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EXECUTIVE SUMMARY 

The northern shortfin squid, Illex illecebosus, inhabits the continental shelf and slope waters of 
the Northwest Atlantic Ocean between Iceland and the east coast of Florida and constitutes a unit 
stock throughout its range. The species is highly migratory, growth is rapid and the lifespan is 
short, up to 215 days for individuals inhabiting the USA shelf. I. illecebrosus is semelparous and 
females spawn and die within several days of mating. Thus, natural mortality increases with age 
for the age range where spawning occurs. Fishing mortality and spawning mortality occur 
simultaneously. Stock structure is complicated by the overlap of seasonal cohorts. Age data 
indicate that spawning occurs throughout the year and that the first several months of the US 
fishery are supported by the winter cohort. The onset and duration of the fisheries occur in 
relation to annual migration patterns on and off the continental shelf which appear to be highly 
influenced by environmental conditions. On the USA shelf, a bottom trawl fishery generally 
occurs during June through October. Since its inception in 1987, the domestic fishery has taken a 
majority of the total annual landings. In recent years, there has been no fishery on the Scotian 
Shelf and landings from the Newfoundland jig fishery have been very low. There are no stock-
wide research surveys and it is unknown whether NEFSC research bottom trawl surveys track 
Illex abundance or its availability on the shelf because these surveys cover only a portion of the 
Illex habitat and they occur during migration periods.  
 
The northern stock component, extending from Newfoundland to the Scotian Shelf, is assessed 
annually and managed by the Northwest Atlantic Fisheries Organization (NAFO) based on a 
total allowable catch (TAC). The southern stock component, extending from the Gulf of Maine 
to the east coast of Florida, is managed by the Mid-Atlantic Fisheries Management Council 
(MAFMC) based on an annual TAC. According to the regulations, closure of the directed fishery 
occurs when 95% of the quota has been landed.  At that time, a trip limit of 4.5 mt (10,000 lbs) 
takes effect. The stock was last assessed in 2003, at SAW 37, and updated fishery and survey data 
for 1999-2002.  At SAW 37, it was not possible to evaluate stock status because there were no 
reliable estimates of stock biomass or fishing mortality rates. However, based on qualitative 
information, it was determined that overfishing was not likely to have occurred during 1999-
2002. Stock status with respect to biomass was unknown.   
 
The current assessment focuses on the southern stock component, particularly during 2003 and 
2004, but survey indices and landings from the northern stock component are also presented. 
This is a data-poor stock, and because there are no reliable research survey indices for Illex 
inhabiting the U.S. Shelf, the assessment relies on fisheries data, in particular, catch per unit 
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effort (CPUE) indices and biological data collected during prior cooperative research projects. 
Due to its short lifespan and the short fishing season, Illex was assessed using an in-season 
(weekly) model. Estimates of natural mortality were included in the in-season model and in a 
weekly per-recruit model. Although the Working Groups felt the model formulations were 
sound, it was decided that the use of the results from the three models was premature, mainly due 
to a lack of seasonal age, growth and maturity data which greatly affect the model results. Due to 
the lack of adequate data regarding fishing mortality rates and absolute biomass, stock status 
could not be determined for 2003 or 2004. 
 
 

TERMS OF REFERENCE 

The following Terms of Reference were addressed and are summarized below:   
1.) Characterize the commercial and recreational catch including landings and discards. 

There is no recreational fishery for Illex. Landings and discards from the USA fishery were 
updated for 2003 and 2004. Landings from the fisheries involving the northern stock 
component (Scotian Shelf and Newfoundland) were also updated for 2003 and 2004. Refer 
to Section 3.0. 

2.)     Estimate fishing mortality, spawning stock biomass, and total stock biomass for the  
current year and characterize the uncertainty of those estimates. 

A revised version of the SARC 37 in-season assessment model was run using data for 2003 
and 2004. However, the model estimates of fishing mortality and stock size were not 
reliable because new data on seasonal growth rates and maturity are required for the model. 
Refer to Section 7.0.  

3.) Evaluate and either update or re-estimate biological reference points as appropriate. 

A revised version of the SARC 37 maturation-natural mortality model was presented but 
the results were not considered reliable because new data on seasonal growth rates and 
maturity are required for the model. Because the preliminary natural mortality estimates are 
a data input to the per-recruit models that were used to estimate biological reference points, 
the reference point estimates from the per-recruit models were also considered preliminary. 
In addition, seasonal changes in growth rates are likely for this species and this will affect 
the reference point estimates. Therefore, seasonal growth rate data are required to test the 
sensitivity of the per-recruit models to growth rates. Refer to Section 6.0. 

4.)     Where appropriate, estimate a TAC and/or TAL based on stock status and target fishing 
mortality rate for the year following the terminal assessment year.   

5.) If possible,  

a. provide short term projections (2-3 years) of stock status under various TAC/F 
strategies and  

b. evaluate current and projected stock status against existing rebuilding or 
recovery schedules, as appropriate. 
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As Illex is a sub-annual species, assessments should be based on data from the current year. 
However, stock assessments are prepared for the previous year because data for the current 
year are unavailable at the time of the assessment and/or the current year’s fishery is 
ongoing at the time of the SARC. Consideration of the timing of the Illex assessment and 
the collection of in-season assessment data are needed to remedy these issues.   

 
6.) Review, evaluate and report on the status of the SARC/Working Group Research 

Recommendations offered in previous SARC-reviewed assessments. 

The accomplishment of many of the previous SARC research recommendations, as a result 
of external grant funds obtained by the lead assessment scientist and cooperative research 
projects, has resulted in an increased understanding of the complex life history of this 
species and has allowed the development and testing of new models which appear 
promising. This information has been documented in several journal and report 
publications. Refer to Section 9.0 for the status of the SARC 37 research recommendations. 

 

1.0 INTRODUCTION 
 
An initial review of the Illex illecebrosus assessment was conducted on October 3, 2005 at a 
meeting of the Invertebrate Working Group held at the Northeast Fisheries Science Center in 
Woods Hole, Massachusetts. Lynne Purchase, a squid assessment scientist from the Renewable 
Resources Assessment Group (RRAG), at Imperial College in London, attended the meeting as 
an external reviewer. Ms. Purchase’s comments are presented in Appendix C1. The assessment 
was revised according to the recommendations made at the October 3 meeting and was reviewed 
again at a second Working Group meeting held during October 24-28 in Woods Hole, MA. The 
comments from second Working Group meeting are included in Appendix C2. The follows 
persons attended the second meeting: 
 
Name    Organization 
Jay Burnett   NMFS/NEFSC     
Ralph Mayo   NMFS/NEFSC 
Larry Jacobsen  NMFS/NEFSC 
Chris Legault   NMFS/NEFSC 
Susan Wigley   NMFS/NEFSC 
Laurel Col   NMFS/NEFSC 
Jim Weinberg   NMFS/NEFSC 
Mark Terceiro   NMFS/NEFSC 
Azure Westwood  NMFS/NEFSC 
Dan Farnham   Industry Advisor 
Kathy Lang   NMFS/NEFSC 
Paul Rago   NMFS/NEFSC 
Bill Overholtz   NMFS/NEFSC 
Vidar Wespestad  Industry Consultant 
Jim Ruhle   Industry Advisor 
Dvora Hart   NMFS/NEFSC 
Mauricio Ortiz   NMFS/SEFSC 



