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1. Executive Summary 
 
The Technical Committee (TC) provided evidence that, since 1999, temperatures in 
coastal waters of the SNE region had increased and cited studies that indicated that 
this might lead to increased natural mortality. Model fits using the data available for 
the lobster stock supported the hypothesis that, from 1998, natural mortality had 
increased. The TC proposed that this increased mortality, in combination with the 
possible impacts of increased temperature on settlement of larvae, survival of 
juveniles, suitability of habitat, and spatial distribution of lobsters, was one of the 
factors that may have contributed to the recent decline in recruitment that the stock 
had experienced. Further exploration may identify models with alternative 
assumptions that provide fits to the data of similar quality as that of the model that 
assumes an increased natural mortality from 1998. Thus, other hypotheses, e.g., 
changes in selectivity resulting from changed distribution, should be assessed, and 
attempts made to identify a range of alternative explanations for the decline in 
abundance.  Such alternative model structures, if identified, would provide 
information on the structural, i.e., model, uncertainty of model predictions and, 
following assessment of the management implications of the different models, allow 
the selection of robust management strategies.  With the evidence presented by the 
TC, the model that currently provides the best representation of the SNE lobster stock 
is that which assumes natural mortality to be 0.15 year-1 till 1997, rising to 
0.285 year-1 from 1998.  
 
The TC presented additional data to support their argument that recent female 
spawning biomass and lobster abundance now fell below the values in the 2009 
assessment and that recent larval and YOY indices were at or among the lowest 25th 
percentile of values recorded between 1984 and 2003. Neither statistical assessment 
nor assessment using an enhanced version of the University of Maine’s model was 
undertaken, and the TC relied only on a subjective evaluation of the trends in the 
indices and patterns in the data to demonstrate a change in spatial distribution. Trends 
in the plotted data provided no indication of a recovery of spawning biomass or 
abundance, or increase of larvae or YOY. The data, which were presented, broadly 
supported the hypothesis of a change in spatial distribution of the stock, but statistical 
analyses would have provided a more conclusive demonstration that the distribution 
had changed. It would have been useful if the University of Maine’s length-based 
model had been re-run using the updated time series of data that were reported by the 
TC. This model needs to be extended to allow use of the additional time series of data 
that are available for the SNE lobster stock  
 
The Technical Committee’s arguments that rebuilding of the stock is impeded by the 
increased natural mortality that it now experiences and by continued exploitation are 
sound.  
 
The conclusion by the TC that recruitment of the SNE lobster stock had failed is 
based on its definition of recruitment failure and the associated criteria that it 
employed to determine that failure had occurred. Alternative definitions and criteria, 
which might produce a different conclusion, could be specified. Whether or not 
recruitment failure has occurred, there is sound evidence that recruitment to the SNE 
lobster stock has declined and that low levels of recruitment have persisted despite 
relatively recent reduction in trap hauls and other management initiatives.  This, in 
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combination with the current low levels of lobster abundance, should be of concern to 
both managers and fishermen. 
 
If, as appears to be the case given the data that the TC has presented, natural mortality 
has increased, then both the stock-recruitment and replacement functions will have 
changed.  Thus, biological reference points for stock status, defined using the values 
in the reference period 1984 to 2003, will no longer be appropriate as values derived 
from data for this period relate to a “stock” with very different biological 
characteristics and dynamics.  That is, assessments of current stock status that 
determine whether the stock is overfished and/or overfishing is occurring should 
avoid use of reference points based on the data for 1984 to 2003 without adjusting 
these reference points for the impact of increased mortality on the stock-recruitment 
and replacement relationships. New reference points will need to be determined that 
take the changes in the stock-recruitment and replacement relationships into account. 
The status of the stock based on these new reference points, and taking the increase in 
natural mortality from 1998 into consideration, will then need to be assessed. 
 
The projections that the TC has produced indicate that rebuilding will require a 
marked reduction in exploitation.  A moratorium on exploitation would be the most 
effective strategy to rebuild the stock, but, if continued exploitation is permitted, 
rebuilding under such exploitation is likely to be maximised if males are preferentially 
exploited and females protected to the extent possible. Monitoring programs would 
need to be established to ensure that preferential exploitation of males does not lead to 
reduction in the proportion of females that are mated or to reduced fecundity of 
females of different lengths. A highly precautionary approach to management is 
recommended, given the very considerable uncertainty regarding (1) the response of 
lobster abundance to continued exploitation, even at a very reduced level; (2) the form 
of the stock-recruitment relationship following the increase in temperature and its 
likely impact on larval settlement and juvenile survival; and (3) the value of the 
threshold reference point for stock abundance following the change in the stock-
recruitment and replacement relationships.  Accordingly, the proposal for a five-year 
moratorium appears appropriate, but needs to be accompanied by research to obtain as 
much information as possible from the response of the lobster stock to the change in 
exploitation.  
 
The stock is at a crucial point, with continued low abundance of recruit and legal 
lobsters and a need to rebuild, with changes to its biology and dynamics as a result of 
increased temperature, and, if a moratorium on harvest is not introduced, with a 
possible reduction in exploitation that is likely to affect both the catchability and 
selectivity of the catches taken from the stock. There is increased need to undertake 
research to reduce the uncertainty that has arisen through the impacts on the biology 
of the stock of increased temperature.  The proposed moratorium on harvest or change 
in the level of exploitation will produce a response from the stock that is likely to be 
very informative, providing fishery scientists with a rare and valuable opportunity to 
learn more about the biology of the SNE lobster stock and its dynamics.  To maximise 
the information that is obtained from the proposed management change, appropriate 
fishery-independent surveys should be established and existing surveys reviewed and, 
if necessary, enhanced (while ensuring consistency with past survey data). 
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The TC has provided valuable insight into the biological and behavioural basis for the 
impact of temperature on the SNE lobster stock and has demonstrated that the data 
that are available for this stock support the hypothesis that, from 1998, there has been 
an increase in natural mortality.  This finding by the TC has major implications for 
management of the SNE lobster stock, as the resulting change in model 
parameters/structure produces very different predictions of the response of the system 
to changes in exploitation and/or management from those produced using the earlier 
model, which assumed a constant natural mortality of 0.15 year-1.  The effects of 
temperature increase on larval transport and settlement, juvenile/pre-recruit survival, 
growth, size and age at maturity, and available habitat are also likely to be important 
factors influencing the population dynamics of the lobster stock.  The impact of the 
change in natural mortality and the possible impacts of these other factors represent 
major uncertainties for assessment of the SNE lobster stock and predictions of the 
stock’s response to management and fishery changes. Considerable additional 
research effort will be required to assess the full implications of the changes to the 
biology of the SNE lobster stock that have resulted from the increase in water 
temperatures to which the stock is now exposed.  Further development and increasing 
flexibility and responsiveness of the University of Maine’s length-based model will 
be essential if, given the uncertainty introduced by temperature/environmental 
change, fishery scientists are to respond to requests for research advice concerning the 
SNE lobster stock. 

 
2. Background 
 

2.1. Overview  
 
The Center for Independent Experts (CIE) contracted independent reviewers 
to undertake a review from 17-27 September 2010 of “a report written on 
April 17, 2010 by the American Lobster Technical Committee (TC) of the 
Atlantic States Marine Fisheries Commission (ASMFC), entitled ‘Recruitment 
Failure in the Southern New England Lobster Stock’ and the supplemental 
stock projection document, entitled ‘Southern New England Lobster Stock 
Projection Estimates’.  The report concludes that the stock is critically 
depleted, experiencing recruitment failure, and cannot rebuild.  The cause is 
thought to be a combination of “environmental drivers” and continued fishing 
mortality.  The TC recommends a five year moratorium on harvest.  The 
review would be asked to consider the merits of this recommendation” 
(Appendix 2 – Copy of CIE Statement of Work). 
 
The 2009 stock assessment, which was reviewed earlier by another panel of 
experts, found that exploitation had declined since 2000, recruitment to the 
fishery had been poor since 1998, and the abundance of lobster in the SNE 
stock had fallen to a level that was assessed as “depleted”.  The contents of 
this stock assessment report and of the subsequent review of this report fall 
outside the terms of reference of the current review.  It is pertinent to the 
current review, however, to summarise the criteria that were used in this stock 
assessment, i.e., the indicator variables and the then current and/or proposed 
reference points that led to the conclusion by the TC that the assessment 
demonstrated that the stock was depleted. 
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The reference points for fishing mortality and abundance, which were adopted 
by the Atlantic States Marine Fisheries Commission (ASMFC) in section 2.3.1 
of Addendum VIII of Amendment 3 of the Interstate Fishery Management 
Plan for American Lobster, were used within the Stock Assessment Report 
prepared by the ASMFC American Lobster Stock Assessment Subcommittee 
(SASC) and considered by the ASMFC American Lobster Technical 
Committee (TC) when assessing the state of the lobster stock of Southern New 
England (SNE).  Thus, the indicator variables used for the SNE stock were the 
average fishing mortality, F, and average fishable abundance during the most 
recent three years considered by the assessment.  The reference points for 
these indicators were determined from the median values computed for this 
stock from the data for 1984-2003, which were accepted as threshold reference 
points, while the median abundance plus one standard error, and the median 
fishing mortality less one standard error were considered as the target 
reference points. Overfishing was considered to be occurring if the average 
fishing mortality rate for the three most recent years was higher than the 
median threshold, and the stock was considered to be “depleted” if average 
abundance for the three most recent years fell below the median threshold 
level. If the stock assessment concluded that overfishing was occurring or the 
stock was classified as “depleted”, corrective management action was 
expected to be taken. 
 
Based on the results of the Collie-Sissenwine Model (CSM) and these 
reference points, the SASC reported that “the SNE stock is below the 
abundance threshold and target and above the F threshold and target” and 
therefore “the SNE lobster stock is both depleted and overfishing is 
occurring”. 
 
The SASC recommended that alternative reference points should be adopted 
instead of those that were currently accepted.  Thus, the use of “reference 
abundance” and “effective exploitation” as indicator variables of annual 
abundance and annual fishing pressure rather than fishable abundance and F, 
were proposed, as the SASC considered that these new indicator variables 
would be more robust to changes in selectivity, such as those arising from 
changes in minimum legal length. Reference abundance was defined as “the 
number of lobster 78+ mm CL on January 1 plus the number that will molt 
and recruit to the 78+ CL group during the year” and “effective exploitation” 
as “the annual catch in number divided by the reference abundance”. If the 
average effective exploitation rate for the three most recent years exceeded the 
median threshold calculated using data from 1984-2003 for the SNE lobster 
stock, “overfishing” was occurring, and if average reference abundance for the 
three most recent years fell below the median threshold level then the stock 
would be considered to be “depleted”.   On the basis of these alternative 
reference points and the results from the University of Maine’s model, the 
2009 assessment reported that the SNE lobster stock would be assessed as 
depleted but it would be concluded that overfishing was not occurring. 
 
The ASMFC American Lobster Stock Assessment Review Panel, referred to 
subsequently as the “Panel”, accepted that the current and proposed reference 
points are determined empirically but concluded that “the median exploitation 
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rate was inappropriate for a threshold because the stock would be declared 
‘depleted’ half of the time even if well managed”. The Panel recommended 
using the median as the target instead of a threshold and proposed that the 
threshold reference point for ‘reference abundance’ should be half of the 
median and that for exploitation rate should be set at the 90th percentile. 
 
The Panel also recommended that “managers be particularly vigilant of 
recruitment patterns … and stand ready to impose substantial restrictions 
should recruitments decline”. 
 
Following this assessment and its review, the American Lobster Board asked 
the American Lobster Technical Committee to explore ways in which the 
lobster stock in the SNE might be rebuilt and to identify the impediments to 
such rebuilding, comparing projections of the likely responses of stock 
abundance with and without reduced fishing mortality under current or 
reduced levels of recruitment, or if recruitment was related to spawning stock.  
 
The findings of the Technical Committee were submitted to the Board in the 
report, “Recruitment Failure in the Southern New England Lobster Stock”, 
and the supplemental stock projection document, “Southern New England 
Lobster Stock Projection Estimates”, which are the subjects of the current 
review. The terms of reference for this review note that “with the exception of 
temperature data and information on the redistribution of spawning females, 
all other fishery independent and dependent data used in the TC’s report were 
peer reviewed and accepted during the most recent (March 2009) ASMFC 
Benchmark Stock Assessment”. 
 
For the SNE lobster fishery, “recruits” are defined as “lobster that are not legal 
size at the time of the survey but are expected to molt and grow to legal size 
during the next year” (2009 Assessment Report). 
 
An independent peer review of the TC report on the failure of recruitment for 
the SNE stock was to be undertaken by three CIE reviewers from 17-27 
September 2010. As the review panel did not meet, and the review was 
conducted as a desk study, the identities of the other two reviewers are 
unknown to the author.  
 
On August 30, 2010, details were provided to reviewers of the ftp site from 
which the documents to be reviewed, and ancillary documents and files, could 
be downloaded. A list of these documents is presented in Appendix 1. 

 
The Statement of Work provided to Dr Norm Hall by the CIE is attached as 
Appendix 2.  This report documents the findings of the independent review 
that was undertaken by Dr Hall in accordance with this CIE Statement of 
Work. 
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2.2. Terms of Reference 
 
The terms of reference for this independent peer review of the American 
Lobster Technical Committee report: Recruitment Failure in the Southern 
New England Lobster Stock are presented in Annex 2 of Appendix 2. 

 
2.3. Date and place 

 
The independent review of the TC report on the recruitment failure of the SNE 
stock was conducted by the reviewer as a desk study, in Perth, Western 
Australia, between 17-27 September, 2010.  
 

3. Description of Reviewer’s role in review activities 
 

As required under the CIE’s statement of work, the reviewer familiarised himself with 
the documents that had been provided and then undertook the review that had been 
requested, addressing each of the terms of reference specified in the statement of 
work. 
 

4. Summary of findings 
 
ToR 1.  Evaluate the quality and completeness of the data gathered since 
the assessment (temperature data and redistribution of spawning females); if 
inadequate, specify additional techniques that should have been considered. 
 
