. Anderson, A.S. Brierley, L. Brown, A. Bunker, K. Cook, R.
Davidson, S. Fielding, W.S.C. Gurney, R. Harris, S.J. Hay, S. Henson, A.G. Hirst, P.N. Holliday, A. Ingvarsdottir,
X. Irigoien, P. Lindeque, D. Mayor, D.J. Montagnes, C. Moffat, R.T. Pollard, S. Richards, R.A. Saunders, J.
Sidey, G.R. Smerdon, D. Speirs, P. Walsham, J. Waniek, L. Webster and D. Wilson. 2008. Spatial demography
of Calanus finmarchicus in the Irminger Sea. Progress in Oceanography 76: 39—-88

Helaoueet, P. and G. Beaugrand. 2007. Macroecology of Calanus finmarchicus and C. helgolandicus in the North
Atlantic Ocean and adjacent seas. Marine Ecology Progress Series 345: 147—-165.

Hu, Q. and C. Davis. 2005. Automatic plankton image recognition with co-occurrence matrices and Support Vector
Machine. Marine Ecology Progress Series 295: 21-31.

Hu, Q., and C. Davis. 2006. Accurate automatic quantification of taxa-specific plankton abundance using dual
classification with correction. Marine Ecology Progress Series 306: 51-61.

Hughes, S.L. and N.P. Holliday, N.P. (Eds). 2007. ICES Report on Ocean Climate 2006. ICES Cooperative Research
Report 289: 55 pp.

Hurrell, J.W. and H. van Loon. 1997. Decadal variations in climate associated with the north Atlantic oscillation.
Climatic Change 36: 301-326.

Jericho, S.K., J. Garcia-Sucerquia, W. Xu, M.H. Jericho and H.J. Kreuzer. 2006. Submersible digital in-line holographic
microscope. Review of Scientific Instruments 77: art:043706.

40



BASIN Science Plan and Implementation Strategy

Johnson, K.S. and L.J. Coletti. 2002. In situ ultraviolet spectrophotometry for high resolution and long-term monitoring
of nitrate, bromide and bisulfide in the ocean. Deep-Sea Research | 49(7): 1291-1305.

Johnson, K.S., L.J. Coletti and F.P. Chavez. 2006. Diel nitrate cycles observed with in situ sensors predict monthly
and annual new production. Deep Sea Research | 53(3): 561-573.

Johnson, K.S., V. Elrod, S. Fitzwater, J. Plant, E. Boyle, B. Bergquist, K. Bruland, A. Aguilar-Islas, K. Buck, M. Lohan,
G.J. Smith, B. Sohst, K. Coale, M. Gordon, S. Tanner, C. Measures, J. Moffett, K. Barbeau, A. King, A. Bowie,
Z. Chase, J. Cullen, P. Laan, W. Landing, J. Mendez, A. Milne, H. Obata, T. Doi, L. Ossiander, G. Sarthou, P.
Sedwick, S. van den Berg, L. Laglera-Baquer, J. Wu, and Y. Cai. 2007. Developing standards for dissolved
iron in seawater. Eos, Transactions, American Geophysical Union 88(11): 131-132.

Joyce, T.M. 2001. One hundred plus years of wintertime climate variability in the eastern United States. Journal of
Climate 15: 1076-1086.

Kahru, M. 1997. Using satellites to monitor large-scale environmental change: A case study of cyanobacteria blooms
in the Baltic Sea. In: M. Kahru and C.W. Brown (Eds.). Monitoring algal blooms: New techniques for detecting
large-scale environmental change. p.43-61.

Kane, J. 2007. Zooplankton abundance trends on Georges Bank, 1977—-2004. ICES Journal of Marine Science 64:
909-919.

Kerr, R.A. 2005. Atlantic climate pacemaker for millennia past, decades hence?. Science 309(5731): 41—43.

Kértzinger, A., U. Send, R.S. Lampitt, S. Hartman, D.W.R. Wallace, J. Karstensen, M.G. Villagarcia, O. Llina’s and M.D.
DeGrandpre. 2008. The seasonal pCO, cycle at 49N/16.5°W in the northeastern Atlantic Ocean and what it tells
us about biological productivity. Journal of Geophysical Research 113: C04020, doi:10.1029/2007JC004347.