42nd SAW Assessment Report 
 

205

Dana Hanselman  NMFS/AFSC 
Eric Powell   Rutgers University 
Francois Gregoire  DFO, Canada 
Lisa Hendrickson  NMFS/NEFSC 
Rich Seagraves  MAFMC 
Marybeth Tooley  ECPH 
Paul Nitschke   NMFS/NEFSC 
Steve Cadrin    NMFS/NEFSC/SMAST 
Mary Radlinski  SMAST 
 
The Illex illecebrosus stock was last assessed in 2003 at the 37th Stock Assessment Workshop 
(SAW) (NEFSC 2003). The assessment included updates of fisheries and research survey data 
for 1999 through 2002. An in-season (weekly) assessment model that incorporated recruitment, 
landings and effort data, mean body weights from the fishery, and natural mortality rates 
computed from a maturation-natural mortality model were used to estimate initial stock size and 
fishing mortality rates in the U.S. fishing area during 1999 but the model was considered 
preliminary because additional testing was required (NEFSC 2003). The SARC 37 assessment 
also included a weekly yield-per-recruit (YPR) and egg-per-recruit (EPR) analysis which was 
also considered premature. With respect to stock status, SARC 37 concluded that it was not 
possible to evaluate the current stock status because there are no reliable estimates of absolute 
stock biomass or fishing mortality rate. 
 
The current assessment pertains to the southern stock component (US EEZ, from the Gulf of 
Maine to Cape Hatteras, NC), but also summarizes landings and research survey data from the 
northern stock component (Newfoundland and the Scotian Shelf). Fisheries data and research 
survey biomass and abundance indices were updated to include 2003 and 2004. Illex illecebrosus 
is a semelparous species and an age-based maturation-natural mortality model that estimates 
spawning mortality rates was presented during the last assessment. The model has been 
reformulated, changing from a discrete time step to a continuous process. Output from the 
reformulated model, including the probability of spawning at age and spawning mortality rate 
estimates, are incorporated in yield-per-recruit and egg-per-recruit analyses along with fishery 
selectivity estimates and catch mean weights, during 1999-2002, to estimate biological reference 
points. Results from the reformulated maturation-natural mortality model and the per-recruit 
models are taken from a journal publication (Hendrickson and Hart 2006) prepared by the Illex 
assessment scientists. The in-season stock assessment model that was considered preliminary 
during the last assessment was further developed and tested using simulation analyses. 
Simulation analysis results are presented herein.  
 
 

2.0 BACKGROUND 
 
The northern shortfin squid, Illex illecebosus, inhabits the continental shelf and slope waters of 
the Northwest Atlantic Ocean between Iceland and the east coast of Florida and is assumed to 
constitute a unit stock throughout its range (Dawe and Hendrickson 1998). The northern stock 
component, extending from Newfoundland to the Scotian Shelf, is assessed annually and 
managed by the Northwest Atlantic Fisheries Organization (NAFO) based on a total allowable 
catch (TAC). The southern stock component, extending from the Gulf of Maine to the east coast 
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of Florida, is managed by the Mid-Atlantic Fisheries Management Council (MAFMC) based on 
an annual TAC.  
 
The life history and habitat requirements of I. illecebrosus are summarized in Hendrickson and 
Holmes (2004). The northern shortfin squid is a highly-migratory ommastrephid that lives for up 
to one year (Dawe et al. 1985; Dawe and Beck 1997; O'Dor and Dawe 1998; Hendrickson 2004). 
Temporal and spatial distribution patterns are highly variable at the northern limit of this species’ 
range (Newfoundland) and are associated with environmental factors (Dawe et al. 1998). 
Recruitment dynamics are complex and have not been fully elucidated for the U.S. EEZ 
component of the stock, so reliable predictions of annual recruitment levels are not currently 
possible. Stock structure is complex and, in Newfoundland waters, is complicated by 
overlapping seasonal cohorts that migrate through the fishing grounds (Dawe and Beck 1997). 
Mean size at maturity varies between northern and southern geographic regions in some years 
(Coelho and O'Dor 1993). However, it is not known whether these differences are due to 
inherent population structure. O’Dor and Coelho (1993) speculated that changes in the seasonal 
spawning patterns could have played a role in the collapse of the Canadian fishery during the 
early 1980's.  
 
The Illex stock is fished on the continental shelf from Newfoundland, Canada to Cape Hatteras, 
North Carolina. However, there are no stock-wide indices of relative abundance or biomass. The 
NEFSC bottom trawl surveys do not cover the entire habitat range of the species and it is 
unknown whether the survey indices measure relative abundance or availability to the survey 
gear. In addition, CPUE data for the US fishery is of coarse temporal and spatial resolution and 
age and growth information for the U.S. stock component is limited to data from a single pre-
fishery survey (Hendrickson 2004). As a result, research recommendations in previous 
assessments have emphasized the need for improved stock assessment data, particularly given 
the short lifespan and short fishing season (4-5 months on average for the US fishery).  
 
Since 1997, the NEFSC has conducted multiple cooperative research projects with the Illex 
fishing industry that have increased our knowledge about the age, growth and life history of Illex 
in US waters (Hendrickson 2004) and that have improved the spatial and temporal resolution of 
fisheries catch, effort and biological data in real-time via electronic logbook reporting 
(Hendrickson et al. 2003). The products of these research projects have been used extensively in 
new assessment models that take into account the semelparous life history of I. illecebrosus.  
 
Commercial fisheries for I. illecebrosus occur from Newfoundland to Cape Hatteras, North 
Carolina. The bottom trawl fishery operating within the U.S. EEZ (Northwest Atlantic Fisheries 
Organization Subareas 5 and 6) is managed by the Mid-Atlantic Fishery Management Council 
(MAFMC) and fisheries operating within Northwest Atlantic Fisheries Organization (NAFO) 
Subareas 2, 3 and 4 are managed by NAFO (Fig. C1). During 1980-1998, the annual total 
allowable catch (TAC) established by NAFO for Subareas 2-4 was 150,000 mt (NAFO 1995). 
The NAFO TAC was reduced to 75,000 mt in 1999 (NAFO 2000) and has been 34,000 mt since 
2000 (Hendrickson et al. 2005). Annual levels of allowable biological catch (ABC) and domestic 
annual harvest (DAH) in the U.S. EEZ are determined in accordance with the Atlantic Mackerel, 
Squid and Butterfish Fishery Management Plan (SMB FMP) and are based on the best available 
information about the current status of the stock. During 1991-1995, the optimum yield (OY), 
ABC and DAH were 30,000 mt (MAFMC 1994). The DAH was reduced to 21,000 mt in 1996 
(MAFMC 1995a) and 19,000 mt during the 1997-1999 fishing seasons (MAFMC 1996a; 1997a; 
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1998a).  The DAH has been 24,000 mt since 2000 and was set at 24,000 for 2006 (MAFMC 
2000; 2001; 2002). 
 