In its report on the recruitment failure of the SNE lobster stock, the TC has updated 
the survey data presented in the SASC assessment report to include data collected 
since the 2009 assessment was undertaken.  The TC has then considered the extended 
data series, deriving estimates of female spawning biomass, plotting time series 
indices of larval and YOY abundance, and exploring the trawl survey data in greater 
depth.  These data will be evaluated, where appropriate, under subsequent terms of 
reference.  As required for the current term of reference, consideration will be given 
here to the data that were collected by the TC to explore temperature change and the 
redistribution of spawning females. 
 
Temperature data 
 
Studies on American lobster reported in the scientific literature, and cited by the TC, 
demonstrate that: 
 growth, length at maturity, period between extrusion of eggs and hatching, and 

between hatching and the post-larval stage are influenced by temperature.  
 American lobster exhibit a preference for waters with temperatures between 12 

and 18°C, 
 lobsters, when subjected to prolonged exposure to waters with temperatures 

greater than 20°C, develop symptoms that are interpreted as reflecting 
physiological stress and become increasingly susceptible to disease. 

 extreme temperatures, i.e., greater than 28°C, lead to an increased rate of 
mortality, particularly if these temperatures are associated with dissolved oxygen 
concentrations less than 6.4 mg/L. 
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 female lobsters in nearshore waters require extended exposure to water 
temperatures less than 8°C for ovaries to mature and spawning to succeed,. 

 
The report by the TC on the recruitment failure of the SNE lobster stock advises that, 
since 1999, sea water temperatures in the coastal waters occupied by the stock have 
experienced increased temperatures, with an increase in the spatial range and duration 
of water temperatures above 20°C and an increased number of days in late summer 
when mean bottom water temperatures have exceeded that temperature.  
 
Although the TC made use in their report of sea surface temperature data recorded in 
Woods Hole, MA, by NOAA, no details are provided of the methods used to collect 
these data or the geographic region from which they were derived. A number of 
sources of surface water temperatures are available to NOAA, and it is possible that 
these may provide data additional to those considered by the TC. In addition to 
satellite-derived SST data that are available from NOAA, historical sets of sea surface 
data are available from moored buoys maintained by the National Data Buoy Center 
(NDBC) and from those monitoring stations maintained by the Coastal-Marine 
Automated Network (C-MAN) that are capable of recording sea surface temperatures, 
which lie within the bounds of the region occupied by the SNE lobster stock. Other 
data sets that might be accessed include the (presumably surface) water temperature 
data collected in Narragansett Bay (and other stations) by the National Oceans Service 
(NOS) through their Physical Oceanographic Real-Time System (PORTS®), data 
from the Chesapeake Bay Observing System (CBOS) and other partners within the 
U.S. Integrated Ocean Observing System (IOOS), and data collected from monitoring 
stations in the MYSound Project. While the time series of data available from these 
sources may be relatively short, they offer a possible opportunity to broaden the 
spatial extent of temperature data to encompass more of the area occupied by the SNE 
lobster stock.  It may also be useful to refer to the collection of reports published by 
Armstrong (1998), as this would provide insight regarding seasonal changes in 
profiles of temperature with depth. 
 
In its report on the recruitment failure of the SNE lobster stock, the TC proposes that 
the increase in water temperatures, particularly in nearshore areas, may have led to: 
 the loss of lobster habitat, particularly that of juveniles; 
 increased mortality of juvenile lobsters, which are less able to move to refugia 

with suitable temperature conditions; 
 change in lobster distribution, with greater competition for scarcer habitat 

resources and hence greater mortality and vulnerability to fishing; 
 change in the geographic distribution of spawning females, which could impact 

larval transport and settlement success; 
 greater susceptibility of lobsters to physiological stress and disease, and hence 

increased natural mortality. 
 
The TC notes that “it is not possible to draw a direct relationship between the decline 
of the Southern New England lobster stock and increased water temperatures”, but 
infers that “the strong coincidence in the timing of the increase in water temperature 
with the timing of the decline in [lobster abundance] … strongly suggest that 
increasing water temperatures have played a primary role” in the decline. 
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The TC has provided sound evidence of the increase in water temperature by 
presenting time series of sea-surface temperature data recorded by NOAA in Woods 
Hole, MA, and bottom water temperature data from upper Buzzards Bay (Cleveland 
Ledge 30 ft- MADMF unpublished data), eastern Long Island Sound (Millstone 
Station unpublished data), and from the mouth of Buzzards Bay (70 ft- MADMF 
unpublished data). These data, in combination with the scientific evidence of the 
effects of temperature on the behaviour and physiology of the American lobster, and 
on the incidence of disease experienced by those lobsters, provide strong support for 
the argument that increased water temperatures in nearshore regions are likely to have 
resulted in a change in the spatial distribution of lobsters, i.e., the relative numbers 
within the different regions, and a reduction of juvenile habitat. There is potential that 
the changed geographic distribution of the adult female lobsters may have affected the 
average success of settlement of the larvae produced by those females. 
 
If water movement has been affected by the changes in water temperature, as is likely, 
then transport of larvae may also have been affected, but without exploration of the 
effects of changes in temperature on the hydrodynamics of the region, it is not 
possible to determine whether or not the changes to transport of larvae are likely to 
improve or reduce settlement success of larvae produced by female lobsters spawning 
in different regions of the fishery. Hydrodynamic modelling of water movement and 
the effects of temperature on water movement would be useful.  Simulation of larval 
transport using such a model would also be informative to test whether temperature 
change has affected the distribution of the transported larvae from different regions. 
 
It appears quite possible that natural mortality in nearshore regions will have 
increased, particularly for juvenile lobsters. The hypothesis that the change in water 
temperatures adversely affected the abundance of the SNE lobster stock is viable yet, 
as noted by the TC, remains untested. The influence of temperature is not yet included 
in the University of Maine’s length-based model, but, as it appears likely to be 
affecting lobster survival, distribution, selectivity, catchability and recruitment, 
consideration should be given to extending the model to allow for this environmental 
factor. 
 
Redistribution of spawning females 
 
It has been proposed by the TC, in its report on the failure of the SNE stock, that the 
geographical distribution of spawning females has changed with a shift from 
nearshore areas to deeper water. In support of this, the TC drew attention to data from 
the CT trawl survey in Long Island Sound, in which the Committee claimed that, 
between 1984-1992 and 2000-2008, there had been a shift in the abundance of 
lobsters caught from the shallow, nearshore sites relative to that from the deeper 
offshore sites.  The TC pointed out that “in 1984-1991, the geometric mean catch at 
sites <30ft depth was comparable to the mean for sites >90ft depth; in 2000-2008, the 
mean catch at shallow sites was less than half the mean for deep sites”. The TC noted 
that this conclusion was supported by data from the regional Ventless Trap Survey in 
the SNE, which provided evidence of a greater abundance of lobster in the deeper 
strata of the surveyed region, and pointed out that this pattern contrasted with that 
observed in the Gulf of Maine, where the highest relative abundance is observed in 
the shallowest strata.  The Committee also observed that data from the MA lobster sea 
sampling program also indicate that the fishery now operates to a greater extent in 
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deeper, offshore waters than in the shallower, nearshore waters.  The concern that this 
raised for the TC is that, with the shift in abundance to deeper offshore waters, 
transport and settlement of larvae in nearshore nursery habitat may be less successful 
than in earlier years. In support of this conjecture, the TC pointed to the initial results 
of studies using depth-stratified deployment of passive post-settlement collectors, 
which indicate that settlement in depths less than 20 m is now considerably reduced. 
 
The plot of the CT trawl survey data presented in the SASC assessment report (Fig. 
5.2.1.2.1.3.) shows only the combined abundance estimates for the fall survey. No 
other data are presented to support the statement that “in 1984-1991, the geometric 
mean catch at sites <30ft depth was comparable to the mean for sites >90ft depth; in 
2000-2008, the mean catch at shallow sites was less than half the mean for deep 
sites”. Neither confidence limits nor standard errors are presented, and it is thus not 
possible to assess whether, in a statistical context, the inshore and offshore 
abundances have changed significantly. It seems highly likely, however, that a change 
in magnitude of the extent described by the TC would be statistically significant.  
Nevertheless, a more robust statistical evaluation would be preferable to demonstrate 
that the conclusions are due to a signal rather than the (subjective) influence of noise 
in the data. The assessment report notes that “The trawl survey employs a stratified 
random sampling design with four depth strata (0-9 m, 9.1-18.2 m, 18.3-27.3 m, 
27.4+ m) and three bottom substrate types (sand, mud, and transitional)”, with 
sampling intensity of approximately one sample per 68 km2. Fall surveys have been 
conducted since 1985 and spring surveys since 1985. It is suggested that the TC might 
find it useful to undertake a GLM analysis of the data, to demonstrate statistically that 
their conclusion is sound. Diagnostic plots should be presented to demonstrate that the 
model provides an adequate fit to the data. 
 
The selection of a single trawl survey, i.e., the CT trawl survey, to test the hypothesis 
that the relative distribution has changed, i.e., that the interaction between depth and 
year is significant, appears arbitrary.  It would be preferable to analyse the data from 
each of the trawl surveys, rather than examining only the data from the CT trawl 
survey. 
 
The TC presented maps showing the locations and observed total number of lobsters 
caught per trap during the random stratified ventless trap survey, employing circles of 
different diameters to represent different abundance classes. Results from the trap 
surveys from 2006 to 2009 were presented for both LCMAs 2 and 6, with separate 
maps for each LCMA and year. The plots provided subjective support for the 
conclusion that the abundance of lobsters caught in the ventless trap survey were 
greater in deeper offshore water than in shallower, nearshore waters.  It would again 
have been useful, however, to demonstrate this hypothesis by subjecting the survey 
data to a GLM analysis rather than relying on a subjective visual appraisal of the 
plotted data. The time series of data presented for the ventless traps is insufficient to 
determine whether there has been a change in distribution between 1984-1992 and 
2000-2008. 
 
The description of the methods used for the MA sea-sampling program in the 2009 
assessment report is sketchy, and the meaning of the ellipses presented in Appendix B 
is not specified.  The methods state that “Six fixed regions that include all three stock 
areas are sampled at least once per month from May-November by observers aboard 
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commercial boats”. The sampling frame appears poorly defined, and the method by 
which vessels fishing within the six fixed regions were selected for observation, such 
that sampling was random among vessels in those regions, is unclear. In particular, it 
is not clear whether the fishing effort exerted during observed trips represents a 
random sample of the fishing effort of the fishing fleet and thus whether it is 
appropriate to extrapolate from conclusions relating to the distribution of observed 
trips to conclusions that relate to the distribution of fishing effort. How were the data 
for the different regions weighted to determine the overall distribution of fishing 
effort?  Again, rather than presenting a subjective assessment that these sea-sampling 
data indicate a shift in the distribution of fishing, it would be preferable to subject the 
data to statistical analysis to assess whether there is evidence that supports this 
hypothesis. 
 
Subjectively, the data presented by the TC, in its report on the failure of recruitment 
the SNE, suggest that there has been a change in the spatial distribution of the lobster 
stock. Without analyses that demonstrate that the putative change in spatial 
distribution is statistically significant, however, the evidence is weak. There would be 
value in subjecting the data to appropriate statistical analysis, e.g., through use of 
GLM. Consideration should also be given to analysing the data for the recruits and 
legal sized lobsters separately, and/or the female lobsters with carapace lengths less 
than or greater than the carapace length at which 50% of the females are expected to 
be mature. 
 
The University of Maine’s length-based model currently assumes that the stock 
occupies a single spatial region. The influence of spatial structure is considered only 
implicitly in the model through the forms of the selectivity curves (associated with the 
different surveys and with the fishery) that are used, rather than through an explicit 
representation. The possibility that the spatial distributions of the stock and the fishery 
have changed has implications for the structure of the length-based model. With the 
current model structure, the implication is that the model will need to be modified to 
allow for possible temporal changes in the selectivity curves.  Alternatively, the 
model will need to be extended to include an explicit representation of the spatial 
structure. Such an extension would be demanding, however, as it would require 
information relating to the distribution of recruitment to and from different regions of 
the fishery, movement of lobsters (of different lengths and sexes) between regions, 
and greater resolution of fishery-dependent and fishery-independent data. 
 
ToR 2.  Determine the appropriateness of the findings drawn in the TC 
report, if deemed inappropriate, provide alternative findings with justification.  
The report findings include, but are not limited to: 

a. Stock Status:  Review of recent monitoring information showing that the 
reproductive potential and abundance of the SNE stock is continuing to fall lower 
than data presented in the latest assessment. 
 
The TC has presented time series of spawning stock biomass, larval and YOY 
indices, trawl survey indices, and fishery landings in its report on the failure of 
recruitment of the SNE lobster stock.  These time series include data that now 
extend to 2009, i.e., two additional years of data than were considered in the 2009 
assessment.  The TC has also considered aspects of the data that were not 
presented in the 2009 assessment, e.g., the development of indices of female 
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spawning biomass from trawl survey data. The additional trawl survey abundance 
and fishery landings data that have been presented for 2008 and 2009 appear to 
have declined slightly from, or remained of similar magnitude, to the values of 
the survey indices and landings recorded between about 2002 and 2007.  The 
subjective impression of the time series of spawning biomass that were presented 
by the TC is that, in general, the indices have declined and are now at levels that 
are among the lowest in the reported time series. 
 
Without re-running the length-based model using the more recent data, it would 
be difficult to conclude that the estimates of reproductive potential and abundance 
likely to be produced by the model would have declined much beyond the levels 
indicated by the outputs of the 2009 assessment.  It is highly unlikely, however, 
that, given the new data, the model’s estimates of reproductive potential and of 
abundance are likely to have improved. It is thus reasonable to conclude that the 
abundance of the SNE stock remains at levels below the threshold reference 
point, and that the stock is showing no indication of recovery despite the recent 
management controls that have been introduced and the reduction in the number 
of traps and trap hauls since 1999.  An important question that this raises is 
whether the newly-available indices are falling markedly below the trajectories 
that would have been anticipated given those management controls, recognising 
the lags that would be expected between management action and biological 
response, or whether the levels are consistent with model predictions.  This 
question needs to be assessed using the integrated model. 
 

i. SNE spawning stock biomass indicators from 2002 -‐2009 in general 
were average to poor.  The spawning stock abundance from the RI trawl 
survey increased to levels at or above the median from 2005 through 2008, 
during the V-notch program, but the 2009 estimate is below the 25th 
percentile. 
 
