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We, an ad hoc group of scientists advising fishermen and fishing communities in New England, are writing
because we feel the Proposed Rule for NE Multispecies Amendment 16 has serious scientific shortcomings.
Specifically, we believe the Amendment fails to recognize the best available science, which implies the need for
fishery management (fishing restraints/quotas) to be implemented at a local, fine scale as well as the single
broad scale proposed by the Amendment. We understand the difficulty of making a transition from our current
broad scale of management, however, we feel the scientific problems ignored by Amendment 16 and the result-

ing biological, economic and social consequences are too important to hide under the rug.

We support the general direction towards sectors and stricter controls; however, like any policy, the devil is
in the details. Policies that appear good in principle can have unintended consequences that thoroughly defeat
their primary purpose. In the case of amendment 16, there is a very large scientific problem that we believe will
confound its intended economic and conservation effects. One of the fundamental principles of resource man-
agement is the need to match the spatial organization of management with the spatial structure of the ecology
being managed. This matching is important because it allows us to directly connect the biological results of
fishing activity to the ongoing evaluation of specific management practices and to improvements in the science.
Stewardship is equally dependent on this same connection. But this feedback is largely lost when regulations
are implemented at a single broad scale while ignoring the multiple scales relevant to the demographics of
groundfish ecology.

In the last decade a series of studies in New England, Atlantic Canada and many other locations around the
world have revealed localized stock structures that occur at a much finer scale than has been assumed for pur-
poses of assessment and management. Here in New England, the Council has known for a long time and has
tried to adapt management to multiple spawning areas for cod in the Gulf of Maine; just this last month, a report
from the Massachusetts DMF revealed very localized cod spawning areas and concluded like so many other
studies that many groundfish populations are loyal to particular spawning grounds in a way that is very much
like salmon. [We have attached to this letter a partial, but still substantial, bibliography of scientific publica-

tions relevant to the finer scale aspects of fish populations.]

This new scientific evidence about local stocks is really evidence that ocean populations and ecosystems
operate at multiple scales — from very local to very broad. We would contend that all the evidence we have
about the ocean populations and all our theoretical knowledge of ecosystems is consistent with the organization

of populations at multiple spatial and temporal scales. In practice, the important implication is that we have to



manage fisheries at multiple scales, not just a single large scale, if we hope to be able to learn, adapt and con-

serve the resource.

The most important negative aspect of overly broad, single scale management is that individual or group
quotas simply shift the so-called ‘race to fish® from a race in time to a race in space. Amendment 16 will give
fishermen strong incentives to allocate their fishing activity to times and places that yield the best (private) eco-
nomic result. With multiple stocks governed by a single quota, and management rules operating on a large
scale, the biological results of these allocations will be very hard to predict. While at times, the results will
probably be benign, there will be other times, depending on the local peculiarities of fish aggregations and the
timing of fishing, when populations (spawning groups) may be driven below viable thresholds and lost, just as
has happened in the past. Even if this occurs only occasionally, it is still a long-term and very serious form of
overfishing.

Amendment 16 does nothing to prevent and may, in fact, encourage this kind of outcome. This is because
the same strong incentives that will drive the spatial allocation of fishing effort also will push fishermen to-
wards large scale technology appropriate for fishing over the broad extent of management boundaries. Large
scale technology combined with efficient search capabilities is a sure fire recipe for the quick ‘cropping’ of lo-
cal stocks in the early stages of recovery and may be one of the reasons why broad scale catch shares have had
such a dismal biological record elsewhere. Two recent studies, one in Science (Costello, et al. ) and one in the
Publications of the National Academy of Science (Essington), both of which surveyed mostly broad scale fish-
eries, indicated that even with rigorous catch share policies there is little or no evidence of biological recovery.
One need only look next door at the fate of Canada’s Bay of Fundy cod stock, and the fishermen that depended
on it, for evidence here. All of this will not only produce conservation problems but will lead, rather quickly, to
fleet consolidation and the concentration of landings and markets in two or three ports. The communities and
economic infrastructure necessary to support conservative harvesting technology appropriate for finer-scale

ecology will have no economic base.