Amendment 5 of the SMB FMP was enacted (MAFMC 1995b; 1996b) in recognition that the 
domestic resource was approaching full utilization and that expansion of the U.S. fleet might 
lead to overcapitalization. Amendment 5 established a permit moratorium to limit entry into the 
directed fishery, required mandatory logbook and dealer reporting as of January 1, 1997, and 
established a 5,000-pound trip limit for incidental catches of Illex by non-moratorium vessels.  
Amendment 6 (MAFMC 1996c) provided a mechanism for in-season closures of the Illex 
fishery, and established an overfishing definition of F20% and procedures for the specification of 
annual quotas based on F50%.  Amendment 7 (MAFMC 1998b) was enacted to achieve 
consistency between FMP’s with regards to Limited Access Federal permits.  Based on the 
requirements of the Sustainable Fisheries Act (SFA), Amendment 8 (MAFMC 1998c) 
established MSY-based biological reference points. Threshold and target fishing mortality rates 
were specified as FMSY and 75% of FMSY, respectively. In addition, a biomass target and 
minimum biomass threshold were specified as BMSY and 50% of BMSY, respectively. Amendment 
8 also defined the essential habitat of Illex in the U.S. EEZ and established a framework 
adjustment process for specific management measures. Amendment 9 is still in draft form, and 
with respect to Illex, could extend the moratorium on entry to the commercial fishery, allow for 
specification of management measures covering multiple years, require electronic daily 
reporting, modify the exemption from the Loligo minimum mesh size requirement for vessels in 
the Illex fishery, implement closures to reduce gear impact on habitat, and modify the Loligo 
possession imit by Illex fishery vessels during Loligo fishery closures.. 

 
3.0 LANDINGS AND DISCARDS 

 
Landings  
 
A bottom trawl fishery for I. illecebrosus occurs on the USA shelf (NAFO Subareas 5+6) and an 
artisanal jig fishery occurs in inshore Newfoundland waters (NAFO Subarea 3). Historically, a 
bottom trawl fishery also occurred on the Scotian Shelf in NAFO Subarea 4 (Hendrickson et al. 
2005). The timing and duration of the fisheries are determined primarily by the migration of the 
species through the fishing grounds on the continental shelf. The inshore migration into Subarea 
3 generally occurs during July, approximately three months later than it occurs on the continental 
shelf in Subareas 4, 5 and 6. This delay in the arrival of squid on the fishing grounds is 
presumably a result of the position of the Gulf Stream, the hypothesized transport mechanism for 
paralarvae hatched during the winter (Trites 1983), being located further from shore in this 
northern region. An unusually early inshore arrival of squid occurred in Subarea 3 during June of 
1987, when 78% of the landings for that year were taken. Illex remains on the shelf longer in 
Subarea 3 so the fishing season often extends into November after landings reach a peak in 
September (NEFSC 1999). Since 1992, the U.S. fishery and the Subarea 4 fishery have generally 
occurred during June through October with a peak in July (NEFSC 1999). Historically, foreign 
trawlers involved in the silver hake and argentine fishery in Subarea 4 also targeted Illex if it 
became available before the July closure of the silver hake fishing season (Mark Showell, pers. 
comm. 1999). However, the mixed fishery for silver hake, argentine and Illex has not operated in 
Subarea 4 since 2000 (Hendrickson et al. 2004). 
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Illex landings (mt) during 1963-2005 are presented for the southern stock component inhabiting 
the US EEZ (NAFO Subareas 5+6) as well as the northern stock component (NAFO Subareas 
3+4, Table C1, Fig. C2). US EEZ landings are partitioned into foreign and domestic components 
and the total allowable catches (TACs) for Subareas 3+4 and Subareas 5+6 are also presented. 
During 1963-1976, U.S. EEZ landings of squid by distant water fleets (foreign landings) were 
not consistently reported by species. In addition, domestic landings of squid were not recorded 
by species in the commercial fisheries dealer database until 1979.  As a result, U.S. EEZ landings 
during 1963-1978 were derived from prorations based on the temporal and spatial landings 
patterns of Illex illecebrosus and Loligo pealeii, by country, from fisheries observer data (Lange 
and Sissenwine 1980). U.S. EEZ landings for 1979-2005 were obtained from the Weighout 
Database, which consists of fish purchases by dealers, and also include landings from joint 
ventures that occurred during 1982-1990 between U.S. and foreign fishing vessels. Dealer 
reporting of Illex purchases has been mandatory since January 1, 1997. Since April of 2004, 
dealers have been required to enter their fish purchases electronically in the Weighout Database 
these data are considered preliminary. Landings from NAFO Subareas 3+4, during 1963-2004, 
were obtained from Hendrickson et al. (2005).  
 
Total Illex landings have varied considerably since 1963 and have consisted of three distinct 
levels of magnitude (Fig. C2A). A period of high landings, which occurred during 1976-1981 
when distant water fleets were active in all NAFO fishing areas, was bracketed by periods of 
substantially lower landings. During 1963-1967, total landings were low, averaging 7,354 mt, 
and were primarily from the Subarea 3 inshore jig fishery. During 1968-1974, total landings 
averaged 13,470 mt and were predominately from distant water fleets that had begun fishing in 
Subareas 5+6. However, this trend was reversed during 1976-1981, when landings were 
predominately from Subareas 3+4. During this time, total landings averaged 100,300 mt, and in 
1979, reached the highest level on record (179,333 mt). Thereafter, landings from Subareas 3+4 
declined rapidly from 162,092 mt in 1979 to 426 mt in 1983. However, landings from Subareas 
5+6 remained stable and did not exceed 25,000 mt, in part, due to effort limitations placed on the 
distant water fleets. Since its inception in 1987, landings from the domestic bottom trawl fishery 
have comprised a majority of the total landings. The exception occurred in 1997, when landings 
from Subareas 3+4 (15,485 mt) exceeded U.S. EEZ landings (13,629 mt) and were at their 
highest level since 1982. Landings from Subareas 3+4 declined to 57 mt in 2001, and then 
gradually increased to 2,034 mt in 2004. Since 2000, landings from Subareas 3+4 have primarily 
been from the Newfoundland jig fishery (Hendrickson et al. 2004).  
 
U.S. EEZ landings have been characterized by two distinct periods (Fig. C2B). During 1968-
1982, U.S. EEZ landings were predominately taken by distant water fleets, and in 1976, reached 
a peak of 24,936 mt. U.S. EEZ landings subsequently declined to 1,958 mt in 1988 (Fig. C2B) 
when foreign participation in the U.S. Illex fishery became prohibited in order to foster 
development of a domestic fishery. During 1998-1994, landings from the domestic fishery 
increased from 1,958 mt to 18,350 mt, then reached a peak of 23,597 mt in 1998. This 1998 peak 
led to a closure of the fishery because the quota (19,000 mt) was reached. During 1999-2002, 
U.S. landings declined and reached their lowest level in 2002 (2,750 mt) since the 1987 inception 
of the domestic fishery. U.S. landings increased to 6, 389 mt in 2003 then reached their highest 
level on record in 2004 (26, 087 mt) which resulted in a closure of the fishery because the quota 
(24,000 mt) was reached. A preliminary estimate of the U.S. landings for 2005 is 11,429 mt.  
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A majority (� 98%) of the annual landings from the U.S. EEZ are taken with bottom trawls 
(Table C2). Domestic fishing effort is greatly influenced by the global market demand for squid 
and is limited by onshore and at-sea freezer storage capacity as well as the availability of Illex to 
the bottom trawl fishery. The Vessel Trip Report (VTR) database and NEFSC Sea Sampling 
database indicate that the U.S. EEZ Illex fishery occurs primarily at depths between 128 and 366 
m. Gear limitations prevent fishing in waters deeper than 457 m (Glenn Goodwin, pers. comm. 
1999). 
 
