


Introduction 

The New England Fishery Management Council and the Assistant Administrator 
fo r  Fisheries (NOAA) prqose t o  adopt end hplement the Final F i s k r y  
Management Plan for  Atlantic Sea Scallops. The Sea Scallop management program 
is needed t o  address resource and management problems which include tk 
variable nature of sea scallop resoume aburdance, possible excessive levels 
of fishing effort ,  and t h e  high potential fo r  ovemxploitation due t o  
irrcreesing consumer demand. Although there presently is no estimate of 
absolute abundance of sea scallops, t h e  W analyzes ebundance indices and 
mcruitment prospects fo r  the Gulf of Malne, Georges BarWSouthern New England 
and Mid-Atlantic Bight resoume areas. 

Manaqement Unit . 
The Hanagement Unit includes a l l  of the populations of sea scallops that  

occur along the continental s k l f  of the Northwest Atlantic from the  shoreline 
t o  the outer boundary of the FCZ and encompasses a l l  comnercial and 
recreational fishing activi ty atfecting those populations. This W 
encourages the adoption of conphmntary regulations by coastal s t a t e s  t o  
ensure the effectiveness of t h e  management program throughout the  management 
unit. 

Objective 

The overall objective of the  management program is t o  maximize over time 
and economic benefits from the  harvesthq and use of the  sea 

In support of t h i s  overall objective, the Council adopted 
the f o l l o w i n ~ n s i d e r a t i o n s  and sub-obJectives: 

a. Restoration of the adult stocks i n  terms of the i r  abundances and age 
distribution can be expected t o  reduce the year-to-year fluctuations 
i n  stock abundance caused by variation i n  recruitment. 

b. - Enhancement of the yield per recruit  f o r  each stock.  

c. Evaluation of the impact of the Plan provisions on reserach, Plan 
development and enforcement costs. 

d. Minimization of adverse envl romnta l  lapacts on stock lewls and 
utilization. 

Alternative Strateqies fo r  Manarrement 

After considering and rejecting the "no actionw altemetive,  a s  
inapproprjate given the identified resource problems, the m a i l  evalueted 4 
alternative management strategies cepeble of achieving t h e  &opted marragement 
objectives. In brief,  these al ternative strategies ere as follows: 

1) t o  control t o t a l  quantity of sea scallops lended (through, e.g., 
annual or seasonal quotas); 



2) t o  control fishing practices i n  the sea scallop fishery (through, 
e.g., gear restrictions, c u l l  s i re ,  closed areas and seasons); 

3) t o  control fishing effort i n  t h e  sea scallop fishery (through, e.g., 
limiting entry, nlmber of vessels, o r  fishing time); and 

4) t o  combine two or nore of the above strategies. 

Preferred Strateqy 

It is t h e  Council's judgement a f t e r  extensive Wlic consideration and 
detailed analysis (Part 6 )  the t  controls on fishing e f fo r t  and controls on the 
quantity of sea scallops landed are not practical o r  technically slpportable 
a t  this time. Given t h i s  udgement, the C o m i l  hes chosen a s  the 'preferred 
a l t e r a t i ~ e , ~  controls on f i shing practices (through minimum meat count and 
shel l  s ize regulations) along with delayed implementation of additional 
measures which w i l l  limit fishing mortality. 

I n  brief,  specific long-term conclusions of an analysis relat ing t o  the 
npreferred alternativeu are as  follows: 

1. Although values of the biological parameters f o r  resource conponents 
d i f fer  (e-g., growth rate,  m r t a l i t y  rate) ,  the analysis demonstrates 
a consistent increase i n  individual average sea scallop production 
(yield per recruit)  associated w i t h  increases i n  the s i ze  a t  which 
the average sea scallop is  retained by t h e  fishery, and reductions i n  
fishing mortality t o  the F (max) level. 

2. . Under prevailing exploitation conditions i n  the sea scallop fishery, 
an industry average meat count of 30 o r  25 re la t ive  t o  40 w i l l  resul t  
i n  significantly greater harvestable yield from al l  resource 
corrponents, no matter what the  prospects f o r  recruitment happen t o  . - 

be. Further, a s  meat count i n  a l l  resouxe areas is reduced, the 
productivity benefit associated w i t h  neat count becuries less 
sensitive t o  increasing fishing mortality (i-e., the resource is 
naturally h f  fered t o  uide-ranging fluctuations i n  fishing effort) .  
As a result ,  control on neat count (or s i r e  a t  first cepture) appears 
t o  be the most practical and eff icient  control measure fo r  addressing 
t h e  yield per recruit  aspect of the overall management objective i n  
the current resource and oanagement context. 

3. The analysis shows that for  sea scallops reproductive t issue mass 
increases markedly a s  the s i ze  of the  anlmrial incmses (i.e., meat 
count decreases), particularly during the early years. T h i s  general 
relationship holds for  al l  sea scallop resource wrponents. Assuning 
egg production is proportionel t o  wtad weight, t b n  management 
action t o  increase ege at  capture 4 i.e., decrease m a t  count), may 
significantly increase the  reproductive potential o f  neuly ecruited' 
scallops over tkir life i n  the fishery. 

Hanaaement Measure Specification 

Therefore, based on this I--term biological analysis (s710) and on en 
economic analysis (5720) of alternative specifications of the age-at-first- 
capture measure, t h e  management program adopts e 40 ateat count in i t i a l ly  with 



automatic reduction to  30 meat count after one year, and a correspondinq 
minimun size of 3 1/4" automatically increased to  3 1/2" after one year. The 
analysis indicates that th i s  tamet s~ecification of 30 meat count. as a 
n a x i b  average valw, w i l l  provide <ipnificant lorg-term benefits'in terns of 
yield-per-recruit and the long-term, overall productivity of the resource. 
Consequently, the meat comt/minimun size measures are expected t o  mke a 
substantial contribution towards achievement of the nmnement propram's 

. Analysis of Impacts 

A short-tern bi~economic inpact analysis of the alternative measure 
qiecifications in t h i s  FMP was condreted. T h i s  analysis provides sbx$-term 
catch pmdect ions, estimated population size structures, and projected scallop 
populations i n  specific resource areas i n  relation to  meat count control i n  
the range of 40-25. Utilizing projected catch a t  size data, weighted average 
meat comts by resource area were calculated for l982 and l983. The highest 
average meat counts (1-e., smallest average scallop size) are expected to be 
reflected i n  the f i s k r y - i n  1982 on the Northern Edge and Peak (22.1 laeats per 
pound) as a r e s u l t  of recruitment from the relatively strong 1978 year class. 
These results indicate tha t  the adopted meat counts of i n i t i a l l y  40 then 30 
ircluded in this management program (reflecting the average i n  the catch) 
should not impact sea xal lop harvesters w h o  shuck scallogs a t  sea. The 
calculated estimates reflect the expected avera e catch situation; depending 
Lpon the harvesting strategy pursued by i n  bf i v  dual fishermen, substantially 
higher meat counts could result wi th  concentration of effort on beds of newly 
recruiting scallops. 

. The specification of the minimum shell height nay entail s b r t - t e n  
impacts Lpon some harvesters who do not stuck scallops a t  sea. For this 
sector (shell stockers) the expected impact ( i n  terms of percent catch 
foregone) associated w i t h  adoption of a 3.25 inch minimum shell height 
(corresponding to  a 40 meat comt) i n  1982 and 1983 would be about 3.0% and 
2.4% respectively. Higher individual harvester impacts could be expected i n  
areas such as t h e  Uorthern Edge and Peak where younger age groups are more 
predominant i n  the xal lop population. The foregone catch inpact associated 
with a 3.5 inch minimum shell height (corresponding to  a 30 meat count) would 
be expected t o  increase t o  about 21% i n  1982 and about 7% i n  1983 for the 
shell-stocking sector; althwgh, greater individual inpacts might again be 
expected on t h e  M r t k r n  Edge and Peak. * 

C 

Overall, however, and i n  consideration of the expected contribution to  
total catch by shell-stocking vessels (16.3%), the adaption of a 60 neat count 
mgement measure i n  1982, followed by a decrease to 30 meet count after one 
year, together with their  corresponding minimum size w i f i c e t i o n s  for sea 
scallops laded i n  the shell, ale expected to result in about a half million 
dollar overall loss t o  the economy i n  1982, and a b u t  a. 1.5 million dollar 
overall loss i n  1983. These are not considered t o  repnisent a significant 
iupact on the overall econany, the overall industry or  individual conponents 
of the industry. 



Wanaqement Parameters 

OY: Optimun yield is defined a s  tha t  amount of a m a l ,  domestic sea 
scallop catch t ha t  resul ts  f r o m  implementation o f  the sea 
x a l l o p  fishery management program. 

DAH : Domestic annual harvest is  estimated using two independent 
tectniques (M31). 

Interpolation Analysis (5330) 
1982 = 32.500.000 lbs.  (14.730 metric torn) 
1983 = 32;m;ooo I ~ S .  (14;835 metric tons) 

Resource Based Analysis (5712) 
1982 = s. 2 metric tons) 

TALFF The t o t a l  allowable level  of foreign fishing is established a s  
zero. 

DAP: Domestic annual processing cepacity is estimated t o  be 
60,448,000 Us. (27,420 metric tons) fo r  1982 and 61,685,000 
lbs. (27,980 metric tons) f o r  1983. 

JVP: Based on the estimates of W the  Council determines tha t  therer 
should be no opportmity fo r  joint ventures. 
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PART 1: INTRODUCTION 

5110 Overview 

The United States has declared management authority over the sea scallop 
(Placopecten magellanicus) resources that occur i n  the area designated as  the 
Fisheries Conservation Zone (FCZ). The zone has as its irner boundary the 
seaward limit of the coastal states and as  its outer boundary a l ine parallel 
to, and 200 nautical miles from, the baseline from rhich the te r r i tor ia l  sea 
is measured. This authority became effective on March 1, 1977 pursuant t o  
Public Law 94-265, the Hagnuson Fishery Conservation and Management Act (MCMA 
or Magnuson Act). Under the FCMA, the United States assunes responsibility 
for the establishent of management p l m  and policies, ard the enforcement of 
regulations which implement the provisions of such plans and policies. 
Fisheries management must be conducted i n  a manner that w i l l  provide the 
greatest overall benefit t o  the nation from the harvesting and utilization of 
those resources. 

Pursuant t o  the WCHA, the sea scallop resource beyond the te r r i tor ia l  
seas w i l l  be managed according t o  objectives, policies, and regulations 
fonulated by the New England Fishery Management Council i n  consultation w i t h  
t h e  Mid-Atlantic and South Atlantic Fiishery Management C0vy:ils end approved 
by the National Oceanic and Atmospheric Administration (NOAA) of the 
Department of Comnerce. In  the Sea Scallop Fishery Management Plan (W) 
these objectives and policies are translated into management strategies 
designed t o  achieve optimum yield (OY) from the fishery. The optimum yield is 
based on the best available scientific information; It is sensitive t o  the 
potential for  overfishing and it incorporates considerations of biological, 
social, economic, and enviromntal factors in  determining the greatest 
overall benefit from the scallop fishery. 

The W also establishes the expected domestic annual harvesting (QAH) 
from the scallop resources vder the Jurisdiction of the  WCMA, and i n  
relation to  optimun yield and the obJectives adopted for lransgement of the 
resource, defines any surplus that my be made available for harvest by 
foreign vessels (TALFF). Once in  place, the W becunes the vehicle by which 
the Department of Conunerce regulates the sea scallop fishery within t h e  FCZ. 

5120 Problems and Issues 

The decision t o  develop a management plan for the sea scallop (P1 
ma ellanicus) fishery resources i n  the waters off the Northeast mas o the 
1 ed S a es arises from three problems: h +?- 

(1) Historically, landings from Ceorges Bank and the Ui6Atlentic areas 
b v e  fluctuated. It Is believed that high rates of exploitation may 
increase these f l u c ~ t i o n s  I n  the stocks, and i n  fact  high rates of 
exploitation have typically p m d  d\arp declines in abunjame. 

(2) The abi l i ty  of these resources t o  s q p o ~  the current level of effor t  
is questionable. Over the l a s t  several years the high abvdame of 
sea scallbps i n  a l l  areas, cowhd with &bCreasing market value, b v e  



scrpported significant increases i n  fishing effort. I n  1978 total 
removals (U.S. and Canadian) from the overall resource surpassed a l l  
historic levels. Data for 1979 and 1980 Indicate declines i n  catch 
i n  spite of increases i n  overell effort. 

3 Over-exploitation is a danger, i n  light of anticipated increases i n  
demand. Consuner demand may be expected t o  support high exvessel 
prices, and thus, maintain an envirorment uhich encourages 
overexploitation, 

The best available evidence suggests that harvests i n  the forseeable 
future camot be maintained a t  the 1978/1979 level due to  observed declines in  
stock abundarrce i n  many resource areas. Catch data for 1980 srpport this 
conclusion. With significantly falling catch rates, it is rncertain &ether 
current levels of effort can continue to  be accamodated. In addition, concerns 
can be Justifiably raised wi th  respect t o  (1) future benefits which nay be 
derived fmm the sea scallop fishery, and (2) the inpact of effort shifting 
away from scallops onto other comnercially valuable species. 

5130 Preliminary Specification of t h e  Management lhit 

This  management plan addresses the sea scallop resource th;roughout its 
r a g e  in waters under the jurisdiction of the Lhited States. Thus, a l l  of the 
populations of sea scallops that occur along the continental shelf of the 
Northwest Atlantic from the shoreline t o  the outer borndaxy of the FCZ are 
incllded i n  the management unit. The sea scallop is principally found *om 

.the Northeast Peak of Georges Bank westward to the Great South Chemel, and 
Sosouthward along the continental shelf of the Mid-Atlantic. However, 
comnercially important resource conpments also occur within the territorial  
waters of the State of Maine, the offshore waters of t h e  Gulf of Maine, and i n  
Cape Cod Bay. The management unit, therefore, imludes sea scallops i n  the 
territorial  waters of the States throughwt the range of the sea scallop as  
well as those found in offshore areas. 

Fwr reswxce components within the management Lnft aay be generally 
defined. These consist of (1) eastern Georges' Bank, focusing principally on 
the Nortkrn Edge and Northeast Peak of the Bank, (2) western Georges Bank, 
focusing principally on the Great Swth Chamel, (3) the uestern Gulf of 
Maine, end (4) the Mid-Atlantic B i g h t  a s  far  M h  a s  North Cerolina, Fishing 
for sea scallops wi thin  state territorial  waters is not subJect to ~egulation 
under t h i s  W; however, State water resourns are included within the . 

Management Unit i n  recognition of a a r k t  interactions and the need for 
conplementary state a i a ~ g m n t  action. f i tbugh there is l i t t l e  biological 
evidence, particularly concerning wmUh.J~ti~, that could serve as a basis 
for stock separation within the bands of t h e  resource described, the W o r  
resource components of Georges Bank and the Mid-Atlantic may be treated as 
independent stocks for analysis purposes based won their geographic 
separation, historic trends i n  recruitment, levels of prodmtion, and 
proximity to  user grocrps. EcwKmic interactions end plan iAplementation 
ccnsiderations, however, argue strongly for uniformity i n  the management 
program. 



PART 2: THE S€A SCALLOP RESOURCE 

S210 Species and Its Distribution 

§211 Introduction 

The At lan t ic  sea scallop,  Plecopecten ma~el len icus  (CmeUn), is a bivalve 
mollusc, roughly c i r w l a r  and r a the r  f l a t ,  which is  valued f o r  the mat 
contained i n  the large muscle thet  holds the  two valves o f  t h e  s h e l l  
together. mlike mst bivalve molluscs, see sca l lops  r e s ide  and i n t e r a c t  with 
p lan ts  and animals that l i v e  on the surface of the bottom. They have been 
reported l i v i n g  on almost a l l  types o f  bottam, bu t  are most ebundant on coarse 
sand, gravel and rock. Scallops obtain  f w d  end oxygen fm seawater drawn 

'through t h e  mantle (i.e., body wall  which lines the s h e l l )  cavi ty  undmver the 
g i l l s  where food p a r t i c l e s  are entrapped i n  a ucous film. Me s h e l l  is 
usually held s l i g h t l y  open, displaying two sows of  eyes  on each mantle tdge 
tha t  may serve a sensory functirm. 

Sea scal lops  a r e  mobile animals. They propel themelves  by means of en  
expulsion of water accorrpanying the rapid c losing o f  the valves. The 
d i rec t ion  of movement is control led by muscular a c t i v i t y  of t h e  free edges of 
t h e  mantle. Although individual sca l lops  move ebout (the younger x a l l a p s  i n  
par t icu la r ) ,  concentrations of  individuals  i n  a n  a rea  generally remain fixed. 
Scallops a r e  d i s t r ibu ted  over the bottom i n  patches, and i n  the mre favorable 
pa r t s  of their rarge a r e  found i n  dense, l o c a l  populations, called beds. What 
governs the formation and t h e  loca t ion  of sca l lop  beds is  no t  well understood, 
but the nature of the bottom, the prevail ing currents  and the p a r t i c u l a r  
circunstances t h a t  annually govern-the reproductive process a l l  probably 
Anf luence scal lop dis t r ibut ion.  

3212 Populations Affected by the W 

Ranqe and Depth 

The sea scal lop occurs only i n  t h e  Northwest Atlentic on the cont inental  
shelf  from t h e  S t r a i t  of Belle Isle, 52O 30' N latitude, south t o  Cepe 
Hatteras, 350 30' N letitude. It is en  animal t h a t  p re fe r s  co ld  water; adul t  
scal lops  w i l l  not  survive i n  water m c h  above .68OF ( m a y  l95f; Dickie 
l955). Thus, the surmer average 6 8 O F  (20%) bottom isothem (cars tan t  
tenperature boundary), that leaves the shore a t  Cepe Hattens and sweeps 
northward u n t i l  it p a r a l l e l s  the bottom contours a t  about 55 fra is considered 
to mrk its southern boundary. Its northern d i s t r i bu t ion  is apparently 
determined le rge ly  by sunner terrperatures either f a i l i n g  to reach that which 
induces spawning o r  prolonging l a r v a l  developnent with r e su l t i ng  poor 
spa t fa l l .  North o f  Cepe Cod, sea Seal laps  are f n q m t l y  twrd just below the 
l o w  t i d e  nark, f u r t h e r  south  they are r e s t r i c t e d  t o  the deeper, cooler rater. 
They are ra re ly  found below 110 fathans. 

Principal  Areas of Production 

Conmerciel concentrations of s e a  s ca l l aps  are usually h a t e d  a t  depths 
between 14 and 55 fathoms. Scal lop Ws of interest t o  the chnestic sea 



scallop fishery are found along the Coast. of Maine; i n  offshore C&lf of Maine 
waters; from Massachusetts Bay t o  the northeast part of Ceorges Bank; and 
along the  outer continental shelf of the midAtlantic bight. The principal 
fishing areas are shorn i n  Figum 211. The average amual landings of scallop 
meats l isted i n  Table 2l l  identify, i n  a very general way, the production 
level of each area. 

Comnercial quantities of scallops are fovd i n  estuaries a d  enrbayments 
along the Mine coast. Populations occur discretely from the Pixetaqua 
River, a t  the New HampshlrelHaine border, to the St. Croh River. Uost 
conmercial concentrations are found from Penobscot Bay eastward, and tkre is 
only sporadic comnercial fishing i n  Western Uaiw. Altholgh a 1974 scallop 
survey conducted offshore (beyond 3 miles) from Cepe Am, Massachusetts t o  the 
Maine-Canadian border i n  1974 by the Maine Oepartmnt of Marine Resources 
found very l i t t l e  i n  the way of comnercially productive scallop beds, 'an 
offshore fishery i n  the waters north and east of 3effreys Ledge occurred 
during the winter Rlonths of 1979-1980. 

Traditionally, Georges Bank, particularly the norLheest part, hes produced 
the  lergest crops of sea scallops. Scallops occur over -st of the Bank 
between 25-50 fethums, but are relatively scarce i n  the central, shallow 
region. The beds are concentrated i n  uell-defined areas that  have been 
historically productive: the Northern Edge, the Northeast Peak, the Southeast 
Part and t h e  Great South Channel. The Nortkrn Edge is the biggest and most 
consistent producer, the Northeast Peak a d  t h e  South Charnel are consistent, 
but less productive and the Southeast Part is sporadic, but srpports 
occasional large populations. 

For the years 1961-1980, about 196,000 MT of see scallop neats we= l aded  
from the Georges Bank grounds. Of this total ,  about 145,000 MT (74 %) uere 
from the Northern Edge a d  Peak. About 38,000 HT (l9%) were landed from the 
South Channel and about 13,000 Ul (7%) were landed f r o m  the Soutkast Part. 

The Mid-Atlantic area usually s lpp0I - t~  a lower level sea scallop fishery 
relative t o  Georges Bank. Amual average catch from the Hid-Atlantic area 
(1961-1980) has been less  than 40516 of the amual average catch on Georges 
Bank. There are occasional strong year classes i n  the fishery, slrch as tb - 

1961 year class which lead t o  high catches i n  1965 end 1966 (8,COO-9,000 UT) 
and the 1972 year class which was fished heavily i n  l976l977 (6,000-8,000 
HT). A l l  of the  MidAtlantic continental shelf, between the 22 fathorn and 55 
fathom isobaths, is potentially productive for sea scallops, given good 
spatfall. However, i n  relation t o  other areas, the principal sea scallop 
grounds on Georges Bank, particularly the Nortkrn Edge and Peak, exhibit more 
consistent levels of recruitment. 





Table 211: Average Production of Scallop W a t s  
From Traditional Fishing Areas i n  the  Northwest Atlantic 

Average Annual Landings Average f o r  
Area - Scallop Meats i n  WT t h e  Years 

U.S. - Canada - 
. Western Gulf of Maine 322 1961 - 1980 

Georges Bank 3,560 6,232 1961 - 19-80 

+No Canadian landing recorded. 
#.Canadian landings i n  1965 (2,609 MT), 1966 (2,780 UT) and 1968 (422 MT) not 

included. 

Source: W S ,  Northeast Fishery Center, 1981 Sea S c @ l o ~  Assessment. 

Stock Differentiation 

There are  no observed biological differences t h a t  would lead t o  a 
s e ~ a r a t i o n  of stocks within the area regulated by this nanagement plan. There 
a re  s l i gh t  differences in growth r a t e  between Georges Bank and Wid-Atlantic 
populations, apparently the result of differing temperature regimes. 
Variations i n  growth r a t e s  a l s o  ex i s t  beteen Gulf of Wefne and o ther  
populations, a s  well a s  within the Gulf of Maine population. There may a l s o  
be differences i n  the recruitment mechanisms between scaUo~ populations .- 
occupying separate habitats. For instance, tkre may be some degree of 
reproductive i so la t ion  between scal lops on Eastern Ceorges Bank and sca l lop  
populations t o  the south and west, a s  we11 as within t h e  Gulf of Maine. But, 
considering t h e  long pelagic phase of t h e  larvae and the  speed and carplexity 
of t h e  surface currents  i n  which the larvae ere trensported, t he re  is l i t t l e  
biological basis  f o r  considering these papulatiorrs as separate stocks. 

fhe sea scallop is a late s m r  or fall spawner. Spawning has occurred 
i n  August and September on t h e  Coast of Wine (Welch, 1950) and i n  l a t e  
September or ear ly  October on Qeorges Bank (Fosgay and Norman, 1958). 
Spawning generally occurs during August on the Uld-Atlantic she l f ,  but aay 
begin as ear ly  as 3uly i n  the lwrst southern amas. 



The sexes a re  separate and fe r t i l i za t ion  takes place i n  t h e  water colmn, 
o r  perhaps i n  the mantle cavity of t h e  females. Observations of spawning beds 
on Georges Bank (Posgay and Norman, l958) have indicated t h a t  spawning m y  be 
accarrplished i n  a matter of a few days (a l tbugh  it probebly occurs over a 
mre protracted period), and a t  bottom terrperatures m@ng between 46QF md 
52OF. The mechanism by w h i c h  spawnirrg is triggered i n  the  wild is not known, 
but tk onset of ve r t i ca l  nixing i n  the  water c o l m ,  causing bottom 
tenperatures to rise, has been suggested a s  a possibili ty.  This olecbnism 
would be di f f i cu l t  t o  apply t o  Georges Bank, however, because t i d a l  currents 
keep the water column well mixed i n  a l l  seasons. T h e r e  have been very few 
successful laboratory spawnings, but some of these suggest t h a t  t h e  presence 
of sperm i n  the  water t h a t  females were punping through t k i r  mantle cavity 
induced them t o  release tk i r  q g s .  

Sea scallops begin t o  mature end spawn at  age 3 on Cwrges Bank, but these 
small scal lops do not produce very many eggs. A t  age 4 (about BE90 m) e 
fenale w i l l  release about two million eggs. The relationship between t h e  
nunber of eggs produced and t h e  age of female scal lops is not  kwwn, but 
considering tha t  t h e  s i z e  of the  scallop's gonads increases i n  d i rec t  re la t ion  
30 s h e l l  height (distance from the hinge t o  t h e  far thes t  point of the shell), 
-it is l ike ly  t h a t  maximun egg production is not reached unt i l  several years 
a f t e r  ma tu r i t y .  

Currently there a re  no data available t o  describe the  relationship between 
parental (spawning) stock and d s e q u e n t  recruitment. Although it is 
generally acknowledged tha t  a correspardence does e x i s t  between stock and 
recruitment a t  low stock levels ,  nothing is known about t h e  ln in imum abundance 
o r  local  density of sea scallops t h a t  w i l l  still give a high probability of 
sustained recruitment o r  even of successful fer t i l iza t ion .  

- 5214 Early Life History 

After f e r t i l i z a t i o n  the  eggs and larvae go t h w h  tk usuel molluscan 
development stages. The eggs are s l igh t ly  teavier  thsn sea water ud probabiy 
remain on the bottom as they develop i n t o  t h e  f i rs t  of t w o  free-swimning 
larval  stages. The l a r v a l  stages, t rochopbre and veliger, are pelagic (i.e., 
occurring i n  the water colunn), but t h e y  have never been positively ident i f ied  
i n  plankton collection, s o  it is irrpossible t o  t r a c e  t h e i r  mvanents or to 
h w  precisely i n  which water layers  they occur. T b i r  presence i n  t h e  
surface layers  seems indicated by observations of mwly set scallops on 
surface b y s  and the occurremh of l a rva l  scal lops i n  stanachs of l a r v a l  
herring. 

The pelagic s tage probably l a s t s  4 4  reeks o r  .ore, after which the young 
scallops seek the  bottom as post larvee. I n  the wild, t h e  length of t h e  
pelagic phase is undaubtably variable because rater tmperatmes vaq. ~t t h e  
end of t h e i r  pelagic existence, t h e  lervae enter tk pediveliger stege, which 
features the development of e foot with adhesive cqmbi l i t i e s .  

Considering the  probable pelagic nature o f t h e  Scallop's l a rva l  stage, it 
is lnl ikely t h a t  the  progeny of any given scallop aggregation w i l l  settle out 
of the  plankton among t h e i r  parents, o r  even i n  t h e  mar vicinity. The 



mechani& by which recruitment occurs t o  major production areas is  a t  th i s  
point conjectural. The beds on Georges Bank, particularly i n  the vicinity of 
the Northern Edge, Northeast Peak and Great South Chamel, a re  thought t o  be 
self-sustaining a t  a fa i r ly  consistent and relatively high rate of 
recruitment. T h i s  Is because the  larvae are probably retained i n  the  Georges 
Bank g y z  1- enough for  metamorphosis t o  be conplete. There is considerable 
m r t a f n t y  about the mechanism involved i n  recruitment t o  the Ui6Atlantlc. 
Beds In productive areas, such a s  the New Yo* Bight, may not be 
.self-sustaining, but may swly recruits  fo r  beds located further 
downemrent. The occasionel heavy recruitmnt to  t h e  Mid-Atlantic may be the 
-result of periodically occurring optimum reproductive conditions, o r  augmented 
recruitment from spawning on Georges Bank. It is not known i f  the beds on the 
coast of Maine or  i n  the  deeper waters of the  Gulf of Maine are  
self-sustaining, or receive l a m e  from spawning i n  outside areas. 

Spatfall (the se t t l ing of Juvenile scallops on the  bottom), and the period 
imnediately following, is thought t o  be a t im that  is particularly inportant 
i n  the formation of scallop beds (Posgay, 1953) and i n  determining year class 
size ( B o r n ,  1964; Caddy, 1975). The availability of suitable surfaces on 
r h i c h  to  se t  seems t o  be universally accepted a s  a primary requirement for 
sllccessful scallop reproduction, although there is uncertainty a s  t o  wltrat the 
most suitable surfaces are. It has been suggested by Caddy (1968) tha t  t h e  
presence of available setting space provided by the shells of dead o r  
discarded adult scallops may stimulate heavy spatfall .  

H o w  the characteristic aggregations of indivicbals are forrrted prior t o  
becoming, vulnerable t o  the comnercial dredge a t  about 70-80 am (age 3) is not 
well uderstood, but scallops are highly mobile during t h i s  period. In  the 
e a ~ l y  stages, after  setting, they adhere t o  the bottom by byssal threads which . 
can be severed by the scallop when it swims i n  the water colunn. Switmning is . - 

considered an avoidance reaction. It may be the result  of visual, chemical o r  
vibration s t imul i .  Further, it is likely the reason that  t b y  are not taken 
in  dredges before about age 3. Direct observation of the reaction of scallops 
t o  towed gear indicates that t f ' ~  yomg are cepable of avoiding an approaching 
dredge by swiming out o f  Its path (Edwards and E ~ r y  1968; Caddy, 1968). 
There is no eviderce t o  date for mass movements of scallops, a t  leas t  fo r  
those age 3 and older. Nunerous tagging experiments have shown that  
aggregations of adults remain fixed m e  they are fo~lned (Posgey, 1963; Eaird, 
1954). 

Q15 Ecological Relationships 

Position I n  the Food Chain 

Uk =st bivalves, sea scallops are f i l t e r  feeders, but there ale few 
published reports tha t  identify preferenual food organisms. Specific items 
that  have been observed imlude d c m c a p i c  plants (e.g., diatoms) and enimals 
(e.g., peridinians, t in t imids ,  ciliate protozoa), as we11 a s  fragments of 
larger plants and planktonic stages of crustaceans. F m  t b s e  observations, 
it is reasonable t o  conclube that  sea scallops a r e  primary consuners tha t  
characteristically obtain their energy reqJirements primipally fmm the 



phytoplankton. Adult sea scallops do not have mny predators. Evidently, 
the i r  large s ize  and hard shell with  sharp edges mak them unattractive prey. 
The larvae are,  of course, extremely vulnerable t o  predation by plankton 
feeders, but the adults  a re  preyed on pr imipal ly  by m. 

Feeding Behavior 

Sea scallops feed by drawing rater through t k i r  mantle cavities, 
f i l t e r i n g  it through a film of mucous t h e t  they secrete over t h e i r  gill 
surfaces, and then transporting the trapped food particles along tracks of 
beating c i l i a  t o  t h e i r  mouths. Par t ic les  which a r e  too  la e t o  be ingested 'P are rejected by the mouth pa r t s  i n t o  the  water current pass ng out of t h e  
mantle cavity. The mantle cavity i s fonned by t h e  scal lop relaxing its 
edductor muscle, allowing the  two valves t o  gape sl ight ly.  The gep is  closed 
by two flaps of muscular t i ssue ,  the velun, which are held closely p m s e d  
tagether around the  circunference of the shel l ,  except f o r  tw spaces left 
wen near each ea r  of the hinge. Water, bearing food and oxygen, is drawn i n  
through om of these spaces, the  incurrent siphon, and feces, pseudofsces, and 
other metabolic products a r e  expelled through t h e  otter, the  excurrent 
siphon. Oxygen is absorbed i n t o  tte scallops bloodstream through the  g i l l  
surfaces and the mantle which c o e r s  the  imer surface of tech valve. 

Sea scallops do not burrow i n  the  stbstrate as do c h s .  They must remain 
on the surface t o  feed and breathe. IS they are accidentally buried, they 
suffocate and die. Larger, mdisturbed scallops on serrdy battom are usually 
farnd i n  shallow depressions which a r e  created by the  scouring crction of water 
currents. These animals h v e  the habit of occasionally rotatfng on tteir 
lower valve by jetting water out  one of tteir s i p h n s  while clearing the  
mantle cavity of foreign obJects. When disturbed, scallops swb away by 
f i l l i n g  the  mantle cavity with water, compressing t h e  velun a l l  around the 
circunference, except for t w o  geps on each side of tk hirge, arrd then finnly 
clapping the she l l s  togetter.  These actions force water through t h e  gaps and 
propel the scallop through the  water f o r  a few meters t o  a new location. 

Competition 

&a scallops compete f o r  food with any other filter feeders, s m h  as surf  
clams or ocean quahogs, t h a t  may be i n  tteir inmediate vicinity. There is no 
evidence tha t  corrpetition for  food among ttemselves o r  o t t e r  species is ever 
limiting. Growth r a t e s  of dense eggregations heve not been found t o  be any ' 

lower than sparse eggregations. Campetition between i n d i d d a l  scallops is 
rare if it occurs a t  all. Underwater photographs and observations by Scuba 
divers show sea scallops t o  be well separated from me amther. Reports tha t  
they  p i l e  ~p on one anotter several layers  deep are ent i re ly  mistaken. 
Observations of scallop beds on Georges Bank i rd ica te  ttmt even i n  areas of 
high catch, adult  scallop density seldora ex#eds two scallops ger -re aeter .  

u20 Oescription of Habitat . . 

The entire continental shelf inside t h e  100 meter isobath is potentially 



productive habitat fo r  sea xa l laps ,  with the exception of the shallower 
inshore areas south of Cape Cod. The two  major areas where sea scallop 
prodmtion occurs are Georges Bank and the Mid-Atlantic. 

Georges Bank is a relatively shallow extension of the continental shelf  
from the southern New England coast t o  a point on the cortheast comer tha t  is 
about 90 nautical miles SSU of the southwestern tip of Nova Smtia. It forms 
the southern rim of the  Culf of Maine Basin. The Bank is essentially a 
submerged, flattened plateau (Claxke, Pierce and Burpus, 1943). 

.Physiagraphically, it Is a submerged coastal plain west8 with  a steep 
cliff-like .northem edge ard a gently sloping southern face (Jotnson, 1925), 
with an area of approximately 12,000 square miles within the  100 fathom 
isobath and 9,000 square miles within the 50 fatbm isobath (Wigley, 1961). 
The water varies i n  depth from 20-100 fathoms (40-185 meters) but there are  
some shoal areas i n  the  north central region of only 2-3 fathoms (3.5 - 5.5 
meters). The s b a l s  of the Bank are separated from t b s e  of Nantucket by the 
Great South Channel which comects the deeger waters of the Culf of Maine with 
t h e  wen Atlantic. 

Strong, turbulent currents predaninate over mst of the Bank. Rotary 
t idal  currents are strong thmqhout the year, and there are many local 
currents and eddies (Brmpus, 1976; Bishop and Overland, 1977). O f  primary 
inportance is t h e  large, nowtidal, clockwise gyre that  is centered over the 
Bark during most of the year. Very l i t t le is known of the speed and direction 
of the surface currents except that  they are highly variable seasonally and 
from year t o  year. In general, some water noves out of the southwest portion 
of the Qllf of Maine and along the northern and eastern edge of the Bank i n  a 
clockwise pattern. Gulf of Maine water also mves south and west through the 
Great South Chamel and combines i n  its westerly flow wi th  westward movlng 
water fmm the  slope ard water f m  Georges Bank thet does not get caught up 
'in the gyre. The circulation i n  the gyre varies; i n  some years it is t ight  - and retains most of the water on the Bank, i n  other years it is loose and 
water spi l ls  out t o  the west. 

The temperature regime on Georges Bank can be described a s  cold and well 
mixed. Much of the water t h a t  sp i l l s  over the Bank i s  f r o m  the Gulf of Uaine 
and is generally intermediate between values of surfece and bottom 
terrperatures i n  the Gulf (Burrpus, 1976). The teaperahre of the Bank water is 
therefore rmch lower than tha t  of the ~ t l a n t i c .  There is typically no 
thenaxline over t h e  Bank; the distribution of tenperahre is nearly unifoxm 
from tcp to  bottom thnxrghout the year because the turbulence produced by wind 
and t idal  currents over relatively shallow water ceuses cmplete vertical 
aixing (Bumpus, 1976). 

In general, the bottom on Qeorges Bank varies from sand t o  gravel. rn 
particular bottom type i n  a given ama results  from the cherectedstic 
circulation that prevails i n  that area (Wigley, 1961). Tmtulent ard variable 
currents that  occur i n  areas of the Great South Charnel and along the northern 
part of the Bank result  i n  sediment that is poorly sorted. Here gravel 
predaninates, interspersed with areas of rock. Strong uniform currents over 
the central and southern parts of the Bank result in sediment that is sorted 
auch better and the bottom is sandy. 



T h e  continental shelf from Nantucket Shoals t o  Cape Hatteras gradually 
narrows. It extends 100 miles seaward a t  Cepe Cod, 70 miles off New Jersey 
and only 20 rniles a t  Cape Hatteras. The bottom is relatively smooth (chiefly 
sand interspersed with large pockets of samJ-gravel and sand-skll) uld slopes 
gently seaward t o  the shelf edge e t  about the 200 m t e r  isobath. The 
topography and hydrography of the Mid-Atlantic shelf am influenced on the 
landward side by the outflows of large estuarine and river systems, such as 
the Hudson, Delaware and Chesepeak arrd on the seaward side by major cenyons. 

In general, the surface circulation over the Uid-Atlantic shelf is a 
no-tidal, southwesterly d r i f t  a t  speeds i n  the order of 5 nautical miles per 
day, w i t h  a seaward exit  between Chesapeake Bay and Cape Hatteras (Burgus, 
Lynde and Shaw, 1973). There may be a shoreward corrponent t o  the drift i n  the 
warn months, an offshore conportent i n  the cold mnths and occasional eddies 
and reverse currents, particularly off the mouths of the maJor estuaries. 
Persistent bottom dr i f t ,  i n  the order of tenths of a nautical mile per day, 
occurs from just beyond mid-shelf towards the coast and into the estuaries. 