When fisheries science operates at a single broad scale it is misled by noisy feedback, which obscures all
but the broadest long-term trends. Similarly, when fishermen operate at a broad scale, the feedback they receive
about the results of their actions is noisy and incomplete. While, in principle, fishermen with catch shares
should have strong stewardship incentives, the reality is that because management is not organized to provide
appropriate feedback, they will be unable to act upon those incentives. For all practical purposes the benefits
will not exist. Basically, fishermen will only be able to respond to the threat of penalties if they exceed their
quota. Unfortunately, a single quota applied to multiple stocks of the same species will yield haphazard results
that threaten to extirpate local stocks.

While the evidence for multiple scales is not completely certain, neither is the scientific evidence for man-
aging at a single broad scale. The current practice is really more a scientific or management habit, one that dates

back to the late 1940s (Halliday and Pinhorn). Nevertheless, we expect proponents of Amendment 16 would



argue that the uncertainty about finer scale stock structure is one reason why we have to continue managing at a
single broad scale. In fact, this uncertainty is precisely why there is a need for a different approach. When con-
fronted with scientific uncertainty the law requires a precautionary policy, i.e., one that minimizes the damage
of being wrong. Multi-scale area management is far more precautionary than broad scale management because
if the science behind it turns out to be wrong we will have lost little. Multi-scale management preserves eco-
logical feedback about our actions and allows it to be aggregated to a broader scale; it does not stop us from
learning; it does not foreclose a transition to larger scale technology and it does not artificially preserve markets
and communities that might stand in the way of both economic efficiency and resource conservation. On the
other hand, if the assumptions about broad, single scale management are false, as current developments in sci-
ence certainly suggest, management will not acquire meaningful fine-scale feedback and, consequently, will
seriously impair its scientific ability to adapt, learn and manage in a way that is consistent with the aspirations
of the law. In short, from a precautionary perspective, Amendment 16 is an extraordinarily risky and legally
vulnerable approach to fisheries management. This vulnerability will hang like a threatening cloud over regula-

tory processes and the economic decisions of the industry.

We understand the difficulty of moving to multi-scale management. Current data series and survey prac-
tices are adapted to broad scale management and will be difficult to decompose in a way that is appropriate to
multi-scale management. Managing stocks that cross boundaries is difficult and a transition to multi-scale man-
agement will be costly for both the industry and management. Nevertheless, the cost of continuing to manage at
a broad scale are very high — persistent stock depletion as has occurred elsewhere and the economic and social
consequences that flow from depletion.

In summary, over the years management at a single broad scale has had disastrous biological, economic and
social results in New England. Amendment 16 does nothing to address these problems. At the same time, it puts
in place economic mechanisms in the form of sectors and transferable quotas that will accelerate the use of
broad scale technology and fleet consolidation; this will set up conditions for the continued depletion of the
groundfish resource, the on-going loss of jobs and economic opportunities and the continuing erosion of the

once vibrant fishing communities of New England.

We emphasize that these pessimistic conclusions are not mere speculation, but flow directly from the new
scientific evidence that has verified the presence of salmon-like spawning site fidelity in many, if not most,
groundfish populations. If that evidence is correct, Amendment 16 violates a fundamental principle of fisheries
management and all the dire consequences we list above are likely to follow. We also want to make it clear that
the scientific concerns about scale that we raise here are not meant as an objection in principle to catch shares or
sectors; nevertheless, when sectors and shares are implemented at a single broad scale the evidence is that their
potential benefits will be squandered.

It may be too late at this stage for the Council and/or NMFS to take steps to bring Amendment 16 into con-

formance with what is rapidly becoming ‘best available science’, but it is crucial for the Council to immediately



signal its intention to quickly address the scale issue — that is, to move to multi-scale area management — in
order to forestall the personal, business and scientific investments that will lock us into a perpetually depleted
fishery. In order to give substance to those intentions we request the council (1) to ask the scientific and statisti-
cal committee to address (a) the issue of multi-scale ecology and management from both a biological and social
perspective and (b) from the perspective of available data and survey methodology, and (2) that the Council

begin the process of designing one or several pilot management programs for the purpose of learning about the

practical issues of multi-scale management.