The SASC employed the NEFSC, RI and CT fall trawl surveys in the 
University of Maine’s length-based model when undertaking the 2009 
assessment. The trawl data for MA were only used for the GOM stock 
assessment.  It is unclear whether the data from the MA trawl survey that are 
presented in Table 1 and Fig. 3 of the recruitment failure report were 
calculated using only those samples in this survey that were obtained from 
the region associated with the SNE stock.  Without such assurance, it is not 
possible to determine the extent to which the female spawning biomass data 
from the MA fall survey contain information relating to the status of the SNE 
stock. 
 
Broadly speaking, and ignoring the results for MA, it is true that “SNE 
spawning stock biomass indicators from 2002 -‐2009 in general were average 
to poor”, apart from the indices derived from the RI trawl survey, which 
“increased to levels at or above the median from 2005 through 2008, during 
the V-notch program”, but noting that, for this survey, “the 2009 estimate is 
below the 25th percentile”. When examining the plots presented in Fig. 3, 
however, it should be noted that no standard errors or confidence intervals 
are displayed. The data exhibit considerable inter-annual variability.  
 



Review	  of	  the	  2010	  Report	  on	  Recruitment	  Failure	  and	  Stock	  Projections	  for	  SNE	  Lobster	   Page	  12	  
	  

The TC provides no indication of whether the data for the fall and spring 
surveys were combined when calculating the estimates of female spawning 
stock biomass, and, if so, how such combination was undertaken.  It has 
therefore been assumed that (at least some of) the data employed in 
calculating female spawning stock biomass are from the fall trawl surveys.  
However, the time series of these fall trawl data to 2007 have already been 
employed in the 2009 stock assessment undertaken using the University of 
Maine’s model, i.e., other than the values for 2008 and 2009, the data 
presented in Fig. 3 are probably not independent of those used in the 2009 
assessment. Thus, the question that now needs to be addressed is whether 
these new data contain information that would modify the assessment of the 
state of the SNE lobster stock from that determined at the last assessment. 
 
The additional data that have become available for the survey indices suggest 
that the SNE spawning female biomass has continued to decline in 2008 and 
2009.  It would be preferable, however, to run the University of Maine’s 
model with the new data to confirm this subjective assessment. 
 
ii. The last several years have produced larval and YOY indices below 

the median and at or below the 25th percentile relative to the 1984-‐2003 
reference years. YOY indices show a statistically significant negative slope 
since 1992 and the 3-6 year cyclical pattern in larval indices has been 
replaced with sustained low values for eight of nine recent years. Sustained 
poor production can only lead to reduced recruitment and ultimately to 
reduced year class strength and lower future abundance levels. 
 
The plots presented in Fig. 4 of the recruitment failure report demonstrate 
that, since 2001, indices of stage 4 post-larval abundance from the Western 
Long Island Sound Larval Survey and estimates of the annual densities of 
larvae (of all stages) at the Millstone Power Station in Eastern Long Island 
Sound have been predominantly less than the median values with the 
density at the Millstone Power Station in 2009 being the lowest in the time 
series. No standard errors are provided for these estimates. No estimates of 
the 25th percentiles of the two data sets are presented in Fig. 4. 
 
The indices of YOY settlement for Narragansett Bay and Rhode Island 
Sound collected by the Rhode Island Division of Environmental 
Management (RI DEM), which are presented in Fig. 5 of the recruitment 
failure report, exhibit a declining trend over the period for which data were 
available, i.e. from 1990, with the last five points in the time series lying 
below the median and the last two values falling below the 25th percentile. 
Only in the last year, however, did the error bars associated with the point 
estimate fall completely below that lower percentile. Note that there appears 
some confusion in reading Fig. 5, as the last value appears to be that for 
2008, not 2009, the latter figure being the value reported in the document 
describing the failure of recruitment of the SNE lobster stock.  Indices of 
YOY for Buzzards Bay collected by the Massachusetts Division of Marine 
Fisheries (MA DMF) vary about the median, but exhibit no consistent trend 
in recent years. 
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The larval and YOY indices were not employed when fitting the University 
of Maine’s model for the 2009 assessment.  It would be useful to include 
these indices in the integrated, length-based model, thereby assessing their 
consistency with other data sets and drawing information from the full set 
of data.  It would be anticipated that, although influenced by survival to 
settlement, success of settlement, and, in the case of YOY, survival within 
the nursery grounds, there is likely to be some consistency between the 
female spawning biomass estimates of the parent stock that produced the 
larvae and YOY and the indices of abundance collected for those larvae and 
YOY. Similarly, noting that there is likely to be a lag of around four to nine 
years between settlement and recruitment to the fishery, it is likely that 
there should be a degree of consistency between the indices of settlement 
and YOY and the indices of subsequent recruit abundance, although the 
strength of the relationship will be diminished by the presence of the other 
year classes within the set of lobsters that are classified as recruits. 
 
Although, subjectively, and recognizing the lag between the larval and 
YOY indices and subsequent recruitment, the larval and YOY indices 
appear consistent with the findings derived from earlier model results, it is 
not possible to assess whether the information that they might contain 
would modify markedly the values of the estimates of abundance (or the 
precision of those estimates) produced by the integrated model. One point 
that is clear, however, is that the trend in the more recent years provides no 
indication of a marked increase in larval settlement or YOY, suggesting that 
inclusion of these data in the length-based integrated model would be 
unlikely to produce results suggesting an increase in recent abundance. 
 
Rather than examining the additional indices subjectively outside the 
assessment model, it is better modelling and stock assessment practice to 
include the indices within an integrated model. It would be useful to 
develop the model further such that the additional indices can be used and 
analyses can be undertaken, when required, using the data that are available 
at that time. Note that, when adding additional indices, model results will 
need to be assessed thoroughly to ascertain whether inconsistencies have 
been introduced and to assess the reliability and performance of the 
modified model. 
 

iii. Fishery dependent and independent data suggest that the distribution of 
spawning females has shifted away from inshore SNE areas into deep water 
in recent years. This shift may impact larval supply to inshore nursery 
grounds.  
 
While subjectively it appears that the TC is correct in claiming that fishery 
dependent and independent data suggest that there has been a change in the 
relative abundances in nearshore and offshore waters in favour of a greater 
abundance in the later habitat, more detailed statistical analysis is required 
to demonstrate that this conclusion is valid (see the response to ToR 1).  If 
the finding is validated, the preliminary results from the satellite drifter 
studies reported by the TC suggest that the statement that larval supply to 
inshore nursery grounds may be impacted is likely to be true. More detail of 
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these drifter studies is required, such that the soundness of the reported 
findings can be assessed. The potential impact on recruitment cannot be 
quantified, however. There is a need to consider the likely change in 
distribution of settlement as a whole, rather than the results from local 
studies. Computer simulation using information on the distributions of 
spawning female biomass (and egg production) at different times in the 
fishery’s history, hydrodynamic models that account for changes in 
temperature, wind, etc., at these times, and data on movements of larvae 
should be considered. 
 

iv. All but one of the SNE fall trawl survey relative abundance indices for 
recruit and legal size lobster are generally consistent, with a peak in the 
1990’s and then a decline to low levels in recent years. Recent recruit and 
legal indices have generally remained at or below the 25th percentile since 
2002. 
 
The findings reported in the above statement are demonstrated by the trends 
in the indices that are presented in Figures 7 and 8 of the Recruitment 
Failure Report.  The RI, TC, and NMFS trawl survey data to 2006 were 
employed in the length-based model when producing the 2009 assessment. 
The additional data for the two most recent years that are presented by the 
TC in the recruitment failure report are broadly consistent with the low 
abundance estimates that were derived in that earlier assessment, and, 
although the recruit and legal-sized abundances in the RI data set rose 
above the median levels in 2008, these indices fell again to about the levels 
of the 25th percentiles in 2009.  The trends for the NJ trawl data and for the 
SNE data subset within the MA trawl survey data are similar to those for 
the RI, CT, and NMFS data. Confidence limits are not displayed in the 
figures, however, which makes it impossible to assess the statistical 
significance of the trends. The data presented in the figures suggest that the 
fishery is not yet recovering, but further exploration is required to 
determine whether this subjective conclusion is supported by results of 
analysis using the length-based model. 
 

b. Fishery Status 
i. The SNE landings peaked in 1997, declined to a low in 2003 and have 

remained low through 2007.  Landings have been below the 25th percentile 
of reference period (1984-2003) landings since 2002. 
 
Figure 9 of the recruitment failure report supports the above statement by 
the TC. Indeed, although the data for 2008 and 2009 are incomplete, it 
appears that the landings from the SNE lobster stock in these last two years 
will be of similar magnitude to those recorded from 2003 to 2007.  The data 
till 2007 have already been considered within the University of Maine’s 
model for the 2009 assessment.  The additional data for 2008 and 2009, 
which, in combination with the survey results discussed above, appear 
likely to lie well below the 25th percentile, reinforce the conclusions drawn 
from the previous results produced by the length-based model for the 2009 
assessment, i.e., it is unlikely that abundance estimates for the SNE lobster 
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stock will improve when the length-based model is eventually re-run with 
the new data. 
 

ii. Landings peaked and fell below the 25th percentile in different years in 
the different stat areas, though there were similarities among a number of 
areas. 
 
The above description of the trends in the different statistical areas is 
supported by the data presented in the figures in Appendix D of the 
recruitment failure report.  Note that the numbers of the figures should 
probably be prefaced by “D” rather than “E”. I would dispute the statement 
that the trend for area 538 is similar to that for areas 539, 611, and 613.  
While the statement is true for data following the mid-1990s, landings for 
area 538 exhibited a declining trend from the early 1980s, whereas those in 
the other three areas progressively increased from the early 1980s to the 
mid- to late 1990s. It is likely that, in the statement on page 13 that “The 
landings trends in areas 527 (offshore RI and MA), 612 (NY Bight), and 
areas from NJ and south (combined) are similar to each other, and 
somewhat different from inshore areas to their north (Figure 12 and 
Appendix D)”, the first area should be 537, not 527. 
 

iii. Offshore landings trends in NMFS statistical area 616 stand out 
somewhat from other areas. Trends were similar to areas 537, 612, and NJ 
south with a peak in the early 1990’s followed by a decline and low levels 
in 2002. Unlike the other areas, landings increased in 2003 and stayed 
above median landings for a number of years. Recent estimates have 
declined, but are still above the 25th percentile and may be underestimated 
due to the lack of NJ south landings data. 
 
The above statement is supported by the trends shown in figures E5, E6, 
and E7 in Appendix D, and Figures 12 and 13, of the recruitment failure 
report. The trends in landings in the different statistical areas will reflect not 
only the trends in abundance and distribution of legal-sized lobsters but also 
the distribution of fishing effort (trap hauls) and the catchabilities within the 
different areas. In addition to presenting the trends in abundance, it would 
therefore be useful to present trends in fishing effort and in catch per unit of 
effort. 
 

c. Impediments to rebuilding 
i. There has been a widespread increase in the area and duration of water 

temperatures above 200C throughout SNE inshore waters. Long term trends 
in the inshore portion of SNE show a pronounced warming period since 
1999. 
 
The time series presented in Figures 13 to 17 of the recruitment failure 
report support the conclusion by the TC that there has been an increase in 
the number of days each year with water temperatures above 20ºC at the 
locations at which these data were collected. The data presented in the 
recruitment failure report demonstrate that the area affected by such 
increased water temperatures ranges from Long Island Sound to Buzzards 
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Bay, but no data are presented to demonstrate that the waters of LCM Area 
5 have been similarly affected. The use of maps assists the interpretation of 
trends in spatial data.  Sea surface temperature maps derived from satellite 
data would have assisted in demonstrating the extent of the area over which 
such temperature increases were experienced.  It is noted that Fig. 2.5.4 of 
the Assessment Report suggests that a more marked increase in water 
temperature may have occurred in the SNE region between 1963 and the 
mid-1980s. 
 
1. Prolonged exposure to water temperature above 200C causes 
respiratory and immune system stress, increased incidence of shell disease, 
acidosis and suppression of immune defenses in lobster.  Lobsters avoid 
water greater than 190C. 
 
The paper by Dove et al. (2005) demonstrated that prolonged exposure 
(>30 days) to water temperature above 20°C caused physiological stress to 
the American lobster, depressing phagocytic activity of hemocytes and 
resulting in significant acidosis.  Steenbergen et al. (1978) demonstrated 
that the immune defences of lobster were reduced at higher water 
temperatures. Glenn and Pugh (2006) found “a significant correlation 
between disease incidence in Buzzards Bay and a series of warmer than 
average water temperatures from 1999 to 2003, which suggests that 
temperature may be a primary factor related to the recent outbreak of 
epizootic shell disease”. Crossin et al. (1998) actually reported that 
“lobsters avoided water that was warmer than approximately 20°C”, not 
19°C, as was reported by the TC.  Each of the journals in which these 
papers were published is well respected, and papers are accepted for 
publication only after peer review.  Thus, the above statement by the TC is 
essentially correct. 
 

ii. Loss of optimal shallow habitat area is causing the stock to contract 
spatially into deeper water 
 
The TC has provided evidence that temperature in nearshore waters of SNE 
has increased to the extent that optimal lobster habitat has been reduced. 
Scientific studies cited by the TC indicate that lobsters can detect 
differences in temperature and, if able, will move to habitat that lies in the 
temperature range from 12 to 18°C and, if possible, avoid areas with 
temperatures in excess of 20°C. Studies were also cited by the TC which 
demonstrated that, if subjected to long periods in waters with temperatures 
in excess of 20°C, individuals will experience physiological stress and 
depressed immunity to disease, suggesting that they will experience greater 
natural mortality. It is therefore logical to conclude that temperature 
increase is likely to have caused the relative abundance of lobsters in 
nearshore waters to be reduced and in offshore waters to be increased. 
 