Since January 1, 1997, Illex moratorium permit holders have been required to report catch, effort 
and fishing location data to NMFS on Vessel Trip Reports from which the data are entered into 
the Vessel Trip Report (VTR) Database. Landings recorded in the Weighout Database are 
considered more accurate than the kept fraction of the catch reported on the VTRs because the 
latter represent estimates made by vessel captains. However, the fishing effort and location data 
required to compute landings per unit of effort (LPUE) are only recorded in the VTR Database 
and there is no single field that directly links trips from the WO Database with those from the 
VTR Database. Therefore, in order to avoid the use of prorated landings to compute weekly 
LPUE, weekly trends in landings were compared between the VTR and Weighout Databases to 
determine whether the VTR landings could be used to compute LPUE.  
 
Trends in weekly Illex landings and the duration of the fishing season vary by year. During 
1999-2004, trends in weekly Illex landings were similar for the VTR and WO Databases. During 
1999-2002, the fishery began during weeks 23 or 24 and lasted for a period of 16 to 21 weeks 
(Fig. C3). During 2003, weekly landings varied without trend, which is characteristic of years 
with low fishing effort, such as 2001 and 2002 (NEFSC 2003), and the duration of the fishing 
season was longer than normal (23 weeks). The variability in weekly landings trends is partly 
attributable to the coarse temporal resolution of the WO and VTR Databases, which necessitates 
assigning week of the year by the date landed instead of the tow date. Tow-based data associated 
with real-time fisheries data reporting show less variability (NEFSC 2003; Hendrickson et al. 
2003). Some of the variability in the weekly landings trends for both databases is attributable to 
the coarse resolution of the landings data (trip-based rather than tow-based) which requires trips 
to be assigned to weeks based on the date landed rather than the date caught. During the Working 
Group meeting, the weekly landings figure for 2004 suggested that Illex landings reported in the 
VTR Database underestimated the landings in the WO Database. This discrepancy was 
subsequently re-examined and Figure C3 has been revised to reflect the updated WO data for 
2004, which now indicates similar trends in magnitude between weekly landings from the two 
databases. This data revision does not impact any other assessment computations. The WO and 
VTR Databases indicate that the weekly landings during 2004 were more than double the weekly 
landings obtained during 1999-2003. Weekly landings during 2004 show an increasing trend 
followed by a decreasing trend, with an inflection point at week 35. Landings increased rapidly 
between weeks 20 and 24, and then stabilized at about 1,600 mt per week through week 32. 
Thereafter, landings increased further and reached a peak of 2,730 mt in week 35. The fishery 
was closed after week 38 because the quota was taken, but landings declined prior to this time, 
between weeks 35 and 38.  

Discards

Two sources of data are available for estimating Illex discards, data from the NEFSC Observer 
Program Database and the VTR Database. Although reporting of discards is required on VTRs, 
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reporting of Illex discards is inconsistent. Therefore, Illex discards were quantified, by month, 
based on data from fishing trips monitored at sea by NEFSC fishery observers.  
 
In addition to the Illex fishery, which is characterized by 34.9-60.3 mm diamond mesh codends, 
other fisheries likely to incur Illex bycatch are those that utilize bottom trawls of similarly small 
mesh and that occur during May-November, when Illex is present on the U.S. continental shelf. 
The offshore Loligo fishery meets both criteria and catch data from observed trips from the 
NEFSC Observer Program database indicate that a majority of the Illex bycatch, during 1995-
2004, occurred in the offshore Loligo fishery.  
 
Illex discards (mt) in the Illex and Loligo fisheries were estimated, by month and year, from 
catch data collected during trips sampled by observers from the NEFSC Sea Sampling Program 
during 1995-2004. The Illex fishery was defined as bottom trawl trips that occurred during May-
October in which Illex landings comprised � 25% of the total trip weight. The Loligo fishery was 
defined as bottom trawl trips that occurred during November-April in which Loligo landings 
comprised � 25% of the total trip weight. Annual estimates of Illex discards in the Illex fishery 
were computed by multiplying the annual discard ratio (annual Illex discards/annual Illex kept, 
mt) by the annual Illex landings. Annual estimates of Illex discards in the Loligo fishery were 
computed by multiplying the annual discard ratio (annual Illex discards/annual Loligo kept, mt) 
by the annual Illex landings. Annual estimates for each of the two fisheries were summed to 
obtain the total amount of annual discards.  
 
The annual sampling intensity of trips observed in the Illex fishery was low during 1995-2003, 
ranging between 2 and 15 trips (Table C3). There were no Illex trips sampled during 2001 or 
2002. During 2004, 33 trips were sampled and most trips occurred during July and August, the 
peak of the fishing season. Temporal discarding patterns during 1995-2004 could not be 
discerned because the number of trips sampled by month was not representative of the seasonal 
landings pattern. The amount of Illex discarded by the Illex fishery during 1995-2004 ranged 
between 29 mt and 344 mt per year (Table C3).  
 
The annual sampling intensity of trips observed in the Loligo fishery during 1995-2003 was also 
low, ranging between 3 and 18 trips (Table C4). During 2004, 54 trips were sampled primarily in 
the offshore, winter fishery. During 1995-2004, monthly sampling coverage was inconsistent 
during the year-round fishing season, so monthly discarding trends could not be discerned. 
During January of 2001, Gear Restriction Areas (GRAs) were established to reduce scup 
bycatch. The Southern GRA is closed to small-mesh (< 4.5 inch codend mesh) fisheries during 
January through March 15. NEFSC spring survey data indicate that Illex migration onto the U.S. 
continental shelf generally begins in March, during the latter part of the closure period. However, 
observer data were inadequate to evaluate whether this closure area also aided in the reduction of 
Illex discarding by the Loligo fishery. The amount of Illex discarded by the Loligo fishery during 
1995-2004 ranged between 1 mt and 1,222 mt per year and was highest in 2004.  
 
In summary, Illex discard estimates are imprecise but the overall level of discards in recent years 
was likely low in comparison to the Illex landings.  Most of the Illex discards occur in the winter 
offshore Loligo fishery (Table C5). During 1995-2004, the combined Illex discards from both 
squid fisheries ranged between 53 mt and 1,556 mt and comprised 0.5-6.0% of the annual   Illex 
landings by the U.S. fishery (Table C5). Illex discarding in both squid fisheries was higher 
during 1998 and 2004, when Illex abundance was higher. However, a quantitative comparison of 
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discarding between years and months is difficult due to low sampling intensity, by month and 
year, in both fisheries.  
 
Mean Body Size 
 
For the northern stock component, trends in annual average body size are associated with annual 
trends in Illex relative abundance (Hendrickson et al. 2004). In-season changes in Illex body size 
reflect the combined effects of growth, mortality (from fishing and natural mortality), and 
emigration and immigration from the fishing grounds. Therefore, annual and in-season trends in 
Illex mantle length (cm) and body weight (g) were assessed for Illex samples obtained from the 
landings by squid processors and NMFS port samplers during 1994-2004. With the exception of 
1996, Illex landed during 1999-2003 were smaller than in other years during 1994-2004. Median 
mantle lengths were highest during 1994 and 2004 and were lowest in 1996 (Fig. C4). Median 
body weight was highest during 1994 and lowest in 2001 (Fig. C4). Median mantle length and 
body weight during 2003 were similar to those from 2002. The median weight of squid in 2004 
was the highest since 1998 and the median mantle length in 2004 was as high as in 1994. Median 
mantle length and body weight were significantly lower in 2001 than for most years during 
1994-2004. Interannual trends in squid size are likely attributable to environmental conditions, 
particularly if they persist across multiple years, but size trends may also reflect fishing in 
different geographic areas. A review of bottom water temperature anomalies in the Mid-Atlantic 
Bight indicated that bottom temperatures near the shelf edge were warmer than average during 
large portions of the year in 1999-2002 (Jossi and Benway 2003) when Illex mean body size was 
small and catches were low.  
 