Lawson, G.L., P.H. Wiebe, C.J. Ashjian, S.M. Gallager, C.S. Davis and J.D. Warren. 2004. Acoustically-inferred
zooplankton distribution in relation to hydrography west of the Antarctic peninsula. Deep-Sea Research Il
51(17-19): 2041-2072.

Lehodey, P., J. Alheit, M. Barange, T. Baumgartner, G. Beaugrand, K. Drinkwater, J.-M. Fromentin, S.R. Hare, G.
Ottersen, R.I. Perry, C. Roy, C.D. van der Lingen and F. Werner. 2006. Climate variability, fish and fisheries.
Journal of Climate 19: 5009-5030.

Li, W., N.C. Loomis, Q. Hu and C.S. Davis. 2007. Focus detection from digital in-line holograms based on spectral
I(1) norms. Journal of the Optical Society of America 24(10): 3054—3062.

Lindley, J.A. and S. Daykin. 2005. Variations in the distributions of Centropages chierchiae and Temora stylifera
(Copepoda: Calanoida) in the north-eastern Atlantic Ocean and western European shelf waters. ICES Journal
of Marine Science 62(5): 869-877.

Loomis, N., J.A. Dominguez-Caballero, W. Li, Q. Hu, C. Davis, J. Milgram and G. Barbastathis. 2007. A compact,
low-power digital holographic imaging system for automated plankton taxonomical classification. 4th
International Zooplankton Production Symposium, Hiroshima (Japan), 28 May-1 June 2007, p.186.

Mann, K. and J. Lazier. 2005. Dynamics of marine ecosystems, biological-physical interactions in the oceans. Third
edition. Blackwell Publishing. 512 pp.

Marshall, J., Y. Kushnir, D. Battisti, P. Chang, S. Czaja, R. Dickson, J. Hurrell, M. McCartney, R. Saravanan and M.
Visbeck. 2001. North Atlantic climate variability: Phenomena, impacts and mechanisms. International Journal
of Climatology 21(15): 1863—1898.

Mazel, C.H., M.P. Lesser, M.Y. Gorbunov, T.M. Barry, J.H. Farrell, K.D. Wyman and P.G. Falkowski. 2003. Green
fluorescent proteins in Caribbean corals. Limnology and Oceanography 48: 402—411.

McGillicuddy, D., L.A. Anderson, N.R. Bates, T. Bibby, K.O. Buesseler, C.A. Carlson, C.S. Davis, C. Ewart, P.G.
Falkowski, S.A. Goldthwait, D.A. Hansell, W.J. Jenkins, R. Johnson, V.K. Kosnyrev, J.R. Ledwell, Q.P. Li, D.A.
Siegel and D.K. Steinberg. 2007. Eddy/wind interactions stimulate extraordinary mid-ocean plankton blooms.
Science 316(5827): 1021-1026.

McGillicuddy, D.J., D.R. Lynch, P. Wiebe, J. Runge, E.G. Durbin, W.C. Gentleman and C.S. Davis. 2001. Evaluating

the synopticity of the U.S. Globec Georges Bank broad-scale sampling pattern with Observational System
Simulation Experiments. Deep-Sea Research Il 48: 483—-499.

41



BASIN Science Plan and Implementation Strategy

Nelson, J., J. Newton and C. Moore. 2006. Recent developments in in situ nutrient sensors: applications and future
directions workshop. ACT workshop report, Savannah, Georgia, December 11-13, 2006. Ref. No. [UMCES]
CBL 07-048, ACT-06-08.

O’Brien, T.D., A. Lopez-Urrutia, A., P.H. Wiebe and S. Hay (Eds.). 2008. ICES zooplankton status report 2006/2007.
ICES Cooperative Research Report 292: 168 pp.

Pauly, D., V. Christensen, J. Dalsgaard, R. Froese and F. Torres, Jr. 1998. Fishing down marine food webs. Science
279(5352): 860—863.

Pedchenko, A.P. 2005. The role of interannual environmental variations in the geographic range of spawning and
feeding concentrations of redfish Sebastes mentella in the Irminger Sea. ICES Journal of Marine Science 62:
1501-1510.