1. The shift in abundance to deeper water may reflect increased mortality 
in shallow water by mid Atlantic predators (e.g. striped bass, dogfish, and 
scup) whose abundance has increased substantially in the last decade. 
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Evidence of an increased abundance of predators in shallow water was not 
provided by the TC in their report.  Such increased predation, if relatively 
greater in nearshore than offshore waters, would be expected to reduce the 
relative number of lobster in nearshore shallow waters and increase the 
relative number of lobsters in offshore waters. 
 
2. Recent larval drift studies in area 2 suggest that the re-‐distribution of 
spawning females into deep water areas may be causing larvae to be 
transported away from traditional settlement areas and potentially into less 
favorable areas. 
 
The preliminary data reported by the TC suggest that the changed spatial 
distribution of female lobsters could affect the distribution of settling 
lobsters and their survival. Greater detail of these larval drift studies is 
needed to ascertain the extent of the spatial area within the SNE covered by 
the studies. Simulations based on sound hydrodynamic models, and taking 
into account vertical movements of larvae, would also prove informative. 
 

iii. Continued fishing pressure reduces the stock’s potential to rebuild, 
even though overfishing is currently not occurring in SNE.  
 
Fishing pressure that removes females from the stock will reduce the 
reproductive potential of the stock and thereby reduce the potential for the 
stock to rebuild from an overfished state.  That is, the stock is likely to 
rebuild more rapidly if exploitation is reduced, but, since “overfishing is 
currently not occurring”, it would be expected that the stock would rebuild 
providing no other factors constrain its ability to recover. 
 
While it was found in the 2009 assessment that, at that time, overfishing 
was not occurring, the conclusion that overfishing is currently not occurring 
is subjective, as the report on recruitment failure of the SNE lobster stock 
has based its “assessment” on a subjective appraisal of the trends in the time 
series data.  The results of a fully-integrated quantitative assessment using 
the University of Maine’s length-based model and employing the new data 
that have been collated by the TC are not yet available.  Such an assessment 
would be required to balance inconsistencies among data sets, account for 
selectivity of surveys and landings, and take the noise in the data into 
account. 
 
The TC has noted in its report that the change in relative distribution, which 
it believes has resulted from the increased warming of nearshore waters, 
may have increased the vulnerability of lobsters to fishing.  There is a need 
to consider whether structural modification to the length-based model is 
required to allow for such change. The model would then need to be re-run, 
using the new data, to assess whether or not overfishing is now occurring as 
a result of the increased vulnerability of the lobsters. 
 
A more serious question that will need to be addressed by the TC is 
whether, if natural mortality has increased, reference points derived from 
data from 1984 to 2003 are appropriate, noting that, for 70% of this 
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reference period, natural mortality was assumed to be much lower, i.e., 
M=0.15 year-1. 
 
From the improvement of fit of a model that employed an increased level of 
natural mortality from 1998 over the fit produced by a model that assumed 
no increase in mortality from the base level of 0.15 year-1, the TC 
demonstrated that the recruit and legal-sized lobsters, which are represented 
in the model, had experienced a marked increase in natural mortality over 
the last decade.  It is highly unlikely that such increase in natural mortality 
was confined to the lobsters in the size range represented by the recruit and 
legal-sized lobsters.  Thus, almost certainly, juvenile and pre-recruit 
lobsters will have experienced a similar, if not greater, change in natural 
mortality. 
 
With the increase in natural mortality, fewer recruits now survive to 
maturity, i.e., the replacement relationship has changed.  Also, fewer 
juvenile and pre-recruit lobsters survive to attain the size at which they 
would be classified as recruits. Indeed, the studies reported by the TC 
suggest that the increased temperatures in nearshore waters since 1999 are 
likely to have impacted on the success of settlement of larvae, the amount 
of suitable habitat, and juvenile survival.  Thus, it is very likely that the 
stock-recruitment relationship has also changed, with a decrease in the 
number of recruits that are now expected to result from a given level of 
female spawning biomass. 
 
The changes in the stock-recruitment relationship and replacement 
relationship that have occurred or are likely to have occurred as a result of 
the changed environmental conditions to which the SNE lobster stock are 
now exposed would reduce the expected equilibrium abundance of lobsters 
at a given level of exploitation (Appendix 3).  Thus, even if the stock-
recruitment relationship remained unchanged, the increased natural 
mortality between hatching and spawning would reduce the reference level 
of exploitation that distinguishes whether or not overfishing is occurring 
and the reference level of abundance that determines whether or not the 
stock is considered to be overfished. 
 
Reference points based on historical data, i.e., for a period when natural 
mortality was lower and the stock-recruitment process had not been 
affected by increased temperatures in nearshore waters, are likely to be 
highly inappropriate for assessing the status of the stock given the changed 
environmental conditions that the SNE lobster stock is now experiencing. 
 
1. Total trap hauls have declined significantly yet have not declined at the 
same rate as lobster abundance. 
 
It is reported in the 2009 assessment report that the total number of traps 
was reduced by ~63% between 1999 and 2007.  The number of trap hauls in 
CT and MA, the states for which data are available, reduced from 5.3 
million in 1998 by ~58% to 2.2 million in 2007 (Table 3.2.1.2., assessment 
report). The reference abundance in 1998 was 35.8 million lobsters, and 
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that in 2007 was 14.2 million (data plotted in Fig. 1 of the recruitment 
failure report), a decline of ~60%.  The results for the base model, which 
were presented in the 2009 assessment, indicate that effective exploitation 
(combined sexes) was reduced by approximately 40% in this period, a 
decline that, as expected due to the nonlinear relationship between fishing 
mortality and exploitation, was less than that of fishing effort. The decline 
in trap hauls of ~63% is similar in magnitude to the decline in reference 
abundance, i.e., ~58%, but the decline in effective exploitation, i.e., ~40% 
is less than that of reference abundance. The important point to note is that, 
in theory, the reduction in trap hauls should have resulted in a possibly 
lagged increase in reference abundance.  
 
2. Although current measures prevent the harvest of egg-‐bearing and v-
notched lobster, the legal catch inshore and offshore represents a loss of egg 
production to the system.  
 
This is true. Capture and landing of female lobsters removes them from the 
stock, such that they cannot spawn in subsequent spawning seasons. 

 
ToR 3.  Determine the appropriateness of conclusions drawn in the TC 
report; if deemed inappropriate; provide alternative conclusions with 
justification. The report conclusions include, but are not limited to: 
a. The TC contends that the stock is experiencing recruitment failure caused by a 

combination of environmental drivers and continued fishing mortality.  
 
As noted in Section 2.1 of the recruitment failure report, the TC has defined 
recruitment failure as “the point where environmental conditions and/or fishing have 
resulted in successive years of poor recruitment”, while recruits are defined in the 
2009 assessment report as “lobster that are not legal size at the time of the survey but 
are expected to molt and grow to legal size during the next year”. The recruitment 
failure report, however, provides no definition of the number of successive years of 
poor recruitment that must elapse before it is considered that recruitment has failed, 
nor has it defined the criterion by which recruitment is assessed as “poor”. 
 
In order to assess the validity of the conclusions that the TC has drawn in the 
recruitment failure report, it has been necessary to infer, from the statements made in 
this and the assessment report, the criteria that the TC was likely to have used to 
assess whether recruitment had “failed”.  Thus, it appears probable that the TC 
adopted the criterion that values less than the 25th percentile of the recruitment data 
for the 1984-2003 reference period are “poor”.  In specifying the control rules used to 
assess whether the lobster stock is experiencing overfishing or the reference 
abundance is considered to be depleted, the SASC proposed that the average of the 
values of effective exploitation or reference abundance for the three most recent years 
should be calculated and compared with the associated reference point. Thus, it 
appears likely that the TC has considered that, if the number of successive years of 
poor recruitment is three or more, then recruitment failure has occurred.  
 
For other fisheries, where estimates are available of the level of depletion of 
abundance from the unfished state and where stock-recruitment relationships have 
been developed, alternative definitions of recruitment failure would be likely to be 
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proposed (Appendix 3).  For the SNE lobster stock, where reference points for 
fisheries management have been defined from historical data, the definition of 
recruitment failure will, of necessity, be determined by those historical data or by 
values derived from those data.  The definition of recruitment failure for the SNE 
fishery, which was proposed by the TC in its recruitment failure report, appears 
consistent with the reference point for reference abundance that was proposed by the 
SASC in the 2009 stock assessment. If the decision is made by the ASMFC to adopt 
the recommendation by the Panel that reviewed this assessment that the threshold 
reference point for reference abundance is reduced to half the median abundance for 
the reference period, consideration may need to be given to redefining “recruitment 
failure” to maintain similar consistency with the modified reference point. 
 
Figures 7 and 8 of the recruitment failure report suggest that, other than for 
Naragansett Bay and RI Sound, the indices of recruitment from the fall trawl surveys 
in the SNE have been consistently less than the 25th percentile since 2002.  According 
to the above definition, it appears reasonable to conclude that the SNE stock has 
experienced/is experiencing recruitment failure. 
 
It is reasonable to propose that, for an exploited stock, recruitment failure is due to a 
combination of environmental factors and fishing mortality.  Typically, a recruitment 
collapse in a fishery occurs when a heavily-exploited stock encounters adverse 
environmental conditions that reduce the level of recruitment from the average level 
that would have been expected. If exploitation is not reduced to compensate, the 
lower recruitment leads to lower egg production. If the adverse environmental 
conditions persist or worsen, the lower egg production then produces even lower 
recruitment, and the ratchet effect continues, driving the abundance of the stock to 
lower and lower levels. Thus, in such a case, a level of exploitation that may have 
been sustainable in the past becomes unsustainable when the productivity of the stock 
becomes reduced due to environmental change (Appendix 3).  In such a situation, it is 
typically necessary to reduce exploitation to a level that allows the stock to become 
stable and/or recover.  Recovery may also be achieved through fortuitous return of 
environmental conditions to those that had previously been experienced, however 
responsible management practice should not rely on chance. 
 
b. It is this recruitment failure in SNE that is preventing the stock from 

rebuilding. 
 
The data presented in the recruitment failure report provide little indication that 
recruitment is recovering from the low levels that have recently been experienced. As 
concluded by the TC in its recruitment failure report, continued low levels of 
recruitment are likely to prevent the stock from rebuilding, at least in the short term 
 
An increase in the reference abundance would require an increase in recruitment 
and/or a reduction in exploitation sufficient to allow the number of legal-size lobsters 
in the stock to gradually increase as a consequence of their increased probability of 
survival.  It should be noted that, if increased recruitment is to be brought about by 
reducing exploitation and allowing a greater number of lobsters to spawn, there will 
be a lag in response as the ratchet effect (of increased spawning biomass leading to 
increased recruitment, which leads to increased spawning biomass, etc.) works 
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through the annual spawning-recruitment process and there is a lag of at least about 
four years between spawning and recruitment. 
 
Recognising that recruitment to the fishery exhibits inter-annual variability, an 
increase in recruitment could be brought about by chance or by an improvement in 
environmental conditions.  Increased recruitment resulting from such an event and/or 
such environmental change would be a bonus for the fishery, but relying on chance or 
environmental change is not considered to be responsible management practice. Thus, 
the alternative constraint that prevents the stock from rebuilding may need to be 
considered, i.e., the level of fishing mortality to which the stock is exposed may need 
to be reduced to allow greater survival of female lobsters and thereby increased 
reproductive potential. The lag in recruitment response that results from reduced 
exploitation needs to be recognised when considering the effectiveness of alternative 
management approaches. 
 
Recruitment failure is not really the factor that is impeding recovery of the SNE stock.  
It is actually a symptom of the factors that have caused recruitment to decline.  The 
real issue is whether continued low levels of recruitment reflect a run of adverse but 
random environmental conditions, or whether the stock-recruitment and recruitment-
stock relationships have experienced fundamental changes that now, in combination 
with exploitation, inhibit the stock from recovering to historical levels of abundance 
(Appendix 3).  Indeed, the TC has proposed that natural mortality has changed due to 
the increased temperatures that are now being experienced by the SNE lobster stock, 
and has based projections on continued high levels of natural mortality. An increase in 
the level of natural mortality reduces the expected number of larvae that will be 
produced by each female recruit through its lifetime, thus affecting the replacement 
relationship. Such change in basic population processes will impact on the level of 
exploitation that the stock can sustain, requiring adjustment of the biological reference 
points used to guide management of the fishery. 
 
c. Overwhelming environmental and biological changes coupled with continued 
fishing greatly reduce the likelihood of SNE stock rebuilding 
 
The evidence presented by the TC in its recruitment failure report suggests that there 
has been a change in the temperature regime to which the SNE lobster stock is 
exposed.  There is evidence in published studies of the population biology of the 
species that indicates that, as a consequence of the change in temperature, biological 
processes of growth, maturation, and reproduction will have changed.  It is unlikely 
that the environmental conditions to which the SNE stock is currently exposed will 
revert to their previous state, at least in the immediate future.  Thus, it appears highly 
likely that current environmental conditions will continue to adversely affect 
recruitment success.  As noted above, for rebuilding to occur, it may be necessary to 
reduce the level of exploitation that the SNE lobster stock experiences, such that the 
reproductive potential of the lobsters that recruit can be increased through greater 
survival and increased number of spawning opportunities.  It should also be noted 
that, if the stock has experienced biological changes, those changes are likely to 
constrain the extent to which the stock can rebuild, i.e., it may not be possible for the 
stock to recover to historical levels of abundance or support historical levels of 
exploitation. 
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ToR 4.  Comment on the applicability of the recruitment indices to 
forecast future recruitment and landings to the inshore and offshore areas. 
 