The Lowess-smoothed trend line of a composite of the average body weights of squid landed 
during 1994-1998 indicated a steady increase in average size from 50-175 g during weeks 20 
through 34, but the trend for smaller squid that were landed during 1999-2002 indicated an 
increase in body size that was more gradual, from 70 to 110g between weeks 22 through 30 
(NEFSC 2003). Thereafter, average body size was generally stable. The attainment of an 
asymptotic average size may be partially driven by the recruitment of smaller squid, but most 
likely reflects the emigration of larger squid. In autumn, the density of large squid increases with 
depth and is highest in the deepest strata (186-366 m) during this offshore migration period 
(Brodziak and Hendrickson 1999). Maximum average size in the fishery during 1999-2002 
occurred one month earlier, at week 30, than during 1994-1998 and was only 60% (110 g) of the 
1994-1998 value (NEFSC 2003). In comparison, weekly increases in mean mantle length 
occurred more rapidly in 2004 than in 2003 (Fig. C5) and the weekly trends in mean body weight 
during 2003 resemble those from 1999-2002 while the 2004 trends are more similar to the trends 
observed for 1994-1998. During 2004, Illex mean body weights increased from 100 to 200 g 
between weeks 21 and 34 then declined thereafter (Fig. C6). The decline in mean body weight 
after week 34 may be due to recruitment, the annual offshore migration, or both factors. 
 
 

4.0 RELATIVE ABUNDANCE AND BIOMASS INDICES 
 
Research Surveys  
 
Although there are no stock-wide indices of abundance or biomass for the Illex stock, several 
seasonal research surveys provide some information about local abundance trends on the USA 
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Shelf and the Scotian Shelf. The NEFSC spring bottom trawl survey occurs in March, prior to 
the USA fishery, but captures low densities of squid at few stations in comparison to the autumn 
survey because the spring survey occurs at a time when Illex are migrating onto the continental 
shelf (Hendrickson 2004). Illex are caught at 5-10% of the offshore stations sampled during 
spring surveys and at 30-80% of the offshore stations during autumn surveys (Fig. C7). The 
NEFSC autumn survey occurs when Illex are migrating off the shelf. The autumn survey indices 
can be considered as an index of spawner escapement because the survey occurs near the end of 
the fishing season. A portion of the Illex stock resides outside the range of the NEFSC surveys. 
The outer shelf and continental slope are important Illex habitats (Lange 1981) that are not 
intensively sampled during NEFSC bottom trawl surveys.  In addition, the survey bottom trawl 
gear is not likely to sample pelagic species efficiently. Therefore, survey indices may represent 
the on-shelf availability of Illex rather than a measure of relative abundance or biomass. A 
Canadian bottom trawl survey occurs on the Scotian Shelf (NAFO Divisions 4VWX) during 
July. Since the Scotian Shelf survey occurs near the start of the directed fisheries, it can be 
considered as a pre-fishery relative abundance index for the area surveyed.  
 
NEFSC survey procedures and details of the stratified random sampling design are provided in 
Azarovitz (1981). Standard survey tows in offshore strata 1-40 and 61-76 (Fig. C8) were used to 
compute relative abundance and biomass indices which were adjusted for differences in research 
vessel effects. A vessel conversion coefficient of 0.81 was applied to the Delaware II stratified 
mean weight per tow values, prior to computing the autumn survey indices, to standardize 
Delaware II catches to the Albatross IV catches (Hendrickson et al. 1996). Indices of relative 
abundance (stratified mean number per tow) and biomass (stratified mean weight per tow, in kg) 
from NEFSC autumn bottom trawl surveys, conducted during 1967-2004 are presented in Figure 
C9 and Table C6. Indices from NEFSC spring surveys, conducted during March, were also 
computed for the same strata set used to derive the autumn survey indices. Relative abundance 
and biomass indices from the Canadian bottom trawl survey, conducted on the Scotian Shelf 
(NAFO Division 4VWX) during July, are presented with the autumn survey indices for 
comparative purposes. All survey strata were used in the computations and the indices could not 
be standardized for gear and vessel changes that occurred in 1982, 1983 and 2004 due a lack of 
data from comparative fishing experiments (Hendrickson et al 2005). 
 
As might be expected for a sub-annual species with environmental effects on availability and 
recruitment, all of the survey indices show a large degree of interannual variability. Autumn 
survey indices suggest that Illex relative abundance on the U.S. shelf was high during 1976-1981 
and during 1987-1990 (Fig. C9). Autumn survey abundance indices were at or below the 1982-
2003 average during 1991-1997. Abundance indices increased in 1998, but then declined to the 
second lowest level on record in 1999 (Table C6), following the high level of landings taken in 
1998 (Table C1). During 1999-2002, abundance indices increased gradually during a period of 
low fishing effort (NEFSC 2003). Relative abundance reached the highest level on record in 
2003 (28 squid per tow), then declined to below the 1982-2003 average in 2004, coincident with 
the highest landings on record for the U.S. stock component.   
 
NEFSC spring survey indices are more variable than those from the autumn survey due to 
variability in the timing of Illex migrations onto the shelf in the spring. However, a notable trend 
is the spike in abundance and biomass indices that occurred during 1997 and 1998. Although this 
spike coincided with a 1998 spike in domestic landings, a similar spike in the spring abundance 
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index did not occur in 2004, the year of the highest U.S. landings on record (Fig. C10A, Table 
C1). The 2005 spring survey index was very low and similar to the 2003 level. 
 
The Canadian Scotian Shelf survey indices do not appear to track either the spring or autumn 
surveys of the USA Shelf. Similar to the NEFSC autumn survey indices, the Canadian survey 
indices also showed a peak in abundance and biomass during 1976, but not for an extended 
period of time (Figs. C10B and C10C). Based on an extended period of low Illex biomass in the 
July Scotian Shelf surveys and smaller than average body size (Fig. C11A), since 1982, the SA 
3+4 component of the stock has been characterized as being in a low productivity regime 
(Hendrickson et al. 2005). The average body size of Illex caught in the NEFSC autumn surveys 
has also been much lower since 1982 and was below the 1982-2003 average during 2000-2004 
(Fig. C11B). Average body size in the NEFSC spring survey was at or below the 1982-2003 
average during 1995-2004 (Fig. C11C). These long-term observed difference in mean weights 
may be due to differing contributions of seasonal cohorts or differing growth conditions during 
these periods.  
 