Surface water temperatures, although generally warmer than those of 
Georges Bank, exhibit auch wider seasonal variation. T k  amual range of 
-surface tenperature a t  any location near the shore nay be greater than 200C 
 bunpu pus, Lynde and Shaw, 1973). During the coldest season the water colunn is  
close t o  isothermal, but a thennocline develops af ter  l a t e  M r i l  and lasts 
until mid-November. 

The prirripal enviromental fector affecting the distrikttion of sea 
scallop beds is undoubtably t h e  current patterns thet  exist  during the larval 
scallop's pelagic existence. For about 4 t o  6 weeks after hatching the larvae 
are somewhere in  the water column, presunably mving w i t h  the currents which 
are known t o  vary considerably in  speed and direction; therefore, their  
location a t  the time of spatfall w i l l  depend on t h e  speed and direction of 
those currents. 

Evidence for tMs  type of dispersal nechenism can be seen from the errat ic  
pattern of recruitment i n  sorne areas and the anre or  less  consistent pattern 
of recruitment in  others. I n  the Mid-Atlantic, i n  certain areas of Georges 
Bank and i n  some areas along the coast of Maine there are periodic abwdances 
of scallops where traditionelly pogulation levels were l o w .  The productive 
beds that suddenly developed off Chatham, Massectusetts, end i n  the Jeffrey's 
Basin/Cashes Ledge area of the Gulf of Maine i n  recent years are trro cases i n  
point. Many of these beds are m r i s e d  of scallops of a single age group, 
indicating that the production may be the result of a single successful 
spatfall. In other areas, particularly i n  the northern part of Ceorpes Bank 
or the Great South Channel, more or less  constant production i s  maintained; 
and many of the beds contain scallops of several age grogs. It follows that, 
i n  areas where consistent current patterns persist, spatfall w i l l  also be 
consistent. 

Unfortmately , wr krowlecQe of the pelagic behavior of the larvae and of 
the  speed and direction of currents, and their variation m a small scele, are 
insufficient t o  allow mre  than a generel hypothesis t o  be advanced regarding 
the mechanism whereby young scallops are recruited t o  the C e o ~ s  Bank and 
Mid-Atlantic wulat ions.  Stmrg c u m t s  on Georges Bank m d a h t a b l y  play a 



- role in detenninlfg the abundance and distribution of scallop populations on 
-the Bank and may, a t  times, be influential in  determining the pattern of 
abundance and distribution i n  the Ud-Atlantic. Metamorphosing larvae 
probably pass the f i r s t  4-6 weeks of t b i r  lives within the Bank's surface 

.currents. T h e  clockwise gyre on Ceorges Bank may retain the larvae on the 
Bank mil they sett le to  the bottom, thereby accounting for the replenishnt  
of recruits year after year. The southwest eddy dr i f t  of water i n  t h e  
Wid-Atlantic ks been estimated to  be i n  the order of 5 nautical miles per day 
by Bunpus, e t  el (1973) ; and the eddies pimhed off from the imer  edge of the 
Gulf ~tream7wann core rings) that dr i f t  southwestward in the slope water uere 
<estimated by Richardson (1976) t o  travel from 2-4 nautical miles per day. I f  
the coastal water in  which the sea scallop larvae are entrained moves a t  
corrparable speeds, then the progeny of the adults that are spawned a t  centers 
of abundance at the Great South Chemel (and possibly Georges Bank during 
years of a weak gyre), Mson  Canyon, off Delaware Bay and Chesapeake Bay w i l l  
be transported anyufere from 100 to  300 kn downstream before they are ready t o  
take g their bottom dwelling existence. It should be emphasized that, 
lacking adequate data and recognizing the carplexity tha t  nay be inposed by 
other as yet unknown dispersion factors, this hypothesis should be considered 
tentative, 

V&ations i n  rater t-erature may also have an effect on the 
distribution of sea scallops. The rate of development of the larvae, and 
therefore the lergth of time they are present i n  the water column, is a 
function of terrperature. Amual variation in  terrperature has been praposed by 
Dickie (1955) to account, in  part, for the variation in  spatfall m c e s s  i n  
the Bay of Fundy. Larvae, whose planktonic existence was extended during 
years of cooler tenperatures, tended to drif t  out of tk Bay of Furdy before 
settling to the bottom. 

Dow (1962), noting that scallop landings from coastal Waine waters since 
1889 have exhibited periodic highs alternating with poor ca tcks  a t  
approximately 10-year intervals, suggests that water tarpereture may be a 
significant factor - i n  influencing scallop abundance. Coastal Maine s c a l l q ~  
landiqs were found to  be well correlated with sea uater terrperatures w k n  
these scallops uere spawned, s i x  growing seasons previous. Uoreover, D o w  
(1962) found that shsequent landings were sensitive to  water terrperetures 
during the f i r s t  winter-spring period following spawning. In view of the mrk 
by ~ i c k i e  (1955), it may be redsonable t o  corclude ttmt Dow's otservations 
with respect t o  spawning and post-spawning periods with h e r  than aptimm 
terrperatures may haw resulted fmm delayed larval de~ela~rnent with larval 
drift  t o  deeper waters seaward from the W a ~ t a l  fishery, Higher than wtirnun 
terperatures may have resulted i n  increased rates of natural mortality. 

There is no hard evidence that bottom type directly affects the survival 
of adults. Adult sea scallops are fomj  on a l l  types of bottom frorn strictly 
mud and clay to  cobbles and even large boulders. From areas where m e m i e l  
fishing is most ective it would wpear that scallops are fand nost obcndantly 
In rocks, gravel or sand, however, sJch of this ney be eccounted for by 
fishermen avoiding muddy bottoms, which clog Weir dredges. The nature and 
amount of suitable bottom type available for setting ray be m i t e  cr i t ical  for 
the survival of scallops a t  rretamorpbsis. Benthic -1s s m h  as bryotoans 
or bivalve shells may be irportant a s  a M t l l n g  redim, 



Pollution, and its effect won survival of sea scallaps, has not been 
studied e~tensively.~ Stone (1975) conducted some experiments on the effects 
of experimental laboratory concentrations of Kaolin (a suspension of clay 
particles). His scallops displayed decreased f i l ter ing ra te  and weight loss 
when subjected t o  Kaolin concentrations of 0.5 - 2.0 grams per llter. The 
anoxic bottom water :conditions that  developed i n  the Mid-Atlantic Bigh t  i n  the 
surmer of 1976 have not been proven t o  be the  resul t  of pollution but Rapes, 
et al (19791, reporL that about 10 percent of the sea scallaps i n  their - 
sfies had probably been killed by the lack of oxygen i n  the water. 

Cornern exis ts  for the potential habitat degradation that may be 
associated with o i l  and gas evloratory drilling m Georges Bank. Chemical 
d r i l l i ng  fluids (wmudsn) used in  exploratory operations have been tested for  
their  toxicity t o  various marine organisms. The i n s o l u b i l i t y  and firre 
particle size of dr i l l ing wds result i n  a high suspended solids content that 
may affect organisms by i r r i ta t ing  sensitive membranes, causing suffocation, 
decreasing disease resistame, causing behavioral chenges, introducirrg of 
toxic substances, and increasing oxygen demands. neleod, Gilbert, Stone and 
Riser (1980) observed a number of these effects af te r  exposing sea scallaps 
for 28 or 42 days (flow-through bioassays) t o  separate mud cargwrents, 
'synthetic muds and used mds. They found that  attepulgite (clay) alone o r  
%hen in  mixed corr~onents was m r e  stressful than bentonite (clay) and that 
effects were greater a t  hlgher temperatures. Mud loading m g i l l s  led t o  an 
increased f i l t ra t ion  rate and mucous c e l l  proliferation and production; a s  a 
result, energy stores eventually declined wi th  an attending decline i n  the 
rates of these functions. Chromium and barium were concentrated i n  the 
kidney. I n  the 2 weeks followirg cessetion of the tests, barium and chromiun 
concentrations remained a t  the same level o r  increased, which ref lects  the  
depuration (cleansing) of other tissues by the k idmy.  

Liss, Knox, Wayne and Gilbert (1980) also used sea scallops-to assess the 
uptake of trace elements contained i n  synthetic and used dri l l ing fluids. 
Bariun and chraniun accunulated rapidly i n  the  kidney during the first reek of 
exposure. After four weeks of expowre following by a 2-reek depuration 
period, barium and chromium concentrations hed not deczeased significantly . 

Dredging increases the sediment load of the waters i n  which it occurs and 
would therefore have the  sane effect a s  reported i n  Stone (1975). The extent- 
of the damage would, of course, depend on the ~ l m a r n t  of area coered by the 
dredging plune and t h e  length of time the scallops rere eqmsed. The effects 
of sea scallop dredging i n  the Gulf of St. C a m m e  heve bemi reported by 
Caddy (1973) a s  follows: 

1. Dredging lifts fine sedinents into  su!sf)ension, buries gravel below 
the  sand surface, overturns large rocks ernbedded i n  t h e  s e W n t  end 
appreciably roughens the bottom. 

2. Dredging kills m e  scallops and ceuses considerable sublethal demage 
to scallops l e f t  i n  the t reck,  the dernage being gmatest'on rough 
bottom. Mortalities t o  scallops with  a s-rd dredge rere a t  least 
13 t o  17% per tow. 



3. Predatory f i s h  and crabs are attrected t o  dredge tracks end hed 
densities 3 t o  30 times greater inside than outside the tracks sowl 
after  the dredging. 

The probable adverse effects of sea scallop d~ ing on the envirorment of 
c m e r d a l  f inf ish  populati~ns tms not been exdned .  

The effects of a s a r d i ~ u  scallops during dredgirg has not been examined. 
Sane x a l l q ~ s ,  expecially small oms, becane pecked with sand during dredging 
an s a d  bottoms. Scallops gathered and passed over by dredges can become 
sand-packed. Fishemen return nost small scallops t o  the bottom. No one 
b u s  whether the sad-packed scallops survive. 

In general, there are relatively few areas within the range of the sea 
scallop that are, a t  present, sweet t o  possible envirormental degradation 
that night have adverse effects rpon the  population. Future developrents nay, 
bwever, change this conclusion if there are large expansions of hydrocarbon 
activities, sand and gravel mining, d-ing of sewage sludge, o r  the 
introdrction of offshore power plants. The offshore dap sites i n  the 
Mid-Atlantic Bight, having been irdicated t o  have contributed t o  the anoxic 
conditions of 1976, could affect the future of the Hudson Canyon area sea 
scallop fishery. Heavy tanker t r a f f i c  i n  the same area also raises t h e  
possibility of pollution from a major s p i l l  caused by collision or grounding. 

The Great South Ctramel area off Cape Cod and the area off Pembscot Bay, 
mine, may present the s8me type of hazard if there are more tanker accidents 
slrch as  have occurred during the past few years. 

§230 Current Abundance arrd Future Outlook 

Sea scallops grow rapidly  during the i r  early years. They have an 
estimated natural l i f e  span of about 20 years, although most of the older 
scallops in  the various resource areas have n o w  been harvested. Vulnerability 
of scallops t o  capture by the camnercial dredge begins during their  third year 
at a shell height of about 70 mm (2 3 /4  inches, o r  about 3 V 4  years). The 
yaagest scallops are rarely seen i n  the comnercial dredge catches except i n  
years when reproduction has been extremely wccessful. 

There is presently no estimate of the absolute abunda~lce of tb sea 
scallap resource. However, sbwdance indices'(that pennit caparisons m n g  
years) for sea scallws are available for the Gulf of Wre, Georges 
Bank/Southern New England and Mid-Atlantic Bight resource areas. Ttese 
ebundame indices, describing the relative corditiorr of th sea scallop 
resource are derived principally from research surveys conducted by the 
National Warine Fisheries Sewice. Using sterrdardized gear, fixed towing 
times ard a statistically-based s a p l i n g  design, research wsse ls  collckt data 
on mmkrs .of animals per tow by sire class. Data of this type are presented 
i n  Tables 232 and 233. Animals less than 70 ra constitute the aprerecruitw 
index of abundame and ttmse p e t e r  then or  eqsl t o  70 m constitute the 
f u l l y  recruited index of akndance. T b s e  data can be catpared on a 
year-twyear basis t o  give an indieation of trerds i n  population abudance, 
and size frequency infomation fm the research surveys provide Information 
on population stwture. 
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T k  following sections describe the current condition of the major sea 
xal lop =source corrponents. T k  current s ta tus  and recruitment prospects for 
the various resource cocrponents are based on data surmarized i n  Table 231. 

Gulf of Maine Populations 

A fishery for sea scallops has been i n  existence i n  Maine coastal waters 
since th 1880's. Relatively dist inct  populations occur i n  embayments and 
estuaries a l q  the entire coast of Waine, but the most extensive populations 
are found i n  the area from Penobscot Bay t o  M t .  Desert Island (Dow, 1962). 

. Resome abundance i n  Maine waters hes been found to be highly cyclical; Dow 
(1962) concluded tha t  e high correlation with legged water t w r a t u r e s  
provides a convenient metbd for  predicting y ie lds  from tk fishery up t o  s ix  
years i n  advance. Record landing of about 900 MT occurred i n  U10. 

Limited historicel fishery information exis ts  with regard t o  sea scallop 
populations i n  the deep water portions of the Gulf of Uaine. A fishery 
developed i n  the area north and east of 3effmy's Ledge during the winter of 
1979-1980 and i n  1980-1981 off Machias Bay, Maine, reportedly toncentrating on 
localired recruitment from the 1975 year class (Schick, 1981). Relative 
abundance indices shown i n  Table 231 fo r  t h e  Gulf of Maine were generated 
through bottom-trawl surveys and are not directly axparable with the 
standardized survey data for the other resource areas. )loweer, the  Gulf of 
Maine indices do indicate the contribution of tk 1974 and 1975 year classes 
t o  the fishery (30-60 fathoms) i n  1980, followed by a decline i n  abundance i n  
1981. In addition, the surveys indicate thet  resource akndame i n  deeper 
water (61-100 fathoms) has increased significantly over the l a s t  several 
years, apparently due t o  relatively good recnritfflent from year classes since 
1974. 

, 
I n  view of the lack of previous significant yields from the offshorn Gulf 

o f  Maine waters, similar t o  that  which supported the winter 1979-1980 fishery, 
and in  view of the current recruitment prospects, it is not l i k l y  that a 
significant offshore sea xa l lop  fishery i s  sustainable i n  the Gulf of ~ a i n e  
i n  the foreseeable future. 

s232 Ceorqes Bank Papulations . 

U.S. sea scatlop research vessel surveys haw been canducted m Ceoqes 
Bank i n  two series. An older ser ies  between 1960 and 1968 was primarily 
concerned with basic l i f e  history date, krt relative total ebwidarre indices 
were also developed. The recent ser ies  of surveys conducted during 1975 and 
1977-1981 were for the purpose of assess- relative ekndame, w u l a t i o n  
carrposition and the  relative strm&hs of mating year classes (see Table 
Dl) . 

Infometian relative to tk present condition of the (;lcorges Bank m e  
uas obtained from the 1981 survey. The recru i ted  stock (170 mu, 2 3/4 inches) 
i n  the S w t h  Chamel and the Southeast Part @pears t o  be represented by at 
least three year classes (1975, 1976, 19771, *reas that  on the Nortkrn Edge 
and Pe& is dominated by the strong 1977 year class. A s  shun I n  Figuse 231, 
t h e  1977 year class (indicated by the peek a t  shout 80 m) has ncnr i ted  
stmrrgly In al l  ereas and Is followed by the 3978 year class (indicetad by the 
peak at about 48 an), uhlch qpears t o  be r tcrui t i~  with above average 



strength on the Nortkrn Edge and Peak and wi th  below average strength i n  the 
South Charnel and Southeast Part. The future recruitment prospects from the 
1979 year class appear t o  be favorable i n  the South Channel (note the peak a t  
about 20 mn, shell  height, i n  Figure 231). 

The relative lack of sea s c a l l o ~ s  larger than 120 m (shell height 3.9 
irches) on the Nortkm Edge arrd Peak is  i n  contrast t o  tk South Charnel a d  
the Southeast Part, and may be indicative of the recent heavy levels of 
fishirg effort by both U.S. and Cenadian vessels. However, survey data (Table 
232) indicate that  the very strong 1977 year class hes contributed t o  a 
recruited population in  1981 on the Northern Edge ard Peak which may be a t  
least fifteen times as dense as  that i n  tk South Chamel. 

The results of recent research vessel suweys indicate that  overall on 
Georges Bank the 1977 year class may be a t  least  a s  strong as  the 1972 year 
class, the strongest previously observed in  tk recent series of surveys. The 
results of the 1981 survey suggest that the 1978 year class nay be a t  least  
half as strong as the 1977 year year class on tk Nortkrn Edge end Peak. If 
the 1979 year class is a s  strong a s  it currently appears i n  the South Channel 
(contributing to  a somewhat broader distribution of year classes), then 
continuation of recent overall catches (10,800 Ul, U.S. and Canadian i n  1980 
cmentrated 25% i n  the South Channel and 75% on the Nortkrn Edge and Peak) 
for one or two additional years may be possible without resulting i n  stock 
decline. 

9233 Mid- Atlantic Populations 

General patterns of recruitment t o  the Wid-Atlantic sea scallop fisheries 
irr the New York Bight  and Delmarva areas, as  indicated from U.S. sea scallop . . 
research vessel surveys since 1975 (Table 233) show many similarities t o  that 
seen in  the South Chamel on Georges Bank. Over the entire region relatively 
poor recruitment levels have periodically been purtueted by strongly 
recru i t iq  year classes typically reaching strengths about ten times fonner 
levels. I n  the Virginia-North Caroline area the frecperrcy of strong year 
classes may be less, while the range i n  relative recruitment levels may be 
more extreme. 

Overall i n  the MibAtlantic region, three inportant year classes have been 
recruited since 1976 (the 1972, 1974 and 1977-year classes). In W i t i o n ,  
localized good recruitment appears t o  have occurred from tb 1975 arrd 1976 
year classes i n  Delmarva and V3rgini&brth Carolina. fhe, 1978 year class may 
be iuportant in  the N e w  Yo* Bight area given tk relatively low level of 
recruitment i n  thls area since the 1975 year class. Heme, l982 catches of 
sea scallops in  the Mew York Bight may be expected t o  remain mar current 
levels (3,200 MT i n  l980) with continuation of current fishing wrtality rates. 

Weak recruitment f m n  thc lSV8 year class i n  D a l a m  @lies that catch 
levels from that  area (about 1,800 MT i n  1980) may continue t o  decline through 
1982 mless fishing mortality rates are bubstantiallydrcreased. fhe survey 
catch data indicate that the sea scallop r e m e  i n  the Virginie-North 
Carolina area nay be seriously depleted (ca tcks  were less than 100 MT i n  
1980); the very poorly recruiting 1977 and 1978 year classes i ap ly  that  t h i s  
cordition may continue through 1982. 
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Table 232: U.S. sea scallop research survey relative abundance indices 
(standardized stratif ied mean number per tow) of scallops 
sanpled from sea s c a l l q  research surveys on Georges Bank, 
1975, 1977-1981. Date are presented by prircipal scallop 
regions on Ceorges Bank. Survey indices ere presented for 
pre-recruit (<70 mm shell height), ndt (870 m shell f" - 
height) and total scallops per tow. 

StaMardized Stratified 
Mean Nmber Per Tow 

Number 
<70 mm 

Area - Year - e r  TOW 

South Channel 1975 30.2 
1977 4.0 
1978 5. 1 
1979 4. 5 
1980 51.2 
1981 9.9 

)Junber 
s o  m 
Per Tow 

Total 
Nunber 
Per Tow 

56.1 
56.5 
38.0 
61.0 
70.5 
33.9 

Average2 
Survey 

Mat Count 

Southeast Part 1975 1.8 38.2 40.0 18.5 
1977 2.8 24.3 27.1 20.6 
1978 2.1 23.9 26.0 14.8 
1979 6.9 19.2 26.1 19.0 
1980 19.4 37.4 56.8 40.5 
1981 1.3 17.4 18.7 21.4 

Northern Edge 1975 86.9 120.2 207.1 48.4 
and Peak 1977 66.2 384.7 450.9 40.4 

1978 l n . 5  372.6 550. 1 33.8 
1979 63.9 232.9 296.8 33.8 
1980 599.3 128.2 727.5 U1.0 
1981 277.0 404.9 681.9 73.6 

Georges Bank 1975 46.3 62.4 108.7 39.7 
( A l l  Areas) 1977 27.9 176.1 204.0 36.4 

1978 66.0 JS2.4 218.4 31.1 
1979 28.7 120.9 149.6 32.2 
1980 305.6 74.2 379.8 118.6 
1981 76.3 119.9 196.2 64.1 

ke la t ive  sbundance indices from th Northern Edpe end e a k ,  1978-81, 
derived from Canadian research tessel survey data standardized t o  USA t o w  
distarce. 

2 ~ v e r a ~ e  mat  ewnt derived by dividing tk calculated meat might into 
453.6 grams ( 1  pound). 
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Table 233: U.S. sea scallop research survey relative abundance indices 
(standardized s t ra t i f ied mean nunber per tow) of scallops 
senpled from see scallop research surveys i n  the 
Mid-Atlantic, 1975, 1977-1981. Data are presented by 
principal scallop regions i n  the Mid-Atlantic. Survey 
indices are presented for pre-recruit (470 nun shel l  height), 
recruit  @70 mm shell height) and total scallups per tow. 

Area - Year - 
New Yo* Bight  1975 

1977 
1978 
1979 
1980 
1981 

Standardized Strat if ied 
Mean Nunber Per Tow 

N u b r  Nunber Total 
<70 m 270 lam W r  
Per Tow Per Tow Per Tow 

~veragel 
Meat Count 

Delinarva 1975 25.2 lS.6 40.8 56.7 
1977 3.3 24.0 27.3 19.7 
1978 8.3 26.0 34.3 23.3 
1979 30.8 39.3 70.1 47.3 
1980 23.4 U.3 36.7 52.5 
1981 2.8 5.9 8.7 24.4 

Virginia - 1975 
North Carol ina  1977 

1978 
1979 
1980 
l981 

M i d -  Atlantic 1975 
(All Areas) 1977 

1978 
1979 
1980 
1981 

l~verage meat count dcrlved by dividbq tk d c u h t s d  r a n  rat weight in to  
453.6 grms (1  pound). 



g240 Bioloqical Analysis of the Resome 

g241 Introduction t o  Analytical Concepts 

T k  concepts of f i sh i  mr ta l i ty ,  recruitment overfishing, growth 
overfishing, f (max) , f (0.1 1 and MSY are often errcountered i n  discussions on 
tk biological basis for fisheries Isanagement. Tkse  concepts are briefly 
overviewed b l o w .  

Fishirg mortality has importme for management because it is used--as the 
basis for translating fishing activit ies into resource effects and providing 
feasible management options i n  view of the biology and condition of the 
resource i n  question. Fishing mortality (F) may be generally defined a s  the 
rete a t  which the t u b e r  of fish i n  a year class w i l l  decrease a s  a re-sult of 
fishing. 

Two major aspects of fishing mortality are inportant for resource 
management. First, on an amual basis, t h e  fishing mortality rete translates 
into the proportion of a year class which is  caught (the exploitation 
factor). The higher the exploitation factor, the mre rapid is the removal of 

$.year classes from the fishable stock; as  a consewme, tk fishery becomes 
ircreasingly dependent on recent recruitment. furtkr, rapid harvesting of 
year classes on a continuing basis is only feasible i f  recruitment is 
maintained. However, because recruitment is partially dependent Lpon there 
being a sufficient m b e r  of spawners i n  tk stock, a high tq lo i t a t ion  tectar 
which allows f i s h  t o  be caught before they have contributed adequately t o  
spawning my seriously inpair the stock's recruitment potential. T h i s  
condition is known as  'recruitment o ~ e r f i s h i n g . ~  

Second, year classes entering a fishery exhibit species-specific growth 
and natural mortality c h a r ~ t e r i s t i c s .  Slow growing species (e.g., redfish or + 

scallops) w i l l  produ=e their  rnaxinwn harvestable bianass (everage biomass gain 
due to  growth in relation t o  average biomass loss due t o  netural death) a t  an 
advamed age, whereas rapid-growiq or short-lived species (e.g., herring or 
scpid) will reach their  maximun harvestable bianass a t  en ear ly  age. These 
biological characteristics have Inport ant implications tor  the facus (age 
groups caqht )  and intensity of fishing ~ r t a l i t y .  Fishing mortality directed 
at too ywng fish may result i n  the i r  being taken before they grow, th reby  
foregoing potential yield. This condition is h w n  a s  'growth overfisning.~ 
Fishirg mr ta l i ty  directed only at Older f ish ray result i n  lost yield due t o  
natural mrtal i ty .  

FiJrries managers hn a t  their disposal a r ide nnge of &asurss (e.g., 
gear configuration, area closure, catch control, effort  control, etc.), all of 
rhich, by design or In  effect, i n f l t m ~ e  fishing mortality. Sane treasures 
(i.e., gear configuration, ainimun sire) help t o  focus fishing mrtallty on 
the most productive age grolps, or  ensure t h ~ t  aost f ish reach sexual maturity 
before being caught. Other measures (i.e., catch control, effort control o r  
area closures) assist  i n  controlling t h e  intensity of fishing mortality on 
vhatever age groups ere subject t o  capture. F i s k r i e s  managers w i l l  often 
find it appropriate t o  use a &natiOn of measures which are tailored t o  the 
biological characteristics of the species and rfiich make it possible t o  
maintain edewate dpermifg potential while schlevfq a desired l e w 1  of 
long-tern average yield. 



Two standard reference points fo r  fishing mortality have been identified 
by fisheries sc ient is ts  a s  having specific value for  management, F(max) and 
F(0.1). These reference values re la te  specifically t o  the intensity of 
fishiq on e l l  age grows i n  the s tack  which are fully capable of being 
caqht .  F(max) refers t o  tha t  level  of exploitation (fishing intensity) which 
would t ko re t l ca l ly  msu l t  in tb greatest individual yield from an average 
recruiting f i s h  for  a s  long a s  it Is vulnerable t o  cepture i n  the  fishery 
(referred t o  as  maxi- yield per recndt) ,  

F(max) for  a population of f i sh  is determined by the  biological 
characteristics of growth and natural mortality, and by the  age o r  size at 
which f i s h  become sub ec t  t o  fishing-induced m r t a l i t y  (lee., death due t o  
catch or discard). F ! max) does not relate directly t o  tb level of amual 
recruitment, nor is it sensltive t o  the variable nature of recruitfflenf. 
Rather, it serves for a guideline for  d e r i v i q  the greatest amount of yield 
f r m  whatever recruitment happens t o  currently characterize t h e  fishery. 
Therefore, to ta l  yleld from a fishery maintained at F(max) may vary 
considerably from year t o  year. 

Recognizing that fishing t o  achieve sraxirtEIRl yield per recruit [i.e, 
fishing a t  F (max) 1 increases the potential f o r  fish in^ the s tock Qwn and 
negatively affecting future recnritment, f isheries sc ient is ts  tmve formulated 
the fishing mortality index, F (0.1). Altbugh F(0.1) has e teclnical 
definition, i n  practice it represents a level of fishing lnortality below 
F(max) that  resul ts  i n  only a small reduction i n  yield per recruit, but that 
is believed t o  meaningfully r e d ~ e  the r i s k  of recruitment overfishing. 
Further, fishing a t  t h e  F(0.1) index level, re la t ive  t o  fishing a t  F(max), 
results i n  older year classes remaining i n  tb fishery lorger, t k r e b y  
providing the fishery with a buffer t o  uncertain and variable recruitment, end 
enharrcing the fishery's ability t o  @Wde outn periods of below average 
recruitment. 

M a x h  sustainable yield (actually, maximun lwrg-term average yield) i s  
achieved a t  a fishing m r t a l i t y  ra te  [F(HSY)l tha t  achieves a balance between 
long-tern (stock-related) prospects for recruitment and maximun y i e l d  per 
recruit. F(MSY) may be equivalent t o  F ( w )  where stock akindance is not 
believed to affect recruitment (i.e., recruitment is influemed by 
envirormental factors), However, it is  Inore l ikely that  F(MSY) is 
approx-at& by F(0.1), because the l e t t e r  is bet ter  suited to aaintainirg an 
adeqmte spawning stock i n  the long run. 

Biological analyses of each of the  major resoume ereas are provided i n  
the following sections. These analyses a re  presented i n  terns of 
yield-per-recruit (Paulik and Gales, 1964) and serve t o  illustrate the effects  
of management measures which control age a t  first capture or  fishing mrtality 
on tk productivit of each of tb major resource coaponents, The infomation 
presented i n  5242- r, 243 below is  integrated in to  sn analysis of a l t e m t i v e  
management strategies i n  5710. 



5242 Yield Per Recruit Analyses 

Offshore Gulf of Maine 
• The following growth e q m t i m  reported i n  Serchuk and Wood (1981) is 

considered herein t o  be representative of Gulf o f  Maine sea  sca l l cps  i n  the 
offshore waters less than 60 fathorns: 

where the shell height dimension ( L t  t h e  dis tance from the  unbo t o  the shell 
margin i n  millimeters) a t  age, t ( i n  years),  increases a t  a continuously 
decaying exponential r a t e  a s  it approaches a terminal s h e l l  height of about 
174.32 millimeters (6.86 inches). 

The preliminary relat ionship f o r  offshore sea scal lops between t h e  she l l  
height dimension (L) and t h e  weight (W, grams) o f  t h e  edible  portion, t h e  
adductor muscle, is: 

indicat ing tha t  the  t e m i n a l  ( a s m t o t i c )  value f o r  the ueight of  the  adductor 
w s c l e  is about 83.98 grams (2.96 ounces). 

Using additional information given i n  Table 241, y ie ld  per r ec ru i t  curves 
rere drawn f o r  a s e r i e s  of ages a t  first capture (expressed i n  ttns of mat 
count). The curves i l l u s t r a t e d  i n  t h e  t a p  half of Figure 241 show the 
relationship between yield per  r ec ru i t  (YIR) and t h e  f ishing mortali ty rate. 
The curves indicate  tha t  YA increases wi th  increased age a t  f i rs t  capture 
(decreasing meat count) and decreasing f i sh ing  mrtality rate t o  the l eve l  of 
F (max) . 

Current levels  of  f ishing mor ta l i ty  i n  this deep-water fishery i n  the Gulf 
of Maine a r e  unknown. However, t h e  Y h i  ana lys i s  i l l u s t r a t e s  the sens i t i v i ty  
of yield per  r ec ru i t  t o  t h e  prevailing f i s h i q  mortali ty rate, part icular ly  at  
the  higher meat counts. It is noted t h a t  due t o  the apparent t rans ien t  nature 
of this resource component, enhancement of lorg-term yield t h r o u ~ h  management 
control on f ishing mortali ty w i l l  accrue only if recruitment is edeq~ate t o  
srpport a continuing f ishery over a nunber of  years. R e s e n t  in fomat ian  
suggests t h a t  recruitment t o  these beds m y  be only a periodic phenomenon 
result ing from urpredictable e n v i r o m n t a l  conditions. 



Table 241: Assuned Values for a l l  Parameters Used i n  the - 

BevertmHolt Yield Per Recruit Analysis 

Parameter 

W- (asyrrptotic weight) 

Culf of Maine 

83.983 gn 

K (catabolic growth coefficient) 0.2202 

to (hypothetical age a t  zero length) 1.2383 yr 

b (age a t  recruitment) 2.0 yr 

to1 (age a t  f i r s t  capture) 

meat count = 25/lb. 5.P28 yr 

meat count = 3O/lb. 5.527 yr . 
meat count = 40/lb. 4.994 y r  

meat count = 60/lb. 4.393 yr  

t x  (maximun age i n  the fishery) 20.0 yr 

M (natural mortality rate) 

Georqes Bank 

61.849 qn 

0.3374 

1.4540 yr 

2.0 yr 

Value of F(max) Corresponding t o  Alternative Sizes at First  mture 
(Heat Court) i n  the Culf of Maine Offshre Fishery 

Meat Count 

25 
30 
40 
60 



Figure 241: Yield per mcwlt curves for offshore 6ulf of k i n e  and 6eorges 
Bank sea scallops a t  four levels of meat count (equivalent to 
age a t  flrst capture). Natural mrtal i ty assmned, H = 0.10. 
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Georges Bank 

The average growth curve f o r  Ceorges Bank sea scallops (fm Serchuk and 
Wood, 1981) is: 

where tk asymptotic s h e l l  height dimension is U2.46 millimeters (6.002 
ifches). The relationship between the s h e l l  height (t) and the weight (W, 
grams) of the adductor muscle is: 

indicating tha t  the asymptotic value f o r  the weight of th adductor ruscle is 
61.85 grams (2.18 o m s ) .  

The resulting relatianship between yield per  rrcnrit and the fisNrrg 
mortality r a t e  is stown i n  the  bottom half of Figure 241. Yield per recruit 
curves have been drawn fo r  a variety of ages a t  f irst  c e ~ t u r e  (expressed i n  
terms of meat count) t o  i l l u s t r a t e  its effec t  won t h e  shape of the  curve. 
The curves indicate that the value of YIR increases with increasirrg age a t  
first capture (decreasing m a t  count) and decreasing fishing mortality rate t o  
the level of F(max). It Is also seen that tk value'of F ( m )  increases with 
decreasing meat count suggesting higher allowable rates of exploitation with 
ifcreasing age a t  first cepture (decreasing meat mt). 

Values of F(ma.1 Corresponding t o  Alternative Sizes a t  F i r s t  Cepture 
(Meat C a n t )  i n  the Overall Ceorges Bank Fishery 

Meat Count Approx. Value of F(max) 

As an additional point of reference, It m y  be noted t h a t  the estimated 
value af the long-tern mean f ishing mortality rate f o r  Ceorges Bank (see 
Appendix 4) is about Ft0.7 irrplying t h a t  slrbstantiel  inprovement i n  t h e  yield 
per recrui t  could be realized through sanegemaR cartrol on fistring rrortality. 

The mean growth curve for sea scallop oapulations from off m r t h  Carolina 
t o  the  New York Bight (fm Serchok and Wood, 1981) is: 



indicating tha t  the absolute rate of growth for MidAtlantic populations Is 
s l i g h t l y  slower than that for Georges Bank sea scallops and that ttre 
asymptotic shell height dimension, 151.84 millimeters (5.98 irches) is 
s l i g h t l y  smaller, although the differerne is probably not significant. 

The shell height dimension (L), meat weight (W) relationship is: 

Thus, meat weight a t  a given shell dimension is somewhat higher among 
Mid-Atlantic scallops as conpared t o  t b s e  from Ceorges Bank and the Gulf of 
Maine, For exanple, a 100 millimeter scallop (3.94 Inches) from the 
 id-~tlantic would yield an average e a t  weight of 17.38 grarns (0.61 o w e s )  
and a meat cwnt of about 26 per pwnd. On Georges Bank, srrch a scallpp would 
yield an average meat weight of 16.21 grams (0.57 owrces) for  a neat cant of 
about 28 per pound. Among deep water scallops i n  the offshore Gulf of Maine 
the conparable yield is 12.13 grems (0.43 o w e s )  and a meat c m t  of about 37 
per pound. 

Utilizing the values for  the yield per recruit parameters given i n  Table 
241 the curves shown in  Figure 242 i l lus t ra te  the relationship between yield 
per recruit and fishing mortality ra te  for a range of eges at first cepture 
(meat count). The value of Y/R Is dependent Lpon age a t  first capture (meat 
count) as well as  fishing mortality. Moreover, F(na~)  incmases with 
irrreasing age a t  first capture (decreasing meat count). 

, Values of F(max) Corresponding t o  Alternative Sires a t  F i r s t  Capture 
(Meat Count) i n  the Overall Mid-Atlantic Fishery 

&at Count Appmx. Value of F(max) 

The purpose of the above ~ ~ S C U S S ~ ~  has been t o  introduce tte furlamental 
aspects of yield per recnrit analysis. A laore detailed elaboration of the 
implications of this analysis with respect t o  the evaluation of a l temat i te  
management strategies is presented i n  Section 710, 

5243 Fishing Mortality Rates 

The historical data evailable fnwn tk overall oomnercial sea scallop 
fishery have not permitted quantitative estimates of absolute stock 
abundance. I n  particular, the absence of data relating specifically t o  catch 
a t  age has precluded tk possibility of c o r d ~ ~ t i n g  virtual pa9ulation analysis 



Figure 242: Yield per recruit  curves for  Hid-Atlantic sea scallops. 
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on t he  various resource corrponents. Srrch analysis  would have provided both 
estimates of the s t rength of past recrui t ing year classes,  a s  well as 
estimates of pas t  f ishing mortality rates.  

Because tNs information has not been available,  less precise  methods for 
estimating fishing mortality r a t e s  b v e  been enployed. Applying data  from 
research vessel surveys, Posgay (1976) generated an estimate of mean total 
m r t a l i t y  (2, which includes both f ishing m r t a l i t y ,  F, and natural  mortality, 
M) f o r  tk period 1958-1963 i n  t h e  Georpes Bank f ishery of. Z=D.80. Using an 
e a r l i e r  estimate of natural  mortality, k 0 . 1 0  (Merrill a d  Posgay, 1964), the 
resultant f i sh lq  mortality over t h a t  period probably averaged Ft0.70. A s  e 
consequence of record high leve ls  of f ishing e f f o r t  i n  recent years, f i s N n g  
mortality may have reached a s  Ngh as F11.0. 

Tkrefore ,  while data a r e  not avai lable  f o r  precisely estimating &cent 
f i s h i q  mortality levels,  other methods suggest t h a t  over t h e  past  25 years on 
Ceorges Bank f ishing mortality r a t e s  may have averaged substant ia l ly  higher 
than F(max) (i.e., F=0.3). It is noted tha t  t he  above estimates of fishirg 
mortality rates are applicable t o  Ceorges Bank as a whole. They do not 
; r e f l ec t  the f a c t  that localized high dens i t ies  of sea scal lops may a t t r a c t  
*-highly concentrated fishing e f for t  and very high, localized F values. Although 
there are  no estimates of fishing mortality rates i n  the  Mid-Atlantic area, 
t h ~  rapid decline of year c lasses  (such as t h e  recently dominant 1972 year 
c lass  i n  the 1976-1978 MibAtlantic f i s b r y )  suggests t h a t  f ishing mortality 
r a t e s  i n  this area have a lso  substant ia l ly  exceeded the  F ( w )  l e v e l .  