The recruitment indices, i.e., indices of the actual numbers of recruits, that were 
presented in the recruitment failure report were those indices derived from the fall 
trawl survey data, which were presented in Figs 7 and 8.  Although the larval 
settlement and YOY indices were presented in the section of the report dealing with 
recruitment indices, given the definition of recruitment that has been adopted by the 
TC, it would probably have been more correct to identify these as pre-recruit indices.  
It has been assumed that this Term of Reference is intended to address the 
applicability of these larval settlement and YOY indices to forecast future recruitment 
and landings to the inshore and offshore areas. 
 
It is assumed that the predictions that are the subject of this Term of Reference are 
those that forecast the relative abundance of recruits of the same year class that will 
become available when the lobsters in the year class have grown to attain the length at 
which they are classified as recruits, and the landings that are likely to be achieved 
from that year class (and the survivors of year classes that recruited in earlier years) 
by the fishery in the first year following the attainment of legal size by that year class. 
 
It is noted by the SASC in the 2009 assessment report that, for a group of lobsters 
caught in Long Island Sound, “even within this fairly homogeneous group, animals 
one molt-group below the minimum legal size (72-83 mm) represented as many as 
eight year-classes”.  Wahle et al. (2004) indicate that, in Maine and Rhode Island, the 
age of lobsters in the recruit group ranged from 4 to 9 years. It follows that the 
relationship between the indices of larval and YOY abundance and indices of 
abundance of subsequent recruitment will be masked by the fact that the recruits will 
comprise a number of year classes.  However, if the indices of larval and YOY 
abundance are consistently lower than average, as appears to be the case for the SNE 
lobster stock, it is likely that the indices of recruitment from the mix of poor year 
classes will also be lower than average.  
 
Subjectively, there appears to be a level of consistency between the larval and YOY 
indices and the subsequent recruitment indices and landings.  Such subjective 
assessment of consistency among pairs of indices is likely to be misleading, however, 
as it fails to consider the extent to which a time series of indices is consistent through 
time with the full set of other indices that are available for the stock. To avoid 
subjectivity, the larval and YOY indices need to be included as input to an integrated 
model and subjected to a rigorous assessment of the extent to which they are 
consistent with other time series of indices and the extent to which they contribute 
information that influences the model’s predictions and parameter estimates.  It is 
only through inclusion of the indices in such an integrated model that it will be 
possible to determine “the applicability of the recruitment indices to forecast future 
recruitment and landings to the inshore and offshore areas”.  For such assessment, it 
will also be necessary to extend the model to include indices of recruitment and 
landings to inshore and offshore areas, as current indices and landings relate to 
surveys or the combination of catches from both inshore and offshore regions. 
 
There is always a temptation to include time series of data that are collected for other 
purposes in stock assessments. However, such inclusion of opportunistic data sets 
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within an integrated stock assessment model has the potential of introducing 
inconsistencies among data sets. Rather than using such opportunistic data sets, a 
well-designed, statistically-sound survey that collects data that are representative of 
the component of the stock that is the intended target of the survey is likely, in the 
longer term, to provide more useful and informative data. If data sets from 
opportunistic surveys are used, it would be useful to subject the statistical design of 
those surveys to careful scrutiny to assess the extent to which the data sets are likely 
to be representative of the data that they are intended to represent, and to assess 
whether the statistical methods used to analyse the data are appropriate. 
 
ToR 5.  Determine the appropriateness of the recommended action (5-year 
moratorium); if deemed inappropriate, provide alternative recommendations 
with justification. The report recommendations include, but are not limited to: 
a. Given evidence of recruitment failure in SNE and the impediments to stock 

rebuilding, the TC recommends a 5 year moratorium on harvest in the SNE 
stock area. 
 
The results of a number of projections made using the University of Maine’s 
length-based model (based on the 2009 assessment and employing data to 
2007) and assuming alternative management, recruitment and natural 
mortality scenarios were considered and reported by the TC. The essential 
message of these projections was that, if recent low recruitment was to 
continue for the next ten years, it would not be possible to sustain the stock at 
current (low) levels even by setting exploitation to zero. The TC has correctly 
identified that the most effective management option to promote an increase in 
recruitment to the SNE stock would be to increase the stock’s reproductive 
potential through allowing greater survival of lobsters, thus allowing more 
females to spawn. The proposal to impose a complete moratorium represents 
the maximum response that fisheries managers could make.  It is unclear, from 
the documents that have been provided, whether the proposed moratorium is 
acceptable under the terms of the legal framework that governs this fishery. 
This question falls outside the terms of reference and would need to be 
considered within other fora. 
 
The Term of Reference asks whether the recommended action is appropriate. 
The SASC concluded in the 2009 assessment that, based on current and its 
proposed reference points, the SNE lobster stock is overfished but overfishing 
is currently not occurring.  The Panel concluded that, based on its suggested 
revision to the SASC’s proposed reference points, the abundance of the SNE 
stock had declined and was nearing the point at which it would be considered 
depleted, but that overfishing was currently not occurring.  The Panel also 
recommended, however, that there should be a “reduction in exploitation and 
implementation of a fishery rebuilding plan for the SNE stock”.  From the 
documentation that was provided for this review, it is unclear whether the 
ASMFC has decided yet whether to adopt one or the other, or neither, of the 
proposed reference points.  There is consistency, however, in the 
recommendation that the SNE lobster stock should be rebuilt, and the 
mechanism to achieve such rebuilding is through a reduction in exploitation. 
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The change that has occurred subsequent to the 2009 assessment and its 
review by the Advisory Panel is that the TC has explored in greater detail the 
possibility that temperature increase has resulted in an increase in natural 
mortality.  The TC has confirmed the preliminary results presented in the 2009 
Assessment Report, that the model provides a better fit to the data if an 
approximately two-fold increase in natural mortality is assumed from 1998, 
providing support for the hypothesis that there has been in increase in natural 
mortality in recent years.  Subjective examination of new data and time series 
of larval and YOY indices support the view that recruitment shows no sign of 
increase, and the fact that recruitment indices appear to continue to be low 
suggests that, without intervention, the abundance of the lobster stock is likely 
to decline further. The TC has provided the results of projections assuming a 
range of alternative recruitment, natural mortality and exploitation options, 
and has examined the effectiveness of the V-notch program as an aid to 
rebuilding the stock. 
 
On the basis of the results that have been presented, and assuming that the 
model is sound, the data that are available support the hypothesis that natural 
mortality has increased in recent years.  Accordingly, provided that the 
recruitment series used in the projections is accurate, the results of the 
projections presented in the Projection Estimates Report that assume a 
continued high level of natural mortality are likely to be indicative of the 
expected response of the SNE lobster stock to changes in exploitation. Thus, if 
the stock is to be rebuilt and the recruitment series is accepted as an accurate 
forecast, it is appropriate to use these projections to determine an appropriate 
management response to the reduced abundance of the SNE lobster stock.  
There appears no basis for the assumption that levels of natural mortality will 
reduce in forthcoming years to the level that was referred to by the TC as 
“moderate”, i.e., M=0.225 year-1.  Thus, it is more appropriate to consider only 
the projections based on continued high levels of natural mortality, i.e., 
M=0.285 year-1, when determining a management response. 
 
The Beverton and Holt stock-recruitment relationship represents a more 
biologically-realistic scenario than the assumption that there is no relationship 
between spawning stock and recruitment.  The results of the projections 
reported by the TC, which assume such a relationship, are based, however, on 
parameter estimates for the stock-recruitment relationship that have been 
derived from estimates of spawning biomass and recruitment produced by the 
assessment model. The majority of these estimates of spawning stock biomass 
and recruitment are therefore likely to have represented values arising from 
the stock-recruitment relationship that existed during the period when the 
stock was experiencing a low natural mortality, i.e., M = 0.15 year-1. Because 
of the probable impact of increased temperature on settlement success and 
juvenile mortality, the stock-recruitment relationship for this earlier period 
would be expected to differ markedly from that for the post-1998 period, when 
natural mortality was higher, i.e., M = 0.285 year-1 (Appendix 3). It is 
suggested that, when calculating the parameter estimates for the stock-
recruitment relationship to be used in the projections, the data should be 
restricted to values of stock and recruitment representative of the relationship 
that was likely to have existed for the post-1998 period.  The estimates of 
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recruitment that were derived for those projections reported in the TC’s 
Projection Estimates Report, which employed the Beverton and Holt stock-
recruitment model, are likely to be too optimistic.  Without calculating the 
parameters of the stock-recruitment relationship for the post-1998 era, and re-
running those projections that employed a Beverton and Holt stock-
recruitment relationship, it is not possible to determine whether the resulting 
abundance estimates are likely to be better or worse than those produced by 
the projections that assumed low recruitment, which were reported by the TC.  
 
Estimates of the parameters of the stock-recruitment relationship should be 
made within the integrated model, rather than outside, such that uncertainty in 
the estimates of projected lobster abundance can be properly assessed. 
 
It is likely that the reference point for abundance, which was recommended by 
the SASC in the 2009 Assessment Report and was displayed by the TC in the 
plots of lobster abundance for the various projections in its Projection 
Estimates Report, will need to be reduced to accommodate the increased 
natural mortality to which the stock is now subjected and the change in the 
stock-recruitment relationship that is likely to have resulted from the impacts 
of increased temperature on the success of larval settlement and the natural 
mortality of juvenile lobsters.  If the recommendation of the Advisory Panel is 
accepted by the ASMFC, it is also possible that a lower reference point may 
be adopted.   
 
From the above, it appears that, given the changes in the replacement and 
stock-recruitment relationships that are likely to have accompanied the 
environmental change that the stock has experienced, the projections presented 
by the TC currently provide little information to assess the likely response to 
reduced exploitation or to determine the threshold level of lobster abundance 
to which the stock needs to be rebuilt.  There appears to be strong evidence 
that the abundance of the stock has declined considerably, to a level that is of 
concern to both the TC and the Panel. While a five-year moratorium on 
exploitation appears extreme, the current low abundance and uncertainty 
regarding the response of the stock to even low levels of exploitation suggest 
that it would be wise to apply a very precautionary approach and adopt the 
proposed moratorium (Appendix 3).  It would be important to monitor the 
response of the stock to the moratorium in order to maximise the information 
that is gained from this intervention.  If the decision is made to allow a 
continued low level of exploitation, a scenario with reduced exploitation 
combined with a V-notch program (or male only fishing) likely to produce a 
significant level of rebuilding within a five year time frame should be 
developed and considered for adoption. Research needs to be initiated to 
assess how the parameters of the Beverton and Holt stock-recruitment 
relationship of the SNE lobster stock have changed as a consequence of the 
changed environmental conditions. 
 
i. The moratorium provides the maximum likelihood to rebuild the stock 
in the foreseeable future to an abundance level that can support a sustainable 
long-‐term fishery. 
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It is true that the imposition of a moratorium will provide the stock with the 
greatest chance of rebuilding, and will produce such rebuilding in the shortest 
time.  The approach is one that will have a considerable socio-economic 
impact on fishermen, however, particularly in the current economic climate. 
 
What is missing from the reports prepared by the TC is consideration of the 
possibility that a change in natural mortality or in the stock-recruitment 
relationship represents a change in the dynamics of the stock (Appendix 3).  
Reference points that were based on previous levels of natural mortality and 
stock-recruitment become inappropriate.  Thus, the median and 25th 
percentiles of abundance calculated for 1984 to 2003 are no longer relevant 
and new reference points will need to be determined.  It should be recognised 
that, if the change in natural mortality and/or in the stock-recruitment 
relationship is extreme, the possibility exists that stock rebuilding may be 
minimal or may not occur even in the absence of fishing. 
 

b. During the 5 year moratorium period, monitoring of all phases of the lobster 
life cycle should be intensified.  

i. Fishery dependent sampling will no longer be collected, therefore 
assessment of stock status will rely on current fishery-‐independent surveys 
(e.g., ventless trap, YOY sampling, larvae) which will need to be continued 
and intensified.  
 
If a moratorium on harvest is introduced, the loss of data from the commercial 
fishery will reduce the information that is available for use in stock 
assessment, and increase the uncertainty of parameter estimates and model 
predictions.  There would be considerable value in enhancing the current 
fishery-independent surveys to provide other data that might compensate for 
the loss of length composition and catch data from the fishery.  Care needs to 
be taken to ensure that consistency of time series is maintained, however, as 
changes in selectivity and catchability that are introduced when data collection 
programs are modified may introduce discontinuities in the data sets that the 
model cannot resolve.  The integrated model will need to be enhanced to allow 
it to make full use of any additional data sets. Change in the level of 
exploitation will provide an invaluable opportunity to gain information on the 
dynamics of the SNE lobster stock but, to gain the maximum benefit from the 
change, will require the collection of appropriate additional survey and 
research data. 
 
ii. New surveys and research (e.g., sentinel industry surveys) are needed 
to further characterize stock status, lobster settlement and habitat in SNE. 
 
The TC is correct.  Because of the increased uncertainty associated with 
changed environment and changes in biological parameters, and with both 
stock and recruit abundance having declined to persistent low levels, the 
fishery is now in unfamiliar territory.  To resolve many of the uncertainties 
that are now emerging with respect to the biology of the stock, the availability 
of suitable habitat, and the distribution and status of the stock, it will be 
necessary to undertake new research and develop new surveys, e.g., sentinel 
fishing industry surveys. Many changes in biological parameters are likely to 
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have accompanied the increase in temperature that the SNE lobsters have 
experienced.  Growth, length and age at maturity, selectivity and catchability 
may all have been changed and research studies will need to be undertaken to 
assess whether such changes have occurred, and if so, to determine the new 
parameters for these biological and fishery processes.  The changes to the 
dynamics of the stock and the fishery that will have resulted from the changed 
distribution of lobsters and fishing effort will need to be identified and 
assessed. 
 

ToR 6.  Evaluate the stock projection scenarios conducted to complete the 
task as outlined by the Board (see above ToRs).   
a. Evaluate the deterministic projections conducted using the University of 
Maine Model.  

i. The Board directed the TC to provide projections within an 
extremely short time frame.  Although stochastic projections and 
estimates of uncertainty (e.g. MCMC confidence intervals) could have 
been provided, the time frame for decision-making was too short to 
complete a more thorough analysis. 
 