Sincerely,

Ted Ames

Commercial fisherman, retired
MacArthur Genius Award recipient
Stonington, Maine

Tony Charles, PhD

Management Science/Environmental Studies
Saint Mary's University

Halifax, Nova Scotia, Canada B3H3C3

Tel: (902) 420-5732 / Fax: (902) 496-8101
E-mail: tony.charles@smu.ca

Web: http://huskyl.smu.ca/~charles/

Yong Chen, PhD

Professor of Fisheries Science
School of Marine Sciences
218 Libby Hall

University of Maine

Orono, ME 04469

Teresa Johnson, PhD

Assistant Professor of Marine Policy
School of Marine Sciences
University of Maine

5741 Libby Hall, Room 210

Orono, Maine 04469-5741

tel: 207-581-4362

fax: 207-581-4990

Les Kaufman

Professor of Biology

Boston University Marine Program
and

Senior PI

Marine Management Area Science
Conservation International

Charles M. Lucas, PhD

Member, Board of Directors

Chair, Science and Technology Advisory
Committee

Penobscot East Resource Center

Robert S. Steneck, PhD

Professor of Oceanography, Marine Biology
and Marine Policy

School of Marine Sciences

University of Maine

Darling Marine Center

193 Clarks Cove Road

Walpole, Maine 04573

James Wilson, PhD

Professor, School of Marine Sciences
University of Maine

Orono, Maine



A partial bibliography of scientific publications relevant to the
multiscale ecology and management of fish
Acheson, J. M. 2003. Capturing the commons: devising institutions to manage the Maine lobster in-
dustry. University Press of New England, Hanover, Connecticut. 258 p.
Adey, W. H. and R. S. Steneck. 2001. Thermogeography over time creates biogeographic regions: a
temperature/space/time-integrated model and an abundance-weighted test for benthic marine
algae. J. Phycol. 37: 677-608.
Almany, G. R., M. L. Berumen, S. R. Thorrold, S. Planes, and G. P. Jones. 2007. Local replenishment
of coral reef fish populations in a marine reserve. Science 316: 742-744.
Ames, E. P. 1997. Cod and haddock spawning grounds of the Gulf of Maine from Grand Manan to
Ipswich Bay. Pages 55—64 in I. Hunt von Herbing, I. Kornfield, M. Tupper, and J. Wilson, eds.
The implications of localized fishery stocks. Natural Resource, Agriculture, and Engineering
Service, Ithaca, New York.
.2004. Atlantic cod stock structure in the Gulf of Maine. Fisheries 29: 10-28.
Ames, E. P. in press. The Multispecies Coastal Shelf Recovery Plan: A Collaborative, Ecosystem-
based Approach. American Fisheries Society.
Annis, E.R., L. S. Incze, N. Wolff, and R. S. Steneck. 2007. Estimates of in situ larval development
time for the lobster, Homarus americanus. J. Crust. Biol. 27:454-462.
Armstrong, M. quoted in Seafood.com. Jan. 7, 2010. Cod may spawn at highly specific sitesthrough-
out their lives, meaning much more protection needed.
Berkes, F., T. P. Hughes, R. S. Steneck, J. Wilson, D. R. Bellwood, B. Crona, C. Folke, H. Leslie, J.
Norberg, M. Nystron, P. Olsson, M. Scheffer, and B. Worm. 2006. Globalization, roving ban-

dits and marine resources. Science 311: 1557-1558.



Butler, M., R. S. Steneck, and W. Herrnkind. 2006. The ecology of juvenile and adult lobsters. Pages
263-309 in R. Phillips, ed. Lobsters: biology, management, aquaculture and fisheries. Black-
well Publishing, Oxford, UK.