. With fishery resources such as s e a  ~ ~ a l l o p s  where t a rge t  l eve l s  of catch 
consistent with the current s t a tus  of t h e  resource cannot be readi ly  
calculated, a n  the exis terne of a IelatiOnShip between f ishing e f f o r t  and 
f ishing m r t a l i t y  provides a potent ia l ly  useful  epproach t o  achieving 
long-term resource productivity goals. The l a t t e r  approach relies on the  
avai labi l i ty  of corrprehensive e f f o r t  data throughout t h e  f ishery,  as w e l l  a s  
an understanding of the relationship between gear e f f o r t  and f ishing nor ta l i ty  
i n .  the various resource areas. However, through the use of various 
shp l i fy ing  assumptions, this wproach has the  advantage of controling fishing 
m r t a l i t y  t o  desired leve ls  while still allowing the  industry t o  take 
advantage of f luctuat ions i n  =source abmdance which wrould otherwise be 
d i f f i c u l t  to respond t o  i n  a catch control program. 

@44 Assessment of Haximun Sustainable Yield 

The Magnuson Fishery Conservetion and Manegement Act (WON), as m n d e d ,  
requires an assessment of the  rnaximun sus t a imble  yield (6~). b he se thods  
used f o r  estimation of  USY require a lwlg t h e  series of accurate f i sher ies  
s t a t i s t i c s .  Ideally,  such s t a t i s t i c s  cover a broad range of m a 1  catches 
end stock s i z e s  which, i np l i c i t l y ,  account fo r  the effects of an  entire 
s~ectm of envirormental conditions and the total range of the s t rength  of 
recruit ing year classes.  Any stock-recruitment relationship is a l s o  
icrplicitly accounted for. A considerable quantity of m a 1  catch and e f f o r t  
deta a re  available from t h e  sea scal lop f i sher ies  but a t t m p t s  t o  fit these 
data t o  prodmtion models f o r  tb plnpose of assessing WSY haw not been 
e n t i r e l y  sr~ccessful. Sea scallop 9opulations are epparently subJect t o  
extremely variable recruitment rNch tends t o  mask the stock-recruitraent 
 lat ti on ship inherent t o  successful production rrodeling. 



Bevan (1980) recently observed that  a nunber of possible methods exist for 
estimating maximun sustaineble yield (MSY) a s  rewired by the WWl, and these 
are not limited t o  stock production and dynamic pool analyses. Perheps the 
sinplest approach which Bevan suggests is t o  calculate average catches for  
historical periods which f i s h  stocks eppeared t o  be stable (lee., periods &en 
recndtment also appeared t o  be relatively stable). This  approach was taken 
with sea scallops. T h e  historical data were partitioned between periods rf.len 
catches were stable a t  relatively low levels (implying low levels of 
recruitment), a s  dist inct  f r o m  periods of high catch levels  s~pported by 
exceptionally strong recruitment. The weighted mean catch level resulting 
frola such treatment of the  data was teken t o  represent an approximation of the 
MSY. The derived estimate of MSY, being sensitive t o  the  historical fishing 
practices which probably do not represent biological optima, may not reflect  
the true potential yield from tk resource nor does it reflect  the expected 
annual yield given t h e  extreme variability i n  sea scallop recruitment.. 

Gulf of Maine 

Prior to the winter of 1979-80, the major ~wrponent of U.S. cetches of sea 
scallops in  the  Gulf of Maine were taken along the coast of Wine. A t  that  
time, an additional fisbry developed i n  the Jeffrey's Basin-Cashes Ledge area 
which is thought t o  be based prirrcipally rpon recxuitment from the 1975 year 
class (Schick, 1981). The naximm catch level from the coastal Maine f istery 
reached about 900 MT i n  1910, and has averaged about 250 UT since 1962. 

It is l i k l y  that MSY for- the  total U.S. fishery i n  the Gulf of Maine is  
not significantly different from the long-term average catch level  from the 
coastal M i n e  area (i.e., about 320 MT) recognizing that phenunena su=h as  the 
Jeffrey's Basin-Cashes Ledge fishery probably reflect  sub-optimal exploitation 
conditions. 

Geo-s Bank - 
The relationship between total landings (U.S. and Canada) and to ta l  

fishing effort  i n  the Georges Bank sea scallop fishery suggests that  during 
periods when the level of recndtment was not outstamling a relatively stable 
equilibrium appears t o  have been established. Since 1946 data from a l l  years 
except 1959-1964 and 1976 t o  the present w e a r  t o  be consistent wi th  a 
parabolic surplus production curve with a aaximun level of about 8,000 m. ~n 
the other hand, the average to t a l  catch over these 24 years was 6,214 WT and 
8,700 UT over t h e  en t l re  35 year period. 

The mean of the to ta l  a m a l  landings fm Georges Bank cbring the above 
two periods of exceptional recruitment was 14,071 MT. These periods of high 
armral landings corrprise about 3l% of the total span of the since 0 4 6 .  
Therefore, assuning tha t  14,071 UT is rot an weasonable estimate of the 
awerage surplus production available durirg periods of exceptional 
recmitment, a weighted #an (taking in to  account t he  relat ive lengths of tb 
periods showing naveragem end .exceptiorrala =cruits#nt) e s t h e t e  of the 
maxinun long-term average annual surplus production is ebout 9,800 ~ f .  
Therefore, HSY i n  Ceorges Bank is likely within t h e  rmge of 9,000-10,000 Wf. 



Because t k r e  is considerable variability i n  t h e  estimated value of MSY, 
it should not be construed as  a limit, nor is it reasonable t o  necessarily 
expect such levels of harvest on an amual basis, given expected fluctuations 
in  recruitment. The estimated S Y  should be viewed as heving relevame only 
in  the  context of long)-range olanagement. 

Given the variability i n  a m a l  cetches from the Uid-Atlantic resource 
area, it appears doubtful whether a meaningful estimate of potential yield 
could be developed for this segment of tte fishery. Typical low-level catches 
in the order of 1,000 MT have historically increased abrrptly t o  ebout 8,000 
MT for 1-4 years before declinlrg to  the man l o w  level again. Nevertteless, 
wet the 20 year period 1961-3980, Mid-Atlantic catches have averaged about 
3,800 MT, and th is  value may represent the current best estimate of MSY. It 
is probable that under more optimal exploitation cwrditiwrs (age a t  entry 
irrrease and/or fishing mortality decreased), substantially higher average 
catch levels could be derived from tk Mid-Atlantic resourre. 

With the inprovement of data collection systems end tk development of a 
longer time series of historical data, it may be possible i n  the future t o  

,make estimates of the rnaxirmm sustainable yield for tb Mid-Atlantic sea 
scallap fishery based Lpon a more aearrirrgful biological e ~ l y s i s .  



PART 3: ?E SEA SCALLOP F I m Y  

5310 History of the  C m r c i a l  F i s k r i e s  

The comnercial harvest of Atlantic sea scallops has occurred somewhere 
along the continental shelf from the Gulf of St. Lawrence t o  Cape Hatteras 
sirce the la te  1800's, but heavy exploitetion of the most pmductiw beds did 
not begin unti l  after  World War 11. Four events ln the development of t h e  
fishery have historic significance. 

. (1) The discovery and exploitation of scallops on Georges Bank, which 
began i n  the 19308s, opened ~q a major production area and provided 
incentive to develop offshore scellq~ fleets. T k  n s u l t  tms been 
heavy exploitation of offshore sea scallop beds throughout ttk 
northwest Atlantic. Total U.S. and Canadian landings from the 
offshore N e w  England grounds have grown from a few hwrdred metric 
tons in early years t o  a peak productfar of nearly l8,W MT of meats 
in  1977. 

(2) Another significant event was tk dewlopment of the offshore 
Canadian scallop f leet  i n  the 19%'s, which cperated primarily on the 
xa l lop  grounds of eastern Georges Bank. 

3 A third event was the periodic heavy exploitation, beginning i n  the 
early 1960's and again from 1971-79, of sea scallop beds along the 
Mid-Atlantic shelf. Landings of rreets fm t h i s  region have, over 
the past 20 years, fluctuated from year t o  year by a s  much a s  a 
factor of 8. 

(4) Dramatic increases occurred i n  the ex-vessel prices of sea &laps 
during the l a t e  1970's. These increases occurred despite near record 
levels of srggly  during 1978 erd 1979. 

From the early 1940's rp to 1959 the N e w  England scallop f leet ,  primarily 
the New Bedford fleet ,  operated wrder industry sponsored effor t  restrictions. 
These restrictions included a per -/trip catch limitation, ra>cimun c r e w  
size, maximun t r i p  lergth, and a mandatory layover period. 

By 1959, the main thnrst of both the Canadian and U.S. offshore scallop 
f leets  was on Georges Bank end 8 periad of b e v y  .exploitation of the scallop 
beds in that an?a occurred between 1959 and l965 (Figure 311 and Table 311). 
Total m a 1  landings from 1959-1964 averaged &out U,5W )In. 

In 1965 a nunber of events led to a reduced U S .  effort  i n  the  eastern 
part of &oqes Bank. T t e  rkndence of scsllaps had been *llni , ard more 
W v i d u a l  vessel effort  (with rccmpanicd higher prodrction cost3 was reeded 
t o  nraintain profitable catch levels. A t  the smne tfme, prodrrctive scallop 
beds were developing i n  the Mid-Atlantic in areas thet  were accessible t o  the 
U.S. offshore fleet. Finally, tk price of f i n f i s h  at ttmt the began t o  
climb, providing an incentive for fishemen t o  convert from s c a l w i n g  t o  
dragging. The result was mt only the virtual 8benbonnent of the scallop k l s  
on eastern Georges Bank by the U.S. f leet ,  but a reduction i n  t h e  size of the 
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Figure 311: Annual Landings o f  Sea Scallop Heats 1956 - 1980 

The clear portion o f  the bars represents U.S. landings; 
the shaded portion, Canadian landings. 
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Source: NMFS, Northeast Fisheries Center, 1981 Sea Scallop Assessment. 



fable su: u..s. ud Canadian lrndirps (Ml  r r t s ) ,  effort (days fisbd), catch pcr 
vrit of dfort (m) (WT landed of r r t r  per days fisfed) fror thc Ccsrges 
Eknk sea  scallop f l s try ,  1904 - 1980. 

- -- - - 

EffoTt wosllml CRE 
Landings (UT r a t s )  (Days Fished, W~U~luStcd) (WTldays Nstred) 

Year U.S. Curda T o t a l  u.s& Carm&/ lot&/ U,S- arrbe 

1944 1,814 w 1,814 2 . n  v 2,221 OM6 - 
l945 1,769 - 1,769 2,391 0 2 , S l  0740 - 
1946 4 . m  L 4,- 4,9)0 v 4,934 , a 8  -- - 
1947 4,853 . v 4,853 6,- - 6,- 07% - 
1948 4, 5m w 4,500 7,QS v 7, Q3 -6Q2 - 
1949 5, - 5, U# 8,428 v 8,- -80 - 
19% 5,442 - 5,442 7,349 - 7,%9 741 .- 0 

1951 5,714 91 5,805 7,749 
'a" 7 . m  

,749 ,340 
1952 9,488 91 5.99 7,742 ,709 ,711 
1953 7,392 W 7,528 lO,u31 3; l$g .m ,ns 19% 7, m9 91 7,UO 9,343 en2  -752 
l955 8,299 1# 8,435 ll ,6l9 ,714 .716 
1956 7,937 317 8,2Y l2,246 4 12,736 .648 ,647 
us7 7,046 ni 8,617 10.m 1 ~ ~ 9 7  11,697 ,747 -644 
1958 6,Rl 1,470 8,001 8,775 1 . m  l0.373 ,744 ,920 
l959 8,481 2,721 11,202 8 , s  2 , m  ID,- ,991 1.297 
1960 9,932 3,390 U.322 8,u39 2,601 l0.640 1 2 3  1,XS 
1%1 10,660 4,549 U,209 8,671 3,147 ll,8l8 1.229 1,446 
l%2 9,690 5,694 U,38ri 8,959 4,642 U.801 1.082 l.227 
1%3 7,910 5,877 l3.787 7,718 5,905 l3,623 1 5  Oms 
1964 6,241 5 l2.142 6,662 6,723 l3.385 ,937 ,878 
1%5 1,483 4 . 0  5.m 2,095 5,749 7 e m  ,706 -768 
1%6 8& 4,861 5,745 1,056 5,524 6 . m  -837 ,680 
1961 1,221 5,001 6,222 1,870 6,785 8,655 6 ,737 
l%B 1,025 4,805 5,8X 1,8Y 6,972 8,826 . S f  -669 
1969 1,325 4 5,627 2,7U 6,694 9,539 ,480 ,664 
1970 1,415 4,062 5,497 2 , s  7.05 10,178 ,552 -536 
1971 1,329 3,894 5,223 2,443 7,688 l0 ,Ul  ,544 ,518 
1972 821 4,146 4,967 1,800 8,264 tO.068 4 ,502 
1973 1,080 4,208 5,288 1,872 8,- 9,954 .M ,521 
1974 6 , l U  7 , W  1 . a  8,l05 9, S89 ,659 -747 
1975 $57 7 . ~ 7  8,244 1 ,uo  0,415 9,525 ,772 ,878 
1976 1,761 9,726 11,W 1,766 7,324 9,090 ,997 1.S2B 
197l 4,805 l3.W 17,849 4,514 8,601 l3,l.U 1.064 1.517 
ins 5,569 u.189 17,758 5,062 8 . ~ ~ 6  14,418 ,950 1 . ~ 5  
1979 6,573 9,208 U , ~ Q  9,245 8 , m  u , a e  ,nl 1 , ~  
1980 S,620 5,239 1O,8S9 ll.263 6,838 l8.U ,499 ,766 

4.s. effort for 1944-1966 trktn f m  Caddy (l975); U.S. effort for 198-1980 dcrlvcd 
lm HCT Detailed udghorrt f i les  by darl.ting rrrurl . u n  catch rrtes, r i m e d  by 
the percentage of u.S. mrgcs  Bnnk hrdi s for dthln -h of thrn vessel 
clnsses ( s m  m; a-uo m; ~ 1 - *  a3 in nbt ion  to nual ctus -, a 
dividlm~ ttr dcrived nnuJ r a n  catch rate into t)r Wl U.3. Ccorgcs BMk wo d l o p  
m a 1  Imdirps. 

*dim dfort for l944-l974 t r k n  fm W (1975); Cumdim effort for 19tlC1080 
&rived fire effort d8t8 provldcd to W S  by Cmmdim ricntists.  

&t stsrdardized for aft- in ti- period bttrnn U.S. rd M . n  r a  
scellop t c t s .  

*sthated from u.S. a t &  per vrit of dfort. 



offshore s ca l lw  f lee t .  In  1966, the  N e w  England f l e e t  conprised about 42 
vessels, o r  roughly one-half of the nmber of danestic vessels fishing for 
scallops i n  1960. The remaining vessels fished mainly i n  areas of tk Great 

- South Chamel and the  Wd-Atlantic. After 1966 and un t i l  recently, the U.S. 
f l ee t  did not operate extensively on eastern Geoxges Bank, end t h a t  area - 
became a predominantly Canadian scallop groud. 

By 1976, bath the  U.S. and Canadian landings began to rise; and i n  1977 
n e w  record catches were We. The distr ibution of effort, bwewr, remained 
the same, with the  Canadians landing ahout 9725 and 13044 MT from eastern 
Georges Bank (Table 311) and the U.S. l a n d i q  8880 and 11167 MT fran the 
Mid-Atlantic and western Georges resource areas (Table 331.3) in 1976 and 1977 
respectively. In 1978 and 1979, the Canadians landed 12,189 MT and 9,208 UT, 
a d  the U.S. 14,456 KT and 14,145 Wf respectively. A t  this t he ,  the..U.S. was 
also iremasing its eastern Georges Bank catch by nearly 140% tram ,less than 
670 M l  i n  1977 t o  1,600 MT i n  1978, and again by 33% to 2140 MT i n  1979 (Table 
333.3). Sime 1977 U.S. landings fm Northeastern Ceolges Bank heve 
increased from 9% (1977) t o  34% (1980) of the  t o t a l  U.S. landirps frora the 
Georges Rank resource area. 

Maine landings, primarily insbre s h e  1968, hawe mt followed the 
general trend of other regional landirps. I n  fact,  while mst lendings i n  
other s t a tes  were moving fram historical  lows t o  highs during t h e  seventies, 
Maine i n s b r e  l a n d i q s  reached high points i n  1972 and 1975. Landings eppear 
t o  have ireteased again i n  1978/1979, end almost t r ip led  i n  1980. Maine 
landings are  based on relatively d is t inc t  pqnilations i n  anbayments end 
estuaries alorrg the  ent i re  coast of Maine, end occasional hot spots  o t f s b ~  
(i.e. , Jeffrey's Basin i n  1979/80), ifdependent of t h e  mJor  resource 
canponents. Maine landings have ~nrp r i s ed  5.6% of the total domestic Atlantic 

.Coast sea scallop landings during the seventies (Table 312). 

Massachusetts has led the rest of tk s t a t e s  i n  total sea scallop 
landings. These have been made primarily i n  the port of )Jew Bedford where the 
lwrg-distance scallop f lee t  i s  located. During the 1961-1973 period, then 
was a continuous decline i n  t h e  t o t a l  sea scallop landings i n  Wassachusetts, 
wi th  the 1973 catch about 15 pement of the 1960 catch. The nur&r of  vessels 
employed i n  t h i s  fishery decllned by almost M percent between 1960 and 1973. 
This was a period of t rans i t ion  f o r  the  N e w  Bedford f leet .  Some of the older, 
less profitable scallop draggers converted t o  otter t r a w l i n g  tor yel lovtai l  
flounder end many of the  remaining vessels began fishing the  Mid-AtlanUc. I n  
1975, m e  60 percent of  the scallop landings a t  New Bedford m e  fmm waters 
off the Mid-Atlantic s t a t e s  ( N e w  York south t o  VirQinia). By l977-78, enrwel 
sea scallop landings i n  Massachusetts recovered t o  78% of  the 1960 catch; but 
have slipped t o  only !57% i n  l980. 



Table 312: Domestic Atlmntic Coast Sea Scallop Lardings (Rlmlpal States) 
1960 - 1980 in Wctrlc Tons (Meats) 

mint mine Hain Wtr Wtr mrth 
Year Coastal Offshore Total a. Y o  3trsey Vlminlr C 8 r o l i ~  f-1 -- 

Soure: 1952-75, USDC, W S  (ds USDf, 8a). Fisk tv  Statistics.of thc U.S. (yearly 
i s m ) ,  washirgton, Dt; 197680 fmm U S ,  M S .  State L s for )cline, 
I*ssachDetts, New VOY*, &W S m ,  Vimlni~ M d fm, (-1 
kramarles md Oectslber l s w s ) ,  Washirgton, DC. 



U n t i l  1975, the  price increases of f infish kept pace with t h e  price 
ircreases of scallops, so that  the ra t io  of draggers t o  scallopers did not 
change appreciably. In 1975, however, the price of scallops increased 
significantly above that  of f infish end scallop beds were akrndant in the 
Mid-Atlantic. T h i s  resulted i n  vrprecederked returns t o  scallop fishemen and 
vessel owners. Draggers began converting t o  scal lopiq,  so  tha t  by 1976 the 
nuher of New England scallop dredge vessels had risen t o  86 from the  previous 
year's 44 (Table 313). This  trend continued from 1977 t o  1979 as the  nunber of 
vessels participating i n  the  New England based scallop dredge f i s k r y  
i n c ~ a s e d  t o  155 i n  1977, dropped s l i g h t l y  t o  U S  i n  1978, and again irrreased 
t o  200 i n  1979. Vessels that  had never fished for  sea scallops before, 
includiq some shellfish draggers tram the' South and standard draggers from 
New Errgland, began fishing for  sea scallops i n  the UicbAtlantic, using t r a w l  
nets instead of dredges, and bringing scallops esbre unshucked (i.e. 
shellstock). This trend continued through 1978 and 1979. 

In the Mid-Atlantic area, the sea scallop fishery has been a viable 
industry since the 1920ms, with the majority of landings, un t i l  recent ly ,  
recorded i n  New York. In recent years, Cape May, N e w  Jersey, ard Harpton, 
Virginia, have become significant operational ports. Thrargh 1978, the 
Hid-Atlantic harvesting sector utilized only  the Wid-Atlantic sea scallop 
resource. During the 1960 t o  1975 period, there was a general decllne i n  New 
York landings from eb#R l8OO 13T per year i n  1959, t o  240 MT i n  1970, anb a 
low plateau existed unt i l  1975. In 1972, N e w  Jersey landings began t o  exceed 
the New York landings, begiming a trend which still exists. In  1976, both 
New York and New Jersey sbwed marked increases i n  sea scallop landirgs, 
mostly because small scallops from recent successful recruitment began t o  be 
harvested. An exceptionally high ex-vessel price was a f u r t h e r  inducement t o  
ircrease effort on sea scallops. From 1976 t o  1978, however, N e w  York 
landings have steadily declined while N e w  a r s e y  landings have continued t o  
ircrease, especially during 1978. This nay be partly due Ro vessels fm 

,North Carolina landing sea scallops i n  New Jersey during this time. In  B80, 
New York landings increased by 22%, while N e w  Jersey lendings declined 33%. 

In the Chesapeake erea, only Virginia has a significant sea scallop 
fishery which is comentrated i n  the HarnptorbNprfolk area. In U65, 37 
scallop vessels aperated out of PortsmoutbHarrpton area, *re i n  1964 and 
previously, only two had operated. Since 1965, the sea scallop industry i n  
Virginia has been significant, although it did not reach the  U O O  MT level 
unti l  1976. Uuch of the 1976 increase i n  lendings i n  both the W t l a n t i c  
and Chesapeake areas are attributable t o  t h e  harvest of 611 a l lops  h 
recent successful recruitment by vessels us- o t te r  trawls and which had 
previously operated i n  the  groundfish and shrimp fisheries. For a short 
period in  1976 and 1977, atinimun size Units on sea scallop meats snd sklls 
#re isposed a s  a result of I W  regulations. I n  1979, Virginia sea scallop 
landings rose t o  t he i r  Nghest level since 1960 and heve been samd only 
Massachusetts since 1977. Virginia landirrps slipged by 20% i n  1980. 

In North Carolina, a significmt e e l l o p  fishery developed in l975 out of 
the port of Wanchese. By 1976, twenty-nine North Carolina vessels were 



Teble 313: Number of U.S. Vessels in  the 
Atlantic Scallop Fishery 1970 - 1979 

No. of N.E. Vessels 
Derivi Major Gross Mo. of Middtlantic 

No. of N.E. Scallop Scallop Otter - "P Stock mrn Scallop 
Year Dredqes Participatinq Dredg in~  Dredges T raw1 

Source: E F M C  master f i l e  and t r i p  f i le ,  U.S. Fishery Statistics. 

hoes not include vessels opereting only in  the Ulf of Maine. 
- - - -  - . 
fishing scallops, wi th  modified calico scallop trawls, tom Cape May, New 
3ersey to  Chincoteague, Virginia and landings reached 500 MT of scallop 
meats. Most of the vessels concentrated on taking shellstock for shore based 
shucking i n  North Carolina. Because of the relatively small s e s h  of the 
trawls, a l l  sizes of scallops rere taken and the sbre based s b k i n g  
operations were able t o  handle a l l  sires profitably. Landings dropped in 
1977, possibly attributable t o  some North Carolina vessels lending in New 
Jersey (of which unknown mounts may have been t e e d  back t o  wrth Carolina 
for processing) but increased significantly in 1978. Wrth Carolina lendinas 
maintained high levels through l979, but drcpped alnost 50% i n  1980. 

5320 Recreational Fiskr ies  

Recreational activity for sea scallaps is extremely limited, end there are 



l i t t l e  or no existing data on these activities. The cost of dredges, nets and 
other equipment necessary t o  fish conventionally for sea scallops makes 
recreational pursui t  not practical for most recreational enthrsiasts. fhe 
only method of retrieving sea scallops from the ocean bottom which may be 
characterized as practical recmational activity is by s u b  d iv ln~ ,  though 
rot a l l  scuba diving for sea scallops is recreational.* 

The recreational activity w h i c h  does take place for sea scallops is 
confined to  populations found i n  relatively shallow waters (less than 100 
feet), principally along inlets, bays and haxbors of Maine end to  a urch 
lesser degree, i n  the coastal waters of N e w  Hanpshire and Massachusetts. 
Recreational activity for sea scallops i n  Southern New EnglaW. and the 
Mid-Atlantic is not probable since populations of sea scallops i n  these 
=source areas occur i n  offshore, deeper waters, not generally suitable for 
recreational diving. 

9 

The states of Maine and N e w  Hampshire both have established seasons which 
allow the harvesting of sea scallops i n  state waters beginning on November 1 
and ending on Apri l  15. Wost of the recreational diving for sea scallops 
along coastal Maine occurs during November with some activity continuing into 
December depending on the weather. Li t t le  or no recreational diving activity 
-takes place from January until usually late  i n  Chrch where moderating weather 
conditions may permit increasing activity during the las t  few weeks of the 
seasonow* Individuals f r o m  several states participate i n  this l imited 
recreational diving activity i n  Maine waters. Scuba diving s l p p l y  businesses 
and sport d iv ing  organizations, both i n  Maine and #assachusetts, often sponsor 
sea scallop diving activity which nay involve chartering of local vessels t o  
provide access to  more productive areas. I n  addition, local fishing vessels 
occasionally provide access and a platform to recreational divers under 
various arrangements, including equal sharing of the days catch. 

I n  recent years, sea scallops have not generally been f#nd i n  high enough 
concentrations along coastal N e w  Harpshire and Massachusetts t o  attract 
directed effort by recreational divers. The N e w  Hampshire established winter 
season, as does Maine's winter season, may serve t o  deter recreational effort 
for sea scallops, especially s ime access t o  the most likely resource area 
(Isle of Sbals)  is  difficult during winter aonths. In t4assachusetts coastal 
waters, sea scallops are taken incidentally by recreational divers ergeged i n  
the extensive, pennitted recreatiorral lobster f iskry.  There is corrsiderable 
direct recreational effort and catch of bay scallo~s ( =ten irradiarrs) i n  
coastal Massachusetts waters and i n  the coastal waters * sout o 
Uassachusetts. Bay scallops are not included i n  the  management unit of this 
w. 

Conntercial diving operations for sea ~ ~ a l l 0 p s  haw? dewloped along 
coastal Maine and are pursued throughwt the  fishing season. 

+* South of Cape Cad. - Confirmed by personal oormKnicaticn with Daniel Schick (mine DM?). 



The Northeastern Regional Survey of Recreationel Fishing i n  Saltwater 
(1973-1974) collected data which allows estimates of the recreational catch of 
shellf ish by species group and state. Because of severe methodical problems, 
extreme caution is urged when using data fm this survey. Besed on 
urpublished data from W s  survey,* an estimated 16,000 pounds of s c a l l a Q e  
(live weight with shell) were caught recreatimelly i n  Maine during 1974. No 
scallops are estimated t o  have been caught recreationally i n  N e w  Hanpshire 
during 1974. It is estimated that 1,042,000 pounds of scallops were ceught 
recreationally i n  Massachusetts, an unhwn (but ptobably insignificant) 
amount of which may have been sea scallops. 

Existing s t a t e  ulations affecting the comnexcial hawesting of sea "P scallops (see @20) a so epply, where epplicable, to recreationel activity. 
I n  addition t o  t k s e  regulations, Maine provides a recreational catch limit of 
1 gallon of shucked meats per day (2 b u h l s  unshrcked). N e w  Hampshife does 
not allow a tolerance for  undersized sea scallops when t h e  method of retrieval 
i s  by diving. 

Should the states enact regulations conplementary t o  th i s  W, It is 
anticipated that recreational activity w i l l  be further -acted only by an 
irrrease i n  minimum size h u l d  such a areasure be adcpted. Sime it is 
possible and practical t o  be selective when retrieving sea s c a l l a ~ s  by diving, 
there is no need for a tolerance for undersized scallops when this nethod is 
pursued. 

9330 Economic ~ n a l y s i s  of the Atlantic Sea Scallop F i s b r i e s  

The following sections include the results  of an analysis of the s-ture 
of the fisheries, the harvesting and processirg capacity, r e c e n t  trerrds i n  the 
near future of the fisheries, and a suwnary. 

5331 Structure o f  the Fisherfes 

Resource Bases 

 he U.S. Atlantic sea scallop fishery is based on three resource 
components; the Gulf of Maine, Georges Bank, and the niddle Atlantic 

'The following e s t h a t e s  are provided t-: 
Personal c ~ c a t i o n  with David Deuel, M S .  

H The survey did mt distingldsh between sea Scallapshay scallops, but it 
is  kfwn that bay s!allops do not occur i n  Coastal Wne raters. For 
general inforwatim a r l y  and mmgniring that cpfniars r a y  vary, it is 
offered tha t  a .proficient recreationel scuba diver, in a masonably 
productive r e m e  area, may henes t  i n  the vicinity of ten p a d s  
(shucked meats) per standard dive. 



populations. The Gulf of Maine resource has been re la t ive ly  insignif icant  i n  
its contribution t o  Atlant ic  sea scallop landings, whereas t h e  other two 
populations (i.e., e o r g e s  Bank and Middle Atlantic) have played important 
ro les  i n  t h e  Atlantic sea scallop fisheries.  The c6tch from the Gulf of Maine 
i n  1977, f o r  exanple, was 258 MT, eccounti- for only about 2% of t h e  total 
U.S. Atlantic sea scallop catches (Serchuk, et 81, 1979). lhZs trend 
continued during 1978-1979 (i.e., 2-3s). but- of Maine landings increased 
t o  U% i n  1980, due t o  the increase i n  ac t iv i ty  i n  t h e  Jeffrey 's  Ledge a E a  of 
the Gulf. 

The Georges Bank population inhabi t s  three areas: t h e  Northem Edge arrd 
Northeast Peak, t h e  Southeast par t ,  and the  South Channel. Amorrg t k s e  areas, 
the  South Channel area has been recently t h e  most s igni f icant  area, i n  t e r n s  
of e f for t  and landings, of t h e  U.S. sea scallop fisheries. T k  ca tch  from 
th is  area (4122 MT) accounted f o r  86% of  t h e  catch from t h e  Qeorges Bank 
population i n  1977. Muever, South Channe l  catches have declined t o  only 54% 
i n  1980 of t h e  catch from the  Georges Bank population, whereas Northeast 
Georges catches climbed from 9% i n  1977 t o  34% i n  1980. The Northeast end 
Southeast areas have been major offshore production areas i n  the  past; t h e  
catches from these two areas  i n  1960 eccounted f o r  82% of the  catch from t h e  
Georges Bank population (Semhuk, e t  al, 1979). 

It  is noted t h a t  Georges Bank sea scallops tad been the t r ad i t iona l  sea 
scallop =source f o r  the  US. ,  u n t i l  the development of the offshore Canadian 
scallop f l e e t  i n  l a t e  1950ts. A s  a r e su l t  of Canadian m e t i t i o n  f o r  this 
resource, especially i n  tk Northern Edge and Northeast Peak areas, and the 
development of productive grwnds i n  the  Middle Atlant ic  area,  t h e  U.S. fleet 
began t o  heavily explo i t  the Middle Atlantic sea sea l lap  population. 

Landings a t  N e w  England ports from the Middle Atlant ic  =source coaponent 
varied considerably fm 274 MT t o  3947 UT during tk period 1965-1977, a d  
have since declined t o  historical lows (262.8 MT) i n  1980. The t o t a l  U.S. 
catch (including landings i n  Hid-Atlantic ports) from t h i s  pcpulation was 6426 
MT i n  1976, and 5318 WT i n  1980, o r  72% and 42% respectively of the t o t a l  U.S. . 

sea scallop landings (Tables 2.2 and 2.1.6 i n  Appendix 2). 

The Danestic Harvesting Sector 

As i l l u s t r a t ed  i n  Figure 331.1, t h e  harvest of t h e  sea  scallap resource is  
associated with four m t e  sectors. They are: ---- 
41) The New England based scklw m d p e  sector  u t i l i z i n g  thc New Englaa a s  

#I1 a s  the f i b A t l a n t i c  scal lop Stocks. This fishery i n  recent years  
(1975-78) has accounted f o r  over 60% the  total danestic scallop landings. 

(2) The Mid-Atlantic based scal lop dredge sector  utilizing exclusively t h e  
Uid-Atlantic scallort resource, until recently when SCNE Of these vessels  
may have landed scailops fm- the  G e o m s  6ahk resource area. This 
fishery has i n  recent years contributed 23 percent t o  the total danestic 
landings i n  t h e  region. 



FIGURE 331. I PERCENT a DOMESTIC SCALLOP CATCIIES HARVESTED BY INDIVIDUAL FLEET SECTORS 
(Average f o r  Period 1975-1 978). 

U.S. Catch o f  
Atlantic Sea Scal lops j I - 

38% I 
Danestic Catch 

38% 
w 

38% 
Catch by Nm England Vessels Catch by Nm England Vessels Catch by Mld-Atlantic Vessels 

(lorn) (40%) - (6m) 
C 

e F ~ 3 8  Catch by N,E, Catch by H.E. Catch by N.E. 

Otter Trawlers Scat lop Drcdges Scat lop Drcdges 

Total Catch By I lk* England Scallop Dredger I 
Note: Percentages s h  I n  parentheses refer to  u t l l l za t lon  by f leet  secton u l th ln each a m ,  

Source: WS, unpubl lshcd data, 



(3) The Mid-Atlantic based o t t e r  t r a w l  sector u t i l iz ing seaSonally the Mid 
Atlantic scallop resource and accountinn for  U percent of t o t a l  domestic - 
scallop landings i n  recent years. 

(4) The New England based o t t e r  t r e w l  sector harvesting scellaps from the N e w  
England resource, largely incidentally while fishing f o r  groundfish, and 
ut i l izing t o  e limited degree the Mid-Atlantic scallop resoume. The 
annual landings from t h i s  fiskry heve i n  recent years averaged less than 
two percent of to ta l  domestic landings of scallops i n  the region. 

I n  terms of the nunber of vessels participating, t he  N e w  England scallop 
dredge fishery clearly daminates the MidAtlantic fiskries (Table 331.1.). 
The nature of these three fisheries,  a s  w e l l  a s  the structure end perfomnee 
of the f l ee t s  participating, a= detailed i n  Sections 2.1.1. ar~J 2.1.2. of 
Appendix 2. 

Domestic Processinq Sector 

Two levels of the wholesale and processing segment of the Atlantic sea 
scallop industry can be defined (Altobello & el, 1977; *Hugh e t  a l ,  l978). 

T h e  P i n t  level is corrprised of those f i n s  w s h  purchese the  sea scallops a s  
landed, already processed a s  shucked onboard the  wssels.  These firm ac t  
primarily as shipping agents which srpply the firms of the second level  with 
raw material which they process i n to  finished products (Figure 331.2). 

I n  N e w  England, these buyers ship a good portion of t he i r  sea scallops i n  
the same form as  they  are  received ex-vessel - f r e s h  and packed i n  bags of 
forty pounds each - t o  the large second level  seafood processing flms i n  ~ e w  
York, Pennsylvania, and the Boston area. The sea scallaps t ha t  a r e  not so ld  
f resh  ere washed, packed i n  five-pound cartons, frozen, and shipped out i n  

- t h a t  form. 

In the New York-New Jersey area, some sea scallops are l a d e d  as 
shellstock and are  imnediately processed i n t o  shucked meats. These shucking 
plants and the buyers of fresh sbcked  meats then transport the scallops 
whole, fresh, and i n  100 pound boxes t o  New York, Philadelphia, end loca l  
markets, &re they are further processed o r  sold msh. 

In  t h e  Virginia-North Cemlina tegion, sea scallaps axe landed both as 
shellstock and shucked. T k  shellstock is processed in to  stmked meats. A 
min imum mount of t k s e  shucked meats a r e  shipped t o  plenfs i n  Massachusetts, 
Pennsylvania, Georgia, Florida, o r  L o u i s i m  for  further processing. After 
they are received by the second level processing firor, mst sea scellops are 
further processed primarily by breading either cooled o r  uncooked. 

Anotkr major source of sea  scallops fo r  the  northeastern seafood 
processing f i m s  is  Cenedian irrports, aml there ex is t s  several fims which 
mly almost conpletely on this source of apply .  These firms produce breaded 
end frozen sea scallops i n  addition t o  repecking end reselling irrported fresh, 
chi l led sea scallops. The production and tnployment i n  the Atlentic sea 
scallop processing sectors by produ=t types ere presented i n  Table 331.2. 
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Dbnestic Marketing and Consurrption 

a) Marketinq 

Various sources of Atlantic sea scallaps are marketed t o  the finel 
consuners through various markets and product toms. An overview of r r a r k e t i ~  
channels is presented i n  Figure 331.3. Most danestic sea scallaps s k k e d  end 
landed a t  the ports along the Atlantic coast are shipped in  their  original 
forms t o  wholesalers o r  processors a t  the wblesale market level. won 
receiving tk scallops from ex-vessel markets, the wblesalers o r  processors 
may process or repack the product for  shipment t o  re ta i lers  or institutional 
buyers who then market the scallops for f ina l  consurrption. 

A t  the ex-vessel market, fishemen are se l le rs  while &lesalersm agents 
are buyers. Transactions may vary from port t o  port. I n  N e w  Bedfozd, -an 
auction is  held 5 days a week by dock side *re the auction b u s e  Is 
located. The New Bedford market for  scallops as considered a s  e concentrated 
market with few buyers. Host wholesalers are located i n  Boston, New Srsey,  
New Yorki and Pennsylvania, The retailing end institutionel buying can be 
nationwide. 