It is reported on p.63 of the 2009 assessment report that efforts “to estimate 
variances and characterize statistical uncertainty in estimates from the 
University of Maine model” were not successful. Subsequently, on p.75, the 
SASC explains that “It was not possible to characterize statistical uncertainty 
in results from the University of Maine model because asymptotic variances 
and likelihood confidence intervals were very small, implying unrealistically 
low levels of uncertainty. This was likely caused by specification (vs. 
estimation) of the growth transition matrix. Due to lack of time, it was not 
possible to use MCMC techniques to characterize uncertainty; therefore, the 
alternative model runs are the primary means for describing uncertainty in this 
assessment”. 
 
The Terms of Reference for the current review note that the TC had three 
months to complete the following tasks and report their findings 
1. Identify issues impeding stock rebuilding in SNE,  
2. Develop a suite of measures to begin stock rebuilding in SNE,  
3. Develop deterministic projections of stock abundance using the 
University of Maine Model that assume: a) both status quo and reduced 
fishing mortality scenarios, and b) status quo recruitment, low/declining recent 
recruitment, and a stock recruitment relationship. 
 
The projection module of the University of Maine’s length-based assessment 
model includes options for setting the size-specific abundances at the start of 
the projection period to the values determined for the system state at the end of 
the assessment period using either (1) the maximum likelihood estimates of 
parameters, or (2) values selected from the posterior distributions of the 
parameter estimates, as determined using the MCMC procedure of AD Model 
Builder (Chen 2010). Other parameters used in the projection may be 
determined using either of these approaches, or may be input by the user 
through an easy-to-use interface. The projection module provides options to 
specify a constant catch or fishing mortality for the projection period or to 
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input values of either catch or fishing mortality at each time step. Recruitment 
may be specified by the user, set to the average recruitment experienced 
during the assessment period, or determined from a stock-recruitment 
relationship, the values of which are specified by the user, and where the lag 
between spawning and subsequent recruitment is specified by the user.  
Recruitment variability can also be specified (Chen, 2010).  The University of 
Maine’s model thus appears to possess the tools that are necessary to 
undertake the exploration of a range of alternative projection scenarios. 
 
It is acknowledged that running the MCMC module of AD Model Builder 
takes considerable time, where the duration depends on the number of 
parameters, the autocorrelation of those parameters, the correlations among 
parameters, and the number of parameter sets in the chain of estimates that 
must be skipped in order to obtain estimates that may be considered to be 
independent samples from the posterior distributions of the individual 
parameters.  Typically when using AD Model Builder, estimates of 
uncertainty are first determined using the asymptotic estimates that are output 
when fitting the model.  After reducing the number of scenarios to those most 
likely to achieve the management objectives, MCMC runs are usually 
undertaken to assess the uncertainty of model predictions with greater 
precision. 
 
There is value in attempting a preliminary MCMC run to produce several 
chains of estimates such that these may be analysed to determine the number 
of parameter updates that are likely to be required and thereby to assess the 
time period likely to be required to complete a full MCMC assessment.  By 
using the Bayesian estimates of parameters and of the system state at the start 
of the projection period, a more informed assessment of uncertainty will be 
derived.  The concern expressed by the SASC in the 2009 assessment report, 
that, by failing to incorporate all sources of uncertainty, such as that associated 
with growth, into the assessment model, uncertainty is underestimated, will 
need to be considered also when assessing the results of MCMC analysis.  
 
It is noted that the third item in the tasks that the TC was set required only that 
deterministic projections be developed.  Apparently exploration of the results 
of projections based on MCMC parameter estimates was not requested at this 
time. 
 

b. Evaluate the chosen suite of fishing and recruitment scenarios presented 
in the report; if insufficient, provide suggestions for alternative scenarios.  
 
The TC considered projections that employed the status quo level of fishing 
mortality, F, and values of fishing mortality that were average (0.5F), low 
(0.25F) and zero. The TC has therefore satisfied the request for deterministic 
projections to be developed to explore both status quo and reduced fishing 
mortality scenarios. 
 
The projections presented by the TC in the Projection Estimates Report 
included the results of assuming a Beverton-Holt stock-recruitment 
relationship and low levels of future recruitment.  The TC noted that results of 
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projections that assumed that the average recruitment from 2005-2007 would 
be sustained were similar to those that employed the Beverton and Holt stock-
recruitment relationship, and thus only the latter were reported.  It is assumed 
that the average recruitment from 2005 to 2007 would be equivalent to the 
status quo recruitment that the TC had been requested to explore. The low 
recruitment scenario explored by the TC assumed that recruitment was 
constant and equal to the lowest estimate of recruitment, i.e. that for 2004.  
This value would have represented a decline from the average values recorded 
for 2005-2007. The TC has therefore also satisfied the request for 
deterministic projections to be developed to explore status quo recruitment, 
low/declining recent recruitment, and a stock recruitment relationship. Note, 
however, that, as discussed for ToR5, it is likely that the parameter estimates 
of the Beverton and Holt stock-recruitment relationship were derived using 
(some) data relating to the period prior to environmental change, and thus are 
inaccurate estimate of the parameters of the stock-recruitment relationship that 
exists subsequent to that change. Accordingly, values of abundance calculated 
for those projections in the Projections Estimates Report that estimated 
recruitment from the Beverton and Holt stock-recruitment relationship are 
likely to be overestimated. 
 
The TC has recognised that, if natural mortality has increased in recent years, 
as models fitted to the data from 1984 to 2007 suggest, it is possible that 
projections may be influenced by higher levels of natural mortality than were 
experienced in the period from 1984 to 1997. The TC has therefore explored 
projections that assume both moderate (M=0.225 year-1) and high 
(M=0.285 year-1) levels of natural mortality. 
 
Finally, the TC has examined how a V-notch program similar to that of the RI 
program might affect the number of legal lobsters when a constant catch 
(equal to the average catch from 2005-2007) is taken under conditions of 
moderate natural mortality and of both low recruitment and Beverton and Holt 
stock-recruitment-based recruitment. It would have been useful to have 
presented a similar pair of constant catch scenarios without the V-notch 
program to provide a basis for comparison of the effect of the latter program. 
 

c. Determine if projection results and the TC’s interpretation provided in 
the report are consistent with assessment model results.  
 
The total lobster abundance that is presented in Fig. 1 of the Projection 
Estimates Report could represent either the fishable abundance or the 
reference abundance, as the caption does not identify which is displayed.  It is 
likely that the data are those for the reference abundance, and that the results 
are those obtained when fitting the University of Maine’s length-based model 
assuming that natural mortality is constant and that M = 0.15 year-1. 
 
It is unclear why the trend in the early 1980s in Fig. 2 of the Projection 
Estimates Report differs from that shown in Fig. 1 of this report.  Is the 
number of legal lobsters in this and subsequent figures the fishable or the 
reference abundance?  Is a difference between the variables the reason for the 
different trends, or does the difference result from fitting a model with 
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M=0.15 year-1 from 1982-1997 and M=0.285 year-1 for 1998-2007 to produce 
the results displayed in Fig. 2?  It appears likely that the latter is the cause of 
the difference and that the data to 2007 (and associated medians and 25th 
percentiles) in subsequent figures have used the results from the latter model-
fitting approach. 
 
It appears likely that the parameters of a Beverton and Holt stock-recruitment 
relationship fitted to the results from the University of Maine’s length-based 
model (and thus essentially assuming little or no change in the stock-
recruitment relationship despite the impact of changed environmental 
conditions) would reflect a relationship producing approximately status quo 
levels of recruitment for recent levels of spawning stock biomass.  Thus, it is 
not surprising that, with projections using the high level of natural mortality 
assumed for 1998-2007, there is little recovery even when fishing mortality is 
set to zero (Fig. 2, Projection Estimates Report).  It is also not surprising that, 
when the projections are based on a moderate level of natural mortality, the 
stock has the opportunity to recover when the (almost constant) Beverton and 
Holt stock-recruitment relationship is assumed and fishing mortality is set to 
zero (Fig. 4, Projection Estimates Report).  However, even with moderate 
natural mortality, it would be necessary to reduce fishing mortality to allow 
the abundance of lobsters to increase to the 25th percentile or median 
abundance of the 1984-2003 reference period.  This set of projections 
illustrates the fact that, with a moderate increase in natural mortality to 
M=0.225 year-1 from the level that was assumed to be experienced between 
1982 and 1997, i.e., M=0.15 year-1, and with essentially no change in the 
stock-recruitment relationship despite the changed environmental conditions, 
status quo levels of fishing mortality are likely to maintain the stock at current 
or lower levels of abundance.  If natural mortality has increased, as appears 
likely given the results of the TC’s analysis, the SNE stock will no longer be 
able to support the levels of exploitation to which it was subjected in the past. 
Furthermore, if the change in environmental conditions experienced by the 
SNE lobster stock has affected the stock-recruitment relationship, the values 
of abundance that would be expected to result from the new stock-recruitment 
relationship are likely to be lower than those presented in the Projection 
Estimates Report for those projections that employed a stock-recruitment 
relationship, where the parameters for the latter relationship were derived 
using (some) estimates of spawning biomass and recruitment from the period 
prior to the increase in water temperatures reported in the TC’s Recruitment 
Failure Report. 
 
The results presented in Fig. 3 of the Projection Estimates Report are 
consistent with the concern that the TC has expressed, i.e., with high natural 
mortality and status quo fishing mortality, low levels of recruitment are 
insufficient to sustain the reproductive potential of the stock and abundance 
will continue to decline until it stabilises at the level associated with the 
constant low level of recruits that are assumed to be maintained.  That is, 
under conditions of high natural mortality, whatever biomass remains from 
previous stronger year classes is gradually eroded until the stock is reliant on 
the low number of recruits that it continues to receive. If the natural mortality 
experienced between 1988 and 2007, i.e., 0.285 year-1,  is reduced slightly to a 
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moderate level, i.e., 0.225 year-1, throughout the projection period, a continued 
low level of recruitment would allow a slight recovery, and a very small 
amount of exploitation (less than a quarter of the current level). 
 
The V-notch program produces a benefit if a stock-recruitment relationship 
exists, as it increases the reproductive potential above that which would be 
experienced without the additional protection afforded the female lobsters 
(Fig. 6, Projection Estimates Report).  If low recruitment persists, and 
recruitment does not respond to an increased female spawning biomass, there 
will be no additional benefit afforded by the V-notch program 
 

d. Comment on the reliability of the deterministic projections for use in SNE 
lobster stock management. 

 
For the deterministic projections to be reliable, it is essential that the model 
used to assess the state of the SNE lobster stock is based on sound 
assumptions, has been properly implemented, and that the data to which that 
model is applied are informative and representative of the variables they are 
assumed to represent.  It is sufficient to note here that the model and data have 
been reviewed elsewhere.  It would be inappropriate to comment further on 
the University of Maine’s length-based model or the results of the 2009 stock 
assessment, as such comment would fall outside the terms of reference of the 
current review.  It should be noted, however, that the additional data discussed 
by the TC in its report on the recruitment failure of the SNE lobster stock is 
not considered when exploring the projections from the 2007.  That is, the 
additional data are ignored and projections presented in the Projection 
Estimates Report rely on the data to 2007 that were analysed in the 2009 stock 
assessment.  The fact that the new data were not employed in the assessments 
is beneficial in that, if management decisions are made as a consequence of 
that assessment, the decisions employ the same data and are not influenced by 
data that were not considered in the 2009 assessment and subjected to the 
necessary level of review.  On the other hand, the data to 2007 are now 
considerably out of date, and both an updated assessment and a more 
responsive system of assessment and analysis might prove valuable to 
managers.  The alternative is to allow for the lag between assessment and 
management decision by allowing information on observed levels of catches 
for years subsequent to the assessment, i.e., in this case, for 2008 and 2009, to 
be input when projecting, such that the effect of fishing in these years can be 
based on historical fact rather than predicted by the model. 
 
Other data such as larval and YOY indices cannot yet be included in the 
model. The fact that the TC found such data to be informative in their report 
on recruitment failure suggests that there would be considerable value in 
extending the length-based model to allow additional indices to be considered 
in the assessment. 
 
At the risk of going beyond the terms of reference, I would urge the TC to 
consider the inclusion within the model of the parameters that are currently 
estimated outside the model, such that appropriate estimates of the uncertainty 
may be determined.  The SASC has recognized that the uncertainties of model 
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estimates are currently underestimated.  That is, the model currently assumes, 
for example, that growth is known with absolute accuracy and precision and 
estimates based on this assumption thus fail to incorporate any uncertainty 
associated with the parameter estimates. There is a need to provide estimates 
of the precision of the projections such that it is possible to compare the 
different predictions with confidence, and to allow determination of whether 
the projections over a ten-year horizon are of sufficient precision to be 
informative.  Without such estimates of precision, the reliability of the 
projections cannot be adequately assessed. 
 
The TC has identified that the projections are sensitive to uncertainties relating 
to the assumptions concerning natural mortality and the stock-recruitment 
relationship.  The TC has explored the failure of the SNE stock to recover 
when a Beverton and Holt stock–recruitment relationship exists by 
considering only the replacement function, i.e., the survival of recruits to the 
spawning stock, and the effect that increased natural mortality has had on this 
survival.  Currently, the stock-recruitment relationship is assumed to have a 
constant form, i.e., constant parameters, and to be unaffected by the change in 
natural mortality or other impacts of environmental change. It is likely, 
however, that the stock-recruitment relationship has been affected by those 
changes (Appendix 3) and that, as a consequence, estimates of the parameters 
of the stock-recruitment relationship should have been derived using only data 
on spawning biomass and subsequent recruitment that were from the period 
that followed the change in natural mortality and/environmental change.  The 
values of abundance that are presented by the TC for projections employing 
the Beverton and Holt stock-recruitment relationship are therefore likely to be 
overestimates. In its recruitment failure report, the TC has discussed aspects of 
the effect of temperature on nearshore habitat, larval settlement and survival of 
YOY that could well have influenced the shape of the stock-recruitment 
relationship, i.e., resulted in a change in the parameters of the stock-
recruitment relationship (Appendix 3). Selectivity functions may also have 
changed. 
 