Perry, I.R. and R.E. Ommer. 2003. Scale issues in marine ecosystems and human interactions. Fisheries
Oceanography 12(4-5): 513-522.

Perry, M.J. and D.L. Rudnick. 2003. Observing the ocean with autonomous and Lagrangian platforms and sensors
(ALPS): the role of ALPS in sustained ocean observing systems. Oceanography 16(4): 31-36.

Pershing, A.J., C.H. Greene, J.W. Jossi, L. O'Brien, J. Brodziak and B. Bailey. 2005. Interdecadal variability in the
Gulf of Maine zooplankton community, with potential impacts on fish recruitment. ICES Journal of Marine
Science 62: 1511-1523.

Pfitsch, D.W., E. Malkiel, B. Gemmell, M. Takagi, J. Sheng, E.J. Buskey and J. Katz. 2008. Studying in situ marine
zooplankton behaviour using a submersible holographic imaging system. Abstract, 2008 Ocean Sciences
Meeting, 2—7 March 2008, Orlando, Florida.

Pfitsch, D.W., E. Malkiel, Y. Ronzhes, S.R. King, J. Sheng and J. Katz. 2005. Development of a free-drifting
submersible digital holographic imaging system. Oceans 1: 690—696.

Pizarro, O. and H. Singh. 2003. Toward large-area mosaicing for underwater scientific applications. Journal of
Oceanic Engineering. 28: 651-672.

Raven, J.A. and P.G. Falkowski. 1999. Oceanic sinks for atmospheric CO,. Plant, Cell and Environment 22(6):
741-755.

Reid, P.C., J.M. Colebrook, J.B.L. Matthews, J. Aiken and Continuous Plankton Recorder Team. 2003. The
Continuous Plankton Recorder: concepts and history, from plankton indicator to undulating recorders. Progress
in Oceanography 58: 117—-173.

Reid, P.C., M. Borges and E. Svenden. 2001. A regime shift in the North Sea circa 1988 linked to changes in the
North Sea horse mackerel fishery. Fisheries Research 50: 163-171.

Richardson, A.J. and D. Schoeman. 2004. Climate impacts on plankton ecosystems in the northeast Atlantic. Science
305: 1609-1612.

Rudnick, D.L. and M.J. Perry. 2000. ALPS: Lagrangian and autonomous sampling platforms. Workshop Report,
64 pp. http://www.geo-prose.com/ALPS

Sarmiento, J.L., R. Slater, R. Barber, L. Bopp, S.C. Doney, A.C. Hirst, J. Kleypas, R. Matear, U. Mikolajewicz, P.
Monfray, V. Soldatov, S.A. Spall and R. Stouffer. 2004. Response of ocean ecosystems to climate warming.
Global Biogeochemical Cycles 18(3): art:GB3003.

Sathyendranath, S., L. Watts, E. Devred, T. Platt, C. Caverhill and H. Maass. 2004. Discrimination of diatoms from
other phytoplankton using ocean color data. Marine Ecology Progress Series 272: 59-68.

Scholin, C.A., E.l. Massion, D.K. Wright, D.E. Cline, E. Mellinger and M. Brown. 2001. Aquatic autosampler device.
U.S. Patent No. 6187530.

Schweckendiek, U. and J. Willebrand. 2005. Mechanisms affecting the overturning response in global warming
simulations. Journal of Climate 18(23): 4925-4936.

Siegel, D.A., S.C. Doney and J.A. Yoder. 2002. The North Atlantic spring bloom and Sverdrup’s critical depth
hypothesis. Science 296: 730—-733.

42



BASIN Science Plan and Implementation Strategy

Singh, H., J. Howland and O. Pizarro. 2004. Advances in large-area photomosaicking underwater. IEEE Journal of
Oceanic Engineering 29(3): 872—-886.

Singh, H., C. Roman, O. Pizarro, R. Eustice and A. Can. 2007. Towards high-resolution imaging from underwater
vehicles. International Journal of Robotics Research 26(1): 55-74.