Canadian imports bypass the U.S. ex-vessel levels and d i r e c t l y  c a p e t e  
'w i th  U.S. scallops a t  b o t h  the wblesale and r e t a i l  lirarkets. The marketing 
channel, therefore, is essentially tk same as domestic landirps thmugh these 
markets. 

Dcnnestic landings and inports are the t w o  major sources of Atlantic sea 
scallops available for U.S. scpply and consurption (Table 331.3.). U.S. 
inports of Canadian Atlantic sea scallops make I@ a great majority (averaged 
77%, 1973-1980) of the  to ta l  scallop inports of the U.S (Table 4.3b of 
Appendix 2). The landings from 1955 t o  1978 heve fluctueted widely from 5,291 
thousand pounds i n  1973 t o  31,870 thousand pounds i n  1978, wi th  an average of 
17,740 thousand pounds, accounting for 60% of total consumption overall 
(1955-80). Imports from Canada increased steadily from 1955 t o  1965 i n  
response t o  Canadian expansion into the utilization of the Georges Bank 
resource. They then declined slowly i n  response t o  e decline i n  biological 
akmndance, and had reached their  lowest level by 1972. The average inports 
for  the period 1955-80 was 11,858 thousand pourrds, accounting for  40% of U.S. 
wparent consumption, 

Price of Atlantic sea scallops a t  the ex-vessel, wblesale, and retail 
levels have moved closely together. These x a l l a p  prices, during B55-1960 
demonstrate a downward trend which is opposite of the general price indices of 
both WPI and PI. These prices, hwever, heve reversed thet  trend rpwards 
sirce 1960, and the ra te  of imreases i n  prices were wch Ngkr than Ule 
general price indices. The actual prices fo r  the  period l96&l980 increased 
from 34 t o  386, from 39 t o  457, and 65 t o  674 cents per pand t o r  ex-vessel, 
&olesale, and retail levels respectirely. 

The consumerms dollar is a lreasurement of relative shares of commer 
prices t o  various market elements, including the producers and middlemen. 





Table 331.3: Total U.S. R a w  S w l y  (1,000 lb. Lkrits) 
of  Atlan t ic  Sea Scallops 

1955 - 1980 

Year - 
1955 
19% 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

.. 1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

Source: (1) 

U.S. 
Lendinqs 

22125.0 
20066.0 
20994.0 
18977.0 
24644.0 
26599.0 
27461.0 
24634.0 
19939.0 
16914.0 
20700.0 
15975.0 
10242.0 
12070.0 
7410.0 
5852.0 
5406.0 
5850.0 
5291.0 
6017.0 
9331.0 

19575.0 
24620.0 
31870.0 
31184.2 
27853.7 

--- - 

Canadian Exports 
t o  U.S. 

829.0 
1442.0 
2584 00 
2559.0 
2961.0 
6021.0 
7921.0 

llo67.0 
12577.0 
UOl3.0 
14577.0 
16929.0 
13424.0 
l3214.0 
1me.o 
11691.0 
10322.0 
9819.0 

10884.0 
l2013.0 
14480.0 
20283.0 
25662.0 
25962.0 
19347.8 
16118.0 

1955-75 f rom USDC, M S ,  Fishery Stet is t ics  of the U.S., 
Washington, OC; 1976-80 from USDC, M S  State Landi s for 
Maine. Wssaclusetts, R W e  Island, U e w  h e y .  
Maryland, Virginia and North CeroUnB (Amcrei ~unmaries and 
kcember issues), Washington, DC. 

Covemnent of Canada, F i s b r i e s  arrd Oceans: Amrral Statist ical  
Review of Canadian Fisheries. Vols. 9 4 2 ,  195S1979. Canadian 
Exports o f  Fishefy Roducts (mth ly ) ,  1980. 





1 Averaging over the period 1955.1980, the fishemen receive 6 2 ,  wholesalers 
obtained M, and re ta i lers  ained 27L for eHery dollar spent by .consumers on 
sea scallops (Figure 331.4. ! . 

Quantit of Atlantic sea scallops available for U.S. consurption to a r great exten depends on natural abundance. The amual consunption over the 
period 1955-1980 fluctuated from U,518 thousend p o d s  t o  56,619 thousand 
pounds, with an average of 29,531 thousand p a ~ d s .  Per capita consunption 
fluctuated with the same trend as  aggregate conamption during 1955-1980. The 

. average per capita consunption was 0.149 pounds, with fluctuations between 
0.065 and 0.260 powds. 

5332 Analytical Models for  the Sea Scallop Fisheries 

Four models were developed and estimated t o  generate puantitative economic 
information for policy decisiwcmakirrg. The f i r s t  mdel is a sea scallog 
fishery model with emphasis on the analysis of markets, fishing effort,  and 
prodlrtion. The other models include processing employment, cepacity, and 
financial analysis of harvesters. These rnodels are surmarired i n  Appendix 3, 
with some empirical results presented i n  5333. An assessment of the 
krvesting and processing capacity for  sea scallops follows. 

Harvestins and Processing Capacity 

. The harvesting and processing cagacity for Atlantic sea scallogs am 
detenined using peak t o  peak interpolatiofl. Processing capacity is areasured 
as (1) shucking capacity, and (2) marketing cepacity. 

F u l l  cepacity output is that  level of aggregate production tha t  d d  be 
realized if the f u l l  labor force were employed and a l l  available capital used 
i n  the standard operations of f ac i l i t i e s  with normal stoppage for  maintenance, 
repair, and layovers. By restricting the concept to  nonnal operations with 
usual letdown time for  layovers and maintenance, we introduce elements of 
economic and social cost into the concept. Capacity is  t o  be mderstood i n  
t h i s  presentation a s  an economic concept and not a purely physical measure of 
production. A detailed discussion of the following projections is presented 
.in Appendix 3. 

e) Harvestiq and Shuckim Capacity 

tcsrvestiq cepacity with biological constraints r a y  be measured u t u z i n g  
the method of peak t o  peak interpolation'on data for U.S. landings of Atlantic 
sea scallops contained i n  Table 331.3. 

The primary processing activity for all Atlantic sea scallops is skkirg 
of edible meats from the shell. T h i s  process is  primarily carried out on 
board sea scallop dredge vessels, a l tbugh unspecified mounts hew been 
s h k e d  a t  onshore f ec i l i t i e s  In the  Middle and South Atlantic areas i n  m n t  

crime Series Processor (Vers. 2.71, Mrvard Insti tute of Ecorrmic Research, 
Harvard University, Cadmidge, Massedursetts (l975). 



years (See Appendix 2 for a complete description of the harvesting and 
processing sectors). Shucking capacity may be seen as an eppropriate measure 
for in i t ia l  processing capacity because all danestically landed sea scallops 
must be shucked in  order to be processed furtkr .  T h i s  s b k i r g  constraint 
may be considered t o  be determined by (1) the tmrvesting capacity of vessels 
which process shucked meats on board, ud (2) the processirg ce~acity of 
onshore shucking faci l i t ies  for Atlentic sea scallops. However, tmrvesting 
cspacity of vessels which land shellstock may be used t o  approximate onsbre 
shucking capacity. Total shucking capacity thus becomes equivalent t o  total  
harvesting capacity, when utilizirg the peak to peak method. 

Adjusting time t o  the appropriate levels (extrapolation) yields an 
estimated harvesting and shrcking capacity for Atlantic sea scal lops of 
31,991,000 pwnds i n  1980, and 32,229,000 pounds in 1981. Using shucking 
cspacity as an estimate for this in i t i a l  processing cepacity assures €hat such 
processing cwacity w i l l  always match harvesting capacity, during a period of 
declining shellstock lendings. However, this masure neglects tb tremendous 
mounts of Atlantfc sea scallops ieported -om Canada. 

b) Processinq and Marketinq Capacity 

An inportant factor in  the utilization of the Atlentic sea scallop 
resource is the ability of the scallop industry t o  handle and distribute the 
landings quantities t o  wnwners i n  an rwxeptable form. T h i s  m e  industry 
also handles large quantities of Canadian exports of fresh and froren Atlantic 
sea scallops t o  the U.S., s b w n  in Table 331.3. Thus, measuring the total 
final processing and marketing cagacity for Atlantic sea scallops imludes 
both U.S. landings and Canadian exports t o  the U.S. 

It may be assumed that U.S. landed Atlantic sea scallops may be 
substituted for the Candian exports, end that the potential marketing capacity 
for domestically landed sea scallops is ewivalent to this total marketing 
capacity. Again, the procedure for peak t o  peak interpolation of this series 
is used to estimate a t i m e  trend for mrke t lq  cegacity. However, final 
processing capacity may be restricted by the shucking capacity i f  all sea 
scallops were danestically larrled. 

Adjusting t i m e  to  the appropriate levels (extrapolation) yields an 
estimated marketing capacity for Atlantic sea -scallops of 57,948,000 pounds in  
1960 and 59,104,000 p o d s  i n  1981. This means that tte U.S. scallop industry 

-- - -wouZMwe -the ~ 3 a - r k e t i ~ e p e i t y - t 0 & 9 o ~ b - ~ n ~ s e  in USi-landings4 - 
Atlantic sea scallops during 1980-81. 

5333 Recent trends and Future Forecast (l980-l981) 

The status of the Atlantic sea scdlop fisheries w i l l  be discussed i n  
l i g h t  of the historical trerds of tk following variables: fishing effort, 
landings, prices, fishing remnue, processirg employment, net return t o  
capital and management, and net crew share. The models sumnarized i n  AQpendix 
3 were used to  project these variables for 1980 and 1981. 



a- Fishing Effort 

Analysis indicates that levels of sea scallop fishing effort are primarily 
detennined by resource abundance and t h e  ex-vessel price of sea scallops. The 
New England dredge effort ,  similar t o  resource abundance s)rown i n  Figure 
333.2., declined from 1965 t o  1973. This trend held i n  the  Mid-Atlantic 
resource area (feble 333.1. and Figure 333.1. ). This trend in effor t  has been 
reversed since 1973, with drastic increases during l97S1979, i n  response t o  
both high abundance and wprecedented increases i n  ex-vessel prices. T h i s  
la t ter  trend i n  effort  is expected t o  continue through 1981 i n  view of the 
projected trends i n  resource abundance for the inrnediate future, as  indicated 
i n  Part 2. 

Sea scallop larrdiqs, as s b m  i n  llppendix 3, are determined by fishlng 
effort and resource abundance, between which abundance daninates this 
relationship. Like t h e  trends i n  abwdance and effort,  U.S. landirgs 
generally declined during the period from 1965 t o  l973, and then rose from the 
trough (5,291 thousand pounds in  1973) t o  peak a t  31,870 tbusand pounds i n  

,1978 (Figure 333.3 and Table 333.2). The landings, however, dipped from the 
1978 level t o  51,438 thousand pounds i n  1979, end approximately 28,000 
thousand pounds i n  1980. Landings are predicted to  m a i n  near the  UBO level 
i n  1981. This general trend i n  sea scallo~ lendings holds for  both New 
England and MidAtlantic regions (Table 333.2 and Figure 333.4). Landing 
trends by the New England scallop dredge f leet  from the three major =source 
areas, however, have fluctuated more than the to t a l  (Table 333.3). Recent 
trends and future forecasts for t h i s  f lee t  indicate ircreasing utilization of 
the entire Georges Bank area, with decreased New England landings from the 
Wid-Atlantic area. 

Market Prices 

The price of sea scallops et various market levels Is detelmined by lrarket 
demand and supply forces. Our p r i ce  analysis indicates that  landirgs, 
inports, income, inventory holdings, and the price of substitutes are mjor 
price determinants. The ex-vessel price of sea scallops, as shown i n  Table 
333.4 and Figure 333.5, has gradually and steadily ircreased from $0.63 per 
pwnd i n  1965 t o  $1.62 per pound i n  1977. Since t h e n  the price shows a 
stbstantial increase t o  $3.28 per pornd i n  l979* md is eqwtdhr i se -  

- c i n t l n u a l l y t ~ a n  1B prfce is projected t o  be $4.38 and $4.97 
per p a n j  for 198U ird I&, =vely. T k  rhl 1980 price Is sapwhat 
lower than projected, alttough it is still within the confidence limits (see 
Table 3.6 of Appendix 3). T h i s  price difference is epparently because the 
price of king crab (substitute) uas h e r  than had been expected. It is noted 
that the wholesale end retail prices have sbwn tk same trends as the 
ex-vessel price i n  the pest and are expected to follow tk sane trend into the 
future as well (See figure 333.5). 



Table 333.1: Scallop Fishing E f f o r t  (Days ~ished)  
o f  New England Dredges by Area 

1965 - 1981 

South Eastern 
Year - Charnel Ceorges Bank - SA6 - Tote l  

The fishing effort  f o r  1980-81 are estimated d t h  .bundance indices of 
a l l  areas ( W E )  and ex-vessel prices of  sea scallops. 

Solace: N E W  wprrblished infonuation. 



Flgure 333.1 Scallop Flshing Effort (Rys Flshed) 
of llew England Dredges by Area 1965 - 1981 





Table 333.2: Landings (Meat Weight) 
F m  Geoqes Bank and SA6 Areas 

1965 - 1981 

Year - 
New England ' Middle & South Total U-S. 

Landings At lant ic Lendinqs At lant ic Landings 

T h o u s a n d  P o u n d s  

12335 7735 20070 

11470 4505 15975 

7025 3217 10242 

7938 4132 12070 

5107 2303 7410 

4467 1385 5852 

4346 1060 5406 

4422 1428 S850 

3949 U42 5291 

4611 1406 6017 

7080 2251 9331 

11959 7616 19575 

16740 7880 24620 

Canadian 
Landings 

1 Tk figures f o r  1980 and 1981 are estlmated (rbl l980 l v d i r g s  in 
parentheses). Landings are predicted from ef for t  levels end akffdanee 
indices. 

Source: See Table 331.3, 

I 





Table 333.3: Scallop Catch of N e w  England Dredges by Area 
1965 - 1981 

T h o u s e n d  P o u n d s  

South Eastern 
Year - Charnel Ceorqes Bank - SA6 Total - 
1965 U42.6 1770.8 8740.3 ~ 0 5 3 . 7  

1966 1584.2 368.9 8953.9 10907.0 

1967 1414.9 1280.2 4128.2 6823.3 

1968 1625.0 687.9 5372.5 7685.4 

1 The catches for 1980 and 1981 ere proJected with mdels rNch imlude 
abundance indices end fishing effort as e%planetory variables. 

Some:  NEFMC unpublished infomatiorr. 



Table 333.4: Ex-Vessel, Wblesale and Retail Prices 
for Sea Scallops 

1965 - 1981 

Ex-Vessel Wholesale Retail 
Year - Rice  

($lib. 1 
Rice 

(Sllb. 
Rice 

(Sllb. ) 

1 Estimates (actual 1980 prices i n  parentheses). R i c e  is proJsted ho. 
previous landings, hports,  incane, inventory and price of mhstitute. 

Sources: Ex-vessel - same es Table 1.1 i n  AQpendix 11. 
Wholesale and retail - 1955-1971, US#=, W S ,  Basic Ecormlc 
Indicators, Scallops l9-1972, Washington, DC, CFS No. 6127, 
June, 1973. 1972-1980, LISDC, W S ,  Shellfish Uarket Review and 
Outlook, Washington, DC, Current  Econanic Analysis 5-43, 
September, l981. 



------- -- Retall Price 

Mhulesrle Price 

- - - -- Ex-Vessel Price 



Table 333.3: Regiqrral Revenues from Sea Scallops 
1965 '- 1981 

Year - 
. 1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

New Enaland Mid-South Atlantic 
Revenues ($1000) 

Total Atlantic 
Revenues ($1000) 

Estimates (actual 1980 reverues i n  perwltkses). 

Source: Tables 333.2 and 333.4. 





Fishing Revenue (i.e. Gross Stock) 

Fishirg revenue from sea scallops is calculated from ex-vessel prices and 
landings. The sea scallop revenues a t  the ex-vessel level are  presented, by 
regions, i n  Table 333.5 and Figure 333.6. 

In the period 1965-1974, revenues were relatively stable i n  both the N e w  
England and MidAtlantic areas. Vessel s c a l l q ~  revenues imreased moderately 
from 1975 through 1977. Since 1977, there has been a dramatic increase i n  
vessel scallop revenues. 

T k  moderate increase i n  rewnues of 1975-77 is attributable t o  increased 
landings as  prices were relatively stable during this period. The drematk 
increase i n  revenues during 1977-1979 reflects both a&stantial  increases i n  
landings and constantly rising prices. Revenues were expected t o  contiwe 
their r l se  into 1980 and l981 i n  response t o  strwg consuner &nand and lpward 
pressure on product price. However, due t o  recessions i n  both 1980 and D81 
and tk i r  subsequent effects on conumer demand, t k s e  projected retierues may 
be viewed as high. 

Employment i n  the Processiq Sectors* 

Processing employment (man years) is expected to. f a l l  t o  1117 in  1980 and 
1091 i n  1981, clown approximately 20% from 1372 i n  1979, a s  a result of an 
anticipated decline i n  sea scallop larrdings (Table 333.6). 

Net Return t o  Capital and Manaqementw 

The net returns to  boat owners before depreciation and taxes is a 
neasurement o f  the net return t o  capital and aanagement. A p u p  of 36 top 

Table 333.6: Projected Enployment i n  Recessing Sectors (Wan Years) 

Sector 

Fresh 1073 1071 876 8% 

Total U74 U72 l l l 7  1091 

Some: W S  unpublished data. 

The trend i n  fishirp mployment ( f i s h e m )  is kt d y a d ,  nor axe 
future trends forecasted, as historical data on cnplayment i n  tk -vesting 
sector are not available. 

**The estimates of net ntum to capital md net crew shere are b s e d  on 
data collected from 36 England hlghlirrrs (top vessels in terns of 
landings) and represent the upper bvdary far overall perforrance of tk 
entire x a l l o ~  dredge fleet. 



vessels i n  1978 was chosen as  a sanple for t h i s  analysis. The net returns are 
expected t o  increase from 1979 t o  1980 for a l l  raps ,  but are expected t o  
decrease from 1980 t o  1981. On average, the ne ? returns of these top vessels 
i n  the New England region are expected to increase by 28% a m a l l y  from 1979 
t o  1980, but decrease by 8% from 1980 t o  1981 (Table 333.7)- 

Teble 333.7: Net Return t o  Capital and Management 
(Dollars Per Vessel) 

1980 - 
% Increase 

1981 - 
Y Increase 

Dollars Dollars From 1979 Dollars From 1980 

Group 1 (12 vessels) l38,353 164,470 +19 154,050 - 6 
Group 2 (11 vessels) 93,290 +29 111,144 - 8 
Group 3 (U vessels) 26,110 43,828 +68 38,406 -l2 

Average 85,918 109,602 +28 101,200 - 8 

Source: W S  unplrblished data. 

Net Crew Share* 

The same top 36 vessel sanple and classifications are wed for the 
analysis of net crew shares. The same trend as net return t o  capital and . . 
management is prevalent for these net crew shares. The net crew share r i s e s  

-- 

Table 333.8: Net Crew Share (Dollars Per C r e w  Umber) 

1980 - 
Amual 

Y Chenge % CWe- 
- - 8 o l l v  ~ l l a r B I 5 - T r m @ i i 7 8  m a r s p -  - From 1980 

Croup 2 37,466 38,465 +3 35,989 4 

. mlp 3 29,316 29,924 +2 27,986 -6 

Average 36,234 37,031 +2 34,725 -6 

Source: W S  urpublished data. 

*See footnote on previous pqe. 



A -  

Trble 333.9 FORECASTS FOR SEA XALLOP FISHERV, 1980-81 

1) I.E. f l sh lng  e f f o r t  I n  South U l rnn t l  1955 W#fb std. drys f lshtd 

2) I.E. f l sh lng  e f f o r t  I n  eastern Ccoqes Bm& 3130 31 99 

3) I.E. f l sh lng  e f f o r t  I n  Subarea 0 0 

4) I.E. c r t ch  frm South ~ h a n n e 9  

5) I.E. c r tch frm eastern ~corges  k& 

6) I.E. c r t ch  frm Sub re r  & 

9355 9337 1000 pounds 

1861 4886 rn 

7) Rid-South A t l r n t l c  c r t ch  frm Sub re r  6 10427 QB53 rn 

8) A t l m t l c  dosnstlc lrndlngs (811 r m s  I pcrnF %670 2W79 rn 

9) 'lot41 faports 33129 351 55 rn 

10) Market dlssapparmce (8 1 9) 58799 60234 

11) Ex-vessel p r l ce  438 197 cents per  pund 

12) Uholtsr le pr lce 

; 13) Reta l l  p t l c t  

14) Employment I n  processing 

I S )  Ibrvestlng-shucklng c r p a c l v  

16) Marktt lng u p r c l t y  

17) I .E .  ex-vessel menues  

18) Rid-South A t l r n t l c  ex-vessel revenues 

19) Total A t l r n t l c  ex-vessel rcvenues 

31 991 32229 1000 pounds 

57918 59184 m 

66764 75673 $1000 

20) ac t  return to u p l t a l  md r r u g a n t  3 109602 101,200 S per vessel 

1 k r l l o p  dredgcs only. t krm o f  4, 5, 6, 7; adjusted by 1.04 to ucoun t  for other W.E. lrndlnps. 
J Fran top 36 wsse ls  i n  N.,E. reglon, l rvtrrgc 3 grows, deflrted). 
9 Canfldence l n k r v r l s  are pnmted I n  Table 3.6 a d  Page A3-33, Cbpmdlx 3. 



from 1979 t o  1980 and falls from 1980 t o  l981 (Table 333.8). The average net 
crew share was $36,234 per crew member i n  1979, while it is expected t o  be 
$37,031 and $34,725 per crew for 1980 and l981, respectively. 

Table 333.9 sumnarizes the projections for the sea scallop f i s h r y  
discussed i n  t h i s  section. In  general, fishing effor t  continues up i n  
1980-81, but catches drop during this same period (due t o  the expected decline 
i n  ablmdances). However, if weakness i n  the general economy i n  1980-81, and 
possibly 1982, dampens the proJected scallop price increases, then fishirg 
effor t  nay i n  fact decrease. Harvesting capacity estimates may be expected t o  
directly follow such laovements i n  fishing effort,  

5340 Social and Cultural Framework 

Inf onation is currently unavailable on t h e  social and cultural framework 
associated directly with t h e  sea scallop fisheries i n  the New England and 
HibAtlantic regions. Some relevant infomation on the port of New Bedford 
(Massachusetts) is available; bwever, th is  information is more directly 

?associated with the groundfishing portion o f  the N e w  Bedfoxd fleet, No 
b cultural or s o c i a l  information is  available for  the major Uld-Atlantic sea 

scallop ports. Collection of relevant social and cultural deta hes been 
identified a s  a data need i n  Part 3 of t h i s  FMP w o r t i n g  continuing f i s h e r y  
management. 



PART 4 : MANAEENT dJRISDICTICNS, LAWS AND POLICIES 

9410 Relationship t o  Internationel F i s k r i e s  Roqrams 

Prior t o  enactment of the Magnum Act, fisheries fo r  sea scallops #re 
managed, along with  other fisheries, under tk auspices of the International 
Cmission for  the Northwest Atlantic Fisheries (ICNW). That organization 
established management policies and allocated allowable harvests am member 

nations. 
"P nations, but implementation and enforcement was l e f t  t o  tk individua member 

Management of the sea s c a l l ~ p  fishery never fully d c ~ l o p e d  under IW, 
because the fishery was dominated almost exclusively by the U.S. and Caneda. 
There has never been a to ta l  allowable catch (TAC) on sea scallops, nur hes 
t k r e  ever been any allocation of the resource between the U.S. and Canada. 

In 1976, I C W  recommended a regulation for  the Georges Bank fishery 
designed t o  increase the meat yield by prohibiting the harvest of 6callaps 
l e s s  than 95 mm shell  s ize  and m a t s  of more t hen  40 units per p o d .  Both 
theU.S. andCanadaadoptedtksemeasuxes. FortheU.S., the ulations 
went into effect on Rugust 31, 1976 but rrere never implemented pr or to U.S. 
withdrawal from ImAF orr December 31, l976. 

"f 
A significant fishery for  sea scallops is pursued by Cenedian fishennen 

under regulation by tha t  corntry. Much of this f i s k r y  is conducted on the 
same resource being fished by lh i ted  States fisknen. There is currently no 
bi-lateral fisheries agreement i n  effect  between the United States and Canada. 

The Canadian offskire sea scallop fishexy, bwlever, is m e d  i n  part 
based won the ICNW mtmnembtion. In  addition t o  the 40 r#ats/pound 
landing l i m i t ,  a Umited entry scheme allows 77 licensed vessels i n  t h e  
fishery. (In recent years, participating vessels heve nmbered fewer then 
77. ) Each licensed vessel's landings is limited t o  30,000 pounds of meat per 
t r i p  and 180,000 pounds per four month per id .  There is a maxinun 12-day 
t r i p ,  dock t o  dock, and vessels are required t o  maintain logbooks. A shell 
size restriction was adopted a t  -one time but is not now i n  effect. Total 
amual catches are effectively limited t o  about 19,000 metric tons. 

M20 Relationship t o  Other Federal Fishery Manaqement Plans 

Fisheries i n  t h e  areas covered by this Plan, which are c m n t l y  urder 
regulation by other fishery management plans include growdfish (cod, heddock, 
and yellowtail f louder)  , Atlantic trerring, sufl  c l m s  and ocean quahogs, 
squid, mackerel, and butterfish. The -11 hes completed draftirrg aajor 
portions of  the plan for a t e n .  

Fistremen N s M q  fo r  sea scallaps m slrbJect to t b e  other plans If 
their activit ies are likely t o  result  i n  the hervest of any of these other 
species. Similarly, fishing for  any of these other species lray subject a . 



fisheman t o  the provisions of t h i s  Plan i f  h i s  activities are likely t o  
r e s u l t  i n  the harvest of sea scallops. 

s30 Relationship to  State Fisheries Proqrams 

Atlantic sea scallops occur within  most of the New Ergland and 
Mid-Atlantic States* terr i tor ial  waters as  we11 as  wi thin  the FCZ. The 
management unit  is considered t o  include the resource wherever it occurs; and 
the management policies, measures and objectives contained i n  this Plan are 
mpropriate for application i n  State waters. Therefore, the coordination of 
the states1 policies and regulations for sea scallops with t h s e  of this Plan 
is very important for the effective implementation of this regional management 
program. The following sunmarites current state laws eoncemirg sea scallops, 
and .W3 of t h i s  Part describes the relationship between this Plan and State 

'coastal zone management programs. . 
The State of Maine rewires a license for cumemla. harvestirp of sea 

sca l lo~s  from its waters. License eligibili ty is limited to  Wne residents. 
No  iota is imposed on the cannemial fishery, but o n l y  sea scallops with  a 
shell height of 3 or more inches (7.6 cm) may be landed or possessed. 
Regulations specify areas where harvestirg by dredge and by otter trawl'is 

~au tbr ized ,  and the sea scallop season is limited t o  Honmber 1 thmugh April 
l5 i n  coastal waters. Recreational sea scallop fishing I n  Malne does not 
require a license, but individual fishermen are limited t o  two bushels of 
scallops in the shell or four quarts of shucked scallops per day. Scallaps 
retained by recreational fishermen mst net the 3 inch tninirnun shell height. 
The state law permits a 10% tolerance mder the ainirnun size. 

Massachusetts and New Harrpshire also have sea scallop landing laws setting 
'a '3  inch minimum shell size. In mid-1980, North Carolina fisheries 
-autbri t ies  and advisors were considering restrictions on shell size and meat 

'"aunt. No state regulations currently exist for sea scallops in  N e w  Jersey, 
New York, Rhode Island, C o m t i c u t ,  Virginia, or North Carolina. 

S440 Other Special Management Proqrams 

During the sumner of 1981, exploratory drilling for o i l  and gas m a n  on 
Ceorges Bank. Other sections of Ceorges Bank are currently proposed t o  be 
leased rnder the Outer Continental Shelf Lends Act. A discussion of the 
potential adverse effects of these ~ t i v i t i e s  on sea scallop resources and 
habitat is presented i n  section 230. The Council, through its representation 
on the Biological Task Force, and W S  -tor these ectivities and advise the 

- Bureau of Land Management and the United States Geological Survey m e m i n g  
r a y s  of minimizing inpacts on fishery resources and interference with fishing 
vessel merations . 
W 2  Marine wmnals and Endmered Species Acts 

- Nunerous species of marine aamnals occur i n  the Wrth@est Atlantic, 



altbrrgh the  definitive species cornposition is unknown. The rnost nmerous 
species in  the area are t M  cornon (saddleback) dolphin 

e_, harbor porpoise (Phocoena hocoena), and herbor seal  
on population a b u i o r  v a r  ous species are 
mn-existent for some species, although current . inprovlg the infomation base. Marine namnal feeding behavior and food 
preferwres are not well understood. These factors make it extremely 
diff icult  t o  assess, even qualitatively, the potential inpact of the sea 
scallop management program on marine r rma l  populations. 

Wbever fishlng and marine manmals occur I n  the same area, there pxists a 
potential for  an incidental take of marine mamnals. However, the nmber of 
animals killed is relatively small i n  canparim t o  the to ta l  population 
size. Incidental nortali t ies of harbor seals and harbor porpoises are  known 
t o  t a k  place i n  the Gulf of Maine fixed gear finfish fisheries; preliminary 
estimates place this mortality a t  about 100 animals per year. 

Of numerous marine mamnal species which f r e p n t  the Gulf of Maine, 
Geomes Bank, and southern New Enaland waters. s ix  have been classified a s  
endabered. -~hese are the f inbad whale @alee salus), the hurpback 

The finback, right wfrales 
~ 1 1  whales i X k e % e a  only on a 

seasonal basis and %ri t ical  lmbitatsn have not been designated i n  the 
Northwest Atlantic. Data on population abmdame and occurrence is sparse, 
typically gathered through asightiqs.a 

I n  addition t o  certain marine namnals, the only other threatened or 
endangered species occurring i n  the Northest Atlantlc are sbr tnawd sturgeon 
(Aci enser brevirostm) and several species of sea turtles. There has been 
no +- ocunented mortality of shortnosed sturgeon a s  a result of fishing 
operations for sea scallops. Beceuse data on occurremes of shortnose 
sturgeon are v i ta l  t o  mderstanding its current status, the Council urges 
fisknnen to report any imidental catch of this species t o  the Sturgeon 
Recovery Project of the National Marine Fisheries Service. 

Available data appear t o  indicate thst several q k i e s  of sea tur t les  are 
regularly found i n  New England waters. Tfrese tur t les  are tk Keup's Ridley, 
(Le idochel s ke i) ,  the leather back 
1-a& mps). 
imbricata) OC- y stray l e  
probably the most endangered 
several thousand adults), is also the amst frequently observed sea turtle i n  
N e w  Eqland waters, especially i n  Cege Cod Bay. 

Although Kerspts Ridley m l e s  have i n  past years been fourd strended or  
deed along the b e w k s  of Cape Cod Bay, a r e  is no solid evidence t o  M i c a t e  
that fishing operations were ~spons ib le .  Based on incpiries t o  fistemen 
conducted by the National Marine Fisheries Service and the Massachusetts 



Division of Marine Fisheries, the general conclusion can be drawn that the 
occasionally nunemus deaths of Kempls Ridley turtles i n  Cape Cod Bay do not 
occur as a result of nonnal carmemial fishing operations. Yet, because of 
the extremely teruous status of the population of the K e r r p l s  Ridley turtle, 
NOAA and the N e w  Ergland Fishery Management Council remain concerned about the  

-mortalities in Cape Cod Bay. The Cowlcil and W S  believe tha t  Ronitoriq of 
turtles in N e w  England is necessary. 

No habitat areas where fishing for sea scallops 1s conducted have been 
identified as crit ical areas for any endangered species. 

Implementation of this  plan w i l l  have no effect qtm populations of marine 
marmrals and endangered species i n  the area. A s  additional understanding of 
the status and dynamics of marine scanmals and sea turtle populations becane 
available, the Council w i l l  integrate th i s  infomation into its examiriatlon of 
potential impacts Lpon the enviromtent as a result of fishery management 
programs. 

@43 Coastal Zone Management 

'3 . 
Host of the states i n  the areas affected by th i s  Plan have approved 

.dCoastal Zone Management programs. These programs have been reviewed, and no 
major inconsistencies between them and the measures, policies, and provisions 
of this Plan h v e  been f o d .  Ttmse states whose fishery management 
regulations are part of tkir  coastal management programs may require 
emendments to  their programs t o  mfonn~with measures specified in this Plan. 

The Coastal Zone Management Act rewires direct federal actions affectirg 
state coastal zones to be consistent "to the maximum extent  practicablea with 
; state programs. Section 303 (b) (5 )  of the Magnuson Act autbrizes the 
:incorporation of fishery conservation end management measures of tte coastal 
states nearest to  the fishery into Ws, i f  these measures are consistent with 
the National Standards of the Act and other applicable l a w .  The Council has 
determined that consistency with the Natitnal Standards and the Plenls 
management objectives (see Part 9) requires tbt the scallop resoume be 
managed unifonnly throughout its raqe enb that measures do not discriminate 
against segments of the industry on the basis of residency. Therefore, 
ircorporation of individual state sea scallop landirg laws is redected as an 
option for regional management. The Council determines that this Plan 1s 
consistent "to the maxinun extent practicablew w i t h  the approved state 
programs. 



PART 5: btWGDENT 083ECTIVES 

Introduction 

Before c d t t i r g  Federal resources t o  the development and inplementatim 
of a fishery management program for sea scallcps, the existing institutional 
frameworks were reviewed t o  deternine whether the manegement problems (see 
5120) could be satisfectorily addressed by otter management eutturities. 
Ths, the first major alternative considered @ tte Coucil  i n  the development 
of the FW was the "no actionm alternative. T h i s  alternative wuld atean not 
developing and implementing a federal plen t o  mamge t h e  sea s c a l w  fishery 
i n  the fishery Conservation Zone (FCZ), but rather leaving management of sea 
scallops to  s ta te  authorities. The scope of current s ta te  management programs 
is described i n  Part 4. A l l  other alternatives t o  'no actionm reflect a 
commitment by the Courcil to embark on a federal management program with 
objectives and measures developed according t o  the cr i ter ia  and national 
stardards of the FCMA. 

The Courcil determined that the management problems identified (see SUO) 
could not be satisfactorily addressed through s ta te  regulation and industry 
practice alone, particularly i n  recognition of the fact that over 901Y of the 
connercially exploited resource i s  located i n  waters not subject t o  s te te  
authority. Therefore, the Cowlcil comluded that it would exercise its 
authority wder the FCMA t o  develop a management program for the sea scallop 
resource which may be generally found from the inshore waters of N e w  Ergland 
t o  the Northern Edge of Georges Bank and southward along the raid-Atlantic 
shelf t o  North Carolina. 

Before the Comcil could identify reasonable alternative specifications of 
:a management program for sea scallops, a fundamental management policy, 
leading t o  the adc~t ion  of management objectives, needed t o  be articulated. 
Three basic management policies were available t o  the Cwncil, each i sp ly ing  
different underlying management objectives and slpportlng laenegement 
strategies: 

1) t o  address the long-tern productivity of the sea scallop resource, 

2) t o  address the quality and volme of landed sea scallaps, independent 
of lorg-tern s lpp ly ,  or 

- .- 

3) t o  address the overall long-tern bcnefits derivable fm hamstG 
and use of the sea scallop resource. 

The f i r s t  policy alternative reflects a biological approach which does not 
take specific account of emnmic irpects, although ecmadc benefits may i n  
fect crcrue i n  the 1-M. Me second alternetiue looks principally at the 
short-tern econmic aspects of the  f h k ~  without m t i n g  for the future 
viability of the resource. The third altemative mwgnizes that the 
long-tern mnanics  of the fishery depend upon biological considerations for 
the lorg-term productivity of the resource. In view of the irportmt 
bio-ecomic relationships tht exist i n  the sea scallog f i sb ry ,  and the 
l#g-tern economic significame of the sea s c a l l o ~  fi-xy i n  New -land and 



the Mid-Atlantic, the Cotncil selected a policy based on the third 
alternative, wNch called f o r  the design of a management program that  
meaningfully addresses the  achievement of long-term benefits t o  the region 
f m  the continued prosecution of tfe sea scallop fishery. 

9520 Statement of Management ObJective 

Consistent with the policy discussed in S510, the Courcil m t e d  ttre 
following overall management objective: 

t o  maximize over time the joint social and ccorunlc benefits fom the 
!arvestinq and use of the sea scallop resource. 

In  support of t h i s  broad obJective the following fectors  shll be 
considered: 

a) Restoration of the adult stocks i n  t e n s  of their abundames and age 
distribution can be expected t o  reduce the  year t o  year fluctuations 
I n  stock abundance caused by variation i n  recruitment. 

;In order t o  achieve the maximum 1 -term average harvest from the  w l l o p  
resource, while minimizirg fluctuat "P ons i n  m a 1  catch, it is rmessary to 
increase both the abundance of sea  scallops as we11 as achieve a broad 
distribution of year classes upporting harvests. When the stock is 
reasonably abundant and a nm$er of age.clesses a re  presemt, removals w i l l  not 
be solely dependent won those scallops.'rhich are just entering tk fishery. 
A s  such, the annual variabi l i ty i n  recruiting year c lass  strength rill -act 
less  on the relat ive s t ab i l i ty  of m a 1  catctes. 

, b) Enhancement of the yield per recrui t  fo r  each stock. 

Independent of the t o t a l  sea scallop abundance, tk average yield tha t  say be 
derived frun each individual within t h e  fishable stock (yield per recruit) is  
generally greater a s  the s ize  a t  first c8ptm-e is irrcreased. Where a scallop 
stock is heavily exploited, increasing age a t  entry by as  l i t t le  as one year 
nay increase yield per recruit by over 20%. ereover ,  increasing ege st entry 
can be expected t o  increase t he  probability of good recruitment by allowing 
scallops t o  reach maturity and warn before becomirg subject t o  harvest. 

c) Evaluation of t h e  Inpact of the plan'pmvisions qn research, plan 
4' development, and enfomement costs. 