Are the projections reported in the Projection Estimates Report likely to be 
reliable?  Subjectively, they appear consistent with the results produced in the 
2009 assessment and the conclusions arising from that assessment. They are 
not affected by the data that were considered subsequently by the TC, i.e., data 
for 2008-2009, temperature data, and larval and YOY indices, as these data 
were not employed by the length-based model. They are therefore not 
influenced by the conclusion drawn by the TC that recruitment of the SNE 
lobster stock has failed. The projections are influenced, however, by the 
additional analyses associated with exploration of the hypothesis that, from 
1998, natural mortality had increased to a greater level and the assumption that 
natural mortality would persist at a higher level during the projection period. 
 
The trends in the projected data that are reported in the Projection Estimates 
Report are consistent with the responses that, in theory, might be expected.  
The actual trajectory of lobster abundance will be determined by the form of 
the stock-recruitment relationship (if any) and future levels of natural 
mortality and recruitment variability. The conclusion that the opportunity for 
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stock recovery will be maximised by reducing exploitation to a minimum and, 
if exploitation continues, protecting females from capture, appears sound. 
 

ToR 7.  Review the M sensitivity analysis of the model that indicated a 
higher M as suggested in the 2009 assessment. 
 
In its memo of May 24 2010, the TC reported the results of fitting the University of 
Maine’s length-based model using data to 2007 with values of M for 1998 to 2007 
that ranged from that assumed for the base case, i.e., M= 0.15 year-1, to 0.9 year-1.  
Values of M for the earlier years, from 1984 to 1997 remained set at 0.15 year-1. The 
resulting negative log-likelihood attained a minimum when M for these later years of 
data was set to 0.285 year-1. This value of M produced an improved fit (to that 
provided by the base case run) for the female length composition data for all surveys, 
an improved fit to the length composition data for the males for surveys 2 (CT DEP) 
and 3 (RI DEM), and an improved fit to the female catch data, but reduced the quality 
of the fit for male length composition data for survey 1 (NEFSC). Overall, the 
negative log-likelihood was improved by 154 units, with the greatest contribution 
being that for the catch of the females, i.e., 40 units. Although the TC noted that the 
results obtained from the model that employed the higher value of natural mortality 
for later years did not alter its conclusions regarding stock status, it did not report 
these conclusions in its May 24 2010 memo.  The statement in the memo is essentially 
consistent, however, with the results of the preliminary assessment that assumed a 
similar change in natural mortality, which were reported in Table 7.2.3.4 of the 2009 
assessment report. In this respect, it should be noted that, although the results for 
M=0.225 year-1 that were reported in the TC’s memo matched those reported in Table 
7.2.3.4 of the SASC’s 2009 assessment report, those for M=0.3 year-1 differed 
markedly, with the improvement in the log-likelihood in the assessment report being 
presented as only 39 likelihood units. 
 
Based on the studies relating to temperature change, the stress induced by increased 
temperature, and increased prevalence of disease with increased temperature that were 
reported by the TC in both the 2009 assessment report and their more recent 
recruitment failure report, an a priori hypothesis that natural mortality of the lobsters 
in the SNE stock may have increased in more recent years is justified.  Thus, the fact 
that the fit of a model assuming increased natural mortality in later years, given a 
mortality of 0.15 year-1 prior to 1998, was considerably better than that of a model 
that assumes that natural mortality is constant and equal to 0.15 year-1 from 1984 to 
2007 indicates that the data provide greater support for the former hypothesis than the 
latter. 
 
Other hypotheses remain to be explored, however.   For example, would it be better to 
estimate rather than fix the value of natural mortality, and would the assumption of a 
constant mortality with magnitude greater than 0.15 year-1 produce a fit as good as 
that produced by the model assuming 0.15 year-1 between 1984 and 1997, and 
0.285 year-1 subsequently?  Would it be useful to consider a trend of increasing 
mortality rather than a sudden change between 1997 and 1998?  Why should the 
increase have occurred between 1997 and 1998 rather than 1998 and 1999, or other 
pair of years? 
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The mortality profile results presented by the TC in their memo of May 24 2010 
suggest that, as an alternative to changing natural mortality, a similar result might 
have been obtained by relaxing the assumptions relating to the form of the selectivity 
curves, particularly those for the female lobsters.  In their recruitment failure report, 
the TC has drawn attention to a change in the distribution of fishing from nearshore to 
offshore.  It appears highly likely that this change in distribution will have affected 
the selectivity associated with catches.  There would be value in exploring other 
alternative structural assumptions to complement that of an increase in natural 
mortality following 1998, as these may provide fits to the data of similar quality. 

 
5. Conclusions and recommendations 
 

The TC is to be commended for producing such a comprehensive assessment of 
recent data for the SNE lobster stock and projection estimates of future catches within 
the three month time frame specified by the ASMFC.  The strengths of the evidence 
that water temperatures have increased over recent years and the argument that, 
because of the biology and behaviour of the American lobster, such temperature 
increase would be expected to cause changes in natural mortality and distribution are 
convincing. The more detailed examination by the TC of the quality of the model fits 
to the data under a range of levels of increased natural mortality have demonstrated 
that the data support the hypothesis that natural mortality in recent years is almost 
twice that of the earlier years of the time series.  The new data presented by the TC 
provide a subjective demonstration that there has been no improvement in recruitment 
in 2008 and 2009, while the larval and YOY indices provide a subjective 
demonstration that recruitment is likely to continue to be low over the next few years. 
The TC has produced solid arguments that, if, as expected, the SNE region continues 
to experience elevated water temperatures, the impact of these temperatures on the 
lobster stock will impede rebuilding of lobster abundance.  The TC has correctly 
advised that continued exploitation also reduces the potential for the lobster stocks to 
rebuild, and has demonstrated in the comprehensive set of projections that it explored 
that imposition of a moratorium on exploitation maximises the opportunity for the 
stock to rebuild regardless of the alternative assumptions relating to future recruitment 
and future levels of natural mortality. 
 
The above strengths of the analyses and arguments presented by the TC in its reports 
on recruitment failure and projection estimates for the SNE lobster stock could have 
been enhanced by addressing a number of weaknesses in the documents. For example, 
it appears that, as identified earlier in this review, other data sets exist that contain 
information on trends in surface water temperature.  It is recommended that these 
other sources of water temperature data are examined to determine whether 
they strengthen the evidence of increased temperatures throughout the region 
occupied by the SNE lobster stock.  More detailed statistical analysis of the trawl 
survey, sea sampling and landings data would have provided more convincing 
evidence of a change in spatial distribution of the stock and of fishing effort than the 
subjective assessments of the trends and distributions of plotted data that are currently 
presented in the recruitment failure report.  It is recommended that the survey, sea 
sampling and landings data are subjected to appropriate statistical analysis to 
determine whether the spatial distribution(s) of the stock and/or the fishery have 
changed in recent years from the spatial distributions that were present in 
earlier years. 
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The current limitation of the University of Maine’s model, that restricts the number of 
time series of indices to three, appears to have impeded a more detailed and useful 
assessment of the value of the information in the larval and YOY surveys, and the 
consistency of these indices with the trends displayed by other indices, which would 
have been possible if these indices were included in the integrated model. It is 
recommended that the University of Maine’s length-based model is extended to 
allow input and use of the other additional time series of indices of abundance or 
length composition that are available for the SNE lobster stock. It is also 
surprising that the University of Maine’s length-based model was not re-run using the 
new data that had become available for 2008 and 2009 for the surveys already 
employed in the model, as such runs would have provided updated estimates of recent 
trends in reference, spawning and recruit abundance based on the full set of survey 
indices.  Subjective assessments of trends in survey indices cannot easily 
accommodate the different selectivities and lags of the different data sets, and are 
likely to be influenced by visual features of the data that are inconsistent with 
assumptions and the information contained in other data sets.  By re-running the 
model using the updated data sets, information from recent length composition data 
could also have been assessed. It is recommended that the University of Maine’s 
length based-model is re-run, using the updated time series of data that are now 
available, to provide an updated assessment of the state of the SNE lobster stock. 
 
The decision by the TC that recruitment has failed is based on the definition that it has 
adopted for “recruitment failure”, i.e., “the point where environmental conditions 
and/or fishing have resulted in successive years of poor recruitment”.  Determination 
of whether recruitment failure has occurred thus also depends on the criteria by which 
recruitment is classified as “poor” and specification of the number of successive years 
of poor recruitment that must elapse before such classification is made.  It is 
recommended that the ASFMC adopts a definition of recruitment failure that is 
consistent with the criteria used to determine the threshold reference point that 
is used to assess whether the lobster stock is overfished. As the ASFMC appears to 
have not yet decided between the alternative criteria for setting this latter reference 
point proposed by the SASC and the Review Panel, it is appropriate to defer a 
decision on the acceptability of the TC’s definition of recruitment failure and its 
conclusion that, in accordance with this definition, the SNE lobster stock has 
experienced recruitment failure.  Whether or not such failure has occurred, there is 
sound evidence that recruitment to the SNE lobster stock has declined and that low 
levels of recruitment have persisted despite the reduction in trap hauls and other 
management initiatives.  This fact, in combination with the conclusion of the 2009 
Assessment that the SNE lobster stock is overfished or the Panel’s conclusion that the 
abundance of lobster has declined to a point that is approaching depletion, is likely to 
be of concern to both managers and fishermen. 
 
If, as appears to be the case, the ASMFC is yet to determine whether to adopt the 
reference points proposed in the 2009 stock assessment or those recommended by the 
Review Panel, it would have been useful if the TC had displayed both sets of 
reference points in the figures presented in the recruitment failure and projection 
estimates reports. 
 



Review	  of	  the	  2010	  Report	  on	  Recruitment	  Failure	  and	  Stock	  Projections	  for	  SNE	  Lobster	   Page	  36	  
	  

While it is true that the results of model fitting provide support for the hypothesis that, 
given other model assumptions, natural mortality from 1998 to 2007 has increased, 
the choice of years and the assumption of a sudden rather than incremental change in 
natural mortality appear arbitrary.  There would be value in exploring whether 
hypotheses other than an increase in natural mortality could also explain the recent 
trends in data, e.g., changes in selectivities of the time series of survey and landings 
data might provide an equally plausible description of the data.  If such alternative 
explanations exist, their implications for management may differ from those that are 
associated with increased natural mortality in recent years. Research studies to 
discriminate between alternative hypotheses may become necessary. It is 
recommended that, by fitting appropriately-modified versions of the University 
of Maine’s length-based model, the TC explores alternative hypotheses relating 
to natural mortality and changing selectivity functions to assess whether these 
hypotheses provide equally viable alternatives to that which was investigated by 
the TC and assumes an increase in natural mortality. 
 
If temperature increases in nearshore waters have impacted on transport of larvae and 
success of settlement, and on the survival of settling and juvenile lobsters in the 
nearshore habitat, then the relationship between spawning stock and recruitment (to 
the lobsters that will recruit to the fishery in the coming year) will  have been 
modified (Appendix 3).  Change in the availability of suitable habitat will also modify 
the stock-recruitment relationship.  Similarly, the increased natural mortality that the 
recruit and legal size stock now appear to experience will have modified the expected 
number of eggs that a recruiting female will produce within its lifetime, thus 
modifying the relationship between recruitment and reproductive success, i.e., the 
replacement relationship.  Such changes in the stock-recruitment and replacement 
relationships modify the relationships between equilibrium abundance, “sustainable” 
catch, and exploitation and require an adjustment to the reference points that are used 
by fisheries managers to assess the effectiveness of management strategies.  
Accordingly, if increased temperatures have affected the SNE lobster stock through 
increased mortality and changes in larval and juvenile survival, it is inappropriate to 
continue to employ reference points derived from historical data for a reference 
period, 70% of which experienced lower natural mortality, and the remaining 30% of 
which still experienced the effects of transition from the old to new levels of natural 
mortality. It is recommended that the TC determines new reference points for 
abundance and exploitation that are consistent with the changes in biological 
processes that are likely to have accompanied the increased temperatures now 
experienced by the SNE lobster stock.  
 
The current state of the SNE lobster stock, i.e., a stock that is either overfished or 
approaching a depleted state, depending on which of the reference points is adopted, 
and for which the expected lag between spawning and recruitment is at least four 
years, is such that rebuilding will be a relatively slow process.  The projections that 
the TC has produced strongly support the view that, if, as appears likely, natural 
mortality continues to be as high as estimated for recent years, rebuilding will require 
a marked reduction in exploitation. It is recommended that, if and when 
exploitation of the SNE lobster stock is permitted, male lobsters are 
preferentially exploited and female lobsters are protected to the extent that is 
possible, e.g., through use of a V-notch program or male-only fishery.  It is also 
recommended that, if male lobsters are preferentially exploited, monitoring 
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programs are established to detect whether such exploitation produces a 
significant reduction in the number of females that are mated, or a significant 
reduction in the fecundity of females of different lengths. 
 
The results of the 2009 stock assessment and the recommendations of the subsequent 
Review Panel provide strong support for management action to reduce exploitation 
and thereby provide conditions that will allow the SNE lobster stock to rebuild.  
Without a decision by the ASMFC on the threshold reference point for stock 
abundance that should be adopted. i.e., that proposed by the SASC and preferred by 
the TC or that proposed by the Assessment Review Panel, it is not possible to 
determine the extent of rebuilding that needs to be achieved.  The documents provided 
for the current review provide no guidelines concerning the time period over which 
rebuilding should occur.  There appears little doubt, however, that, if natural mortality 
has increased, the stock is now experiencing conditions unlike those that it has 
previously experienced.  The stock-recruitment relationship for the SNE lobster stock 
will also have been affected by environmental change. A highly precautionary 
management approach is therefore warranted as these changes in the dynamics of the 
lobster stock make predictions of the abundance of lobsters that is likely to result from 
even very reduced levels of exploitation highly imprecise (Appendix 3). For this 
reason, the proposal by the TC that managers impose a five-year moratorium on 
exploitation of the SNE lobster stock is endorsed, as this should allow the stock to 
rebuild and will provide crucial data on the current dynamics of the stock such that 
future research advice becomes more reliable. It is recommended that managers 
impose a five-year moratorium on exploitation of the SNE lobster stock. 
 