The migration of Illex squid into northern fishing areas off Newfoundland is affected by 
oceanographic conditions (Rowell et al. 1985; Dawe and Warren 1992; Dawe et. al. 1998). The 
autumn distribution of Illex on the U.S. shelf is also affected by water temperature conditions 
and bottom temperatures ranging from 9-13°C are preferred (Brodziak and Hendrickson 1999). 
The Mid-Atlantic Bight serves as important Illex habitat during spring through autumn 
(Hendrickson and Holmes 2004). Areal average surface and bottom temperature anomalies 
indicate that spring and autumn water temperatures in the Mid-Atlantic Bight have generally 
been warmer during 1982-2003 than during the reference period of 1977-1987 (Fig. C12) 
(Holzwarth and Mountain 1990; Holzwarth-Davis and Taylor 1992, 1993 and 1994; Taylor and 
Almgren 1996a and 1996b; Taylor and Kalidas 1997; Taylor and Bascunan 1998, 1999, 2000 
and 2001; Taylor et. al. 2002). Illex relative abundance and biomass indices from the autumn 
surveys and spring average body weights, for 1982-2002, are significantly negatively correlated 
with bottom water temperature anomalies from the autumn surveys (NEFSC 2003). However, 
interpretation of these results is complicated because spring and autumn bottom water 
temperature anomalies are correlated so additional research on this topic is needed. 
 
Depth transect surveys were conducted seasonally during 2003-2005 by Rutgers University with 
funding from the Research Set-aside Program of the Mid-Atlantic Fishery Management Council 
(MAFMC). Survey data were available for January (2004 and 2005), March (2003-2005), May 
(2003 and 2004) and November (2004). However, only the May data are relevant to the Illex 
stock because Illex does not consistently inhabit the U.S. Shelf during the other survey months 
(Black et al. 1987; Hendrickson 2004). Illex catch rates were examined from the May bottom 
trawl surveys, conducted along two transects located near Hudson and Baltimore Canyons, to 
determine what proportion of the survey catches occurred at depths beyond the limit of the 
majority of the NEFSC autumn survey stations (about 185 m). However, the data could not be 
used to evaluate Illex abundance by depth because declines in catch rates coincided with the 
depth beyond which sampling occurred at night (274 m), when Illex is distributed in the upper 
layer of the water column and not available to bottom trawl gear (Brodziak and Hendrickson 
1999).  
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Fishery Catch per Unit of Effort Indices 
 
The in-season pattern of CPUE reflects the balance of recruitment, fishing and natural mortality, 
and emigration from the fishing area (Caddy 1991). In Caddy’s formulation, the boundaries 
between these processes are sharp and are assumed to induce point changes in the slope of log 
CPUE versus time. Implementation of an in-season depletion model would require an ability to 
detect such point changes in the CPUE trends. However, a declining trend in weekly LPUE data 
from the U.S. Illex fishery is not detectable in some years (NEFSC 1999). In order to better 
understand LPUE trends, spatial changes in fishing patterns were evaluated and the effects of 
various factors on the standardization of fishing effort were assessed. Since Illex discards for the 
U.S. fishery are low in comparison to Illex landings (refer to the above section on discards), 
LPUE is considered to be representative of CPUE. 

Fishing Effort 
 
Fishing effort in the Illex illecebrosus fishery is affected by catch values determined largely by 
the global squid market, particularly the Falklands squid fisheries, and the abundance of Illex on 
the U.S. Shelf. The Illex fishery is a volume-based fishery and effort patterns vary for the two 
fleet sectors involved in the directed fishery, refrigerated seawater system trawlers (RSW 
vessels) and freezer trawlers (FT vessels). The RSW vessels tend to be of smaller size than the 
freezer trawlers and store their catches in chilled seawater. Both factors result in shorter trips, 
generally less than four days, than those made by FT vessels (up to 14 days) which are larger and 
freeze their catches at sea. The home ports for FT vessels are North Kingston and Point Judith, 
Rhode Island and Cape May, New Jersey. Effort patterns for the RSW fleet are primarily 
determined by the travel distance between a shoreside processing facility and the offshore fishing 
grounds. The home port for most of the RSW vessels is Cape May, New Jersey, where there is a 
major Illex processing facility, but other home ports include Wanchese, North Carolina, 
Hampton Roads, Virginia and several Rhode Island ports (MAFMC 1998c).  
 
The fleet size is small, generally less than 30 vessels, but the number of vessels participating in 
the fishery is highly variable from year-to-year. During 1999 and 2004, participation in the 
fishery was high (27-28 vessels) and during 2000-2003 participation was much lower (10-14 
vessels, Fig. C13A). During 1999-2003, most of the annual landings (> 75%) were from freezer 
trawlers. However, in 2004, the proportion of annual landings for each fleet sector was nearly 
equal (Fig. C13B). This was primarily a result of an increased number of short duration trips 
(355 trips lasting 1.8 days on average) conducted by RSW vessels (Table C7, Fig. C13C).  
 
Total nominal effort for both fleet sectors combined was twice as high in 2004 as in 2003, 
despite a shorter fishing season (five fewer weeks), and may have been higher if the fishery was 
not closed on September 21 (Table C7). In-season trends in weekly effort were different for the 
two fleet sectors during 2003 and 2004. During 2003, only three freezer trawlers fished for Illex, 
so the number of FT trips was fairly constant throughout the fishing season (Fig. C14A). The 
weekly trend in the number of days fished by FT vessels varied without trend in 2003 and was 
very erratic due to the duration (8.2 days on average) and timing of the trips which tend to start 
and end on the same day of the week (Fig. C14B). During 2004, twelve FT fished and the 
number of trips gradually increased throughout the fishing season until the fishery was closed 
(Fig. C14C). The number of days fished by FTs in 2004 increased between weeks 20-30 then 
varied without trend until the fishery closure (Fig. C14D). In contrast, weekly trends in the 
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number of RSW trips was similar to weekly trends in the number of days fished, for 2003 and 
2004, due to the short trip durations (1.8-2.8 days). During both years, a definite trend of 
increasing effort, which peaked at week 35, was followed by a decline. In 2003, a second rise 
and fall pattern was observed between weeks 37 the end of the RSW fishery (week 44). It was 
suggested at the Working Group meeting, that the decline in RSW effort (trips and days fished) 
which occurred three weeks prior to the fishery closure, during week 35, was a result of a 
unimplemented plan for an early-season closure of the Cap May processing facility. 
 
A geographic information system (GIS) was used to examine the spatial distribution of effort in 
the Illex fishery, by quarter-degree square (QDSQ), during 2003 and 2004. The spatial 
distribution of fishing effort also varied by fleet sector. During 2003, freezer trawler effort was 
concentrated in several QDSQs, while RSW effort occurred across a broader area. In 2003, there 
was little spatial overlap between the most heavily fished QDSQs by the two fleet sectors (Fig. 
C15). For QDSQs that were consistently fished in 2003, the monthly effort pattern showed a rise 
and fall trend (Fig. C16). In contrast to 2003, fishing effort by both fleet sectors was 
concentrated off Cape May, New Jersey in 2004 (Fig. C17). Effort that occurred further south 
was primarily attributable to RSW vessels. In 2004, there was a high degree of spatial overlap 
between the most heavily-fished QDSQs of both fleet sectors. Within the three QDSQs with the 
highest effort concentrations, a monthly rise and fall pattern of effort is observed for the RSW 
vessels. FT effort was more constant throughout the season in QDSQs 38731 and 38733 (Fig. 
C18).  
 