An important consideration is unfavorable irrpact on the net benefits fm 
scallop management tha t  is essocieted with cos ts  of mfomement of 
regulations. From another view point, it becomes necessary t o  evaluate the  
costs of additional biological research in re la t ion  t o  the expected benefits 
fm inproved management fac i l i t a t ed  by u h  research. 

d) Minimization of  adwrse envimrmental *acts on stock levels  and 
utilization. 

It is recognized tha t  tb mst effective ray of eh iev ing  Ws obJective 
may be through ~~anegemnt  of the exploitation of #npe t i r rg  ocean e t l v i t i e s ,  
i. e. , mean dunplng . 



PART 6: &TERNATIVE W U E E N T  STRATEGIES 

%10 Introduction 

Management s t r a t eg ies  a re  defined a s  approaches to achievirrg the  
management objectives. S t ra tegies  are comprised of management neasures rhich 
ere suited t o  the  part icular  management approach. Alternatives may be defined - 
f o r  both s t r a t eg ies  and t h e  measures they contain. The e l t emet ive  approaches 
represented by the various cendidate s t r a t eg ies  i n  this W re f l ec t  
considerations f o r  technical f eas ib i l i ty ,  da ta  avai labi l i ty ,  practical 
inplementation, and management objectives. Alternative measures ere 
identif ied with specif ic  reference t o  t h e  selected management strategy. They 
re f l ec t  considerat ions f o r  sufficiency in achievirp the obJective, 
des i rabi l i ty  fo r  inplementation and pract ical  applicabili ty.  I n  addlaon,  
alternative specifications of the various measures ere possible and are 
evaluated i n  view of t h e i r  resource end industry iupacts. The following 
section (5620) contains a description of the  strategy al ternat ives considered 
i n  t h i s  FMP. Section 630 discusses the rmrmwing of management strategy 
al ternat ives f o r  the  purpose of corductirrg the  detai led bio-economic analysis 
which appears i n  Par t  7. 

Description of Alternative St ra tegies  

I n  view of the adopted management objective, tour  al ternat ive management 
s t ra tegies  can be identified. The four s t r a t eg ies  discussed below are 
primarily defined i n  terms of the  kinds of control  measures t h a t  they enploy 
t o  achieve the  management objective. Because t h e  overal l  objective c a l l s  t o r  a 
lo'hg-tern bio-economic approach t o  management, t h e  al ternat ive s t r a t eg ies  e r e  
designed to control sane aspect of the harvesting or  exploitation of t h e  
resource so  a s  t o  enhance prospects f o r  long-term Pbundance and productivity. - This  i n  turn promotes the  lorrg-term viab i l i ty  and economic w e l l  being of the  
industry. To achieve t h i s  objective, t h e  management program should be 
formulated and applied on an industry-wide basis, and not on the basis of 
separate, sub-regional aranegement regimes. T h i s  policy determination reflects 
the .various bioecorromic in ter re la t iomhips  i n  t h e  sea scallop fishery, 
including the  interregional nature of sea  scal lop processing and marketing. 
Further, this policy is appropriate given the  demonstrated a b i l i t y  of nost 
f l e e t  sectors  t o  exploi t  t h e  resource thmqhwt the region, and given t h a t  no 
biological basis  e x i s t s  t o r  separating tk sea  scallop resource into m a r a t e  

- s tocks  for management ~zposes. - - - - - ---  -- - - -  - 

.In sumnary, the tw alternat ive s t r a t eg ies  cokidered by the [lomil are 
as follows: 

1) t o  cwrtfol t o t a l  cuantity of sea scal lops larded (thruugh, cog., 
m a 1  o r  seasonal quotas), 

2) to control t ishinq prectices i n  the  sea  scallw fishery (through, 
e.g., gear  res t r ic t ions ,  cull sire, closed areas, and seasons), 



3) t o  control fishing effort  i n  the sea scallop fishery (through, e.O., 
limiting entry, number of vessels, or  fishing time), arrd 

4) t o  combine two o r  more of the above strategies. 

Th i s  section describes the alternatives and presents their advantages and 
disadvantages i n  order to' pmvide a basis for axparison. 

(1) To Control Total Wantity of Sea Scallops Landed: 

This general strategy for managing the sea scallop fishery has been 
edapted for several other domestically managed fishery msources whem 
lrrreased long-term productivity has been a consideration. The strategy mst 
often employs a m a l  or  seasonal quotas on landings as  tb control measure. 
I n  managing the sea scallop fishery, quotas would have t o  be based won 
assessments of the imnediate and future prospects of the resource and be 
manipulated over time i n  such a way a s  t o  enhance lang-tern productivity 
without  Lnduly penalizing short-term economic opportunity (which nay be 
presented by periodic strong recruitment). 

, 
The present capability for assessing t h e  status of the sea scallop 

=-populations subject t o  management does not support estimates of absolute . 
abundance or calculations of appropriate short-term levels of catch from each 
resource conponent. This i s  primarily due t o  the lack of an extended 
time-series of commercial catcbat-age data, a s  well as  the lack of a basis 
for estimating recent levels of fishing mortality appUed t o  the resource. 
Assessment procedures do, trowever, provide a strong basis for  a d t o r i n g  
relative change i n  population abundance and s t w t u r e .  

- Despite t h e  lack of an analytical basis for  calculating apprupriete 
short-term quota levels, It Is possible t o  use historic landings deta to 
calculate lorg-term average catch, and use this value as the basis for 
establishing fixed quotas. In  the context of t h e  sea scallop f i s h y  
=source, a quota calculated i n  t h i s  way has the probable advantage of 
assuring a sustainable level of catch i n  the fishery by nalntaining the 
viability of the resource. If, however, fishing practices change i n  such e 
way as  t o  adversely impact the productivity of the resource, (e.g., by 
catching scallops a t  a smaller size) the quota my over-estimate a sustainable 
level of catch. Conversely, if fishing practices change so  as t o  enhance the 
productivity of the resource (e.g., by cakhlng scallops a t  a larger size), 
tk cpota w i l l  l ikely underestimate the level of ca tch  r N c h  is wtually 
-sustainable. These observatiars are dw t o  the fcrct tht sea scallop resoume 
productivity is a function of both year class s t a t u r e  and overall 
akrndance. In addition, a fixed quota is not sensitive t o  current resource 
conditions and therefore precludes the  possibility of either restricting cetch 
when the resource may be i n  jeapardy o r  lmreasirp catch t o  tak ecaKlmnic 
advantage of unusually abundant year classes entering the fishery. 

Finally, in  a situation where wssel entry into  Md exit fm the sea 
scallop f i s k r y  is not controlled, the  uristence of quotas may result i n  a 



scramble to  assure a share of the benefits. Unless mitigated by specific 
vessel limitations (i. e. , t r i p  or period limits), such behavior often results 
i n  operating inefficiencies, negative price effects (reduced revenue t o  the 
industry), and product scarcity during periods of closure. Whether quotes ere 
inplemented on an aggregated fleet-wide basis o r  a t  some level of fleet 
disaggregation, the administrative costs of implementing e quota can be 
significant . 

(2) To Control Fishinq Practices: 

The general strategy of controlling fishing practices so es  t o  reduce the 
exploitation of t h e  sea scallop resoume and thereby increase productivity 
inplies the use of management measures such as  gear restrictions (e.g.", r i rg  
size i n  the dredge or nunber and/or size of dredges towed), cull-size, o r  
closed areas and seasons. Of these measures, currently only cull-size control 
would be based on a satisfactory understanding of cause end effect so a s  t o  
make the application of the measure meaningful. Measures such es  dredge size 
or W r  and azea/season closures attenpt t o  effect the fishing effort  
epplied to the fishery (exploitation). But ,  because t hey  address only United 
aspects of overall effort,  and because l i t t l e  o r  no data exist t o  help 
quantify even this limited effect, the use of such measures is presently not 
meaningful. 

Measures, such as ring size in  the dredge or lainirnun cul l  size, attempt t o  
control the portion of the population that is subject t o  fishing effort.  Such 
a tactic is f imly  grounded i n  what is known e b u t  the biology of sea 
scallops. It takes advantage of their  growth characteristics end effectively 
allows the average scallop t o  reach a larger size before being ceptured (see 
5240). A s  a result,  more production is generated by the sea scallop resource 
for each unit of effort applied. Unfortunately, the use of ring size corrtrol 
-to achieve an increase i n  s ize a t  first capture is presently unrealistic 
because no useful relationship has ever been demonstrated between ring size 
and the size of the scallop retained. A s  e consequence, only  the manual 
culling wt of undersized scallaps after they have been taken on board is an 
effective method of controlling the size of scallops harvested. Hand culliq 
is a c~rmbn practfce i n  thet sector of the f i s k r y  which shrrcks scallops a t  
sea, and, therefore, the cull-size measure could be easily incorporated into 
normal fishing operations. However, hend culling is not e conmon practice i n  
that sector of the fishery tha t  lands scallops i n  the shell. 

- The control of minimum sioe i n  the sea scallop fishery has &gnlficant 
implications for the harvestable production from the resource. The yield per 
recruit analysis i n  5240 shows thet significant imreases i n  average 
irrdividual scallop yield is possible by s i np ly  delayi everege age e t  first "P cepture by one year, which corresporrds t o  en increase n meet weight (i.e., 
edible portion). Such increases i n  yield are, i n  pert, dependent rpon the 
effort being applied t o  tk f-q. Hwever, a s  an exarple, en increase of 
nearly 7% i n  average yield per scallop (-re wecifically 'yield per recruitw) 
would be associated with a charge i n  everage me& count from 30 t o  25 on 
Georges Bank under applied effort conditions (relating t o  actual fishing 
mortality) that have occurred in the past. 



A major advantage associated with cull-size control (i.e., minimun shell  
size or meat count) is that tk effect on average individual scallop yield 
(yield per recruit)  is direct,  resulting i n  relatively consistent increases i n  
yield over the range of effort  that  has been observed, o r  might be expected, 
i n  the  sea scallop f i sk ry .  Absolute increases i n  average individual scallop 
yield vary with  applied effort  (i.e., fishing mortality rete); however, even 
i f  effort were t o  remain a t  recent high levels, increases in average 
irdividual scallop yield would still be realized. 

Other biological benefits of a cull-size measure a re  due t o  increased 
reproductive potential. By delaying c ~ t u r e  un t i l  an older age, scallups 
uhlch are just beginning t o  contribute significantly t o  spawning remain I n  t h e  
population. Althorrgh a stock recruitment relationship has not been 
demonstrated for sea scallops, the  increase i n  scallop fecundity with age nay 
provide a buffer against recruitment overfishing. 

Finally, the inposition of controls on fishing practices has inplications 
for administrative costs. Dependirg on the measure selected, both shore-side 
end at-sea enforcement costs are likely t o  be incurred. I n  addition, costs 
that m y  be borne by the industry associated with gear acq~ i s i t i on  or fishing 

<.inefficiency should be assessed i n  evaluetlng this strategy alternative. 
?' 

(3) TO Control Fishing Effort: 

The general strategy of controlling fishing effor t  t o  increase the 
long-term prodcrtivity of the sea scallop resource iapl ies  the use of 
management measures such a s  a limit on the r#lrrber of fishing days available i n  
a given year o r  a limit on the  nunber of participating vessels. I n  t b r y ,  

.such effort  control lneasures are  more efficient  a t  limiting exploitation of 
- the resource ( to  enknce productivity) than a re  quota measures. They provide 
a mre  direct control on t h e  r a t e  of tlshing mortality without acting t o  deny 

e h e  opportunity f o r  the industry t o  take advantage of increased catch rates . - 
that come with natural fluctuations i n  resource aburbdarce. Further, effective 
control on fishing mortality rate is  an inportant consideration i n  evaluating 
the effectiveness o r  benefits of measures directed a t  ege-at-fht-cepture (or 
cull  size a s  discussed above). 
- In pracUce, bwever, suxessful implementation of effor t  control measures 
currently suffers tram several inportant sbrtcornings. F i r s t ,  a s  with 
controls on gear configuration, direct vessel effor t  control represents only a 
portion of those factors wNch influence exploitatim; gear/wssel t f f ic imcy 
ard size (age)-at-first-capture must be shul tanewsly considered. Secord, 
historic effor t  data a r e  not available for a l l  fishery corrponents, and me not 
adjusted ( w k r e  available) fo r  chenges I n  nessel/gear configuration agl 
efficiency over time. b s t  hportently,  -re is cuErently vefy l i t t l e  h i s  
for eccurately assessing the e c b l  fishlng mrtality which Is tiem generated 
by the scallop f l e e t  at  any given time. 

Notwithstanding these limitations, broed-bssed contml on applied effort  
Is likely t o  result  i n  longltem benefits t o  t h e  res~ume, and effort  a n t r o l  



is complementary t o  control on size-at-first-capture. However, the imnediate 
inposition of an effort  control measure is not essential t o  assure l o q - t e n  

. benefits from control on age-at-first-capture, so  long a s  some form of fishing 
noqali ty control is adopted or fishing mortality does not substantially 
increase. . 

(4) To Combine Two or  More of the Above Strateaies: 

The discussion presented above under each of the  strategy alternatives has 
slpported the notion of combining different types of control measures t o  
affect the long-term productivity of the resource i n  a mre efficient or  
desirable way. In support of a multiple year managanent program, sukh a s  is 
envisioned for  sea scallops t o  achieve the stated objective, two options exist  
for combined measure implementation: 

(a) in i t ia l ly  inplement control measures which ere ta9nica l ly  feasible, 
analytically supportable, end acceptable, and optionally delay other 
measures which require further s tudy,  or 

(b) postpone implementation of a l l  control measures u n t i l  a l l  a e p t a b l e  
measures are technically feasible and their  joint interactions are 
f u l l y  evaluated. 

The management program could include immediate i~plementation of 
adninistrative and data gathering measures, regardless of which option was 
selected. 

,. .Various combinations of quota control, gear control, cu l l  size, and vessel 
effort control measures can be considered a s  candidate options for  
inplementation under (a) or (b). However, limitations on our knowledge and 
understanding of benefits t o  the resource, inpscts on the industry, node of 
lnplementation, or  techtical feasibil i ty w i l l  ef feet  both the desirability of 
individual cambinations and the  timing of their  inplementation. 

S630 Selection of Strategy Alternative for Detailed A n a l y s i s  

The selection of a strategy alternative(s1 for  detailed analysis i n  the 
Sea Scallop W is based upon an evaluatim of the f an  general strategies 
discussed i n  5620. The evaluation presented i n  Teble 631 was conducted only 
for the first three alternative strategies (the f o u r t h  being a canbination of 
tMi others) with reference t o  the  following four cri teria:  

1) compatibility w i t h  tk overall objective; 

2) feasibil i ty for  iaplementation; 

3) adnimization of costs t o  the imstry; and 

4) minimization of administrative and enfo-nt costs. 
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coast of the V r i t t d  States. 



The alternative strategies are rated qualitatively Lime., good (GI, fair (F) 
ard poor (PI 1 against each of the above criteria. 

An examination of the information sumrarized i n  Table 631 indicates that 
control on fishing effort is not feasible a t  this t ime,  end control on 
qmntity landed is not sufficiently sqported by our current abil i ty t o  assess 
resource abundance t o  warrant its adoption a s  an overall management strategy. 
A s  a consequence, ~ r o l  on fishing practims, and nore specifically control 
on minimum size or  meat count, is adopted as  the prircipal management 
strategy. It is recognized, hwever, that  i n  l ight of the biological anelysis 
presented i n  5240 and the discussion i n  $620, m i n i m u m  size or meat mnt 
control may not be sufficient t o  achieve the overall objective i n  the lung 
run. That is, the achievement of the overall management objective is 
partially related t o  the level of fishing mortality witnessed by the resource 
over the duntion of the management program. 

I t  is not currently possible t o  devise direct effort  control measms that 
w i l l  affect fishing mortality i n  a rramer that is canplementary t o  tb effect 
of minimum size or meat count control. muever, the detailed, long-M 
aralysis of alternative specifications of the management measures (see Part 7) 
must be undertaken i n  the context of various assuned levels of long-term 
fishing mortality so that relative benefits may be properly evaluated. On the 
other hand, the detailed, short-tun analysis (examining the  f i r s t  t w  years of 
program implementation) w i l l  be conducted without explicit refereme t o  any 
level of fishing mrta l i ty  other than  that  currently estimated for  each 
f i s k r y  resource area. 

Therefore, the following 12 strategy specifications are defined for  
lt5hg-term analysis purposes i n  Part 7 of t h i s  FCP, where four #at count 
options are simultaneously evaluated with three (conveniently defined) effort 
levels: 

Effort Specification 
Age-at-Entry Biologically 
Meat Count Historical Intermediate Opt- 

Measure Specification Avq. Level Level Level [F(max)] 

Meats/lb. (44) SSlO Ssll SSl2 

For the puzposes of the shrt-term (2 year) analysis i n  hrt 7, three 
stntegy specifications a h  defined. T k s e  specifications consider m a t  cwnt 
only, but allow for  a chenge i n  specification following the first year of 
iaplementation. Further details  of this analysis are presented i n  Part 7. 



PART 7: E T A I L E D  ANALYSIS OF ALTERNATIVE STRATEGY SPECIFICATIUG 

5710 Resource Analysis 

The principal conponent i n  the analysis of resource inpacts is the 
long-term inplications of the alternative management strategies discussed i n  
5620. The principle analytic technique used is yield per recruit analysis. 
Its application allows evaluation of the relative inpacts rpon expected total 
average yield which may xs?sult from feasible combinations of all strategies 
which have been considered. The yield per recruit analysis, however, viers 
fishery dynamics from the perspecti- of an eqdlibriun, which is appropride 
for a long-term analysis, but which is wrable t o  describe the short-term 
effects of new management action. 

Anticipating that this FMP w i l l  f i n t  take effect during calendar year 
1982, a short-term biological analysis for the 2-year period (1982-1983) 
following Plan implementation focuses upon the iaplications of controls on the 
age at  entry of sea scallops t o  the fishery. A fishery simulation approach 
has been taken using the best available information describing the current sea 
scallop resourn. A major corrgonent of the economic impact analysis (5720) is 
grounded i n  the results from the shrt-tern biological analysis. 

0711 The Lonq-Term Resource Analysis 

This segment of the resource inpact analysis expands the yield per recruit 
analyses introduced i n  0242, elaborating won the relationships within 
resource conponents between age at  entry and fishing mortality rate. The 
analysis focuses Lpon three resource carponents, offshore Gulf of Maine, 
Georges Bank and the Hid-Atlantic. 

Offshore Gulf of Maine 

Relatively l i t t l e  information exists describing the offshore Gulf of Maine 
fishery. Although catches of a few hundred metric tons have been taken 
annually in the long existant coastal Maine fishery, the offshore fishery has 
attracted l i t t l e  historic interest outside of the local fishing camnities.  
Moreover, it is difficult t o  ascribe historic catches as having come from one 
area or the other. 

I n  the winter of 1979-1980, a sharp imrease i n  fishing effort occurred i n  
the--area of Jeffreyrs -=sin eastward t o  Cashes Ledge, probably because of 
exceptional localized recmitment from the 1975 year class (Schick, 1981). 
Nearly a l l  of the catches i n  th i s  extraordinary fishery were made by 
skll-stocking vessels with shucking cwducted i n  shore-side f ~ i l i t i e s .  
Inasmuch as the State of Maine was oorrpelled t o  issue a nuher of citations 
for violations of its regulations specifying a ninirnun shell height of 3 
incbs,  it is  probable that the effective cull size my heve been sunewhet 
less. A realistic estimate of that cull size is probably not possible. 
Hobever, i n  consideration of the shell height - reat weight relationship (see 
52421, it is probable ttmt the age a t  entry was a t  least equivalent to  60 



Table 711.1: krcent  changes i n  yield per recruit (Y/R) for offshore Gulf of 
Maine sea scallops associated wi th  alternative ages a t  f i r s t  
capture (in terms of neat comt) and changes i n  fistring 
mortality (F) relative t o  aswned historical average age a t  
f i r s t  capture (equivalent t o  a 60 m a t  cornt) and assuned 
historical average F=0.7. Values of  F e n  dmrn i n  breckets. 

Percent Change i n  F 25 30 40 60 

+114.29 (1-5) +21.24 410.62 - 4.42 -23.01 

+1M3. 00 (1.4) +23.01 +12.39 - 3.54 -21.24 

- - - -  - 

11 Percent charge i n  Y/R associatad with F ( ~ a x ) .  
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Figure 711.1: Percent change i n  offshore fulf of h i m  w a  scallop y ie ld  
per recru i t  re la t i ve  t o  assuned histor ical  average conditions 
(age a t  entry equivalent t o  60 neat count) associated with a 
range o f  a1 ternative ages a t  entry (meat counts) with no 
adjustment o f  the average fishing mortal i ty rate .  



Figure 711.2: Percent change f n  offshorn 6ulf of bine sea scallop yfeld 
per recruit associated with adjustment of the fishing mor- 
tal ity rate and alternative ages a t  entry (meat count) rela- 
tive to assumed hfstorical average levels (Ft0.7, age at 
entry equivalent t o  60 neat count). 



m a t s  per pound (and may have been s igni f icant ly  higher). Conversely, i f  it 
is assumed tha t  a dredge fishery with on-board shucking, a s  typif ied by t he  
C;eorges Bank fishery,  may be more cherecteristic f o r  t h e  offshore Gulf of 
Maine, then the average c u l l  sizes used on Georges Bank (i.e., 3 3/8 - 3 11'2 
irches, see below) may be expected t o  r e s u l t  i n  an  age a t  entry eqdva len t  t o  
a 60 meat count i n  the offshore Gulf of Maine. 

A reasonable l e v e l  of f ishing m r t a l i t y  rate f o r  t he  offshore Gulf of 
Maine fishery is  probably not r e a l i s t i c a l l y  obtainable. It is known thet 
rapid  resource depletion occurred i n  the area  described a b v e  during the 
spr i rg  of 1980 such t h a t  most fishing e f f o r t  was diverted t o  the  Nor tkrn  Edge 
and Peak during t h e  sunmer months. T h i s  suggests very high l eve l s  of F. 
Conversely, w i th  average scal lop abvrdance being substant ia l ly  less then was 
seen i n  1979-1980, the long-ten average l eve l  of fishing e f f o r t  wNch c w l d  
be expected to occur (i.e., the average f ishing mortality) would be lower. An 
arbi t rary value of fishing mortality, Ft0.7, corresponding t o  the  value 
applied i n  the Georges Bank analysis  (see below), was assumed without irrplying 
tha t  it necessarily represents an assessed value. 

The r e su l t s  of the analysis  (given i n  Table 711.1 and i l l u s t r a t e d  i n  
Figure 711.1 and 711.2) have been expressed i n  terms of t he  percentage gain 
-(or loss )  associated with various combinations of age a t  entry ( i n  terms of 
e a t  count) and f ishing mortali ty a s  compared t o  the assuned h i s to r i ca l  
average values f o r  each (i.e., age a t  entry ecpivalent t o  a 60 meat ccnnt, 
F=0.7). it is apparent t h a t  t h e  maximum possible gains  i n  Y I R  over the range 
of parameters considered is associated with increasing the  age at entry t o  a 
meat count equivalent of 25 per  pound and reducing F t o  F(max). This 
canbination of ac t ions  would increase Y/R over 50%. However, about 213 of 
these potent ia l  gains  cwld be achieved by addressing only the  age a t  entry 
mi avoiding the  cos t s  associated d t h  reducing F some 64%. Conversely, about 
the same poten t ia l  gains  (i.e., 35-4m) may be achieved through reductions of 
7 wNle maintaining the  age a t  entry. 

AS indicated i n  Figure 711.1, t h e  s ing le ,  most ef fec t ive  measure f o r  
obtaining potent ia l  gains i n  Y I R  i s  adjustment of the age a t  entry. Without 
addressing the f i sh ing  mortality, Y/R may be increased i n  excess of  POSY but a t  
the cost of increasing the age a t  entry t o  ebout 9.5 years (associated with a 
meat count of 10 per  pound) f o r  an  average cul l  s i z e  of b u t  5 3/4 inches. 

Georqes Bank 

I n  the recent h i s t o r i c  comnercial f i s b r y  (sime 1976) on Ceorges Bank 
(imluding the  Canadian fishery),_ typ ica l  at-sea _cul l ing~rec t icesmay-be  - - - - -- 

e ~ e c t e d t o ~ ~ s u l t i n a ~ ~ % g e  selected scal lop skll heights ranging fm a t  
l ea s t  3 h h e s  to  about 3 3/4 i n c k s  and averaging about 3 3/8 - 3 V 2  
imhes.  A grow of such scallops, all between 3 3/8 and 3 U2 inches, skll 
k i g h t ,  may be expected t o  y i e ld  a meat count of about 40 meats p e r  pound. 
The actual  cul l ing pract ice  by f ishemen shucking at sea  may vary from year t o  



Table 711.2: Percent changes i n  yield per recruit  (YA) for  Ceorges Bank sea 
scallops associated with alternative ages a t  first capture ( in  
t e n s  of meat count) and changes i n  fishing m r t a l i t y  (F) 
relat ive t o  assuned historical averege age at f i r s t  capture 
(equivalent t o  a 40 meat count) and assuned historical average 
F=0.7. Values of F are shown i n  brackets. 

Percent Change i n  Y/R Meat Count 

Percent Change i n  F 25 30 - 40 - 50 

+114.29 (1.5) + 5.73 - 3.82 -17.83 -3 76 

A/ Percent change i n  Y/R associated with F(max). 



Figure 711.3: Percent change i n  6eorges Bank sea scallop y ie ld  per recruit  
relative to that under historical average conditions (age a t  
entry equivalent t o  40 m e a t  count) associated wIth a range of 
alternative ages a t  entry (meat counts) tdth no adjustmnt o f  
the average fishing mortality rate. 



Figure 711.4: Percent change i n  Oorges Bank sea scallop yield per recruit 
associated with adjustment of the fishina mortality rate and 
a t  alternative ages a t  entry (meat count) relative to assmd 
historical average levels (F-0.7, age at entry equivalent to  

- - -  
40 meat count). 

- - - -- pp --- -- - pp 



year (or t r i p  to t r i p )  depending qon  the size distribution and avai lability 
of sea scallops. But  as a reasonable eppmximation of current fishing 
practices i n  the Georges Bank fishery, it was assuned that the current age a t  
entry of scallops to that fishery is equivalent t o  that sire which would yield 
about 40 meats per pound. The long-term (20 years) average fishing mrtality 
(F) i n  the Georges Bank sea scallop f i skry  was assumed to  be about fi0.7. 
A l l  calculated values tor yield per recruit (VA) associated with alternative 
management action have been expressed i n  tenns of the percentage gains (or 
losses) relative to  the Y/R associated with the current assuned F and age a t  
entry t o  a i d  in their interpretation and corrparison between different resource 
areas. 

The estimated percentage gains (or losses) i n  Y/R for Georges Bark are 
given i n  Table 711.2 and illustrated in Figures 711.3 and 711.4. It is seen 
that if fishing mortelity were maintained a t  its assmed historical average 
level (F=0.7), then Y/R wwld be expected t o  increase 17.8% with an age a t  
entry ecpivalent t o  a 25 mat count, but would be reduced some U.4% w i t h  an' 
age at entry equi valent t o  a 60 meat mt. If the current age a t  entry 
(i.e., cull size) is maintained (equivalent to  a 40 meat count) while controls 
were placed qon the fishing mrtality (F), the greatest gains (+15.9%) could 
, be achieved with reduction of F some 64% t o  the level of F(rrarc). 

A s  was demonstrated for the offshore Gulf of Maine resource corrponent, age 
at entry is the s i q l e ,  nost effective measure for achieviq potential gains 
i n  Y/R. The curve thorn in  Figure 711.3 shows tha t  a nearly 33% increase in  
the long-ten average yield could be expected wi th  an age a t  entry egrivalent 
to a meat count of about 11 per pound (etpivalent t o  an averege cull size of 
about 5 1/4 inches). Over the range of considered ages a t  entry (lee., meat 
counts of 25-60), the maximum yield per recruit would result from an age a t  
entry equivalent to a 25 mat count (about 4 inch average cull size) ard a !jO% 

,reduction of fishing mortality t o  the level of F(~lax) ,  Such a combination of . . . 'management measures would increase Y/R some 25.6%. This illustrates the point 
that the rnaximun gains i n  V/R w i l l  result from simultaneous adjustments of 
both fishing mortality and age a t  entry, altbugh the lat ter  is potentially 
the single most effective management tool. 

Wid-Atlantic 

The historic pattern of sea scallop exploitation I n  the Mid-Atlentic 
~ e g i o n  has largely reflected the characteristic variability in recruitment t o  

' 

this resource component, Significent quantities of scallops able t o  apport 
tk development of a strong connrercial fishery in  this area have typically --p 

- --occurred d y  -brf efly about once m r ) r d e c ~ - o ~ r ~ = p ~ ~ Z 5  years. - pp 

Consequently, one of the characteristic nodes of exploitation has been the use 
of mobile finfish trawl gear in sbU-stocking opemtions. A =re recent 
trend has been towards the use of dredgers errploying on-board s h c k r s ,  but, 
especially during periods of exceptimal recnd-nt, 'nettersa remain a s  one 
of the iffportant segments of the harvesting sector, Orre of the #~sequenoes 
of the latter mode of operation is that tk age a t  f i r s t  cepture of sea 
scallops in the fishery is  surewhat reduced as  taupared to a pure dredge 
fishery u i t h  orbboard shucking in which smaller scallops are culled out to be 



returned al ive t o  the sea. As a generalization, t h i s  statement needs t o  be 
qualified t o  ref lect  the availebillty of the various size classes of 
scallops. But, during periods of exceptional recruitment i n  the  Mid-Atlantic 
region, .harvesting begins when scallops reach rbwt 70 an (2.76 inches) i n  
shel l  he'ight during the  thlrd year of l i fe .  The neat weight from such a 
scallap is equivalent t o  a meat count of abwt 83 per pand. with an average 
s i r e  a t  first capture of 3 inches, shell  height, the  corresponding meat caunt 
of scallops a t  tha t  s ize is 63 per pand. Hence, it has been assuned tha t  the 
historic fishing practices i n  the  unsegulated Mi6Atlantic f i s k r y  is 
characterized by an age a t  entry equivalent t o  a neat c o q t  of 60 per p d .  

Assessment of the historic levels of fishing m r t a l i t y  (F) i n  the 
Mid-Atlantic sea scallop fishery represents a ouch nore diff icul t  problem; tte 
m r e  traditional methods for its estimation are not epplicable because of the  
lack of required data. However, a simulation approach used t o  study the 
typical pattern of periodic exceptional recruitment (Marchesseault and 
Russell, 1979) suggests that aterage levels of fishing mortality during the  
mid 1960s and early 1970s was about FzO.6. 

The expected percentage charrges i n  yield per recxult (Y/R) associated wi th  
adjustment of the fishing m r t a l i t y  ra te  ( f r m  F = 0.6) and al ternative q e s  
a t  entry (expressed i n  terns of meat count) are shown i n  Table 711.3. In view 
of the fact  that  some m e r t a i n t y  may exist  regarding the  level  of natural 
mortality ( M I ,  two values, M= 0.10 and tk0.20, have been irrluded i n  the  
calculations. It appears l ikely tha t  periodic intrusions of amxic  bottom 
water i n  the New York Bight (such as  occurred-in 1976) may irrcrease tte 
average r a t e  of natural m r t a l i t y  beyond the  mrmally expected ra te  of about M 
= 0.10. A s  may be seen, the maximun potential gains i n  V/R achievable thxwgh 
adjustment of fishing mortality alone a re  about 22%. But, i f  W is as high as 
0.20, then the potential gains i n  Y / R  through reduction of F while maintaining 
the age a t  entry are insignificant ( less  than 5%). Given the  mst l iberal  
assunption with regard t o  the level of natural mortality (i.e., k O . l O ) ,  
significant gains i n  Y / R  (&10%) mid require reductions i n  t he  level of F of 
a t  least 30% (i.e., F=0.4). 

Very substantial gains In V/R could be expected t o  result  i f  age at entry 
is increased, even without adjustment of the  fishing mortality r a t e  and 
despite the possibility that  natural mortality may be as high as rk0.20. A s  
shown i n  Table 711.3 ard i l lus t ra ted i n  Figure 711.5, gains i n  Y/R on the 

- - - -- --order a f  +30X -am w i t h i n - t h e m e  -of ~easf8fe opkkms .-- --- ---- 
It is through canbinations of adjustments of bath age a t  entry and fishing 

mortality that  maximun gains in yield per recruit  nay be achieved (Figure 
711.6). Ttus, for  exanple, a 17% reduction i n  fishing mr t a l i t y ,  when 
combined wi th  an age a t  entry ecpivalent t o  a UkReat count, could be expected 
t o  increase V/R mre than 3CB; nearly 20% if natural m r t a l i t y  is as high a s  M 
= 0.20. If a similar reduction i n  fishing aortal i ty rere CQnbined with en age 
at entry ecpivalent t o  a 40n#at count, then significant gains i n  Y I R  of a t  
least 1QIY may be expected. 



- 
Table 711.3: Percent changes i n  yield per recruit (Y/R) for Wid-Atlantic sea scallops 

associated wi th  alternative ages a t  f i r s t  capture (expressed i n  terns of 
meat count) and changes i n  fishing mrLality (F) relat ive t o  assuned 
historical average age a t  f i r s t  capture (equivalent t o  a 60 neat count) and 
assuned historical average F=O.6. Two levels of natural mortality (14) have 
been assuned, values of F are $n brackets. 

X Change i n  F k0.10 k0.20 k0.10 tbO.20 kO.10 k0.20 kO.10 k0.20 

A/ Percent change i n  Y/R asxlciated with F(nax). 
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Figure 711.6: Percentage changes I n  Hid-Atlantit sea scallop yield per recruit 
associated percentage adjustment of the fishing mortality rate 
and a t  alternative ages a t  entry (meat count) a t  two assuned 
levels of natural mortality (M), a l l  relat ive t o  assumed 
historical average conditions (F=O.6, age a t  entry equi- 
valent to 60 meat count). 



It s b l d  be observed that other considerations not explicitly addressed 
i n  a yield per recruit analysis are relevant i n  a l l  resoume areas when 
interpreti the results presented above. For exanrple, reduc~ons in fishing 1 mortality w 11 result i n  not only increased long-term avemge yields, but w i l l  
also tend to create a population canprised of greater representation i n  the 
older age groclps. Such a population would aid tte irdustry t o  aride-uuta 
periods of unusually poor recniitment. Moreover, a relatively larger rrunber 
of scallops i n  the older age grogs may enhance the probability of greater , 
spawning success with the potential of mre stable and enhanced recruitment. 
Thus =ductions i n  the level of fishing mrtality may result i n  greater gains 
i n  t k long-term average total yield than the yield per recruit analysis nwld 
otherwise wggest. 

Low-Ten Equilibriun Catch Streams 

The detailed yield per recruit analyses vNch have been presented i n  this 
section represent an assessment of the expected relative long-term average 
biological implications associated with inplementation of a rarge of 
management measures for controlling the age a t  entry of sea scallops to  the 
corrponent fisheries or the fishlng mortality rates or a canbination of both. 
These results are appropriate from a biological perspective, but ere 
inadequate for assessment of expected economic inp8cts. Available aodelirg 
technigues for estimation of effects gon economic parameters arch as 
errployment and revenue =wire estimates of m a 1  catch levels plus a 
knowledge of factors affecting prices. Ideally, such estimates should 
encompass the entire span of time rewired for the complete manifestation of 
biological and economic perturbations caused by management actions. I n  
practice, the uncertainties with respect to expected levels of a m 1  
recruitment to fishery resources prevent the complete specification of the . . 
ewected stream of annual catches. It is only i n  the sbrt tern, wkre 
knowledge of the s t r e n g t h  of recruiting year classes is available, that 
plausible estimates of a m 1  catches laey be forecasted (see Q7U). 

I n  the longer time frame, m e  insight into expected bio-mmmic impacts 
may be derived if the results of the yield per recruit amlysis may be cest i n  
absolute t e n s  through reasonable assurptim regarding the lorrg-tern pattern 
of xecruitment. Given such asslnptions regarding recruitment and i n  
consideration of the fact thet fishing mortality rates i n  the sea scallop 
fisheries are quite high i n  a l l  resource carponents, the resultirg total 
m a l .  catch levels (based won the yield per recruit data) should not differ -- - s a t e r i ~ z ~ r a b 3 - e ~ 3 & c h a f g M d e g e n e r M - ~ I ~ r y - - - -  
simulation. It is inportant to  realize, however, thet the approach is still 
essentially a simulation of what might transpire and should never be construed 
as purporting to be an assessment of future stock conditims. Nevertheless, 
the exercise hes intrinsic value since ranagement decisims which are based 
won the derived relative long-tern bio-economic @acts will m m i n  valid 
regardless of the absolute accuracy of the forecasted catch levels. The 
criterion for such long-tern decisions is the relative ordering of pmJected 
inpacts which w i l l  remain indepedent of the absolute accuracy of prediction. 



As judged from past events i n  the fishery, sea scallop populations I n  a l l  
resource areas, wi th  the possible exception of the Northern Edge on CeoX'ges 
Bank, are subject t o  periodic exceptiomlly strong recnriting year classes 
which r e s u l t  in  significant, tenporary increases i n  resource abundance. 
Recruitment t o  the fishery on the Northern Edge tms typically b w r  amre 
uniformly good ( less variable) than i n  other areas. The general pattern of 
historical catches plus the available survey abundance indices of recruit- 
year classes "BP es t  that  the sea s c a l l o ~  reswrce is subject to long-term 
cycles in  overa akadame. D o w  (1962) -describes smh long-term cycles i n  
tte abundance of scallops a l q  the Maine coast. Tkre are, of course, subtle 
wriations among individual populations of sea scallaps hut the o w r a l l  
pattern of recnritment appears t o  be a cyclical phenomenon. Perhaps much of 

-.the motive force for creation of these cyclical patterns i n  recruitment are 
environmental conditions such a s  long-term trends i n  sea water t apera tme,  
s t r e q t h  and persistence of the clockwise current gyne o w r  Ceorges Brink end 
many others. If these factors are relevant then it may be reasonable t o  
assune that cyclical patterns i n  recxuitment seen i n  tk past w i l l  tend t o  
continue i n  the future. 