Caley, M.J.,M. H. Carr, M. A. Hixon, T. P. Hughes, G. P. Jones, and B. A. Menge. 1996. Recruit-
ment and the local dynamics of open marine populations. Ann. Rev. Ecol. Syst. 27: 477-500.

Campana, S. E., G. A. Chouinard, J. M. Hanson, and A. Fréchet. 1999. Mixing and migration of over-
wintering Atlantic cod (Gadus morhua) stocks near the mouth of the Gulf of St. Lawrence.
Can. J. Fish. Aquat. Sci. 56: 1873-1881.

Christensen , N. L., A. M. Bartuska, J. H. Brown, S. Carpenter, C. D’ Antonio, R. Francis, J. F. Frank-
lin, J. A. MacMahon, R. F. Noss, D. J. Parsons, C. H. Peterson, M. G. Turner, and R. G.
Woodmansee. 1996. The report of the Ecological Society of America Committee on the Scien-
tific Basis for Ecosystem Management. Ecol. Appl. 6: 665-691.

Collette, B. B. and G. Klein-MacPhee, eds. 2002. Bigelow and Schroeder’s fishes of the Gulf of
Maine. 3rd Ed., Smithsonian Institution Press, Washington, D.C. 748 p.

Collins, J. W. and R. Rathbun. 1887. Fishing grounds of the eastern coast of North America. Pages
247-313 in G. B. Goode, ed. The fisheries and fishing industries of the U.S. Section III. U.S.
Government Printing Office, Washington, DC.

Costello, C., S. Gaines, and J. Lynham, 2008, Can Catch Shares Prevent Fisheries Collapse? Science.
321:1678-81.

Cowen, R. K. and S. Sponaugle. 2009. Larval dispersal and marine population connectivity. Ann. Rev.
Mar. Sci. 1: 443-466.

, C. B. Paris, and A. Srinivasan. 2006. Scaling of connectivity in marine populations. Sci-

ence 311: 522-527.



, G. Gawarkiewicz, J. Pineda, S. R., Thorrold, and F. E. Werner. 2007. Population connec-
tivity in marine systems and overview. Oceanography 20: 14-21.

, K. M. M. Lwiza, S. Sponaugle, C. B. Paris, and D. B. Olson. 2000. Connectivity of ma-
rine populations: open or closed? Science 287: 857—-859.

Essington, T. 2009. Ecological indicators display reduced variation in North American catch share
fisheries. PNAS

Green, J. M. and J. S. Wroblewski. 2000. Movement patterns of Atlantic cod in Gilbert Bay, Labrador:
evidence for bay residency and spawning site fidelity. J. Mar. Biol. Assoc. U K. 80: 1077-
1108.

Groeger, J.P., Rountree, R.A., Thygesen, U.H., Jones, D., Martins, D., Xu, Q., Rothchild, B.J., 2007.
Geolocation of Atlantic cod (*Gadus morhua*) movements in the Gulf of Maine using tidal in-
formation. Fishery Oceanography. 16: 317-335.

Halliday, R. G. and A. T. Pinhorn. 1990. The delimitation of fishing areas in the northwest Atlantic.
Northwest Atlantic Fisheries Organization, Dartmouth, Nova Scotia. 57 p.

Hughes, T. P., D. R. Bellwood, C. Folke, R. S. Steneck, and J .Wilson. 2005. New paradigms for sup-
porting the resilience of marine ecosystems. Trends Ecol. Evol. 20: 380-386.

Hunt, J.J., W. T. Stobo, and F. Almeida. 1998. Movements of Atlantic cod, Gadus morhua, tagged in
the GOM area. Fisheries Bulletin 97:842-886.

Hutchings, J. A. and M. Ferguson. 2000. Temporal changes in harvesting dynamics of Canadian in-
shore fisheries for northern Atlantic cod, Gadus morhua. Can. J. Fish. Aquat. Sci. 57: 805-814.

Hutchinson, W. F., G. R. Carvalho, and S. I. Rogers. 2001. Marked genetic structuring in localized
spawning populations of cod Gadus morhua in the North Sea and adjoining waters, as revealed

by microsatellites. Mar. Ecol. Prog. Ser. 223: 251-260.



