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Introduction

Cod on Georges Bank are currently exploited by Canadian and USA fisheries. Cod on Georges Bank are considered transboundary with respect to the Canada/USA maritime boundary that was established by the International Court of Justice in 1984. For the purpose of developing a sharing proposal, agreement was reached that the transboundary management unit for Atlantic cod would be limited to the eastern portion of Georges Bank (DFO Statistical Unit Areas 5Zj and 5Zm; USA Statistical Areas 551, 552, 561 and 562). For USA domestic management purposes, the multi-species management plan treats cod in NAFO Div. 5Z and Subarea 6 as an operational stock unit. The development of fisheries management advice using two different yet overlapping and linked management units can give rise to inconsistency. The previous benchmark assessment reviews of these two operational management units were conducted at the same TRAC meeting where comparisons for harmony between the results from the two analyses were examined (O’Boyle and Overholtz 2002). The basis for the management units was not reviewed at that meeting. This working paper summarizes the background for the delineation of management units of cod on Georges Bank and the vicinity (Figure 1).
Management of Cod
A management unit is a geographic area defined for regulatory purposes. Stock is used here to mean a self-sustaining population of a species. A stock complex is a group of stocks of a species. The designation of units for management entails a compromise between the biological realities of stock structure and the practical convenience of analysis and policy making Gulland (1980).

The recent history of management units employed for cod on Georges Bank and the vicinity is briefly summarized here. From 1973 to 1981 the ‘offshore stock’ associated with Browns Bank was managed separately (Halliday 1974), but since 1982 the entire Div. 4X has been treated as a management unit due to difficulties in distinguishing catches from the components (Campana et al 1985). Cod in Div. 5Y have been managed separately from cod in Div. 5Z since 1972 (Serchuk and Wigley 1992). USA and Canada assumed separate responsibilities for management of cod in their respective waters following extension of jurisdiction in 1977. On the basis of demographic similarities (Serchuk and Wood 1979), cod in Div. 5Z and Subarea 6 has been treated as an operational management unit by the USA since 1977. Canada similarly considered Div. 5Z and Subarea 6 as an operational management unit until a re-examination in 1989 resulted in designation of cod in DFO Statistical Unit Areas 5Zj and 5Zm as a separate management unit (Bowen 1987, Hunt 1989).
Delineation of Fishing Areas
The delineation of fishing areas for the purpose of collecting and reporting fisheries statistics pre-dates the designation of management units. Halliday and Pinhorn (1990) give a detailed description of the development of fishing area boundaries. Agreement on the first geographically defined areas in the northwest Atlantic was reached in the early 1930s. A finer scale statistical area grid was subsequently developed and has been in use by the USA and Canada since the 1940s. The statistical area grid was principally designed to reflect historically important fishing grounds and the distribution of fisheries. The primary scientific input to fishing area delineation was information on stock structure. In addition, convenience with respect to political and administrative boundaries and practical limitations of fishery monitoring and regulation also played a role in the delineation of areas. For example, distributions of national fisheries interests in relation to the anticipated national member composition of Panels played a role in the designation of ICNAF Subarea boundaries. Due to the prominence of the haddock fishery at the time that fishing areas were being delineated, there are indications that the placement of statistical area boundaries was strongly influenced by knowledge about haddock fishing grounds and stock structure, particularly the line separating what is now Subarea 4 and Subarea 5 (Halliday and Pinhorn 1990).

There has been general recognition that a fine scale grid system, which would permit aggregation of fishery information on varying scales, would be more flexible and capable of satisfying the diverse requirements than any fixed grid system. However, continuity is an important practical consideration that has curtailed radical changes in delineation of areas. Location of fishing activity is currently being collected and recorded by Canada and USA on a finer scale than statistical areas. While future consideration could be given to designation of management units that takes advantage of the resolution of the data, it is impractical at this time to consider management units on a scale finer than statistical areas.
Distribution and Movements of Cod
There is a fairly long history of studies pertaining to the stock structure of cod on Georges Bank and the vicinity. While these studies include investigations of morphometrics, meristics, parasite prevalence and other characteristics, analyses of tagging results play a prominent role.  Loehrke and Cadrin (2008) provide a recent historical review of these studies. Results from more recent studies are presented in a separate working paper at this meeting. A brief summary of some key conclusions from these studies, largely extracted from Loehrke and Cadrin (2008), follows.

· Higgins (1929) tagging: existence of a Nantucket Shoals component with westward and eastward movements in summer, coastal components from Massachusetts Bay to eastern Maine, movement between Georges and Browns Banks

· Schroeder (1930) tagging and growth: Nantucket Shoals do not mix with coastal components to northeast, Nantucket Shoals seasonal migration west in fall to wintering grounds with return in spring, few cod from north and east of Cape Cod are found on these wintering grounds

· Higgins (1931) tagging: Browns Bank move north and east with little to the south and west, most cod tagged on Georges Bank stayed on Georges Bank with movement to Browns Bank and less to Nantucket Shoals

· Higgins (1933) tagging: coastal stocks appear local with little connection to offshore banks

· Wise (1958) tagging: reaffirmed the existence of Nantucket Shoals component with seasonal winter migration southwest and spring return

· Wise and Jensen (1960) tagging: eastern Georges Bank mixes little with westerly and northerly groups but evidence of some movement to Div. 4X, another component in the South Channel which migrates inshore to the Nantucket Shoals, cod that winter along Rhode Island to New Jersey coast join the South Channel cod in the Nantucket Shoals, one or more components along the coast of the Gulf of Maine