. Not being able t o  predict ttre arrplitude and period of oscillations i n  the 
* 

-cyclical pattern of future recruitment, the approach taken i n  this section is 
t o  assune that  such pat tern  ray be described by that which was seen i n  the 
past. Because a great deal mre is known about the overall Geoqes Bank 
cmponent of the resource than i n  the Mid-Atlantic region or i n  the offshore 
Gulf of Maine, the focus of the analysis has been Georges Bank. Nevertheless, 
the approach is sufficiently broad i n  its corrcept ttmt m l u s i o n s  may k v e  
general application for  a l l  areas. More specifically, t he  catch per unit 
effort  data given i n  Table 311 shows peaks i n  Georges Bank scallop akndarrce 
i n  1961 and 1977 and suggests the possibility of a 16 year cycle. Given the 

- nature of t h e  long-tenn amlysis (relative long-tern productivity), the exec t 
-period of the cycle 1s of less luportance t o  tk conclusions then is the 
assunption of repeatable resource patterns, leading t o  eqrilibriun 
conditions. Nevertheless, the 16 year cycle chosen i s  considered t o  be 
sufficiently representative of intr insic papulation variation so as t o  provide 
an acceptable and mrealisticn basis for  corrparing long-term management 
strategies. 

The analysis was cast within the fmework of two boudw corditiwrs. 
These are represented by: 

- 

l T  Simulation of the historical fishexy. 
An a t t emt  was made t o  sirnulate the historic levels of t o t a l  catch. 
to ta l  ef'fart, and catch per unit of effort observed i n  the  tota l -  . 
Georges Bank fishery over the  period 1961-1977 with the  proviso ttmt 
the lorg-tern cycles i n  each of these parameters have Uleir exect 
replication i n  succeeding ~ y c l t s .  Th i s  s h l a t i a n  may also be 
considered the zero effort-control scenario. 

2. c. 
s scenario a question* n oric  fishery, :k level of qp%ezishing e f f o r k a i f ~ n  k?dN&itant tuch that  

e fishing mortality eQlivalmt to F(aax) kid been mhieved. f t  
~epresents the apUrsal level d control on f M n g  effor t  relative t o  
yield per recxuit cmsiderations. 



Between these two boundary conditions an unlimited nunber of possible 
effort control scenarios could be constricted. T k  approach taken was t o  
elaborate a nunber of alternative constant effort scenarios, acknowledging 
that constant effort management p i o m o e s  not constitute a practical 
solution for application to  the f i sk ry ,  but recognizing the fu t i l i ty  of 
attemptirg to  specify emuel effort  levels i n  the face of ulcertainty 
regarding f u t u r e  conditions. I n  conjunction w i t h  alternative effort  control 
scenarios, a range of feasible options wi th  regard t o  neat mmt were 
inco~porated as  the second control variable. 

To conduct the analysis it was necessary t o  develop estimates of the 
levels of recruitment which may have been ckrec ter i s t ic  of the historic 
fishery on Georges Bank ard t o  develop a preliminary evaluation of the 
relationship between fishing mortality rate and the level of applied fishing 
effort. A detailed account of the  atethodology used eppears in  Appendix 4. 
Briefly, tk relationship between fishing mr ta l i ty  (F) and fishing effort 
( f ) ,  expressed as a constant of proportionality, the cakhabili ty coefficient 
(q), was estimated from a detailed examination of data from the recent series 
of scallop research vessel dredge surveys conducted during the period 
1975-1977 together w i t h  estimates of the overall F on Georges Bank during 
1958-1963 by Posgay (1976). 

Annual mean catches per unit of effort generated by the c m e r c i a l  f i s k r y  
over the period 1961-1977 may be closely approximated by a linear fumtion 
over time during each half-cycle wi th  tk minimun value occurring in  1972. 
Waking use of the Beverton-Holt yield per recruit nodel, maximum levels of 
recruitment during the cycle were empirically estimated on the basis of the 
understanding of the fishing mortality rates i n  tk early 1960s end the 
correqmnding mean level of effort, but constrained by-catch per writ of 
effort specified from the linear function with time. Thus, equilibrium yields 
and the corresponding ewilibriun recruitment levels rewired were generated 
consistent with a rewired catch per unit  of effort. The  minimum level of 
recruitment, coincident with tk minimun catch per uhit of effort,  uas 
constrained by an F of about 0.7 and a to ta l  yield approximating thet observed 
i n  1972. It is clear that tk resulting series of recruitment values does not 
represent a unique solution t o  the problem nor'should t h e y  be viewed as 
estimates of the true, historic levels of recruitment. They are intended only 
as indices of stock size i n  an ewilibriun context. I n  w h  a context, the 
amcwl yield from a population corrprised of rrdny year classes is eqdvalent t o  
the total  yield from a single year class over the to ta l  nunber of years that  -- -- it remains i n  the  fishery. 

Finally, wi th  regard t o  those simulations which examine various levels of 
effort control, it may be expected that stock s i t e s  would be increased 
relative to  the historic simulation since survivorship would be increased with 

. lower Fs. The procedure was t o  compare m a 1  survival i n  the historic 
simulation to  the same year's sumfival rates in eech of tte other 
simulations. The additional survivors were then W e d  t o  the following year's 
recruitment. It is acknowledged that  the procedure was not e n t i r e l y  rigorous 
given the  assaptions of the 8evertonHolt node1 -- total y i e ld  was calculated 
from estimated recruitment levels given yield per mcruit  but survivors were 
treated as additional raniits -- but it probably i l lustrates  the expected 
effect. Moreover, it my be a w d  that under e w l i b r i u n  cmditiorrs, the 
nunber of recruits may be b a t e d  as  a surrogate for  stock size. 



Table 711.4: Slmulatlons o f  hhc h i s t o r i c  Georges Bank .sea scal lop f lshery under four a1 ternat lve assunptions of 
age a t  entry ( A t  count). It has been assumed that  an age a t  entry equivalent t o  a 49 meat count 
most c losely apbroxinates the h i s to r i c  f i sh ing  practices. 

R A T  COUNT - 25 MEAT COUMT = 30 tlEAT COUNT * 40 FEAT COIJNT = 60 
Year - - F M -  - 7 f - f - Y - f - N - F - Y - f F N -  - r - f - I - 

II r Stack sfre inden given t h  h is to r ica1 ly  simulated f i sh ing  mor ta l i t y  rates, 
F Flshing mortality rate. 
Y Equi1lbrlrnn Yie ld i n  mtr c tons. 
f - Fishing e f f o r t  In standa 1 USA days fished, 

I 



Simulations of the historic fishery were r u n  mder four alternative 
assunptions of age a t  entry (equivalent t o  meat counts of 25, 30, 40, and 60 
meats per pound, see Table 711.4). The xssulting catch streams over a 
resource cycle i l lustrate what may be expected i f  historic patterns of fishing 
effort are repeated while only age a t  mtry is adjusted. It tms teen assuned 
that an age a t  entry equivalent to  a 40ateat count reflects the actual fishing 
practice i n  the historic fishery, despite some infonnation suggesting that  
lower ages a t  entry (Ngher meat courts) occurred over part of the cycle. 

Noting that the average level of effort i n  the historic simrlation was 
about 12,000 days fished, three additional levels of constant effort 19,500, 
7,500 and 5,676 days fished, the lat ter  corresponding t o  a fishing mrta l i ty  
of F = 0.35, the approximate level of F(nax)] were simulated, e l l  with the 
above four options of age a t  entry. The simulated equilibrium catch streams 
over a resource cycle associated with 25, 30, 40 and 60 meat count coritrol 
specifications are given in Tables 711.5, 711.6, 711.7 and 711.8. Information 
fm these tables was used i n  the ecmmdc iffpact analysis in Section 720. 

The calculated long-term mean equilibrium yields for a l l  canblnations of 
constant effort control and age a t  entry (neat court) which were examined 
appear i n  Table 711.9 for the reader's convenience. It seems clear that, 
given the assunptim of the analysis, substantial gains in  total yield may be 
achieved through appropriate controls on age a t  entry and fishing effort. To 
better i l lustrate the relationship which the long-tern average equilibrium 
yield has with alternative levels of constant fishing effort and age a t  entry, 
the data in Table 711.9 were contoured to reveal the shape of the yield 
isopleths (Figure 711.7). Thus, other possible scenarios, within the broad 
range covered, rnay be examined. 



Table 711.5: Simulated latch and e f for t  streams under equilibrium conditions for  various effort control 
scenarios.! Age a t  entry equivalent to  25 meat count. 

C O N S T A N T  E F F O R T  S C E N A R I O S  

APPPP". F** 
9,500 days fished 7,500 days flshed (F10.35, fm5676 d f )  
F - Y - f 

a 
F - Y - f - F - Y 

a 
f - 

.586 18847 9500 .463 20010 7500 .350 21178 5676 

.586 18921 9500 .463 20189 7500 .350 21490 5676 

.586 18616 9500 ,463 19850 7500 .350 21148 5676 

.586 16825 9500 .463 17982 7500 .350 19256 5676 

.586 14468 9500 4 6  15509 7500 .350 16609 5676 

.586 12234 9500 .463 13160 7500 .350 14118 5676 

.586 10278 9500 .463 11094 7500 .350 11919 5676 
,586 8735 9500 .463 9453 7500 .350 10160 5676 
.586 7493 9500 .463 8126 7500 . .350 8739 5676 
.586 6527 9500 .463 7087 7500 .350 7620 5676 
,586 5775 9500 .463 6270 7500 .350 6741 5676 
.586 5210 9500 .463 5648 7500 .350 6067 5676 
.586 6760 9500 .463 7185 7500 .350 7574 5676 
.586 8812 9500 .463 9874 7500 .350 9822 5676 
,586 11849 9500 .463 12581 7500 .350 13252 5676 
.586 16130 9500 .463 17076 7500 .350 17971 5676 

12.072 days fldhed 
Year - F 

9 
Y 
9 

0 .744 16572 
1 .744 16572 
2 .744 15974 
3 .744 14163 
4 .744 12352 
5 .744 10644 
6 . 744 9140 
7 .744 7944 

f - 
12072 
12072 
12072 
12072 
12072 
12072 
12072 
12072 

8 . 744 6919 12072 
9 .744 6099 12072 

10 .744 5416 . 
11 .744 4869 
12 .744 6355 
13 . 744 8371 
14 .744 11139 
15 . I44 14829 

12072 
12072 
12072 
12072 
12072 
12072 



Tab1 e 711.6: Sfmul ated catch and e f f o r t  streams under equi 1 i b r i  um conditions f o r  various e f f o r t  control 
scenarios ! Age a t  entry equivalent to  39 meat count. 

- -- 

C O N S T A N T  E F F O R T  S C E N A R I O S  

APPra* Fmx 
9,500 days flshed 7,500 days flshed (F-0.35, f-5676 d f )  
F 
CI 

Y - f - F - Y - f - F - Y - f - 
.586 17750 9500 .463 19033 7500 .350 20370 5676 
.586 17819 9500 .463 19204 7500 .350 20669 5676 
.586 17532 9500 .463 18881 7500 .350 20341 5676 
.586 15845 9500 ' .463 17104 7500 .350 18492 5676 
.586 13626 9500 .463 14753 7500 .350 15975 5676 , 1 

.586 11522 9500 .463 12517 7500 .350 13579 5676 C1 

9680 9500 .463 10553 7500 .350 11464 5676 0, .586 t 

.586 8226 9500 .463 8991 7500 .350 9772 5676 
. .586 7057 9500 .463 7729 7500 .350 8405 5676 
.586 6147 9500 .463 6741 7500 .350 7329 5676 
.586 5439 9500 .463 5964 7500 .350 6484 5676 
.586 4907 9500 .463 5372 7500 .350 5835 5676 
.586 6366 9500 .463 6834 7500 .350 7285 5676 
.586 8299 9500 .463 8917 7500 .350 9505 5676 
.586 11159 9500 .463 11968 7500 .350 12746 5676 
.586 15191 9500 .463 16243 7500 .350 17285 5676 

12,072 days 
Year - F - Y - 

0 .714 15466 
1 .744 15466 

# 2 .744 14889 
3 .744 13201 

. , F Fishing morta l i ty  
Y - Equilibrium y i e l d  
f - Fishing e f f o r t  I n  

flshed 
f - 

12072 
12072 
12072 
12072 

4 . 744 12072 
5 744 
6 .744 

12072 
8519 12072 

7 .744 7405 12072 
8 l 744 6449 12072 
9 .744 5685 1 12072 

10 .744 5048 1 12072 
11 .744 4538 12072 
12 .744 5924 
13 . 744 7803 
14 a744 10382 

12072 
12072 
12072 

15 .744 13822 12072 



I, Table 711.7: Slmulate catch and effort streams under equi l i  brim conditions for various effort control 
scenarlok. Age a t  entry equivalent to 40 meat count. 

Year - 
0 . 7 

2,072 days #lshed 
Y . - 0 f 

14 13776 12072 
14 13776 12072 
14 13279 12072 
14 11774 12072 
14 10268 12072 
14 8848 12072 
I4 12072 
14 2:; * 12072 
14 6449 12072 
I4 5070 12072 
I4 4502 12072 
14 4048 12072 
14 5283 12072 
14 6959 12072 
4 9260 12072 
t4 12327 12072 

C O N S T A N T  E F F O R T ' S C E N A R I O S  

A P P ~ ~ .  F, 
9,500 days flshed 7,500 days flshed (F-0.35, f-5676 df) 
F - Y - f - F - Y - f 

0 
F - Y - f - 

.586 16097 9500 .463 17536 7500 .350 19096 5676 

.586 16160 9500 .463 17694 7500 .350 19377 5676 

.586 15900 9500 .463 17396 7500 .350 19069 5676 

.586 14370 9500 .463 15759 7500 .350 17336 5676 

.586 12357 9500 .463 13592 7500 .350 14977 5676 t 

.586 10449 9500 .463 11533 7500 .350 12730 5676 
c.. 
0 

.586 8778 9500 .463 9723 7500 .350 10747 5676 h) 
t 

.586 7461 9500 .463 8284 7500 .350 9161 5676 

.586 6400 9500 .463 7121 7500 .350 7880 5676 

.586 5575 9500 .463 6211 7500 .350 6871 5676 

.586 4932 9500 .463 5495 7500 .350 6079 5676 

.586 4450 9500 .P63 4950 7500 -350 5470 5676 

.586 5774 9500 .463 6296 7500 .350 6829 5676 

.586 7526 9500 .463 8215 7500 .350 891 1 5676 

.586 10120 9500 .463 11026 7500 .350 11949 5676 

.586 13777 9500 .463 14965 7500 .350 16205 5676 

F flshlng nartal l ty  
Y Equlllbriun yield 
f - Flshing ef for t  I n  



Table 711.8: Simula~ted catch and e f for t  streams under eguil i brlum conditions for  various effort  control 
scenarios. Age a t  entry equivalent to  60 meat count. 

9,500 days f lshed 
F - Y - f - 

,586 14052 9500 
.586 14107 9500 
.586 13880 9500 
,586 12544 9500 
,586 10787 9500 
,586 9122 9500 
,586 7663 9500 
.586 6513 9500 
,586 5587 9500 
,586 4867 9500 
.586 4306 9500 
,586 3885 9500 
,586 5040 9500 
,586 6570 9500 
,586 8835 9500 
,586 12027 9500 

12.072 days fldhed 
Year - F - L- y f 

0 ,744 11743 12072 
1 ,744 11743 
2 ,744 11319 !:% 
3 ,744 10036 
4 ,744 
5 , 744 

8752 ~;E% 
7542 12072 

6 , 744 6477 12072 

7,500 days flshed 
F - Y 

L- 
f - 

,463 15652 7500 
,463 15792 7500 
.463 15527 7500 
.463 14066 7500 
.463 12132 7500 
,463 10294 7500 
,463 0678 7500 . 463 7394 7500 
.463 6356 7500 
.463 5543 7500 
.463 4905 7500 
.463 4418 7500 
,463 5620 7500 
,463 7333 7500 
,463 9841 7500 
-463 13357 7500 

7 , 744 5629 
8 , 744 4903 
9 , 744 4322 

10 , 744 3838 

A P P ~ ~ R *  F,,, 
(Fm0.35, f.5676 d f )  
F - Y - f - 

,350 17452 5676 
,350 17708 5676 
,350 17427 5676 
,350 15843 5676 
,350 13687 5676 
,350 11634 5676 
,350 9822 5676 
,350 8372 5676 
,350 7201 5676 
,350 6279 5676 
,350 5555 5676 
,350 4999 5676 
,350 6241 5676 
,350 8143 5676 
,350 10920 5776 
,350 14809 5676 

12072 
12072 
12012 
12072 

F - Ffshfng n a r t a l l t y  r a  
Y - Equlllbrlum y l e l d  In  
f Flshlng effort  I n  s t  

11 , 744 3450 12072 
12 , 744 4503 '~ 12072 
13 , 744 5932 12072 
14 , 744 7893 1 12072 
15 .744 10508 1 12072 



Constant Level o f  Applied Fishing Ef for t  (loa3 Standard USA Days Fished) 

Figure 711.7: ~ong-tentimean equil i b r i m  y ie ld  isopleths (mt) for  the Georges Bank sea scallop f l s k r y  
associated with a range o f  ages a t  entray (meat counts) and a range o f  constant levels of 
appl led f shing effort. I 



Table 711.9: Mean total  annual equlllbriun yields (metric tons) over a 
resource cycle a t  four levels of constant fishirp mortality (and 
effort) and four levels of age at entry (meat mt). 

M E A T  C O U N T  

Mortality Rate 
(Effort) 1/ - - 25 - 30 40 - 60 - 

g ~ i s h i n g  effort 1s expressed in standard USA days fished. 

S712 The Short-Tenn Biolbgical Analysis 

- I n  a single species fishery, such a s  that for  sea s c a l l ~ s ,  the ideal 
biological basis for management decisions is  probably an acanate stock 
assessment. To generate such en assessment based won established dynemic 
pool models, however, requires a prodigious mount of eccurate information 
about the fishery. In the case of the sea scallop fishery, collection of that 
information may be a task havlrp insunnountable obstacles given existirg 
sampling technology. Nevertheless, while absolute estimates of stock s i t e  and 
year class composition are lacking, the W S  research vessel sea scallop 
survey catch per tow data provide relative estimates of these quantities. A s  
a caveat, it should be understood that the fmpli efficiercy of the research - Z 1 w = w * -  rfP-rireewsi-i*--- 
known that mal l  scallops are capable of sensing the pressure wave i n  fmnt of 
a towed dredge and are able t o  take evasive maneuvers to avoid capture, 
&reas large sea scallops generally do not exercise tkt same capability. 
Heme, the youngest year classes recruiting t o  the f i s b r y  may be poorly 
senpled. 

Recognizing tte limitations of survey catch data for  tb yomoest age 
gmlps, the catch per t o w  data were assuned t o  represent the best available 
indices o f  relative density on the fishing grounds of sea scallops across the 
spectrun of size renges available t o  the fishery. 



A s  such, these data could be adapted for  use i n  making short-term catch 
projections, testing the effects of various management measure 
specifications. Accurate catch projections, however, require a knowledge of 
the past history of fishing mortality (F) exerted i n  the fishery. Hence, the 
analysis using survey catch data required certain assur~t ions  regarding F. 

1. Size a t  f i r s t  cagture. 

Examination of commercial stell height freq~ency data fmn shell  
samples (see Figure 712.3 for the South Chamel as an exenple) 
suggests that recruitment corrmences a f te r  tk 70-74 wn -11 height 
size group and that  recruitment is  essentially conplete for  the 85-69 
am size grocping. This pattern of recruitment is assuned t o  be 
consistent with a 3 inch (76.2 m) ~l in imun  cull size. 

2. Fishing mortality rate. 

For the purposes of the analysis, 1982 and 1983 ca tch  projections 
were made assuning a constant fishing mortality ra te  (Fs0.6) fo r  
1981-1983 on Georges Bank and F10.7 i n  the Mid-Atlantic. Whethzr o r  
not such .an assuption is realist ic,  t h i s  approach allows isolation 
of the effects of various neat count/minimun size specifications. 
Moreover, the relative ordering of such effects should not change, i n  
spi te  of the fact that fishing mortality rates may vary over the 
three-year period. 

With these assumptions regarding the sea scallop selection curve and 
fishing mortalities, the  1981 research vessel sea scallop catch per tow data 
(assumed t o  have been taken synoptically i n  June 1981) were first segregated 
by age class through a probit-type analysis and then discotnted by one-helf of 
the prodected 1981 catch ( to  provide a su l t ip l le r  t o  convert strat if ied mean 
nunber per tow t o  estimated stock i n  millions), arriving a t  an estimated stock - size by age class for January 1982. From tables fo r  the ordinates of the 
normal probability density function, s ize  distributions a t  age were 
constructed for dne 1981 and for  January 1982 and 1983. 

As an exenple of the  form taken by the population s ize  s t m t u r e  as a 
result of the anelysis, Figure 712.1 i l lus t ra tes  the projected sea scallop 
populations i n  the South Channel. The heavy l i n e  i n  the  r p p e m s t  curve of 
Figure 712.1, the curve of sumation, is a representation of the catch per tow 
data after  the l a t t e r  rere broken down by year class. A s  seen tree, the  1977 
year class dominates the population and is pro.lected t o  
-. -as----- 
s ~ ~ n t  corr~oWnt through January l983. The 1979 year class, by virtue of 
its perfoxmance i n  the 1981 survey, which probably underestimated its rela t i= 
strength, was assuned t o  be e-1 t o  the s ize  of the 1978 year class 
( idicated by the dotted line). This -tion was used i n  constnrctirg the 
projected papulation for  Jaruary 1982. Finally, it should be mted that  
assurptions regarding the size of the 1979 year class are Irrelevant t o  
projected 1982 catches i n  any resource area, but aay be a source of 
significant error i n  projected catches for 1983. 
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Figure 712.1: Estimated sea scallop populations ( by year class ) i n  the South 
.Channel projected t o  January 1982 and 1983 where year classes a s s m  
nonnal random height - frequency distr ibutions and a r e  subject t o  a 
f ishing mortal i ty,  f = 0.6. The 1979 year class ( dotted ) assuned 
equal t o  the 1978 year class. 



The projected size distribution of commercial catches i n  1982 and 1983 
from the South Charnel are shown in Figure 712.2 as an exemple of the analyses 
that were performed given a continuation of the assuned current 3 inch ~ n i n i m u n  
cull size and a constant fishlng mortality rate, Fd.6. It is seen that the 
1982 catch may be expected t o  be dominated by the 1977 year class; a somewhat 
snoother size-distribution envelope with a somewhat larger average size 
(relative t o  1982) is expected for 1983. A previous exaaple of the effects on 
the catch when a large year class recruits to  the fishery is  provided from the 
comnercial shell sarple data (Figure 712.3). The very strong 1972 year class, 
which began recmiticg t o  the comnercial fishery in 1976 and was fully 
recruited i n  1977, substantially increased the average size of sea scallops in 
the catch i n  1978 analogous t o  the pattern which has been proJected for 1983. 

From the projected catch a t  size data, as exenplified by Figure 712.2, and 
the correspgnding proJected catch i n  weight data, weighted average meat comts 
by resource area were calculated for 1982 and 1983. As noted above, these 
calculations were performed assuming no change is made i n  the current assuned 
minimum cull size (3.0 inches, shell height). The estimated weighted average 
meat counts, which may be expected in  1982 and 1983, appear i n  Table 712.1. 
The highest meat counts (i.e., Smallest average scallop size) are expected to 

. occur i n  1982 on the Northern Edge and Peak (22.1 meats per pound) as a result 
"of recruitment fmm the relatively strung 1978 year class. Ttese results 

indicate that fishery regulations governing allowable.neat comts over the 
range considered, even including a 25 meat count option, should not inpact sea 
scallop harvesters rho shuck scallops a t  sea. Of course, the calculated 
estimates reflect the expected avera e catch; depending upon the harvesting d strategy pursued by individual s nnen, substantially higher aeat counts 
cwld result w i t h  concentration of effort on beds of newly ~ecrulting scallcps. 

. The specification of a minimum shell height as an alternative ( to a meat 
count specification) method for controlling the age a t  entry t o  the fishery 
may entail significant short term inpacts upon the hervesters. Table 712.2 
shows projected total catches by resource area for 1982 and 1983 under various 
minimun shell height specifications w i t h  the percentage loss relative t o  the 
current assumed 3 inch m i n i m u n  cull size (taken as  the base case). 

Overall, the expected impacts for 1982 and 1983 associated with going to a 
3.25 minimum shell height (equivalent t o  a 40 meat count) mount t o  3% or less 
wi th  the greatest impacts expected t o  occur on the Northern Edge and Wak. A 
3-50 inch m i n i m u m  size (equivalent t o  30 meat comt) may generally be expected 
.to result i n  moderate ifflpacts within resame areas of 11% or lesslf~l982,_-- -- 

d r o p p i i t 0 ~ ~ i 5 %  inm83e-t on the Northern Edge and Peak where 
losses amounting to about one-third of the potential catches may be expected. 
Moderate to substantial losses i n  potential catch my be expected in  a l l  areas 
over both years wi th  implementation of a 3.75 inch uinirnum shell b igh t  
(associated w i t h  a 25 seat count). WeveIthelcss, it should be mted that even 
with these projected losses i n  pottntial catch, only the 3.75 .inirnun shell 
height option i n  1982 would r e s u l t  i n  e total  Ceoqes Bank catch of less then 
the 15-year (1966-1980) average (8894 at); a d  a l l  options i n  1983 may be 
expected to result i n  total  Georges Bank catches exceeded only by those during 
1977-1979. 
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Figure 712.2: Projected USA corrmercial sea sca1 lop she1 1 height frequency 
distributions from the South Channel i n  1982 and 1983 assuming 

~ e s p q d a ~ ~ - ~ ~ l 2 . 1 ~ ~ S r  i neymrtd i f y r - - -  
F = 0.6, and a cul l  size of 3.0 inches. 
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3 Sea scallop shell height frequencies in the comnercial catch 
from the South Channel as determined from shell samples. 



Principally,  by v i r tue  of expected recruitment from the 1978 year class i n  
t h e  New York Bight area ,  combined with growth of  o lder  scal lops  i n  the 
population, t o t a l  HicLAtlantic catches  ere expected t o  increase i n  1983 t o  
l eve l s  exceeded only i n  1978 end 1979 over the pas t  decade. RoJected 
moderate impacts (less than 7%) i n  1982 and 1983 associated w i t h  i n s t i t u t i n g  a 
minimun shell height q~ t o  3.3) inches  nay, nevertheless, be expected to 
l e s u l t  i n  a 1983 catch l e v e l  exceedirq the 1976-1980 average. )(ore 
substant ia l  inpac ts  (12-17%) may be expected t o  r e s u l t  fm a 3.75 inch 
m i n i m u n  s h e l l  height. 

Table 712.1: Projected weighted average sea  sca l lop  meat counts by resource 
area f o r  1982 and 1983 under essuned minirmm c u l l  s i z e  of 3.0 
inches ( s h e l l  height) i f  e n t i r e  projected catches were shucked 
a t  sea. 

South Charnel 15.1 12.0 
Southeast Pa r t  12.1 8.7 
Northern Edge & Peak 22.1 ' 16.1 
MicLAtlantic (Combined) 15.5 14.3 

Finally, it is noted t h a t  where age-at-entry is implemented on t h e  basis  
of both meat count and minimum s h e l l  s i z e  (pragmatically associated with 
shuckers and s h e l l  stockers,  respectively),  then t h e  impacts given i n  Table 
712.2 w i l l  have t o  be discounted acco rd iq ly .  Such a procedure is used i n  the 
short-term economic ana lys i s  presented i n  S723. 



Table 712.2: Projected to ta l  sea scallop catch (metric tons) levels by 
resoume area (U.S. & Canada) with implementation of industry- 
wide alternative minimum shell heights i n  1982 end 1983. 
Percent Change relative t o  catch mder current assurd  nlnimm 
cull size (3.0 inches) is given i n  brackets. 

M i n i m u l l  
Resource Area Shell HeiqM 

South Channel 3.00" 
3.25" 
3. 50" 
3.75" 

Southeast Part 

Northern Edqe & Peak 3.00" 
3.25" 
3. 50" 
3.75" 

Mid-Atlant i c  (Combined) 3.00" 
3.25" 

A l l  4reas 

440 
440 (ni l )  
436 (- 0.0%) 
420 (- 40%) 

Current c u l l  size assumed t o  be 3.0 inches. 
3.25 inch minirnun shell  height equivalent t o  40 meat count. 
3.50 inch m i  n i m u m s h e l l h e i g ~ ~ e C ~ ~ - ~ a t ~ & -  
3.75 inch minimum shell height equivalent t o  25 meat count. 

5713 Relative Sea Scallop Fecundity 

One of  the biological benefits which m y  be assmiated with implementation 
o f  the considered sea scallop management measures is  an enhanced reproductive 
potential for the spawning stock. Thus, either an increase i n  the age a t  
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Figure 713.1: Derived relat4onships between sea scallop ovary weight and she1 1 
height for Seorges Bank and !!id-Atlantic sea scallops based upon 
results from the 1981 sea scallop research vessel survey. 
(Source: Serchuk , 1981) 



entry t o  the fishery o r  a reduction i n  the fishing mortality r a t e  (relat ive t o  
the historic values of each) or, mst particularly, a combination of both, aay 
result i n  substantial increases i n  the t o t a l  egg production by the 
population. It is thought that greater egg production may enhance s u b s e ~ n t  
.recruitment or, a t  l eas t ,  should 8ct to buffer the extreme variability in 
recruitment so  characteris t ic  of the historic sea scallop fishery. 

Few data are  available giving egg production i n  rnmbers (1.e.. fecundity) 
by female sea scallops. However, the t o t a l  weight of the  wary (proportional 
t o  the volume w h i c h  i n  turn  is related t o  the number of eggs produced) should 
provide a workable index of fecundity. Based won in fona t ion  obtained i n  the 
1981 USA sea scallop research vessel survey, a i ignif icant  relationship was 
developed between t h e  w igh t  of the ovary and t h e  she l l  height. That 
relationship i s  i l lus t ra ted  i n  Figure 713.1. Survey data for  developirq the 
ovary weight/shell height relationship were obtained from sea scallop .. 
populations on Georges Bank and i n  the  Mid-Atlantic. AlttPugh no data have 
yet been collected from offshore Gulf of Maine sea scallops, it is  l ikely tha t  
those populations exhibit a relationship similar t o  Ceorges Bank sea =all-s. 

In a preliminary evaluation of the  expected irrpacts won t o t a l  population 
fecundity which may be expected from implementation of the contenplated meat 

' count management measure, simulations were run examining t h e  inplications of 
Z 

adjustments t o  the age a t  entry (i.e., ainimm s i ze  o r  comparable meat 
count). fn S711 the discussion served t o  support the  assupt ion that  the 
present average cu l l  s izes  are about 3 3/8 - 3 1/2 inches on Georges Bank and 
about 3 inches i n  the HibAtlantic. The specifications relating t o  age a t  
entry which have been considered i n  this FW, i n  t e n s  of the m i n i m m i  she l l  
height and the corresponding araximun meat count, include: 

Minimum Shell Height 
(inches) 

Uaximun Meat Count 

If t h e  fishing mortality r a t e  remains constant a t  the assuned current 
levels (see 97121, the estimated effects  won t o t a l  fecundity associated with 
alternative specifications of age a t  entry are given i n  Teble 7l3.1. The 
s l igh t  gain i n  expected t o t a l  fecundity on Georges Bank (7.7%) associeted wi th  
a 3 1/4 inch m i n i m u m  shell height (40 meats per pound) reflects an 

~ r s t a r d i n g - t h a ~ ~ ~ f m c p m s ~ ~ i a t t c o U n t  
is  sl ightly higher than 40 per pound. The current assuned c u l l  s i z e  i n  the 
Mid-Atlantic, however, cornsponds a h s t  exectly t o  a 60 m a t  count. *rice, 
specification of a 3 inch  utinimm she l l  heigM (i .e., 60 meats per p o d )  
would have no effect  won t o t a l  fecundity i n  n ibAtlant ic  s ea  scallcp 
populations. 

T h i s  analysis indicates tha t  potentially very substantial gains i n  t o t a l  
fecundity could resul t  f r o m  increases i n  the age at  entry (reduced meat 
counts). Although the gains associated with implementing an age at  entry 



Table 713.1: Estimated percentage gains (and losses) i n  total  fecundity 
by resource area associated with alternet ive specifications 
of age a t  entry (expressed in terms of neat count) with 
fishing mortality remaining a t  the assured current levels. 

Georges Bank 
Mid-Atlantic 

M E A T  C O U N T  

25 - 30 - 40 - 60 - 
+SO. 5 +X.O + 7.7 -25.0 
430.1 44.1 +27.6 0.0 .m 

equivalent to a 40 mat  count may not be significant on Georges Bank, total 
fecundity i n  the Mid-Atlantic nay be increased some 28%. An age a t  entry 
specification which is  equivalent t o  a 30 meat count nay increase total  
fecundity at least 1/3; the gain t o  the total  resource should be a t  least 40%. 

It is inportant t o  note, however, that a l l  of the estimated potential 
gains i n  total fecundity which nay result from increasing the age a t  entry my 
be easily wiped out with a concanittant increase i n  the fishing mortality 
rate. Indeed, if the catch per un i t  of effort is significantly redmed as a 
result of irrplementation of an increased age a t  entry, fishemennay respond 
by--increasing their fishing effort (hence, an increase in  the fishlng 
mortality rate). 

This analysis concentrated on the effects of age a t  entxy as an attenpt to  
define the possible magnitude o f  the anticipated gains i n  total fecundity. It 
is likely that even greater gains could be achieved i f  fishing m o r t a l i t y  rates 
were simultaneously reduced. 

$720 Economic Analysis 

The economic impact analysis of alternative strategy specifications for 
sea scallop management w i l l  include two parts, a long-term analysis and a 
short-term analysis. 

--- -- ---- 
S721 Economic Criteria 

The economic variables used to evaluate al tematiw strategies for the sea 
scallop plan include: prices, producer revenues, @act on 
re ional income, and consuner + variables are wed i n  evaluating 
he ong-term inpacts; whereas, the first three are used for sbrt-term 

impacts, wi th  f u l l  recognition that a trade-off between long-term and 
short-term must be made. The ecorulmic rationale for each variable is 
elaborated i n  Appendix 3 pages A3-50 to A3-51. 



6722 Long-Term Economic Analysis of Strategy Specifications 

T h i s  long-ten economic analysis w i l l  focus on a comparison of the 
economic inplications of the 12 management strategy specifications that  were 
introduced i n  S30 and elaborated i n  s710. The analysis is specifically 
focused on the Georges Bank resource area; the only  area when candidate 
effort levels may be feasibly calculated. Despite the Georges Bank resource 
focus, the conclusions that  tnay be drawn are epplimble t o  the industry as  a 
whole, because the economic parameters have been calculated on the  basis of 
the tverall  industry. The 12 strategy specifications represent canbinations 

- of 4 meat count levels (60, 40, 30 and 25 aeats per pound) and 3 effort  level 
-equivalents for fishing mr ta l i t y  17001 s td .  days, Ft0.7; 4350 std. days; and 
3292 s t d  days, F=F(max)]. The first effort  level, 7OOl std.  days, represents 
the unadjusted historic average on Georges Bank; and the l a s t  effor t  aevel, 
3292 s t d .  days, represents approximately the F ( m )  level of fishing . 
mortality. The l a t t e r  is unadjusted for increases i n  efficiency that  ma have 
occurred i n  recent years; and therefore, 3292 std. days nay exceed F(max ! . 

The analysis is based on the long-term equilibriun resource conditions 
which were simulated i n  5710 for  each combination of aeat count and fishing 

.mortality (represented by effort)  control. The long-term eKKwmic 
;implications of the 12 strategy specifications ray differ from those of an 
actual management program where short-term resource and industry variability 
can be accounted for. The analysis contained herein comentrates on the  
fishery af ter  it has achieved the simulated equilibrium condition which is 
defined by a particular combination of meat count end fishing mortality 
control. But because equilibrium is  unlikely t o  be achieved imnediately, 
evaluation under more real is t ic  cixcunstances would consider both the  

-e&ilibrlum condition and the transition phase rhich preceded it. . - 
Unfortunately, the transition phase (w t o  several years i n  duration) cannot 
be characterized quantitatively, ei ther i n  terns of tre length of the period 
or the changes i n  resource or  econanic conditions that may occur during that 
period. A s  a result,  it i s  not possible t o  amonmodate this transition phase 
as part of the long-tern economic analysis i n  any other way than t o  assume 
that its effect is constant across a l l  strategy specifications, and, 
therefore, does not significantly effect the  long-term evaluation. T h i s  
assunption is probably valid where equillbriun conditions nay be assuned t o  
commence a t  the same time fo r  a l l  strategy specifications, and where the 
transition phase is short relative t o  the period of t h e  anelysis. 

-Nevertheless, the economic analysis is acknowledged t o  be a par t ia l  evaluetion 
o P t  he long-term iAplications of thevarious--cifieatians..---- 

The long-ten economic analysis rakes w e  of the stream of catch values 
that is believed t o  most realist ically represent the equilibrium ##ditions 
associated w i t h  each strategy specification. Cetch can either be asurned t o  
be constant over time o r  t o  very i n  response to e n v i ~ a l  conditions or  
intrinsic biological feed-back. Because e n v i m t a l  cycles that influence 
sea scallop recruitment, dnmdance and catch are known t o  exist, m 
i l lustrat ive l b y e a r  cycle was selected for  Georges Bank (see s710) to best 
represent the chanqes i n  anrwral oatch thet d g h t  be expected over Une under 



equilibrium conditions. Tkrefore, t o  provide a m r e  rea l i s t i c  long-tern 
economic evaluation, cycle-based catch data for  Ceorges Bank was used a s  a 
c m o n  element i n  t h e  comparative analysis of a l l  stretegy specificetions. 
For the purposes of this comparative analysis, the ecwwwnic c r i t e r i a  presented 
i n  S721 are genereted, a s  ei ther average values or present values, a t  the 
beginning of each representative equilibriun period. 