ICES (International Council for the Exploration of the Sea). 2005. Spawning and life history informa-
tion for North Atlantic cod stocks. ICES Cooperative Research Report No. 274. 152 p.

Incze, L., H. Xue, N. Wolff, D. Xu, C. Wilson, and R. S. Steneck. 2010. Connectivity of lobster
(Homarus americanus) populations in the coastal Gulf of Maine: part II. Coupled biophysical
dynamics. Fish. Oceanogr. 19: 1-20.

Jackson, J. B. C., M. X. Kirby, W. H. Berger, K. A. Bjorndal, L. W. Botsford, B. J. Bourque, R. Brad-
bury, R. Cooke, J. Erlandson, J. A. Estes, T. P. Hughes, S. Kidwell, C. B. Lange, H. S. Leni-
han, J. M. Pandolfi, C. H. Peterson, R. S. Steneck, M. J. Tegner, and R. Warner. 2001. Histori-
cal overfishing and the recent collapse of coastal ecosystems. Science 293: 629-638.

Jones, G. P., G. R. Almany, G. R. Russ, P. F. Sale, R. S. Steneck, M. J. H. van Oppen, and B. L.
Willis. 2009. Larval retention and connectivity among populations of corals and reef fishes:
history, advances and challenges. Coral Reefs 28: 307-325.

Kritzer, J. P. and P. F. Sale. 2004. Metapopulation ecology in the sea: from Levins' model to marine
ecology and fisheries science. Fish Fish. 5:131-140.

Kurlansky, M. 1997. Cod: a biography of the fish that changed the world. Walker, New York.

Levin, L. A.2006. Recent progress in understanding larval dispersal: new directions and digressions.
Integr. Comp. Biol. 46: 282-297.

Levin, S. 1999. Fragile dominion: complexity and the commons. Perseus, Reading, Massachusetts.
250 p.

McLeod, K. and H. Leslie, eds. 2009. Ecosystem-based management for the oceans. Island Press,
Washington, D.C. 368 p.

Methratta, E. T. and J. S. Link. 2006. Evaluation of quantitative indicators for marine fish communities.

Ecol. Indic. 6: 575-588.



Myers, R. A.,J. A. Hutchings, and N. J. Barrowman. 1997. Why do fish stocks collapse? The example
of cod in Atlantic Canada. Ecol. Appl. 7: 91-106.

Ostrom, E. 2009. A general framework for analyzing sustainability of social-ecological systems. Sci-
ence 325: 419-422.

and M. Janssen. 2004. Multi-level governance and resilience of social-ecological systems.

Pages 239-259 in M. Spoor, ed. Globalisation, poverty and conflict: a critical "development"
reader. Kluwer Academic Publishers, Dordrecht, the Netherlands.

Ostrom, V. 1991 The meaning of American federalism: constituting a self-governing society. ICS
Press, San Francisco. 301 p.
Palma, A. T.,R. S. Steneck, and C. Wilson, 1999. Settlement-driven, multiscale demographic patterns
of large benthic decapods in the Gulf of Maine. J. Exp. Mar. Biol. Ecol. 241: 107-136.
Perkins, H. C., S. B. Chenoweth, and R. W. Langton. 1997. The Gulf of Maine Atlantic cod complex,
patterns of distribution and movement of the Sheepscott Bay substock. Bull. Natl. Res. Inst.
Aquacult. 3: 101-107.

Post, D. M. and E. P. Palkovacs. 2009. Eco-evolutionary feedbacks in community and ecosystem
ecology: interactions between the ecological theatre and the evolutionary play. Phil. Trans. R.
Soc. B Biol. Sci. 364: 1629-1640.

Rich, W. H. 1929. Fishing grounds of the Gulf of Maine. U.S. Commissioner of Fisheries, Washing-
ton, DC. 66 p.

Robichaud, D. and G. Rose. 2004. Migratory behaviour and range in Atlantic cod: inference from a
century of tagging. Fish Fish. 5, 185-214.