Sosik, H.M. and R.J. Olson. 2007. Automated taxonomic classification of phytoplankton sampled with imaging-in-flow
cytometry. Limnology and Oceanography Methods 5: 204-216.

Subramaniam, A., C.W. Brown, R.R. Hood, E.J. Carpenter and D.G. Capone. 2002. Detecting Trichodesmium blooms
in SeaWiFS imagery. Deep-Sea Research Il 49: 107-121.

Sun, H., D.C. Hendry, M.A. Player and J. Watson. 2007. In situ underwater electronic holographic camera for studies
of plankton. IEEE Journal of Oceanic Engineering 32(2): 373-382.

Sutton, R.T. and D.L.R. Hodson. 2005. Atlantic Ocean forcing of North American and European summer climate.
Science 309(5731): 115-118.

Thomas, H., Y. Bozec, E. Elkalay and H.J.W. de Baar. 2004. Enhanced open ocean storage of CO, from shelf sea
pumping. Science 304: 1005—-1008.

Trenberth, K.E., J.M. Caron, D.P. Stepaniak and S. Worley. 2002. Evolution of E/ Nifio—Southern Oscillation
and global atmospheric surface temperatures. Journal of Geophysical Research 107(D8): 4065—-4078.
doi:10.1029/2000JD000298.

Valdes, L., A. Lopez-Urrutia, J. Cabal, M. Alvarez-Ossorio, A. Bode, A. Miranda, M. Cabanas, |. Huskin, R. Anadon,
R. Alvarez-Marques, M. Llope and N. Rodriguez. 2007. A decade of sampling in the Bay of Biscay: What are
the zooplankton time series telling us? Progress in Oceanography 74(2—3): 98—114.

Vikebo, F., S. Sundby, B. Adlandsvik and H. Ottera. 2006. Impacts of a reduced thermohaline circulation on transport
and growth of larvae and pelagic juveniles of Arcto-Norwegian cod (Gadus morhua). Fisheries Oceanography
16(3): 216-228.

Visbeck, M.H., J.W. Hurrell, L. Polvani and H.M. Cullen. 2001. The North Atlantic Oscillation: Past, present, and future.
Proceedings of the National Academy of Sciences of the United States of America 98(23): 12876—12877.

Warren J.D. and P.H. Wiebe. 2008. Accounting for biological and physical sources of acoustic scattering improves
estimates of zooplankton biomass. Canadian Journal of Fisheries and Aquatic Sciences 65: 1321-1333.

Watson, J. 2006. Underwater holography: past and future. Proceedings of SPIE 6252: 62521T, doi:10.1117/
2.677172.

Watson, J., M.A. Player, H.Y. Sun, D.C. Hendry and H.P. Dong. 2004. eHoloCam-an electronic holographic camera
for subsea analysis. OCEANS ‘04. MTTS/IEEE TECHNO-OCEAN ‘04, volume 3, 1248—1254, doi:10.1109/
OCEANS.2004.1405758.

Werner, F.E., A. Aretxabaleta and K. Pehrson-Edwards. 2004. Modeling marine ecosystems and their environmental
forcing. In: N.C. Stenseth, G. Ottersen, J. Hurrell and A. Belgrano (Eds.). Marine ecosystems and climate
variation. Oxford University Press, Oxford, UK. pp. 33—46.

Werner F.E., S. lto, B.A. Megrey and M.J. Kishi. 2007. Synthesis and future directions of marine ecosystem models.
Ecological Modelling 202(1-2): 211-223.

Wiebe, P.H. and M.C. Benfield. 2003. From the Hensen Net toward four-dimensional biological oceanography.
Progress in Oceanography 56(1): 7-136.

Wiebe, P.H., R.P. Harris, M.A. St. John, F.E. Werner and B. de Young. (Eds.). 2007. BASIN. Basin scale Analysis,
Synthesis, and INtegration. GLOBEC Report 23 and U.S. GLOBEC Report 20: 56pp.

Yoklavich, M.M., C.B. Grimes and W.W. Wakefield. 2003. Using laser line scan imaging technology to assess

deepwater seafloor habitats in the Monterey Bay National Marine Sanctuary. Marine Technology Society
Journal 37(1):18-26.

43