(A) Methodology for  the Lorg-Ten Analysis 

The economic evaluation presented i n  Table 722.3 through 722.10 is always 
expressed in  terms of t h e  differences (or changes) i n  the values of each 
economic criterion between a given strategy specificaton and stretegy 
specification #1 (a c m n  point of reference). For exmple, i n  Table 722.3 
the long-tern impact of strategy specification I4 on ex-vessel price is given 
as  the difference i n  price between that stretegy (554) and SS1, o r  -3.'31 cents 
per pound. This manner of presentation provides the  basis f o r  a relative 
comparison mng qx%ificaUons without reference t o  the absolute value of the 
criterion, uMch may be considered t o  be of secondary importance. The 
information provided 3n Tables 722.3 through 722.10 i b  based won the 
equilibriun catch stream generated f o r  each strategy specification. 
I@ividual amual differences i n  catch among specifications a re  considered i n  
calculating comparetive values f o r  the various cr i ter ia .  These catch streems 
are presented i n  Table 722.1 and sumarized i n  Table '722.2, The methodology 
for  the long-tern analysis is  more fully explained i n  Appendix 3, pages A3-52 
through -59. 

(8) S m a r y  of Lonq-Tern Analysis 

. I n  t h i s  analysis, strategy specification one, which is a cornbination of 60 
meat count and management control on fishing effor t  a t  t h e  approximate 
historic average level (F=0.7), is chosen as a c m o n  base t o r  ccwnparison wi th  
other strategy specificetiuns. Effort control a t  the historic average level 
is assuned t o  adequately represent no effort control for  analyses purposes and 
is referred t o  a s  such i n  this section. This analysis is based on domestic 
catch stream simulations for  the Georges Bank resoume area (see Section 710), 
and is assuned to  be representative of a l l  resource areas for  evaluation 
purposes. These catch streams, presented in  Table 722.1, have been adjusted 
t o  U.S. catches by a factor of 0.57 based on t h e  overall U.S. end Canadian 
Georges Bank catches, Associated with each meat count and effor t  control 
specification, changes i n  prices, mloyuient , harvesting revenues, regionel 
income, and consuner surplus, i n  relation t o  the  base specification (SSl), are  

- - - ~ ~ b l e s 2 2 2 ~ b m u g h  -- 
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Table 722.2: Average Amual Sea Scallop Catch (Range I n  Parentheses) 
A t  Long-Tern Biological Equilibrium (Thousand Pounds) 

Effort Control Specification 

Control* a t  7001 Control a t  4350 Control a t  3292 
USA Std. D. F.* USA Std. D. F.* USA Std. D. Fa** 

F = 0.7 F = F(max) 

60 Meats 9314 l2323 136.30 

40 Meats 10927 

30 Meats 12251 14986 16143 . . 

(5703-19410 (6751-24132) (7332-25973) 
- - 

SSlO: Sll : 5512: 

25 Meats 13144 15755 16786 

(6119-20825) (7097-25370) (7624927005) 

*This level of effor t  control, which approximates the historic averege on 
worges B a n l < , i s t e k e n o  ~ p r e e n t m ~ i t i v e ~ ~ ~ n t c o n ~ l .  

++aased on 1944-1977 his tor ical  shares of U.S. and Canadian effort  t o  the  
resource, mder which the U.S. =counts for  S8% of to t a l  effort.  



Prices - 
Prices, including ex-vessel, wholesale, and retail  p r i a s  of see scallops, 

would decline along w i t h  meat count and/or effort level reductions in  the long 
'run (Tables 722.3 - 722.5). For exanple, under no management control on 
effort, the ex-vessel price is expected t o  drop relative t o  the 60 neat count 
level by 3.31 cents, 6.02 cents, and 7.85 cents per pcnmd for the 40 covrt, 30 
count, and 25 count strategy specifications, respectively. 

To compare the drops i n  prices, i t  is  noted that retail  prices would drop 
at a faster rate than wholesale and ex-vessel prices. For exenple, average 
price under 5512 relative t o  SS1 is expected t o  drop by 23.24 cents, 16.06 
cents, and 15.32 cents per pound for retail,  wholesale, and ex-vessel prices, 
respectively. These indicate that more effort control and/or a greater 
reductim i n  the ateat count wwld exert less inflationary pressure under 
long-term equilibriun conditions. 

Long-term processing employment tends t o  be higher i n  association wi th  lower 
levels of effort and meat count (Table 722.6). For exanple, under the 60 heat 
count strategy, an increase i n  processing employment of 133 and 198 mabyears 
is expected for increased effort control a t  the 4350 and 3292 standard days 
fished levels. Similar results are obtained w h e n  muparing decreasing neat 
counts within any given effort control level. This indicates that mder 
long-term equilibriun conditions, the economy would be benefited from fuller 
employment if greater reductions i n  both effort and meat count are prescribed. 

~ f o s s  Revenue to the Fishinq Sector . 
Average changes i n  the gross revenue t o  sea scallop harvesters, relative 

t o  SS1, are presented i n  Table 722.7. WitNn a resource cycle, increases in 
gross stock relative t o  SS1 are observed and are higher as  redclctions in  
effort and/or mat  count become larger. T h i s  implies that vder long-ten 
equilibrium conditions, average reverues within a cycle are higher for a 
greater reduction in  effort and/or meat count. It i s  also noted that the same 
conclusion holds true for the present values measured a t  the f i r s t  year of the 
resource cycle (Table 722.8). 

Regional Income 
- 

Ilpact on the present valuexNew €-and r e g i d  incane a t  the first 
year of the resource cycle is presented i n  Table 722.9 for various strategy 
specifications relative t o  SS1. The increase i n  regional incane fm sea 
xallap fishing activities is greater as  effort and/or ma t  count decreases, 
indicatirrg that tighter control on both effort and meat count would msult  in  
a greater positive -act from fishing for sea scallops on regional incane, 
under long-term equilibriun conditions. The multiplier used i n  the 
calculation of regional incane is from Rorholm -- e t  a l ,  1965. 



Table 722.3: Average Change i n  Amual Ex-Vessel Prices of Sea Scallops 
Relative t o  Strategy Specification 1 (SS1) s t  Long-Term Biological Equil ibriun 

(Cents Per Powd) 

Effort  Control Speci f icat ion 

Control* s t  7001 Ccntdl s t  43% Control s t  3292 
USA Std. D. F.w USA Std. 0. Fa- USA Std. D. F.w 

F = 0.7 F = F(max) 

0 60 Meats -6 17 -09.26 

00 Meats -3.31 -9.21 -11.93 

SS7 : SS8 ; SS9: 

30 Meats -6.02 -11.63 -14.00 

25 Meats -7.85 -13.20 -15.32 

*This level  o f  e f fo r t  control, which approximates the h is tor ic  amrage on 
Georges Bank, i s  taken t o  represent no effective aanagment control. 

- 
WiisKon 1944-1On historicalllshamSo~SS7iiiiiTenadIan ef for t  t o  the 

resource, under which the U.S. =counts for 58% of t o t a l  effort.  



1 able 722.4: Average Change i n  Amual Wholesale Prices of Sea Scallops 
Relative t o  Strategy Specification 1 (SS1) a t  Long-Term Biological Equilibriun 

(Cents Per Pamd) 

Effort Control Specification 

Control* a t  7001 Control at  4350 Control a t  3292 
USA Std. D. F.w USA Std. D. F.* USA Std. D. F." 

F = 0.7 F L F(max) 

40 Meats -3.47 -9.66 -l2 . 51 

.2 

30 Heats 4 . 3 2  -12.19 -14.68 

25 Meats -8.23 -13.85 -16.06 

*This level of effort  control, which approximates the historic average on 
Georges Bank, 1s taken t o  represent  no effective management cmtml. 

q a s e d  oC944-1977 historical shares of U.S. and Canadian eff- 
resource, under which the U.S. e a t s  f o r  38% of total effort. 



Table 722.5: Average Change i n  Annual Retail Prices of Sea Scallops 
Relative t o  Strategy Specification 1 (SS1) n t  Long-Term Biological Equilibrium 

(Cents Per Pound) 

Effort Cmtrol Specification 

Control* a t  7001 Control n t  4350 Control n t  3292 
USA Std. D. F.* k ~ t d .  D .  F.H USL\ Std. 0. F.* 

F = 0.7 F = F(max) 

60 Heats 0 

sS4: SS5: 556: 

40 Heats -5.02 -13.97 -18.10 

30 Meats -9.14 -17.64 -21 24 

Z Heats -11.91 -20.03 -23 24 

*This level of effort  control, which approximates the historic average on 
Georges Bank, is taken t o  represent no effective management control. 

HBased on 1944-1977 historical shares of U.S. and Canadian effort  t o  the 
~ e s m m e ,  wrderwnlcnmtixm-1 effort.  



Table 722.6: Average Change i n  Sea Scallop Processing E~ployment 
(Fresh and Frozen) Relatfve t o  Strategy Specification 1 (SSl) 

a t  Long-Tern Biological Equilibriun (Man-Years) 

Effort  Control Specification 

Control* a t  7001 CBntrol a t  4350 Control a t  32PZ 
U S  Std. O. Fa* USA Std. 0. F.* USA Std. 0. F.w 

F = 0.7 F = F(max) 

SS1: SS2: 553: 

60 Meats 0 +133 +198 

554: SS5: ss6: 

40 Meats +71 4 9 7  +256 

30 Meats +129 +249 +300 

IY 

SS10: Ssll : SS12: 

25 Meats +168 +283 +329 

*This leve l  o f  e f f o r t  control ,  .which approximates t h e  historic everage on - 
Georges Bank, is  taken t o  represent no ef fec t ive  management control. 

*+Based on 1944-1977 h i s to r i ca l  shares of U.S. end Canadian e f f o r t  to the 
l F ! ~ ~ + & % a ~ ~ ~  er 

- -  m. 



Table  722.7: Average Change i n  Annual Gross Stock t o  Sea Scallop Harvesters 
Relative to Strategy Specification 1 (SS1) e t  Lorrg-Term Biological E quilibriun 

(Tbusand Dollars) 

Effort Control specification 

Control* e t  7001 C o n t r o l  e t  43% . Control a t  3292 
USA Std. 0. F e w  USA Std. D. F.H USA Std. 0. F.w 

F = 0.7 F = F(max) 

40 Meats +27,834 +72,952 +94,l39 

30 Meats +SO, 606 +92,690 +110,908 

25 Meats +75,906 +105,527 +121,502 

*This level of effort  control, which approximates the historic average on 
Georges Bank, i s  taken t o  represent no effective aanagemnt control. 

-- r + ~ a s e 6 o n ~ ~ t o r i c a l ~ d ~ ~ , a r d ~ ~ e t ~ e +  -- 

resource, under which the U.S. eccovrts for  58% of total effort. 



Table 722.8: Change i n  Present Value of Harvesters' Gross Stock 
A t  Three Discount Rates Relative to  Strategy Specification 1 (SS1) 

A t  Long-Term Biological Equilibrium (Thousand Dollars) 

Effort Control Specification 

In t .  Control* a t  7001 Control a t  4350 Control a t  3292 
Rate USA Std. 0. F.- USA Std. 0. F.- USA Std. 0. F.* - 

F t 0-7 F t Ftmaxl 

60 Meats 7 1/8% 0 
10% 0 
12% 0 

40 Meats 7 1/8% +209,160 +5&, 019 +723,363 
10% 461,470 436,824 +%4,214 
12% +136,897 +373,l23 +481,855 

S 7 :  SS8: SSP: 

30 Meats 7 1/8% +380,047 . +708,692 449,759 
10% +293,303 +351, 7x1 461,923 
12% +248,612 470,635 +%4,770 

25 Meats 7 1/0% 494,730 405,295 +929,921 
la% +381,738 - 426,372 +723,890 
12% +323,523 +553,945 417,361 

P~----- 

-sIevel or' e ~ ~ r o l , ~ - ~ @ ~ x ~ B t h e n i s t o r ~  average on 
Georges Bank, is taken t o  represent no effective ~renegement control, 

Wased on 1944-1977 historical s b s  of U.S. and Canadian effort to the 
resource, under wNch the U.S. accounts for 58% of total effort. 



Table 722.9: Change i n  Present Value of N e w  England Regional Incane 
From Sea Scallops a t  Three Discount Rates Relative t o  

Strategy Specification 1 (SS1) a t  Long-Tern Biological Equilibriun 
( T b s a n d  Dollars) 

Effort Cantrol Specification 

Int. Control* a t  7001 Control a t  43% Control a t  3292 
Rate UYA Std. D. F8..+ USA Std. D. F8..+ USA Std. D. F8H - 

F = 0.7 F = F(max) 

60 Meats 7 1/8% 0 +1,100,993 +1,655,757 
10% 0 +062,436 4,294,623 
12% 0 +738,897 +1,107,547 

40 Meats 7 1/8% +619,115 +1,657,654 +2,141,151 
la& +4?7,951 +1,292,997 +1,670,072 
12% 405,215 +1,104,443 +1,426,291 

30 Meats 7 1/8% +1,124,939 +2,097,727 +2,515,281 
10% +868,177 +1,633,143 4,959,288 
12% + n 5 , ~ 2  +1,393,078 4,671,718 

25 Meats 7 1/8% +1,464,424 +2,383,671 +2,752,564 
1m +1,129,945 . +1,854,057 +2,142,724 
12% +957,6)0 +1,500,476. 

-- 
+1,827,384 

*This level o f  effort control, which approximates the historic average on 
Georges Bank, is taken t o  represent no effective rpanagement control. 

Wesed on 1944-1977 historical shares of U.S. and Canadian effort t o  the 
r e s o h e ,  uder which the U.S. =ants for 58% of total effort. 



Consuner Surplus 

Changes i n  present value of consuner surplus for  each strategy 
specification re la t ive  t o  SS1 e re  presented i n  Table 722.10. It is shown thet  
consuner surplus increases as meat count and effor t  a re  reduced. For exemple, 
the present value of consuner sulplus a t  a 7 1/8% discount ra te ,  under no 
management control on effort ,  would increase re la t ive  t o  the 60 meat cow 
specification by 5888, 11426, and Us16 t h s a n d  dollars  f o r  t h e  40 cwnt, 30 
count, and 25 count specifications, respectively. These resu l t s  indicate tha t  

. consuners would be better off with reductions i n  e f fo r t  and/or m a t  count, 
<under the assuned long-term equilibriun conditions. a 

(C) Economic Inplications of Long-Term Equilibriun 

It is noted tha t  t h e  above sumtary discussion of the relat ive benefits 
associated with each strategy specification is valid fo r  comparison a t  the 
long-run equilibria only. In relation t o  strategy selection, economic 
conditions during the t ransi t ion period a re  not considered, and consequently, 
the economic gains or  losses during these t ransi t ion periods a re  not 

"incorporated in to  the evaluation. Therefore, the  above discussion represents 
.only a pa r t i a l  comparison of benefits amorg strategy specifications. I t  
i l lus t ra tes  tha t  relat ive benefits nay be gained a f t e r  the loq-tern 
equilibriun is reached. It does not address the economic trade-offs which may 
be associated with the time it takes t o  reach the  equilibrium corditims, nor 
the magnitude of any economic disturbances tha t  nay be caused during t h e  
t ransi t ion period by a particular strategy specification. 

In th i s -pa r t i a l  c ~ a r i s o n ,  it is shown tha t  (1) controlled reductions i n  
effort  and/or meat count would accrue positive benefits t o  the sea scallop 
industries and consuners, and (2) the  higher the r ebc t i on  i n  e f fo r t  and/or 

-neat count, the larger the benefits t o  the industr ies  and consuners, urder 
long-term equilibrium conditions. 

The analysis a l so  I l lus t ra tes  t h e  ro le  of ccorromic c r i t e r i a  i n  t h e  
strategy selection process. For exanple, one night consider SS2 (60 meat 
count; effort control a t  4350 U.S. standard days fished),  wi th  an average 
annual catch of 12,323,000 p o d s ,  t o  be roughly equivalent t o  SS7 (30 neat 
count; no effor t  control), w i t h  a catch a t  12,251,000 pourds (see Table 
722.2). In fac t ,  i f  one corrpares the  expected changes i n  prices, enployment, 
and consuner surplus, then 552 is s l igh t ly  more beneficial; vhereas, comparing 
expected values of gross s tock  and regionel income, SS7 is s l ight ly  mre 
beneficial (see Tables 722.3 - 722.10). Thus, the ultimate selection of  a 

- p a & ~ # t l 8 f S t ~ c f f ~ ~ o ~ ~ v e - - 1 c y ~ t s I o n  based on-- 
factors other than the economic c r i t e r i a  presented here (see Part 6) .  



Table 722.10: Change i n  Present Value o f  Consuner Surplus from See Scallops 
A t  Three Discount Rates Relative t o  Strate y Specification 1 (SS1) 

A t  Long-Term Biological Equil ibriun ? Thowand Dollars) 

Effort Control Specification 

Int. Control* a t  7001 Control a t  43% Control a t  3292 
Rate USA Std. D. F.* USA Std. D. F.* USA Std. D. F.* - 

F = 0.7 F = F(max) 

60 Meats 7 1/8# 0 42,668 +20,(#2 
10% 0 +11,140 +17,617 
12% 0 40,289 46,256 

554: SS5 : 554: 

40 Meats 7 1/8% +5,888 49,896 +27,109 
10% 4,110 +17,450 +23,774 
12% +4,683 +16,092 +21,920 

30 Meats 7 1/8% +11,426 +26,223 +33,002 
10% +9,916 +22,974 +26,291 
12% +9,087 +21,172 +26,6% 

25 Meats 7 1/8% +15,516 +30,630 +36,%3 
10% +13,465 +26,821 42,384 
12% +12,340 +24,710 +29,842 

- 

*This level  oreffort cont6-ch e p p s a t e s  tk histor ic  a v w e  
Georges Bank, i s  taken t o  represent no effective management control. 

q a s e d  on 1944-1977 historical shams of U.S. md Cenadien e f fo r t  t o  the 
resource, under which the  U.S. accounts t o r  58% of total effort.  



9723 Short-Te rm Economic 1 npacts 

The short-tenn economic impact analysis is limited t o  a period from 1982 
t o  1983, the period during which the  desired m a t  count level t o r  the sea 
scallop fishery w i l l  be reached. This  economic analysis i s  conducted a s  a 
conparison of three meat count specifications wi th  effort  assuned t o  remain a t  
currently estimated levels. The catch forecasts for  1982 and 1983, (i.e., sea 
scallop landings of 29.1 and 34.0 million pounds respectively), lider 
conditions of no explici t  meat count control (see Section 710), are adopted a s  
the points of reference i n  this analysis. In  each of these two years it is 
assuned that there is the potential to r  mansqement control a t  ei ther 40 or 30 
meats per pound. Thus, three i l lus t ra t ive  strategies are defined including 
40-40, 40-30 and 30-30 meat count i n  1982 and 1983, respectively. The 
analysis focuses on an economic conparison, (using prices, errploymerit and 
revenues es economic cr i ter ia)  of the effects of no neat comt control i n  
1982-83 versus the three neat count strategies noted. Finally, because it was 
shown i n  9710 that  vessels that stuck scallops a t  sea and vessels that  retain 
-scallops i n  the shell are likely t o  be effected differently by meat count 
,(minimum size) control, I t  is assuned that  the percentage distribution of 
catch among mshuckrs* and mshell stockersm that  occurred i n  the 1980 fishery 
will be continued through 1983. The sumnary conparison is  presented i n  Table 
723.1.* 

Prices 

Prices of sea scallops a t  a l l  market levels for  1982 and 1983 are expected 
td r ise  under a l l  meat count strategies, a s  compared with no neat count 

icontml. For example, 1982 prices are expected t o  r i s e  by 1.51, 1.58 and 2.29 
cents per pound a t  the ex-vessel, wholesale and r e t a i l  levels, respectively, 
under a 30 meat count. I n  general, the lower the level of m a t  count, the 
higher the level of price i n  a l l  three categories. 

Processing Employment 

Processing employment is  expected t o  drop (relative t o  no meat ccnmt 
control) by only 1 to  24 mewyears under either 40 or  30 meat count control i n  
1982 and 1983. The higher the meat count specification, the lower the 
expected drop i n  enployment. 

Gross revenues for 1982 and 1983 under a l l  neat covlt control cases axle 
expected t o  drop, but by only 0.03 t o  2.22% from the no meat mt control 
case. For instance, gross revenues i n  1982 are e w t e d  t o  drop by 2.6, 3.2 
and 3.8 million dollars (2.17, 2.22 and 0.92%) at  the  ex-vessel,. wholesale end 
W a i l  (consumption expenditures) levels, respectively d t h  a 30 m e t  count. 

*This Section constitutes the analysis necessary to r  the Re 
Re view (RIR) . 



Table 723.1: Emrmic StPrt-Tern Iqrts o f  Sea Sc8llap Wit Cant Controls 
19B2 - lS03 

40 &8t mLmt #)mtaUtt 
)So)rcataant s .s 

Qmtml Tokl  Owrpc Chinpc T e a l  Chm Chnpc - 
Lendims 

Retall 700.99 701.32 0 . n  0.m 103.28 2.29 0 . n  
wholesale 491. U 491.36 0.23 0.05 492.71 1 .  O.M 
EX-verse1 405.81 4m.u 0.22 0.0s m.10 1.51 o.n 

P r o t e s s l n g  E m p l o y m e n t  (#WbYwt) 

Fxesh OPO 987 3 4.36 %6 W -2.50 
Frozen 276 275 1 -0.39 a68 8 -2.73 

G r o s s R e v t n u ($1,000) . cwsuwtion 
W d i t ~ r r s  4147l5.08 414172.90 -542.14' -O.U 41rn93.0 4621.65 4.92 

wtc l e ta l~  142728.96 102279.18 4 9 - 1 7  -0.32 k39561.A -1167.n -2.22 
Ex-Vessel 117869.09 ll7507.16 - -0.31 ll53lZ.YO -B57.59 -2.17 

P r i c e s  ( C m t s R r P w d )  

Retail 795.20 795.29 0.09 0.01 B5.99 0.79 0.10 
Ihplesale 555. 8l 555.87 0.06 0.01 S%.X 0.55 0.10 
Ex-Vessel 07.U 49.D 0.06 0.U U7.a 0.52 0.11 

P r o c e s s i n g  E m p l o y m e n t  (thn-Yurs) 

Fnsh lU6 U S  1 -0.m U48 6 4.74 
Frozen 327 326 1 - 4.31 324 3 -0.m 

c r o s s  R e v e n u e  (U,OtRl) * -- - 
H e r d i t u n s  m9H8.01 Ss430.25 oUJ.79 -0.03 Sl8On.m -ua.l6 4.30 

Wblesale -7.92 168750.n -157.P 4 - 0 7  U7657.89 - W . M  -0.65 
Ex-Vessel U5352.25 U5243.OZ -1Q9.22 -0.07 U4M.42 -988.0 -0.64 



Capacity 

Harvesting and shucking cepacity are estimated a t  32.5 end 32.7 lnillion 
pounds of sea scallops i n  1982 and 1983, respectively. The corresponding 
values for processing and marketing capacity have been estimated at  60.4 
million pounds and 61.7 million p o d s  for 1982 and 1983 (see S332). 

T h i s  short-tern analysis has shown that  the meat count contmls would be 
..expected, a t  a m i n i m u m ,  t o  exert the above adverse economic inpacts on the 
1982 and 1983 U. S. sea scallop fisheries. The potential lmpects on fishing 
costs i n  the effected harvesting sectors (Leo, shell stockers) cannot be 
measured a t  t h i s  time and are therefore expected t o  remain constant. . I t  is 
unknown whether current prospects for  resource abundance, wi th  partiw'lar 
reference t o  increased abmdance i n  the Mid-Atlantic area, would encourage 
irrreased effort  i n  this sector, o r  whether excessive discards (of undersized 
scallops) might encourage conversion t o  stuckirg or ex i t  from the sea scallop 
fishery entirely. Finally, the iupact on adninistrative costs t o  industry 

-(data recording) and government (NWS port agents and enforcement agents, 
, h a s t  Guard surveillance) would be zero. Industry currently records mst data 
'that would be required (weigbwt and interview system); M S  and Coast Guard, 
although required t o  enfoxce meat count controls, must -rate m&r fixed 
persomel/budget levels. 

Conclusions f o r  Strateay Selection 

- The analyses presented i n  S710 and 5720 provide the basis for  e 
. 

3i&econunic evaluation of alternative specifications of the principal 
.management strategy (see Part 61.' Specifically, the analyses are focused on 
both the long-ten and short-term implications of various specifications of a 
meat count ( m i n i m u n  s ire)  control m e a m ,  end i n  addition exmine the effects  
of fishing effor t  (related t o  fishing mrtality) i n  the context of low-term 
benefits t o  the resmme/industry and achievement of the marugement 
objective. The key essurptions and major corclusions of the long and 
short-term analyses are given below. 

932 Lo-Term Analysis 

The long-term phase of the analysis is focused on equilibriun resource 
conditions; tha t  is, t h i s  phase describes the resource (Leo, p rdmt iv i ty )  
and examines impacts on t h e  industry after the fishery has had tie t o  f u l l y  
respond to  a particular strategy specification, and the nsarrce is once again 
synchronized with natural mvlrwmental patterns. Th is  phase does not 
consider a transition period between program bplementation and equilibrium, 
because resource trerrds and ecorwnic conditions are not currently predictable 
over that period. . 



Conclusions for the Resource 

From a resource perspective, the demonstrated long-term benefits of 
increased yield per recruit and pr&t iv i ty  can be assuned t o  be independent 
of annual variations i n  recruitment, abundame end catch. The relative 
biological benefits among the various meat cant (minimum size) specifications 
examined are maintained over a range of fishing mortality values (effort), but 
absolute benefits are maximized a t  sane optimal level of effort (fishing 
mortality) within the range. fnportantly, larrg-tern resource prospects are 
dependent won fishing mortality in  the f i sb ry  not jeopardizing long-term 
recruitment prospects. This argues for the adaption of some form of explicit 
limitation on fishing mor ta l i ty  (mst  efficiently achieved though effort 
control) i n  the future to, a t  a minimun, reduce the r i s k  of recruitment 
overfishing and, mre  significantly, met  the overall objective. 

More specific conclusiwrs of a l o t p t e m  resource nature are as follows: 

1. In the analysis presented i n  5710, the Gulf of Maine, Geoqps Bank 
and Hid-Atlantic resource conponents are treated independently for 
yield-per-recruit purposes. Although values of the Mological 
parameters for these re- components differ (e.g., growth tste, 
mortality rate), the analysis Qes demonstrate a consistent increase 
in individual average sea scallop production (yield per recruit) 
associated with increases i n  the sire  a t  which the average sea 
scallop -3s retained by the fishery (approximated for management 
through minimum size or neat count provisions), and reductions in  
fishing mortality t o  the F(max) level [note thet recent levels of 
fishing mortality have been estimated t o  be in  excess of F(rrax)]. 

2. The analysis shows that if fishing mortality were curnently a t  the 
F(max) level, between 4.5% and 5.5% (epplicable t o  the Gulf of Uaine, 
Georges Bank and Mid4tlentic resource conponents) more long-term 
individual average scallop yield nwld be possible wi th  meat count 
specified a t  30 than would be possible wi th  meat ccnnt specified at 
40 (previously recamended under XCNAF). The relative benefit would 
increase to  between 8.5% and 9.5% for 25 meat count relative t o  40 
meat count. Where fishing mortality rates have been averaging i n  
excess of F(max) (assuned to  be the case for all resoume 
components), the relative benefits in productivity between 40 count 
a d  30 or 25 count scallops increase significantky. For exanrple, a t  
the fishinpnortality rete which is believed t o  teasam&lyYY----- 
~ e T i r e t h e o v e r a l l  Ceorges Bank fishery i n  recent years 
(F=0.7), the yield per recruit benefit between 40 and 30 or  40 and 25 
count scallops is nearly 11% or 18% respectively. Of course, on en 
absolute basis, the yield per rec~it benefits associated with 
-ng a level of fishing r t a l i t y  near F ( m )  w i l l  always 
exceed ttmse essociated with higher levels of fishirq mrtality tor a 
ride range of -st comb. 

Therefore, under prevailing exploitatim conditions in the sea 



scallop fishery, an industry average meat count of 30 o r  25 relat ive 
t o  40 w i l l  r esul t  i n  s ignif icant ly greater harvestable yield from a l l  
resource components, no matter what the prospects for recruitment 
happen t o  be. Further, a s  is i l lus t ra ted  i n  Figmes 241 and 242 of 
Part 2, a s  meat count i n  a l l  resoume areas i n  reeked, th 
yieldper-recrui t  curves f la t ten ,  and the productivity benefit 
associated with meat count becomes l e s s  sensi t ive t o  increasing 
fishing mrtality (lee. ,  t h e  resource is naturally buffered t o  
wide-ranging fluctuations i n  t ishlng effort) .  A s  a resul t ,  control 
on meat count (or s i z e  a t  first capture) appears t o  be the  aost  
pract ical  and ef f ic ient  control measure f o r  addressing the yield per 
recrui t  aspect of t h e  overal l  management objective i n  the current 
resarrce and management context. • 

3 The analysis presented i n  5713 shows that f o r  sea seallaps - 
reproductive t i ssue  mass increases markedly a s  the site (or meat 
count) of the animal increases, particularly during the ear ly  years. 
For exmle, the reproductive t i s sue  (gonad) i n  a Georges Bank 
scallop t h a t  averages 30 neat count is about 40% greater (by weight) 
than a scallop averaging 40 meat count. Similarly, the reproductive 
t i ssue  i n  a 25 count scallop (average) is nearly BOJIS greater than i n  
e 00 count scallop. T h i s  general relationship holds t o r  a l l  sea 
scallop resuurce cmponents. Assunlng egg production is proportional 
t o  gonad weight, then management action t o  increase meat count may 
significantly increase the  reproductive potent ial  of newly recruited 
scallops over t h e i r  l i fe  i n  the  fishery. f o r  exanple, $713 stws 
that  scallops entering t h e  fishery a t  50 #at  count w i l l  over t h e i r  
l ifetime contribute about 34% more t o  the  reproductive potential  of 
the  resource than if they entered t he  f ishery at the  current c u l l  
size. Of course, if exploitation should irrcrease on the  stock a s  a 
specific consequence of the meat count control, then benefits t o r  the 
overall  reproductive potential  of t h e  resource may be dissipated. 

Conclusions f o r  the  Industry 

From an industry perspective, the calculation of lorg-term economic 
benefits requires the  gemration of a stream of expected catch deta, and is - therefore subject t o  long-term recruitment prospects. A s  a consequence, the 
long-tern economic analysis is based won t h e  catch streams that rere 
generated i n  9711 a s  an epproximatlm of fishing under ecpilibriun resource 
conditions. These catch streams are believed t o  masorably i l l u s t r a t e  the 

- ~ , ~ - ~ ~ - 0 f ~ ~ ~ ~ * ~ ~ - 0 n 6 p 1 f r r : ~ a f i ~  
serve t o  demonstrate the  variable nature of annual catch uxkr long-term 
management conditions. Beceuje no direct  relationship betrreen ttw aegnitude 
and variabi l i ty  of smual recruitment and the  ~ i f i c a t i o n  of the m a t  a u n t  
control neasure was assuned i n  generating ttw catch s tmans  (5711), the  
conclusions of the  Iwrg-tern econanlc analysis are t h e  m e  as i f  amstant  
recruitment were assuned; and, therefore, the conelusions are  not dependent 
won either the length of resoume cycle (16 years was selected i n  the 
analysis) o r  the specific pat tern of recruitment. 



Specific conclusions of a long-term industry  nature are a s  follows: 

1. The lower the level a t  which tb neat count measure is specified 
(larger scallops), the lower a re  t h e  expected long-term prices 
(ex-vessel, wholesale, re ta i l )  and the higher a r t  tb expected levels 
of catch, enployment, gross revenue, regional incune and consuner 
surplus, which imply a more favorable economic climate for the 
industry. Similar effects a re  associated with long-tern reductions 
i n  fishing mortality- Certain combinations of =at count and fishing 
mortality control (associated with the various strategy 
specifications) may lead t o  the sane level of benefits (as 
i l lus t ra ted i n  Tables 722.2 - '122.10). 

2. A l l  of the gross benefits measured reach the i r  naximun value a t  the 
biologically optimal level of fishing mortality, F(max)- Wefe the 
analysis t o  consider f ishlrg mortality levels below F(~ax) ,  then 
relat ive t o t a l  benefits (based on catch) uwld be expected t o  decline 
just as  with increases i n  fishing mortality above F(lax). However, 
net benefits may continue t o  increase with f i sh ing  mortality below 
F(max), if costs decline a t  a fas ter  ra te  than do the t o t a l  bemfits. 

3 I n  the' absence of some long-term constraint on fishing mr ta l i t y  , the 
benefits emong alternative specif ications of the meat count control 
measure w i l l  be dissipated i n  absolute terms, but maintained i n  
relative-terms so long a s  the specification itself does not induce 
differential  effccts on f l e e t  effor t  (and thus  fishing mrtal i ty) ,  
which could othemise possibly re-order the relative long-term 
benefits among meat count specifications. 

5733 Short-Term Analysis 

The short- ten phase of the analysis (see 5712 and 5723) is focused on the 
current and h e d i a t e  future resource conditions. The analysis deals only 
with  the f i r s t  two years of Plan implementation, 1982 and 1983, because the 
most recent W S  research survey and assessment infonnatlon (1981) does not 
permit reasonable estimates of stock tmpQSition and abundence beyond 1983. 
The short-term phase of the analysis anticipates the  timing and mck of Plan 
implementation, art i n  so doing serves primarily t o  refine the specification 

- n f - t J = p r i m ~ a s u ~ ~ s e d  --Jutted i~ - 

t h e  current resource and industry context. 

The short-tern &alysis considers the  two identifiable f lee t  sectors i n  
the sea scallop fiskry , shrrckers and shell stockers, i n  evaluating overall 
iwac t s  on the industry. The expected behevior of tbse  two sectors relative 
t o  the resource i n  1982 and 1983 is evaluated i n  Q712, ud the resultant 
canbined effect on the industry is analyzed i n  s723. 



Conclusions 

1. Given the expected sea scallop resoume corrposition and abvldarre i n  
1982 and 1983, vessels that  s h k  xa l lops  a t  sea (*shuckersw) and 
are permitted t o  average together small ard large scallops t o  meet a 
neat c w n t  specification w i l l  not be measurably impacted by either a 
60, 30 or  25 m a t  comt specification i n  1982 or 1983. 

2. Vessels that retain and land scallops i n  the shel l  ("skll 
stockersw), and are srrbJect t o  a rninimun s ize  requirement, w i l l  
likely be irrpacted by either a 40 (3.25 inch), 30 (3.5 inch) o r  25 
(3.75 inch) meat count ( m i n i m u a  size) specification i n  1982 or 1983, 
but the inpact (foregone catch) w i l l  be greater a s  meat count 
decreases from 40 (see Table 712.2). 

3. Assuning that sea scallop catch attributable t o  mshell-stockingm w i l l  
remain a t  the 1980 level relative t o  tota l  sea scallop catch (i.e., 
16.3%), then inpacts on the industry i n  l982 and 1983 are sumrarized 
i n  Table 723.1 relative t o  price, enployrnent ard gross revenue. I n  
general it is seen that  errployment and gross revenues decline and 
prices increase a s  the meat count specification decreases i n  either 
1982 or 1983. 

4. The most significant inpact on either price, aploynrent or gross 
revenue, shown i n  Table 723.1, is associated wi th  establishing a 30 
neat count (3 1/2 inch fainhum size) or smaller i n  l982, the first 
year of implementation. The gross revenue inpact a t  the cmsqtion 
level of establishing a 30 ateat count i n  1983 is 60% lower than i f  30 
count were established in- 1982. Establishing a 40 meat count i n  
either 1982 or 1983 would be expected to  result i n  only minimal 
overall impacts, w i t h  gross revenue inpacts averaging hss than -.3% 
i n  1982 and less  than -.l% i n  1983. 

5. A l l  of the inpacts on gross revenues, qloyment  and price are 
associated with foregone catch i n  the shell-stocking sector of tk 
industry. A t  1980 shell-stocking a c t i v i t y  We . ,  catch) levels 
(16.3%), establishing a 30 meat count (3 112 inch minimum size) i n  
the first year of Plan .irrplementation rnould result  i n  less than a $5 - 
million impact on the to t a l  cost of goods and services t o  the 
national ecwromy (cri teria for a significant regulatory ection urder 
E.O. lZZ91). However, if shell-stockirp activity should increase i n  

-3eto-ttlemme-6re--&-- -- 

Uid-Atlantic area (discussed i n  $2301, then only a 30% increase i n  
shell-stocking activity could result  i n  a significant q u l a t o r y  
action. Conversely, shell-stocking activity would heve t o  increase 
nine fold before the establishnent of a 40 m a t  anmt (3 1/4 inch  
m i n i m  size) regulation i n  1982 wwld constitute a significant 
inpact. Similarly, establistmnent of a 30 meat w n t  i n  1983 (delayed 
om year) would not be significant unless shell-stocking activity 
increased three fold over 1980. Finally, i n  evaluating this 



short-term inpact information, i t  is inportant t o  note that 
shell-stocking i n  1981 appears t o  have dropped relative t o  1980 due 
to  considerations for product quality, the location of productive 
beds end increasing fuel costs. 
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PART 8: SPECIFICATION CF T e  W E M E N T  FROGRAM 

5810 Preferred Alternative and Optimun Yield 

Preferred Alternative 

In  view of the evaluation of alternative management strategies presented 
_ i n  9620, and the detailed analysis of various strategy specifications 
presented in  Part 7 ,  the Coufcil selects an overall management strategy thet 
combines imnediate implementation of controls on fishing practices (through 
minlmun shell size and meat count restrictions) with delayed implementation of 
complementary measures which effectively l i m i t  fishing mortality [strategy 
alternative 4(a), 56201. This selection is based upm the Judgement t h ~ t  
primary control on meat count (minimun size) is an effective strategy 'for 
meeting the objective, is appropriate in  view of the limitatians of other 
strategies, is conpatible wi th  prevailing fishing practices, and poses an 
acceptable level of administrative and enforcement costs. Specification of 
tk meat count (minimum size) control measure is discussed i n  @20. 