Ruzzante, D. E., C. T. Taggart, and D. Cook. 1999. A review of the evidence for genetic structure of

cod (Gadus morhua) populations in the NW Atlantic and population affinities of larval cod off



Newfoundland and the Gulf of St. Lawrence. Fish. Res. (Amst.) 43: 79-97.

Sale, P.F.,R. K. Cowen, B. S. Danilowicz, G. P. Jones, J. P. Kritzer, K. C. Lindeman, S. Planes, N. V.
C. Polunin, G. R. Russ, Y. J. Sadovy, and R. S. Steneck. 2005. Critical science gaps impede
use of no-take fishery reserves. Trends Ecol. Evol. 20: 74-80.

Steneck, R. S. 2006. Staying connected in a turbulent world. Science 311: 480—481.

Steneck, R. S. 1997. Fisheries-induced biological changes to the structure and function of the Gulf of
Maine ecosystem. Pages 151-165 in G. T. Wallace and E. F. Braasch, eds. Proceedings of the
Gulf of Maine ecosystem dynamics scientific symposium and workshop. RARGOM Report,
97-1. Regional Association for Research on the Gulf of Maine, Hanover, New Hampshire.

and J. T. Carlton. 2001. Human alterations of marine communities: students beware! Pages
445-468 in M. Bertness, S. Gaines, and M. Hay, eds. Marine community ecology. Sinauer,
Sunderland, Massachusetts.

and C.J. Wilson. 2001. Long-term and large scale spatial and temporal patterns in demog-
raphy and landings of the American lobster, Homarus americanus,in Maine. Mar. Freshw.
Res. 52: 1302-1319.

Steneck, R. and J. Wilson. In press 2010. A fisheries play in an ecosystem theater: Challenges of man-
aging ecological and social drivers of marine fisheries at multiple spatial scales. Bull. of Ma-
rine Sci.

Stephenson, E. H., R. S. Steneck, and R. H. Seeley. 2009. Possible temperature limits to range expan-
sion of non-native Asian shore crabs in Maine. J. Exp. Mar. Biol. Ecol. 375: 21-31.

Townsend, D. W. 1992. Ecology of larval herring in relation to the oceanography of the Gulf of Maine. J.

Plank. Res. 14: 467-493.



Wahle, R. A. and R. S. Steneck. 1991. Recruitment habitats and nursery grounds of the American lob-
ster (Homarus americanus Milne Edwards): a demographic bottleneck? Mar. Ecol. Prog. Ser.
69: 231-243.
and R. S. Steneck 1992. Habitat restrictions in early benthic life: experiments on habitat
selection and in situ predation with the American lobster. J. Exp. Mar. Biol. Ecol. 157: 91-114.
,L.S.Incze, M. J. Fogarty. 2004. First projections of American lobster fishery recruitment
using a settlement index and variable growth. Bull. Mar. Sci. 74: 101-114.
Warner, R. R. and R. K. Cowen. 2002. Local retention of production in marine population: evidence
mechanisms, and consequences. Bull. Mar. Sci. 70: 245-249.
Whittaker, R. H. 1972. Communities and ecosystems. Macmillan, London. 161 p.
Wilson, J.A. 2006. Matching social and ecological systems in complex ocean fisheries. Ecol. Soc.

11(1): 9.

,L.Y. Yan, and C. Wilson. 2007. The precursors of governance in the Maine lobster fish-

ery. Proc. Natl. Acad. Sci. USA 104: 15212-15217.

,B.Low, R. Costanza, E. Ostrom. 1999. Scale misperceptions and the spatial dynamics of

a social-ecological system. Ecol. Econ. 31: 243-257.

Witman, J. D. and K. P. Sebens. 1992. Regional variation in fish predation intensity: a historical per-

spective in the Gulf of Maine. Oecologia 90: 305-315.

Wroblewski, J., B. Neis, and K. Gosse. 2005. Inshore stocks of Atlantic cod are important for rebuild-

ing the east coast fishery. Coastal Manage. 33: 411-432.