· Sherman and Wise (1961) parasite prevalence: separated Gulf of Maine, Georges Bank and Southern New England

· Templeman (1962) synthesis: separated into coastal Nova Scotia, coastal Maine, Browns Bank, eastern Georges Bank and South Channel stocks

· Wise (1963) synthesis: Gulf of Maine consists of many coastal components, Georges and Browns Bank are closely related, South Channel connected to cod southern New England: Georges Bank and South Channel divided by western shoals at about 68W

· Pentilla and Gifford (1976) growth rates (mean length at age): similarities between Georges Bank and South Channel/Southern New England but these differed from Gulf of Maine

· Colton et al (1979) spawning: spawning occurs on Georges Bank, Browns Bank and Nantucket Shoals with different peak spawning times

· Bowen et al (1987) synthesis: 5Y separate from 4X and Georges Bank with some north and south movement along coast, evidence of exchange between Bay of Fundy, Browns Bank and Georges Bank but enough segregation occurs to result in differences in demographic parameters

· Hunt et al (1999) tagging: connection between eastern Georges Bank and Browns Bank greater than with South Channel, strongest connection between Browns Bank and Bay of Fundy

· Ruzzante et al (1999) genetics: Bay of Fundy, Browns Bank and Georges Bank distinct

· Begg et al (1999) eggs larvae and adult distributions, growth, maturity: continuity between Div. 5Y and Div. 5Z along Cape Cod, separation between east and west Georges Bank, differences between Gulf of Maine and Georges Bank as well as between east and west Georges Bank

· Lage et al (2004) genetics: more heterogeneity between Georges Bank and Nantucket Shoals than between Georges Bank and Browns Bank (see also Wirgin et al 2007)

· O’Brien et al (2005) spawning: occurs on eastern GB, western GB, Nantucket Shoals, Massachusetts Bay and Ipswich Bay and distinct zones along coast of Maine

· Clark (2005) synthesis: structured coastal components with diffuse Bank groups in Div. 4X

The GARM review (NEFSC 2008) noted that there was a strong interaction between cod in Div. 4X and Div. 5Z. Loehrke and Cadrin, in their presentation highlights for the GARM report (NEFSC 2008) urged a re-evaluation of cod stock boundaries, particularly in the vicinity of the Great South Channel.

Two important commonalities among the results from these historical studies are noteworthy in relation to management units for Georges Bank cod:

· Cod along the coasts of Nova Scotia, New Brunswick and Maine appear to belong to localized coastal stocks with limited connection to offshore banks 

· There appear to be stocks on Georges Bank (east of about 68W), Great South Channel/Nantucket Shoals and Browns Bank with some exchange between Georges and Browns Banks and lesser exchange between Georges Bank and Great South Channel/Nantucket Shoals
Discussion
The stock structure of cod on Georges Bank and the vicinity is complex involving seasonal migration patterns and seasonal mixing grounds with some exchange between putative stocks. Under these circumstances, precise delimitation of stocks is challenging. There are no general guidelines on how closely management unit boundaries should coincide with stock structure before the conservation objectives of the management measures are compromised. These matters typically have to be evaluated on a case by case basis.

It is often considered desirable to devise a management unit to encompass a unit stock. However, practical difficulties in separating catches into their constituent stocks when fisheries occur on seasonal mixing grounds may lead to management units that encompass stock complexes. There are many examples of this, e.g. Gulf of Maine/Georges Bank herring, cod in Div. 4X and cod in Divs. 2J3KL. It may be necessary to introduce supplementary management measures to recognize and protect the components of the stock complex. For Georges Bank, it is possible to separate the catches from eastern Georges Bank. However, questions of the degree of exchange with adjacent areas remain. Arguments can be made to support either Div. 5Z + Subarea 6 or statistical unit areas 5Zjm as management units.

Transboundary resources present additional challenges. Large transboundary management units carry greater bilateral transactional costs due to the greater number of fishermen involved. On the other hand, smaller management units may be ineffective if there is too great an exchange with adjacent areas. The present agreement for consistent management of cod on Georges Bank between Canada and USA assumes that there is not appreciable net exchange of cod on eastern Georges Bank with adjacent areas.

If exchanges with adjacent areas are sufficiently low, treating eastern Georges Bank as the transboundary management unit satisfies the correspondence between stock and management unit and reduces bilateral transactional costs. The evidence suggests that there is a resident spawning population that occupies eastern Georges Bank. However, there are exchanges with cod on Browns Bank and the Great South Channel/Nantucket Shoals. The degree of exchange is not well quantified but considered to be stronger with Browns Bank. Expanding the transboundary management unit to include either one or both of these adjacent areas introduces complications with respect to the existing agreement for consistent management by Canada and USA. There is no intrinsic reason why assessments of stocks and stock complexes could not be harmonized, i.e. the sum of the parts should approximate the total. It is not out of the question therefore for domestic USA management to continue using Div. 5Z and Subarea 6 as a management unit while statistical unit areas 5Zjm is used as the transboundary management unit. This option, while the least disruptive in relation to the current agreement for consistent management, would benefit from establishment of adequate institutional arrangements to permit evaluation and comparison of the assessments so that their results can be harmonized.
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Figure 1. Georges Bank and vicinity.
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