I Implementation of lneasutes a i d  a t  limiting fishing mortality is 
'desirable in  view of the fact that the degree to  wNch the management 
objective is achievable is, i n  the 1- term, directly related t o  the level of 
fishing mortality. However, measures which limit fishing mortality are not 
essential i n  the short term because fluctuations i n  fishing effort over the 
next few years w i l l  not negate the long or short-tern benefits of the mat  
count (minimum size) control measure. The eppropriate basis end e a r n  for 
limiting fishing m o r t a l i t y  w i l l  be developed as part of the continuing 
management process (see 58501, and move forward as data become available on 
the  factors which directly affect fishing mortality (e.g., gear efficiency and 
the degree and nature of participation i n  a l l  sectors of the fishery). In 
deferring action on the issue of fishing mortality, eny discussion of 
potential measures that may have implications for product quality (e.g., t r i p  
length or nunber of tows on board) is  also deferred because such measures are 
likely t o  have direct irplications for effort. The adoption of  quality 
control measures by the industry independent of t h i s  FHP is encwraged. 

The ~lanaqement *it t o  which the above measures shall rpply imludes those 
sea scallop po~ulations described i n  S130 and m a s s e s  a l l  co~nrercial and 
recreational fishing activity af fectirrg those populations. 

Optimun Yield 

Because of the decision not t o  adapt Control on quantity larded as a 
strategy i n  the sea scallop management program, the e ta1 catch i n  the sea 
scallop fishery w i l l  be e consequeme of the s t m t u r e  and ecorwmics of the 
industry in  relation t o  the ebundance and condition of the resarrce. Contml 
on minimum size and neat comt is expected t o  have an effect on landings; 
although, that effect w i l l  likely be minlmal i n  the sbrt term (see 5720, 
§ T O ) .  Notwithstanding such catch effects, the purpose for m s i t i o n  of the 



meat count (minimum size) measure is the expected effect on the productivity 
of the sea scallop resource, that w i l l  result i n  long-term benefits t o  the 
industrym 

Optimum Yield i n  the Sea Scallop FMP is therefore defined as  that amount 
of annual, domestic sea scallop catch that results from inplementation of the 
sea scallop fishery manegement program. The provisions of the management 
program are designed to: (1) generate increased long-term benefits from the 
harvesting and use of the sea scallop resources, and (2) provide the Courrcil 
with necessary infonation for future improvements and modifications t o  tk 
management program as deemed appropriate. 

Maximun sustainable yield (MSY) values for  the various sea scallop 
resource components are discussed i n  5244. Optiffun yield is related t o  WSY i n  
the following way. Increased long-term benefits t o  be derived from the 
harvesting and utilization of the remurce must be based upon considerations 
for the  long-term productivity and harvestable yield from the resource. MSY 
is best understood as  the maximun lorp-term average yield derivable fm the 
fishery. Under optimn conditions of exploitation, year-t-year catches can 
be expected t o  vary about the MSY value as  a result of natural fluctuation i n  
resource abundance. I n  the Sea Scallop W, optimum yield accommodates m a 1  
fluctuations i n  yield that  are due t o  natural resource variability, and seeks 
t o  achieve an increased long-term average level of yield from the fishery 
approaching MSY through the in l t i a l  and future adoption of various 
conservation and management measures. 

Q820 Conservation and Manaqement Measures 
' 

The- following sections define the specific measures thet are  adopted for 
implementation. Each element of the nanagement program is described, followed 
by the  rationale for its inclusionm 

5621 Heat Count and Hinimun Shell Size 

Specification 

The meat count measure is in i t ia l ly  specifled a t  40 meats per p o d  (40 - 
count), which represents a maximum average value for  tk tr ip ,  and is 
applicable t o  sea scallops shucked a t  sea. The correspording lPinimun sbll 
size measure is in i t ia l ly  specified at  3 U 4  h k s  and is fipplicable t o  sea 
scallops i n  the shell  that are e i tbr  caqM xecreatiomlly or hervested by 
the shell-stocking sector of the fishery. The winlmRshelIX%e-asure is - 

subject t o  a tolerance of lOST by rrunber less than the specified value. T k  
neat count specification decreases t o  30 mats  per pourd, and the laininwn 
shell size specification increases t o  3 1/2 inches effective automatically one 
year from the date of inplanentation of this FUPm 

 he Regional Director shall t temafter  have w ~ h o r i t y  t o  charge t t e  rat 
count and minimun shell size designations Lpon a firding of fact  relevant t o  
the criteria detailed in  Part I I ( C )  of Apperrdix A, and after consultation wi th  



the New England, Mid-Atlantic and South Atlantic Fishery Management Councils. 
A fact-findiq process by the Regional Director may be originated e i t b r  a t  
h i s  ini t iat ive or upon a re-st from t h e  C o m i l .  Such changes shall  be made 
only within a range of 25 t o  40 meats per pand, w i t h  tk corresponding shell  
sizes, and sha l l  not be made i n  increments greater than five meats per poud. 

Rationale 

The Covr i l  believes that  tk lorg-tern biological anb economic analyses 
of alternative specifications of age-at-first-capture (represented as *at 
cmt )  presented i n  Part 7 indicate that  tte 30 meats per paund measure, as a 
maximon average value (and its mrresponding she l l  s i t e ) ,  provides significant 
3oq- t en  benefits i n  terns of yield per recnrit and tk long-tern, overall 
productivity of the sea scallop resourn. further, this 30 meat count value, 
relative to others considered, is Judged t o  be most egpropriate t o  the- 
achievement of the adopted management objective. However, iRmediate . 
inposition of a 30 m a t  count contml- measure would cause some f lee t  secton 
t o  suffer short- ten economic losses (see $730) t h a t  would not necessarily be 
outweigkd by biological benefits t o  tk resource, given its cursent 
condition. These sectors are primarily represented by t b s e  vessels i n  t h e  
-regional shell-stocking fisheries. Therefore, to  mitigate such Lapacts, the 
Coumil in i t i a l ly  adopts a meat count of 40 meats per pound and a 
corresponding minim shell size of 3 114 inches t o  be i n  effect for  the f i r s t  
year following Plan inplementation. Th i s  action w i l l  i n  addition provide an 
opportvrity for State management a u t b r i t i e s  t o  adjust the i r  regulatory 
measures t o  the target values of 30 meats per pound for  shocked se.a scallops 
and 3 1/2 inches for sea scallops i n  the skll (see &I20 and WfO). 

The Council recognizes that  the i n i t l a l  specifications of a 3 U4 inch 
minim .size in  1982 and a 3 1/2 inch lninirnun size i n  1983 for -11-stocking 
ve'ssels operating i n  offshore Gulf of Maine waters w i l l  l ikely correspond t o  a :.. 

meat munt substantially i n  excess of 40 and 30 meats per paund, respectively 
(see 5242). However, the Council believes that  with the  relatively low &vel 
of expected catch from that area, and i n  the  interest of consistent and 
enforceable management policy, th is  discrepancy w i l l  not diminish the  
effectiveness of the management p "P- . Vessels which land sfuked scallops 
from the offshore Gulf of Chine w i l  be slrbject t o  t h e  40 and 30 e a t  wunt 
specifications, but w i l l  probably heve t o  m e n t r a t e  on larger scallops than 
in other areas i n  order t o  ~wnply with the mea.sure. . 

Wbreas meat counts (and correspadi miniman sfell sizes) less than 30 
meats per pound (e.g. , 25 e a t s  per pound 'f are not specified for 
inplementation at this t h e , .  the Plan ckesLbuever, contain a m e d m n i s m ~  
HjUSting the management measure specifications i n  the  regulations if the 
Regional Director and the Council deem it appaopriete t o  do so based won 
available biological and socioeconanic infomation. The fact-finding process 
that Is specified d d  allow cherges t o  be nade fn the specification of the 
measures without requiring the  fonnal and time-consuning plan ernemhent 
process. Pppendix A t o  this FMP oontains details of tb procedures t o r  within 
plan adjustments i n  the  meat count and minimrm s i ze  control measures. 



5822 Conpliance Monitorinq and Enforcement 

The meat count and rninfRwm shell sire restrictions are applicable to the 
direct and indirect harvesting of sea scallaps from a l l  areas under Wted  
States jurisdiction and by every sector of the cunnercia1 and recreational 
f1s)Pries. The meat a u n t  is a m i n i m u m  average measure for each t r ip  catch 
afd it is the Coumil's intent that enforcement of this cneasure shall occur 
primarily a t  the  dock and a t  the end of a vessells trip. The Wil 
recqnizes, however, that at-sea enforcement aay be necessary under certain 
cinunstances such as, for example, when regulatory neasuxes wl icable  to . 
territorial waters are not yet corrplementary to the federal regulations, and 
i n m t i o n  of catches is desired before a vessel leaves the FCZ. The ainimun 
shel l  s3ze measure applies to a l l  shell-stocking vessels and t o  recreational 
flshing activities. I n  the latter case, a 10% (by number) tolerance is 
elloved for sea scallops i n  possession that are smaller than the specified 
value. Specific sanpling techfques for mnitoring compliance with both the  
meat count and m i n i m u n  shell size measures are to  be developed by the W S  
Enforcement Division. 

Enforcement of the management measures shall be acconpllshed t-h a 
prohibition against the  possession of norbeonforming sea scallops up to  and 
ircluding the point of f i r s t  transaction i n  t h e  Unlted States. T k  CwmilIs 
i n b n t  i n  adopting the possession masure is to  distribute the responsibility 
for compliance w i t h  the measures amoq a l l  w b  participate i n  those 
first-point-of-sale comne~cial sea scallop transactions, as w e 4  as those 

. 
involved i n  the actual harvesting, and to tkreby expand the tinre frame i n  
w h i c h  enforcement can be accorrplished. 

5823 Licensing and Reportinq 

The Cowrcil specifies that any vessel taking and landing sea scallops must 
obtain a pen i t  from the Regional Director of the National Marine Fisheries 
Service. Any U.S. vessel is eligible for a sea scallop pennlt, which is  to be - 
i s s d  without charge. The primary purposes of the pemit are t o  collect 
fishery statistics (see -1, t o  identify perticipants, and t o  foster 
cowunications i n  the management program. Infomation obtained is necessary 
t o  provide a continuous review of conditions i n  the fishery and to met the 
Courills objectives for continuing management (see @SO). For exarrple, data 
acgdred  under these measures w i l l  allow the Council t o  analyze various 
approaches to achleve control on fishing mortality and develop appropriate 
measures as required. 

-- -- 

93 Other Manaqement Paremeters 

This section defines the manegent parameters, other than a~t irrrun yield 
a d  aaxlmun sustainable yield which heve been defined i n  W0, thet are 
rewred to be specified i n  f-ry lrenagement plans by -tion 303 of the 
Usgrtson Act. Tkse paremeters - Domestic Amuel Herest (M) , Total 
Allowable Level of Foreign Fishing (TALF), Domestic Amual Processing (W) 
and Joint  Venture Processing (JVP)  are required by the  Act t o  UOW 
determinations of whether participation by foreign fishlrrg or foreign 
processing vessels i n  the fishery under management may be appropriate. 



9831 Domestic Annual Harvest (DAH) 

I n  view of the sea scallop management p r  ram selected by the Coumil tor 
irrplementation and tk analysis described i n  "D 350, the DAH for sea scallops 
from a l l  areas equals the optimun yield. In 1982 and 1983 it is anticipated 
that DAH w i l l  be as follows: 

~ 8 2  32,500,000 p-s (14,730 metric torrs) 
1983 32,700,000 pounds (14,835 metric twrs) 

Alternatively, using the sbrt-term analysis of the  sea scallop fishery 
described i n  9712, it is expected that DAH w i l l  be a s  follows: 

1982 29,061,000 pounds (13,182 metric torrs) 
1983 33,984,000 pounds (15,415 nretric tons) 

9832 Total Allowable Level of foreiqn f ishing (T-) 

T k  Council determines that t k r e  is go surplus i n  the sea scallop fishery 
-Ahat may be made available for allocation t o  foreign fisheries. This 
&termination is based won the Council's specification of optlmun yield 
(W10) and its assessment of ttre donrestic industry's capacity t o  harvest the 
sea scallop resource. 

The determination that the total allowable level of foreign f ishing shall 
equal zero does not affect any allocations of the Georges Bank scallop 
resource to U.S. and Canadian fisheries that may be made pursuant t o  any 
negotiations between the U.S. and Canadian goverrments. 

$333 Domestic Annual Processing (DAP) 

Domestic annual processing capacity for Atlantic sea scallops is  estimated 
'to be 60,448,000 pwnds (27,420 art) for  3982 and 61,685,000 pounds (27,980 at) 
for l.983. These estimates of processing capacity are significantly greater 
than the dunestic harvesting capacity estimates specified i n  @31 for 1982 and 
1983. This difference arises from the fact that domestic finns heve 
historically handled and processed large emwnts of inported Canadian fresh, 
chilled and frozen sea scallops, wNch on tk average have exceeded dmestic 
sea scallcq landings during the past 20 years. 

Joint Venture Processing (3VP) 

n n - w  t S t i a t B k S 8 - r M & r - -  
cepacity of the U.S. sea scallop industry, the Cotmil deterslfnes that there 
should be no opporturrlty for Joint ventures between U.S. sea scalw fishermen 
end foreign processing operations i n  the foreseeable-future. Oanestic 
psocesslng capecity is expected t o  easily absorb any future increase fn 
domestic harvests of sea scallops. Ttrerefore, Joint venture processing (JVP) 
is set a t  zero. 

I t  is the Coumil's intention thet the Sea Scallop FMP constitute a 
program of continuing f i s k r y  rranagement. T h i s  prwram ncogrrizes the reed t o  



establish in i t i a l  management measures aimed a t  resource conservation and the 
achievement of management objectives. Importantly, the program also 
recognizes the need to  study and t o  adopt additional measures, a t  tk 
Council's option, in  response t o  an inproved understanding of various aspects 
of the fishery and directed a t  more efficient management and enhaneed 
achievement of management goals. T t e  Courcil believes that the continuing 
rranagement program represents r rational approach t o  the aanagement of a 
fishery where econunlc importance and intense exploitation justify inmediate 
management =tion, but wkre the present understanding of the relationships 
between theoretical controls and operationally meaningful control measures is 
inconplete. 

Parts 2, 3 and 7 of this W provide analytical support for a broad range 
of management decision making. The analyses contained i n  these parts provide 
the scientific basis for the Councills decision t o  adwt immediate -control 
measures on age-at-entry i n  the sea scallop fishery. Additionally, bwever, 
these analyses provide a f i m  analytical foundation for fu tu r e  C m i l  action 
to further consider and possibly propose respecification of the in i t ia l  
control measure and/or the inposition of other canplementary control 
measures. I n  effect, the FMP is designed t o  provide a framework and sqpor t  
for a program of continuing sea scallop fishery management, responsive to  the 
Council's evolving understanding of the resource and the flshery it s w o r t s .  
Various aspects of the continuing fishery management program as discussed 
below. 

5841 Reassessment and Respecification of Mamqement Paremeten 

Periodically the Council w i l l  review tk current specifications of 
dqnestic annual harvest (DAH), domestic amual processing (DAP), and joint 
venture processing (W), and advise the Secretary of any appropriate changes - - 
to  the FMP. Given the Cour i l l s  present approach t o  reneging the sea scallop 
fishery,  changes i n  optimun yield (OY) are not likely to  occur because of the 
manner in which it is defined; and as e consequence, no formal action t o  mend 
the FMP would be required by a Council determination of the need to  respecify 
DAH or DAP. 

$842 Regulatory Adjustments i n  Management Measures 

The Council anticipates tk need t o  make periodic adjustments i n  the 
management neasures specified i n  the program. Such adjustments are possible 
i n  the  specification of the neat wunt and ainirnun shell size masures, (5621) 
and specification of the s nf st -- a u k k a U a t a A ~ 4 ~ 1 ~ - - -  -- 
participating i n  the f i s h e Y ( ~ 2 3 ) .  Thc Council intends that, follwlng the 
HgS Regional Directorls recomnendatim (made pursusnt to  procedures end 
criteria outlined .in 5821 end Appendix A), adjustments i n  the management 
measures w i l l  be handled by mans other than formal lrnendment of the W. 
Changes i n  the recordkeeping end reporting requirements w i l l  also require only 
informal nrlemakiw procedures. 



$850 Data Requirements 

The Coumil identifies the following data requirements pursuant t o  section 
303 (a)(5) of the Magnuson Act. 

I n  order t o  undertake the ecwromic impact analysis required for  further 
management measure evaluation and selection a s  part  of the contiruing sea 
scallop fishery management program, the Council's continued access t o  data 
sources used i n  the formulation of t h i s  Plan i s  required, and an expansion i n  

- the range of data previously collected is necessary, 

Data which must remain eccessible t o  the  Council include: 

(1) that which is  contained i n  the WFS weigbout/interview deta base on 
sea scallop fishing; and 

(2) that which is contained i n  the misting, voluntary W S  deta base on 
sea scallqp processing. 

Additional necessary data include: 

(1) expanded NWS weigbout/interview data collection f o r  a l l  )Jew 
England, Wid-Atlantic and South Atlantic coastal states; 

(2) vessel errgloyment data on a t r i p b y - t r i p  basis t o  be included i n  the 
weigh-out/interview data base; end 

(3) expanded, voluntary W S  processing data collection which should be 
compiled on a monthly basis and which should a d d i t i m l l y  include 
annual capital inventory and physical production capacity on en 
individual plant basis. 

The  Council supports implementation of the M S  Three-Tier Data Collection 
System as the vehicle by which the additional data needs can be accaodated. . 

However, the Council repli.ms that a l l  data collected relevant t o  the sea 
scallap fishery shall  be retained indefinitely for management analysis 
purposes. 

Biological data required for the analysis of the sea scallop rims end 
analysis of the irrpacts associated with the management program include: 

(1) data routinely collected a s  part of the W S  --Tier f l a k S y s t t s n - - -  
t o  include more exact information (through th second and third 
t ie rs )  on applied effort and catch location, Additionally, t h e  
system aust enconpass a l l  geographical areas wkre sea scallops are 
landed; 

(2) W S  port sampling must be strengthened through broader coverage of 
ports and the requirement that a l l  participating vessels provide 
W S ,  on request, with shel l  samples and relevant data on discards 
(below cull size) ; end 



(3) information re la t ing  t o  the  operating character is t ics  end ef f ic iemy 
of gear used t o  f i s h  fo r  scallops should be provided voluntarily t o  
NWS port  agents a s  pa r t  of the  three-t ier  Data Collection System. 

Currently l i t t l e  data ex i s t  regardi Ule s m i a l  and cultural  context of 
the regional sea  scallop fiskries (5340 "P . A s  p a r t  of its continuing 
management program, t h e  C o u t c i l  rill compile pertinent date as they become 
available e i t h e r  through exist ing or planned reseamh programs, or through 
Cowril- ini t ia ted research, whexe appropriate. Altbugh these date rill be 
assembled for  fu ture  inclusion i n  t h e  FMP, t h e i r  acquisit ion is not presently 
considered essent ia l  fo r  effective implementation of t h e  see  scallop 
management program. 



PART 9: CONSISTENCY WITH OBJECTIVES AND NATIONAL STANDARDS 

5910 Consistency wi th  Manaqement Objectives 

As described i n  5520, the Council adopted one overall mane nt  obJective f" for the sea scallop management program, slpported by four cons derations. T t e  
overall objective is t o  maximize over time the Joint social and cconocnic 
benefits f r o m  the harvesting and use of the sea scallop resoume. T k  fa~t 
considerations include stock restoration i n  terns of abundance and age 
distribution, enhancement of yield per recruit,  evaluation of plan-related 
costs and minimization of adverse enviromentel @ects. 

- The management strategy adapted i n  this Plan, a s  part of a continuing 
management program, directly addresses stock restoration and increased 
yield-per-recruit through control on age-at-entry in to  the exploitable part of 
the fiskry. T h e  biological benefits associated with adoption of a minimun 
meat count end shell  size neasure are discussed in-sections 240 and 710. 
Average productivity per individual i n  the sea scallop population i s  shown t o  

.-ircrease as controls on meat count and lninimun size effectively resJire the 
Andustry to  consistently c u l l  scallops that  are larger than tha t  which would 
be retained under traditional industry practice. As' a esnse tpme of the 
increased age-at-entry, the distribution of year classes i n  the  papuletion 
improves, thereby contributing t o  stock restoration. T k  possible future 
adoption of additional measures, i n  the continuing management process, t o  
control fishing mortality (supported by data gathered wider the licensing and 
reporting system) w i l l  substantially enhance the  Council's ab i l i ty  t o  address 
,$hese considerations i n  meeting its overall management obJective. 

- - Other biological benefits of a cull-size neasure are  due t o  increased 
reproductive potential. By delaying capture unt i l  an older age, scallops 

-which ere just beginning t o  contribute significantly t o  spawning m a i n  i n  the 
population. Although sea scallops begin t o  mature a t  age 3, they do not 
produce many eggs i n  the first year. A t  age 4, a female scallop w i l l  release 
about 2 million eggs during spawning. Historically on Georges Bank, sea - scallops typically become subject t o  retention. between 3 and 4 years of age. 
Because significant spawning does not take place unti l  l a t e  surrmer o r  fa l l  of 
their fourth year, many scallops are caught before they can contribute t o  tte 
r e p r o d ~ t i v e  potential of the resource. Theref ore, tk Plan's action t o  
ins t i tu te  a 30 meat count means tha t  fewer irmature scallops w i l l  be removed 
from the resource, particularly when recent recruitment dominates the  
population structure. Therefore, the  ection rill mbstantially benefit the 
l w Q & ? x m U i t ~ f ~ s o u r s e .  --- -- 

As noted i n  5520, the m i d e r a t i o n  for lainisrfzation of adverse 
enviromental impacts c a m t  be dimctly addressed by easures edcpted i n  this 
Plan. However, measures directed a t  overall stock restoration w i l l  tend to 
aake the fishery resource less  susceptible t o  localized envirormental 
perturbations. A m r e  robust, restored population w i l l  a lso tend t o  be 
buffered against uncertain recruitn\ent. 



Finally, the  management strategy proposed i n  this Plan is expected t o  
resul t  i n  minimun implementation, enforcement end research costs. Enforcement 
w i l l  r e l y  on corrpliance monitoring by W S  agents, and may resu l t  i n  
additional personnel requirements. However, no n e w  system of enforcement 
within NMFS would be required. Data gathering is expected t o  xely heavily 
Lpon part icipat irg,  permitted vessels, i n  addition t o  ongoing research and 
survey programs by MS .  A s  a resul t ,  cos t s  associated with gathering any 
additional data required by the  .Corncil's continuing fishery management 
programs a re  expected t o  be minimal. 

5920 Consistency with the National Standards 

Section 301 of t h e  Magnuson Act establ ishes seven National Standards fo r  
fishery conservation and management with which a l l  fishery management plans 
must be consistent. The measures and provisions of t h e  Sea Scallop Plan a r e  
consistent with these National Standards i n  the  following rrarner: 

National Standard No. 1: 

Conservation and management measures shall prevent overfishing while 
achieving, on a continuing basis, the  optimun yie ld  from each fishery. 

Th i s  Plan defines opthm yield t o  be the amount of scallops thet  are 
harvested by the domestic fishi industry while conplyi with the specified 3 "P maximun average meat count and rrfmun skll s ize  l imi ta t  ons. These measures 
were selected because of t h e i r  contribution t o  t h e  long-term pmdwt iv i ty  of 
the scallop resource, a s  damnstrated by the  biological analyses i n  sections 
240 and 710. The Council believes t h a t  optimum yield w i l l  be achieved f o r  the 
sea scallop fishery because the  industry w i l l  accept t h e  specified management 
measures and conply with them. 

The meat count and she l l  s i ze  measures were specif ical ly designed t o  
prevent recruitment overfishing by minimizing t h e  harvest of scallops that a r e  
not old and fecund enough t o  haw contributed t o  the  spawning stock. 

National Standard No. 2: 

Conservation anb management measures shall be based won th best 
sc ien t i f i c  information available. 

The Covlci l  used the  best and most recent s c i e n t i f i c  information available 
In develrpiw t h e  sea sicallctgymagement program and anlya & a r t s  i a p - _ _ - -  --- 

The 1981 sea scallop stock assessnent, prepared by the  National Uarine 
Fisheries Service, as well a s  t h e  nost recent s t a t i s t i c a l  infomation 
available In the  sea scallop W s t r y ,  served es the basis for much of the 
descriptive and analyt ical  materials i n  Parts 2, 3 and 7. Also, a signif icant  
amount of biological and l i fe  history infomation was incorporeted i n t o  the 
Plan's provisions. 



National Standard No. 3: 

To t h e  extent practicable, an individual s t a ck  of f i s h  shell be 
nanaged as a unit  throughout its range, end interrelated stocks of f i s h  
shal l  be managed as a unit o r  in close coordination. 

6 The ent i re  Atlantic sea scallop resource under U.S. jurisdiction is 
managed m i f o n l y  throughout the N e w  ~ l g l a n d  and n i d d t l a n t i c  =ions by t h e  
Plan. The Council finds that  t k r e  a re  no significant, observed biological 
differerces t ha t  would scpport the separation of regional sea scallop 
gopulation within the  management urit (see 5212). Further, t k r e  is no 
biological basis t o  suggest that  separate management of sea s c a l l c ~  
populations outside U.S. jurisdiction w i l l  have any negative effect onethe  
U.S. sea scallop zesource. - 

National Standard No. 4: 

Conservation ard management measures shall not discriminate between 
residents of different states.  If it becanes necessary t o  al locate o r  
assign fishing privileges among various U.S. fishermen, such allocation 
shall be (a) fair and equitable t o  all such fishennen; (b) reasonably 
calculated t o  promote conservation; and (c) carried out i n  such a mrner - that no part icular  individual, corporation o r  other en t i ty  acqd re s  en 
excessive share of such privileges. 

T h i s  Plan does not discriminate nor make any dist inct ions between 
fishemen from the various states. The Cwmil determined that i n  order t o  
achieve the management objective i t  is necessary t o  formulate the  r;uragement 
program on an industry-wide basis, and not on the beds of separate, 
subregional management regimes. The various bioeconomic interrelationships i n  
ttk sea scallop fishery and the interregional nature of scallop processing and 
marketing makes t h i s  determination necessary. Further, uniform regulation is 
appropriate i n  view of the demonstrated ab i l i ty  of most fleet sectors t o  
exploit the resource thmughout its range and the  lack of any biological basis 
for  c r e a t i q  subregional management areas. 

National Standard No. 5: 

Conservation and manegement reasures shall, &re prectlcable, 
promote efficiency i n  the  ut i l izat ion of f i s k r y  resources; wcept tha t  no 
such measure shall have economic allocation a s  its sole purpose. 

T h i s  Plan Q e s  not make any allocations, e i t h e r . d l l U y x a A x K  
r r l e o p  resource t o  sectors of the indwtry. 

- 
Corrpliance with the neat count and she l l  size m e m s  and t h e  licensing 

arrd reporting requirements w i l l  not imbce inefficiency i n  Ule fishery because 
culling and sorting are  already part  of sea scallop fishing operations. The 
resoume is eff iciently ut i l ized urder this mrm m n t  program because b long-tern yield is increased fo r  every mit of f hing effor t  applied. The 
Plan allows a l l  scallops above the specified sizes t o  be harvested as t k y  
become available, without restr ict ions frrposed on areas o r  U s  fished. 



National Standard No. 6: 

Conservation and management measures shall take i n to  account snd 
allow fo r  variations among, end contingencies i n ,  fiskries, f i s k r y  
resouxtes and catches. 

The Plan eddresses the  problems created for t h e  industry by 
recruitment-induced fluctuations i n  the resource through measures t ha t  are 
designed t o  -increase overal l  stock abvdance. Nevertheless, f luctuatiwrs i n  
ear  c lass  strength and, t k r e f o r e ,  i n  s i zes  of scallops available fo r  

Lrves t ing rill occur. T k  Coumll adopted the f l ex ib i l i t y  mechanism 
described i n  Section 821 and Appendix A t o  allow adjustments i n  the neat count 
and shell s ize  measures reflecting chenges i n  resource and fishery conditions. 

National Standard No. 7: 

Conservation end fnanagement measures shall, where precticeble, 
minimize costs  and avoid wvrecessary dcglication, 

The measures specified i n  the  sea x a l l a p  management program do not Snpose 
edditional costs  on the industry because compliance can be achieved with only 
s l ight  modifications t o  t radi t ional  harvesting practices. The edmlnistrative 
cos ts  of t he  program are  not expected t o  be substantial, 



Rocedure f o r  I -Season Adjustments i n  t h e  Sea Scallop 
Heat Count and Management Measures Winimun Sire 

I. Introduction 

The use of f l e x i b i l i t y  within a management program must be constrained s o  
t h a t  changes do not exceed the range of  act ions t h a t  have been presented t o  
the public and analyzed i n  t h e  management plen. Changes i n  the  management 
measures can only respond t o  circunstances which a f f e c t  the attairment of the 
management objective. They m u s t  enhance the probabili ty that the  management 
objective w i l l  be achieved i n  t h e  short or the long tern. 

The magnitude and frequency of charrges i n  the nanagemnt measure 
specif icat ion a r e  c r i t i c a l .  Frequent mdi f i ca t ions  of f ishing p a r  or 
pract ice  a r e  cos t ly  f o r  fishennen, making it d i f f i c u l t  f o r  them t o  plan and 
execute their f ishing s t ra teg ies .  Such changes would discourage s t a b i l i t y  i n  
the  resource, the  fishery and industry. Changes of grea t  magnitude could 
s ignif icant ly  a l t e r  the a b i l i t y  of fishennen t o  operate and could alter 
s ~ p p l i e s  and markets. The  program must ensure that the frequency and 
magnitude of changes a r e  controlled within bounds which w i l l  allow fishennen 
the  opportunity t o  plan end adjust  t o  changes without imur r ing  s igni f icant  
*hardship. Signif icant  changes i n  management philosophy o r  application mst be 
addressed through amendment of the  f ishery aanegement plan rather than through 
use of d i scre t ion  within the plan. 

Any program which allows f o r  f l e x i b i l i t y  must ensure t ha t  the  .exercise of 
that f l e x i b i l i t y  occurs only a f t e r  the publ ic  has had an  opportunity f o r  
review and comnent. The program must be responsive, but the response nust  be 
thoroughly considered, thoroughly discussed and c l ea r ly  presented. 

I f .  Procedure 

The f l e x i b i l i t y  provision here proposed is sens i t i ve  t o  t h e  cons t ra in ts  
discussed above. Use of the provision i s  l imited within bods end t o  address 
conditions which a r e  c l ea r ly  defined. The procedure is e f f i c i e n t  and 
responsive while allowing f o r  careful  cansideration and f u l l  public review. 

A. Frequency and Uagnitude of Adjustments 

The management measure specif icat ion is the  #at count, or corresponding 
s h e l l  sire, which my be harvested. The specif icat ion can rmge from 40 meat 
count, or the corresponding 3 1/4 inch shell sire, t o  25 meat count, or the 

3 3 t 4 - ~ W ~ ~ t + e - ~ t e r e 6 b y - - - p - -  
m e a t  cant ,  o r  the equivalent s h e l l  size differential, i n  any 
adjustment cycle. 

B. I n f o n a t i o n  Considered 

Any decision t o  a l t e r  t he  management cseasure specification must reflect 
careful  consideration of a l l  avai lable  reswrce survey and assessment 



information, w i t h  special emphesis given t o  the most recently corrpleted survey 
and assessment. Reports and records maintained by fishennen and made 
available a s  a part of the fishery s t a t i s t i c s  program must also be 
considered. Other fishery s ta t i s t i cs ,  and any o t te r  lnfonnation which 
increases understanding of current conditions of the  stock, the  f i s b r y  and 
the industry should also be used a s  available. 

C. kdgement Criteria 

The decision t o  a l t e r  the lnanapement measure specification rests on a 
determination tha t  the objective of the fishery management plan would be 
achieved more xeadily, or would be better sewed through an adjustment t o  t h e  
current neat cwnt o r  minimum size. The specification m y  not be altered 
unless a t  leas t  one of the following conditions exists  i n  the msoune, 
fishery o r  industry, subject t o  the  condition tha t  i n  no case would such an 
alteration result i n  a reduction i n  expected catch over the following year by 
more than 5% from that  which would have been expected under the  existing 
management measure specification. 

1. International inconsistencies exist i n  the management measures applied 
t o  sea scallop stocks i n  areas harvested by both domestic and foreign 
fishermen, and such inconsistencies provide foreign fishermen with  an 
advantage over domestic fishermen that  can be demonstreted t o  
adversely affect the domestic fishennen. 

2. Analysis of the size distribution of sea scallops shows that  more than 
5Osa of the harvestable sea scallop biomass is a t  sizes smaller than 
those consistent with the prevailing management measure specification 
and that a temporary relaxation of the specification would not 
jeopardize future recruitment t o  the fishery. 

D. Operation of Procedure 

The Regional Director w i l l  review the status of the resource, the fishery 
and the industry on a continuing basis. If, upon reviewing any of the 
information specified in  (81 above, the Regional Director determines that  any - 
of the c r i te r ia  i n  (C) above have been net, he nay prepare a recamendation . 
for action. The Regional Director shall,  i n  any event, prepare an eruual 
report describing the s ta tus  of t h e  f i s k r y  and offering p e n t  projections 
of any possible changes i n  the  resoume, fishery o r  industry rhic$ might 
require adjustment o r  mencbnent of the management p ~ o g w f h e - , ~ -  

a t r w t 3 i i e z ~ a i a j o r i t y  vote, request a review and recommendation fmn the 
Regional Director. 

The Regional Director rill advise the Cotmil of his  coupletion of a 
report and recammenbation. Me Council may, rt Its aption, m ~ s t  an 
opportunity t o  review and cament on the report o r  mamendation prior  t o  any 
notice of a public hearing. 

. A public hearing on the recomnendation rill be held i n  conjunction with 
the Council Meeting at  which it rill be discussed. The FZegiwral Director w i l l  
asure that adequate notice of the pclblic hearing is given t o  all  interested 
parties. The Regional Director may aodlfy his reconmendation 6s a resul t  of 
the public hear iq .  



The Secretary w i l l  publish notice in  the Federal Reqlster of my finding 
by the Regional Director to alter the minimum size limit, along with a date 
for inplementation. 

The Regional Director w i l l  provide notice of the adjustment by d l  to  
every holder of a sea scallop permit. 
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Glossary of Tens  

abundance index - A standard measure of resource abundarce relative t o  
other years. 

Act - Magnuson Fishery Conservation and Management Act. 

ege a t  entry - age o r  size when a scallop is first retained i n  the 
f i h r y .  

C o m i l  - New England F i sk ry  Management Cowril. 

OAH - Domestic Annual Harvest; a term i n  the  Act. 

DW - Domestic A n n u a l  Processing; a tern i n  the  Act. 

dredge - Metal framed apparatus wi th  a metal ring bag that  is 
towed behind a vessel on the sea bottom t o  collect 
scallops. 

ex-vessel price - Price of f ish  (product) t o  the fisheman (boat) at  f irst  
transaction. 

fathoms ( fm)  - Measure of water depth, 1 fathom = 6 fee t  = 1.83 meters. 

FCZ - Fishery Conservation Zone; the area covering and 
extending 197 nautical miles from tk seaward Unit of 
the States' t e r r i to r ia l  waters subject t o  U.S. 
jurisdiction. 

fishing mortality - Loss from the f ish  population due t o  fishing; say t e k  
the form of catch o r  discard. 

F - The instantaneous ra te  of fishing mortality. 

F(inax) - The fishing wortality ra te  associated with aaximun yield 
per recmit. 

F(0.l) - The fishing mortality rate, l e s s  t h a n  F ( m ) ,  tha t  is 
belleved t o  result i n  the  p a t e s t  long-terra averege 
yield from the fishery. 

------- 
-7 - Internationel -ion for  t h e  Northvest Atlantic 

Fisheries. 

JVP - Joint Venture Processlq; a te rm l n  the kt. 

kilometer (km) - 1,000 reters = -62 aile. 

Ley System - A method of dividing the gross rtverwres and expenses of e 
fishing vessel emong the orner(s) and c r e w .  

meat count - The na&r of scallop rests raking q~ one p0t.d of 
p e t .  



metric t o n  -(MT) - 2204.6 pounds. 

WCMA - Magruson Fishery Conservation and Management Act. 

- Haximum Sustainable Yield; the  greatest long-tern average 
yield which may be derived from a fishery resource. 

National Standards - Fishery conservation and management cr i ter ia  for the 
preparation of F i sk ry  Management Plans in tk WCMA. 

E F C  . .--- .-.' - Northeast Fishery Center. 
.:- 

W S  - National Marine F i s b r i e s  Service. 

NOW - National Oceanic & Atmospheric Administration. 

OY - Optimum Yield. 

recruitment - The group of f i sh  (often a'year class) that reaches the 
s ize  o r  age during a given year when it w i l l  first be 
subject t o  being caught. 

Regional Director - W S  Regional Director. 

Secretary - Secretary of Commerce, 

she l l  stocker - Vessel engaging i n  scallop fishing that does not rear~ve 
scallop meats fmm t h e  shel l  before laiding. 

s h c  ker - vessei engaging i n  scallop fishing tha t  removes meat fm - the shell  before lawing. 
I 

TALFF - Total allowable level of foreign fishing; a tern in the 
Act, 

te r r i tor ia l  sea - The area extend- 3 nautical miles seaward fm tk 
shoreline of the coastal s ta tes  and under the management 
authority of the individual states. 

Yea class 
-- 

- group of f i sh  that we= spawned i n  a Uven year; 
e. g., tb 1918 y e a r m u a s  spawned i n  1978. 