Trends in LPUE 
 
As discussed in the Landings section, trends in weekly landings from the Weighout database 
closely matched those from the VTR database for 2003 and 2004. As a result, nominal LPUE 
was computed as the sum of the weekly effort (days fished) from the VTR Database divided by 
the sum of the weekly landings (mt) from the VTR Database. Weekly trends in nominal LPUE 
for RSW vessels showed a clear rise and fall pattern during 2003 and 2004, but weekly catch 
rates of FT vessels did not (Fig. C19). During 2003 (a year of low FT effort), FT catch rates 
showed several rise and fall periods with a peak during week 31, while RSW catch rates 
gradually increased during weeks 24-38, then declined thereafter. During 2004, RSW vessels 
began fishing one week earlier than FT vessels. RSW catch rates increased rapidly during weeks 
20-23, then gradually increased between weeks 24 and 34. After week 34, but prior to closure of 
the fishery (week 38), there was a decline in RSW catch rates which occurred one week prior to 
the decline in the number of RSW trips and days fished (Fig. C14). FT catch rates reached a peak 
during the first few weeks of the fishery (week 22) then remained fairly constant during weeks 
23-34. After week 34, FT catch rates also declined. However, it cannot be assumed that the 
decline in catch rates after week 34 were due to declining Illex abundance because of the 
confounding of reduced fishing effort during this time as a result of the proposed processing 
facility closure.  
 
Spatial trends in nominal LPUE, for the entire Illex fleet, were very different between 2003 and 
2004. High catch rates occurred across a larger area in 2004 than in 2003 and this may suggest 
much higher Illex abundance in 2004 (Fig. C20). Fairly high catch rates also occurred neat the 
shelf edge located off southern New England. During 2003, monthly catch rates were highest in 
July and were consistently high in southern areas (35º 30´ to 37º N), and (Fig. C21). During 
2004, monthly catch rates were consistently high near the shelf edge off Cape May, and the area 
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of high catch rates increased in size during July and August (Fig. C22). Fishing in the southern 
New England area occurred in August. A sequential rise and fall pattern in the combined catch 
rates of all vessels occurred in three different QDSQs during the 2003 fishing season, but it is 
unclear whether this represented localized depletion (Fig. C23A). During 2004, weekly trends in 
catch rates were similar for three FTs fishing in two different QDSQs (Fig. C24B) and the catch 
rates of several RSW vessels and a FT fishing within the same QDSQ all showed similar trends 
(Fig. C24C). These trends suggest that depletion may be possible within QDSQs during periods 
of high effort by both fleet sectors. 
 
Standardization of the effort used to compute LPUE was conducted in order to determine 
whether this would improve the ability to detect a declining trend in weekly catch rates. A three-
factor, main effects General Linear Model (GLM) was applied to log-transformed LPUE data 
(mt per day fished) for 2003 and 2004. LPUE was computed using the VTR landings for 2003. 
The WO landings were used to compute LPUE for 2004 because weekly landings data presented 
during the Working Group meeting suggested underreporting of VTR landings for 2004. For 
2004, the VTR and WO data were matched by hull number, month and day (using the date sold 
field) and the VTR landings were replaced with the WO landings. This matched data set 
accounted for 72% of the WO landings. The trips that did not match were prorated to week of the 
year and QDSQ based on the ratios of the matched trips. The proration accounted for an 
additional 16% of the WO landings. The remainder of the trips could not be used because they 
had missing effort values, QDSQs, or both. As in previous assessments, directed trips used in the 
GLM were defined as otter trawl trips that occurred during May through November and that 
landed at least 25%, by weight, of Illex. Factors included in the GLM included: week of the year, 
quarter-degree, and either vessel type (RSW or freezer trawler) or hull number. Final model runs 
included the factors: vessel type, quarter-degree square and week of the year (Table C8 and C9). 
A summary of the various GLM runs is presented in Table C10. For the final 2004 models run, 
all three model effects were highly significant (p < 0.0001), but the influence of spatial effects 
(quarter-degree square) on LPUE was not significant in 2003. Weekly standardized fishing effort 
was highly variable in 2003 (Fig. C24A) and standardized LPUE did not show a rise and fall 
trend. Standardized effort for 2004 indicated an increasing trend which reached a peak in week 
35 then declined (Fig. C24B). Nominal LPUE showed a similar trend (Fig. C25A), but the trend 
was removed when LPUE was computed using standardized effort (Fig. C25B). 
 
 

5.0 ESTIMATION OF NATURAL MORTALITY 

Maturation-Natural Mortality Model 

(EDITOR’S NOTE:  THIS PART OF THE WORKING GROUP REPORT REFERS TO 
APPENDIX C3 WHICH HAS BEEN OMITTED. REFER TO HENDRICKSON AND HART 
[2006], FOR MODEL RESULTS). 
 
Based on a review of the model results, the Working Group decided that the estimates of natural 
mortality were preliminary. They acknowledged that the model formulation was sound and 
appropriate given the semelparous life history of the species, but that natural mortality estimates 
may vary during the fishing season because growth rates increase seasonally for squid from the 
northern stock component (Dawe and Beck 1997). The Working Group recommended that new 
data on growth and maturity be obtained for inclusion in future model runs.  
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6.0 BIOLOGICAL REFERENCE POINTS 
 
The Amendment 8 control rule states that when the stock biomass exceeds BMSY, the overfishing 
threshold is FMSY, and target F is 75% of FMSY. Below BMSY, target F decreases linearly and is set 
to zero when stock size is at the biomass threshold of ½BMSY. Amendment 8 specifies BMSY as 
39,300 mt and FMSY as 1.22 per year.  

Reference points that minimize the risk of recruitment overfishing, by ensuring that escapement 
exceeds a threshold minimum spawning stock biomass or number of eggs per recruit, have been 
considered to be the most appropriate for annual squid stocks that exhibit highly variable trends 
in interannual recruitment (Beddington et al. 1990). The current MSY-based biological reference 
points were based on a biomass dynamics model which estimated MSY at 24, 274 mt (NEFSC 
1996). However, bootstrap analyses indicated poor precision of r, q and K estimates and the 
model assumption of constant natural mortality rate is invalid for I. illecebrosus. Given these 
considerations, %MSP-based proxies for MSY-based reference points are recommended. 
Further, the source of the reference point proxies should be derived from a model that accounts 
for the semelparous life history of Illex.  
 

Yield-per-recruit and egg-per-recruit models 
 
A semelparous life history model was derived to estimate yield-per-recruit (YPR) and the 
number of eggs-per-recruit (EPR) for a cohort of female squid as a function of fishing mortality 
(Hendrickson and Hart 2006). Consistent with the maturation-mortality model, the YPR and EPR 
models track females in two bins: the number of immature females, Nt, and the number of 
mature females, St. At each weekly time step, immature individuals have four possible fates:  (1) 
death due to either non-spawning natural mortality, MNS, (e.g., from predation, which is assumed 
to occur at a constant rate) or (2) death due to fishing mortality (calculated as Ft = F�t, where �t 
is the fishery selectivity of the individuals of age t weeks); (3) survival to the next week either as 
an immature individual; or (4) survive and mature at rate Pt.  
 
Biological reference point estimates derived from the egg-per-recruit and yield-per-recruit 
models were presented. However, the potential reference point proxies estimated using the EPR 
model were considered preliminary by the SARC 42 Working Group because they included 
estimates of natural mortality that were considered preliminary. In addition, seasonal changes in 
growth rates are likely for this species and this will affect the reference point estimates (Figure 
C26). Therefore, seasonal growth rate data are required to test the sensitivity of the per-recruit 
models to growth rates.   
 
(EDITOR’S NOTE: THIS PART OF THE WORKING GROUP REPORT REFERS TO 
APPENDIX C4 WHICH HAS BEEN OMITTED)  (see Hendrickson and Hart 2006). 
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7.0 STOCK SIZE AND FISHING MORTALITY RATES 

In-season Assessment Model 
 
The short life cycles, rapid growth rates, highly variable population abundance, high natural 
mortality rates and semelparous breeding strategies of most cephalopod species render many of 
the traditional annual-based approaches to stock assessment inappropriate (Caddy 1983).  This is 
certainly the case for the I. illecebrosus stock, for which biomass dynamics models provide very 
imprecise estimates of stock size and fishing mortality rates (NEFSC 1996; Hendrickson et. al. 
1996) which is likely attributable to the fact that cephalopod population dynamics do not 
conform to the underlying model assumptions (Pierce and Guerra 1994). Assessment of the Illex 
stock is hindered by the lack of research survey biomass and abundance indices for the USA 
stock component and the stock as a whole. Annual-based modeling approaches are inappropriate 
for a species with a lifespan of less than one year. 
 
Within-season depletion models have been found to offer the most promise for assessing 
ommastrephid and loliginid squid stocks (Anon. 1999; Pierce and Guerra 1994) and have been 
used since 1987 to assess the Falkland Islands stocks of Illex argentinus and Loligo gahi 
(Rosenberg et. al. 1990; Agnew et al. 1998). Depletion estimation requires data consisting of:  
total catch, mean body weights, an abundance index (e.g., CPUE), a recruitment index 
proportional to the number of recruits, and an estimate of natural mortality. In addition, these 
data must be of appropriate temporal and spatial resolution, tow-based, and available throughout 
the fishing season.  
 
During the previous Illex assessment at SARC 37 (NEFSC 2003), the in-season assessment 
model developed for SARC 29 (NEFSC 1999) was revised to include a recruitment index and an 
objective function. The model, which estimates weekly fishing mortality rates and initial stock 
size, was run using tow-based catch, effort and fishing location data instead of VTR data. During 
the current assessment, the SARC 37 model was further revised to allow for the possibility of 
fitting one of the maturity ogive parameters, �, together with FTOT and N0.  
 
Both Working Groups felt that the SARC 42 model formulation (Appendix C5) was sound but 
that the model results should not be used to update fishing mortality and stock size estimates 
because: 
 
1. A major model uncertainty is the use of a May growth curve which underestimates 

growth later in the fishing season. Despite scaling up the asymptotic length by using a 
percentile of the observed lengths from the fishery data, empirical length-at-age data 
must be collected and analyzed to determine seasonal changes in growth rate  

 
2. The method of computing the weekly recruitment indices requires further investigation 
 
3. Sensitivity analyses for various values of initial stock size, using 1999 and 2003 data, 

indicated that a broad range of N0 and FTOT values were plausible, suggesting a flat 
estimation surface. The Working Group felt that additional simulation testing would be 
beneficial in understanding how varying the model parameters affect the model results. 
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8.0 CONCLUSIONS 

Abundance and biomass indices 
 
Seasonal bottom trawl surveys of the USA shelf do not cover the geographic distribution of the 
USA stock component. Illex inhabit areas outside the range of the USA surveys based on data 
from other research surveys and fisheries data. The USA autumn survey may serve as an index 
of spawner escapement but for a cohort other than that which is fished at the start of the Illex 
fishing season. Furthermore, it is unknown whether autumn survey trends are due to low 
abundance, low availability or both. The relative abundance index for the US autumn survey was 
the highest on record in 2003 and very low in 2004 following the highest landings on record. 
Further research is needed to determine the association between fishery catch rates and Illex 
abundance. 
 
Fishery Characteristics 
 
Body size is likely related to productivity. Illex landed during 2004 were larger in size than those 
landed during most years since 1994. The number of vessels and trips that occurred in 2004 were 
much higher than any year since 2000 and landings reached a record high of 26,087 mt, which 
exceeded the quota and resulted in an early closure of the fishery. Landings and effort in 2003 
were much lower than in 2004 and body size (an indicator of productivity) was also smaller, 
similar to the trends for 1999-2002. Preliminary U.S. fishery landings for 2005 are 11, 429 mt.  
 
Estimation of fishing mortality and stock size 

The in-season model estimates of fishing mortality and stock size were not considered reliable 
because new data on seasonal growth rates and maturity are required for the model. Use of the 
May growth curve underestimates growth later in the season.  
 
Stock status 

Stock status cannot be determined because adequate data are not available to estimate fishing 
mortality rates and absolute stock size. 

9.0 RESEARCH RECOMMENDATIONS PAST AND PRESENT 

The status of research recommendations from the previous Illex assessment, conducted at SARC 
37, is presented in Table C11. Based on reviews of the current assessment, it was concluded at 
both Subcommittee meetings that the most important research recommendation involves the 
collection and analysis of seasonal age and maturity. Without these data, assessment of the stock 
using the models contained herein will not be possible. In order of priority, specific research 
recommendations from the current assessment are as follows: 

1. All of the models presented require additional data collection. Maturity and age data 
should be collected throughout the fishing season to evaluate the effects of differential 
growth and maturity within seasons and between years. Emphasis should be placed on the 
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collection of weekly data. The in-season model would be improved with tow-based catch, 
effort and fishing location data, particularly if collected electronically in real-time. 
 

2. Re-estimate Mns and Msp for females from each seasonal cohort and determine whether   
Mns and Msp estimates for males are similar to those of females. 

 
3. Re-estimate biological reference points for each seasonal cohort by incorporating 

seasonal information regarding growth, selectivity, and natural mortality.  
 
4. The in-season assessment model results show a high sensitivity to parameters such as 

growth and recruitment, so additional simulation analyses are needed to determine the 
range of possible responses by the model. The simulation analyses should reflect the 
actual reality of the fishery and data input/output (such as fishery length frequencies for 
estimating partial recruitment). Length data rather than age data should be utilized in the 
simulation model so that the simulation formulation is identical to that used in the in-
season model.

5. Further exploration of relationships between oceanographic conditions and abundance 
and body size of squid on the US Shelf is needed to determine whether a pre-season 
predictor variable for abundance or stock productivity can be found.  

6. It is important to know what fraction of the stock inhabits waters deeper than 185 m, 
particularly during May and in the fall. Seasonal transect surveys are conducted by 
Rutgers University with Mid-Atlantic research funds in order to monitor the seasonal 
depth distribution of Mid-Atlantic species. Although Illex is not a “target” species, 
abundance and length frequency data are collected. However Illex abundance by depth 
could not be determined from these surveys because diel migration patterns were 
confounded with the sampling protocol. Therefore, it would be useful to conduct some 
adaptive or fixed stations for determining Illex abundance and length composition, during 
daylight hours, at depths beyond 185 m during May and in the fall. 

7.         A pre-fishery, stratified random survey would be useful to estimate initial stock size. 
 
8. Evaluate the utility of relative abundance and biomass indices from the NEFSC winter 

survey. 
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