Information on larval and YOY abundance indices and indices from the ventless trap 
surveys are currently not employed within the University of Maine’s model. As the 
SNE lobster stock appears to have experienced marked biological change as a result 
of recent coast-wide temperature increase, and will experience considerable change as 
a result of proposed reductions in exploitation, there is likely to be much value in the 
information that these indices contain.  Expansion of the current larval and YOY 
surveys to well-designed, coast-wide surveys would provide valuable data for future 
assessment.  The data from the ventless trap survey appears to offer considerable 
information that is currently unused in the assessment model. There is a need to 
expand research to assess the implications of changes in distribution of lobsters, 
changes in transport and settlement of larvae, changes in available lobster habitat, and 
changes in biological parameters that appear to have been impacted by recent 
temperature increases.  With the reduction in exploitation that is likely to be 
implemented, there is potential that catchability and selectivity of catch data will be 
affected, thus increasing the need for additional or enhanced fishery-independent data. 
It is recommended that fishery-independent research studies and surveys of the 
SNE lobster stock and fishery should be expanded and/or enhanced, and that the 
University of Maine’s length-based model be extended to use the additional data 
in future assessments. 
 
In closing, it is useful to reflect on the fact that recognition by the SASC and TC that 
natural mortality of the SNE lobster stock may have increased in recent years has 
been a crucial element in interpreting the trends in data and in formulating appropriate 
management responses to address the decline in abundance. The TC has provided 
valuable insight into the biological and behavioural basis for the impact of 
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temperature on the stock.  To date, however, the TC has only explored the impact of 
the change in natural mortality, which is likely to have resulted from increase in 
temperature.  The effect of temperature increase on larval transport and settlement, 
juvenile/pre-recruit survival, growth, size and age at maturity, and available habitat 
are likely to be important factors influencing the population dynamics of the lobster 
stock.  The impact of these factors and the implications of possible further 
temperature increase/change represent major uncertainties for assessment of the SNE 
lobster stock and predictions of the stock’s response to management and fishery 
changes and will require increased levels of research.  Further development and 
increasing flexibility and responsiveness of the University of Maine’s length-based 
model will be essential if, given the uncertainty introduced by environmental change, 
fishery scientists are to respond to the demands for research advice concerning the 
SNE lobster stock. 
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Description of the 
projection 
module.docx 

A description of the projection module in 
the University of Maine statistical 
length-structured stock assessment 
model for American lobster. 

Chen, Y. (no date)   

SNE_projection.d
oc 

Southern New England Lobster Stock 
Projection Estimates 

Anon. (presumably 
produced by the 
ASFMC Lobster 
Technical Committee) 

Projection 
Estimates 
Report 

Model code.zip Files containing the AD Model Builder 
source code that implements the 
University of Maine’s length-based 
model, and the data for the SNE lobster 
stock and fishery that were analysed 
using this model  

Anon (presumably 
produced by the 
ASFMC Lobster 
Technical Committee 
in collaboration with 
Dr Yong Chen, 
University of Miami) 
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Appendix 2: Copy of CIE Statement of Work 
	  

Statement	  of	  Work	  for	  Dr.	  Norman	  Hall	  
	  

External	  Independent	  Peer	  Review	  by	  the	  Center	  for	  Independent	  Experts	  
	  

Recruitment	  Failure	  in	  the	  Southern	  New	  England	  Lobster	  Stock	  
	  
Scope	  of	  Work	  and	  CIE	  Process:	   	  The	  National	  Marine	  Fisheries	  Service’s	   (NMFS)	  Office	  of	  Science	  
and	   Technology	   coordinates	   and	   manages	   a	   contract	   providing	   external	   expertise	   through	   the	  
Center	   for	   Independent	   Experts	   (CIE)	   to	   conduct	   independent	   peer	   reviews	   of	   NMFS	   scientific	  
projects.	   The	   Statement	   of	   Work	   (SoW)	   described	   herein	   was	   established	   by	   the	   NMFS	   Project	  
Contact	   and	   Contracting	   Officer’s	   Technical	   Representative	   (COTR),	   and	   reviewed	   by	   CIE	   for	  
compliance	   with	   their	   policy	   for	   providing	   independent	   expertise	   that	   can	   provide	   impartial	   and	  
independent	  peer	  review	  without	  conflicts	  of	  interest.	  	  CIE	  reviewers	  are	  selected	  by	  the	  CIE	  Steering	  
Committee	  and	  CIE	  Coordination	  Team	  to	  conduct	  the	  independent	  peer	  review	  of	  NMFS	  science	  in	  
compliance	  the	  predetermined	  Terms	  of	  Reference	  (ToRs)	  of	  the	  peer	  review.	  	  Each	  CIE	  reviewer	  is	  
contracted	   to	   deliver	   an	   independent	   peer	   review	   report	   to	   be	   approved	   by	   the	   CIE	   Steering	  
Committee	   and	   the	   report	   is	   to	   be	   formatted	  with	   content	   requirements	   as	   specified	   in	  Annex	  1.	  	  
This	   SoW	   describes	   the	   work	   tasks	   and	   deliverables	   of	   the	   CIE	   reviewer	   for	   conducting	   an	  
independent	  peer	  review	  of	  the	  following	  NMFS	  project.	  	  Further	  information	  on	  the	  CIE	  process	  can	  
be	  obtained	  from	  www.ciereviews.org.	  
	  
Project	  Description:	  	  The	  review	  would	  evaluate	  a	  report	  written	  on	  April	  17,	  2010	  by	  the	  
American	  Lobster	  Technical	  Committee	  (TC)	  of	  the	  Atlantic	  States	  Marine	  Fisheries	  
Commission	  (ASMFC),	  entitled	  “Recruitment	  Failure	  in	  the	  Southern	  New	  England	  Lobster	  
Stock”	  and	  the	  supplemental	  stock	  projection	  document,	  entitled	  “Southern	  New	  England	  
Lobster	  Stock	  Projection	  Estimates”.	  	  The	  report	  concludes	  that	  the	  stock	  is	  critically	  
depleted,	  experiencing	  recruitment	  failure,	  and	  cannot	  rebuild.	  	  The	  cause	  is	  thought	  to	  be	  a	  
combination	  of	  “environmental	  drivers”	  and	  continued	  fishing	  mortality.	  	  The	  TC	  
recommends	  a	  five	  year	  moratorium	  on	  harvest.	  	  The	  review	  would	  be	  asked	  to	  consider	  the	  
merits	  of	  this	  recommendation.	  The	  supplemental	  document	  provides	  stock	  estimates	  
under	  various	  F	  scenarios	  and	  recruitment	  conditions.	  The	  Terms	  of	  Reference	  (ToRs)	  of	  the	  
peer	  review	  are	  attached	  in	  Annex	  2.	  
	  
Requirements	   for	  CIE	  Reviewers:	   Three	  CIE	   reviewers	   shall	   conduct	  an	   impartial	   and	   independent	  
peer	  review	  in	  accordance	  with	  the	  SoW	  and	  ToRs	  herein.	  	  CIE	  reviewers	  shall	  have	  a	  combination	  of	  
working	  knowledge	  and	  recent	  experience	  in	  the	  application	  of	  marine	  ecology,	  lobster	  biology	  and	  
life	  history,	  recruitment	  dynamics,	  and	  population	  assessment.	  Each	  CIE	  reviewer’s	  duties	  shall	  not	  
exceed	  a	  maximum	  of	  10	  days	  to	  complete	  all	  work	  tasks	  of	  the	  peer	  review	  described	  herein.	  	  	  
	  
Location	  of	  Peer	  Review:	   	   Each	  CIE	   reviewer	   shall	   conduct	   an	   independent	  peer	   review	  as	   a	  desk	  
review,	  therefore	  no	  travel	  is	  required.	  
	  
Statement	  of	  Tasks:	   	  Each	  CIE	  reviewers	  shall	  complete	  the	  following	  tasks	   in	  accordance	  with	  the	  
SoW	  and	  Schedule	  of	  Milestones	  and	  Deliverables	  herein.	  
	  
Prior	   to	   the	   Peer	   Review:	   	   Upon	   completion	   of	   the	   CIE	   reviewer	   selection	   by	   the	   CIE	   Steering	  
Committee,	  the	  CIE	  shall	  provide	  the	  CIE	  reviewer	   information	  (full	  name,	  title,	  affiliation,	  country,	  
address,	  email)	  to	  the	  COTR,	  who	  forwards	  this	  information	  to	  the	  NMFS	  Project	  Contact	  no	  later	  the	  
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date	  specified	  in	  the	  Schedule	  of	  Milestones	  and	  Deliverables.	   	  The	  CIE	   is	  responsible	  for	  providing	  
the	  SoW	  and	  ToRs	  to	  the	  CIE	  reviewers.	  	  The	  NMFS	  Project	  Contact	  is	  responsible	  for	  providing	  the	  
CIE	   reviewers	   with	   the	   background	   documents,	   reports,	   and	   other	   pertinent	   information.	   	   Any	  
changes	   to	   the	  SoW	  or	  ToRs	  must	  be	  made	   through	   the	  COTR	  prior	   to	   the	  commencement	  of	   the	  
peer	  review.	  
	  
Pre-‐review	  Background	  Documents:	  	  Two	  weeks	  before	  the	  peer	  review,	  the	  NMFS	  Project	  Contact	  
will	   send	   (by	   electronic	  mail	   or	  make	   available	   at	   an	   FTP	   site)	   to	   the	   CIE	   reviewers	   the	   necessary	  
background	  information	  and	  reports	  for	  the	  peer	  review.	  	  In	  the	  case	  where	  the	  documents	  need	  to	  
be	  mailed,	   the	  NMFS	  Project	  Contact	  will	  consult	  with	  the	  CIE	  Lead	  Coordinator	  on	  where	  to	  send	  
documents.	  	  CIE	  reviewers	  are	  responsible	  only	  for	  the	  pre-‐review	  documents	  that	  are	  delivered	  to	  
the	  reviewer	  in	  accordance	  to	  the	  SoW	  scheduled	  deadlines	  specified	  herein.	  	  The	  CIE	  reviewers	  shall	  
read	  all	  documents	  in	  preparation	  for	  the	  peer	  review.	  
	  
Desk	  Review:	  	  Each	  CIE	  reviewer	  shall	  conduct	  the	  independent	  peer	  review	  in	  accordance	  with	  the	  
SoW	  and	  ToRs,	  and	  shall	  not	  serve	   in	  any	  other	  role	  unless	  specified	  herein.	   	  Modifications	  to	  the	  
SoW	  and	  ToRs	  can	  not	  be	  made	  during	  the	  peer	  review,	  and	  any	  SoW	  or	  ToRs	  modifications	  prior	  
to	   the	   peer	   review	   shall	   be	   approved	   by	   the	   COTR	   and	   CIE	   Lead	   Coordinator.	   	   The	   CIE	   Lead	  
Coordinator	  can	  contact	  the	  Project	  Contact	  to	  confirm	  any	  peer	  review	  arrangements.	  
	  
Contract	  Deliverables	  -‐	  Independent	  CIE	  Peer	  Review	  Reports:	  	  Each	  CIE	  reviewer	  shall	  complete	  an	  
independent	  peer	  review	  report	  in	  accordance	  with	  the	  SoW.	  	  Each	  CIE	  reviewer	  shall	  complete	  the	  
independent	  peer	  review	  according	  to	  required	  format	  and	  content	  as	  described	  in	  Annex	  1.	   	  Each	  
CIE	  reviewer	  shall	  complete	  the	  independent	  peer	  review	  addressing	  each	  ToR	  as	  described	  in	  Annex	  
2.	  
	  
Specific	   Tasks	   for	   CIE	   Reviewers:	   	  The	   following	   chronological	   list	   of	   tasks	   shall	   be	   completed	   by	  
each	  CIE	  reviewer	  in	  a	  timely	  manner	  as	  specified	  in	  the	  Schedule	  of	  Milestones	  and	  Deliverables.	  
	  

1) Conduct	  necessary	  pre-‐review	  preparations,	  including	  the	  review	  of	  background	  
material	  and	  reports	  provided	  by	  the	  NMFS	  Project	  Contact	  in	  advance	  of	  the	  peer	  
review.	  

2) Conduct	  an	  independent	  peer	  review	  in	  accordance	  with	  the	  ToRs	  (Annex	  2).	  
3) No	  later	  than	  11	  October	  2010,	  each	  CIE	  reviewer	  shall	  submit	  an	  independent	  peer	  

review	  report	  addressed	  to	  the	  “Center	  for	  Independent	  Experts,”	  and	  sent	  to	  Manoj	  
Shivlani,	  CIE	  Lead	  Coordinator,	  via	  email	  to	  shivlanim@bellsouth.net,	  and	  David	  
Sampson,	  CIE	  Regional	  Coordinator,	  via	  email	  to	  	  david.sampson@oregonstate.edu.	  	  
Each	  CIE	  report	  shall	  be	  written	  using	  the	  format	  and	  content	  requirements	  specified	  
in	  Annex	  1,	  and	  address	  each	  ToR	  in	  Annex	  2.	  

	  
	  
Schedule	  of	  Milestones	  and	  Deliverables:	  	  CIE	  shall	  complete	  the	  tasks	  and	  deliverables	  described	  in	  
this	  SoW	  in	  accordance	  with	  the	  following	  schedule.	  	  
	  
The	  following	  dates	  are	  tentative,	  and	  the	  project	  contact	  will	  provide	  firm	  dates	  no	  later	  than	  27	  
July	  2010.	  	  
	  

27	  August	  2010	  
CIE	  sends	  reviewer	  contact	  information	  to	  the	  COTR,	  who	  then	  
sends	  this	  to	  the	  NMFS	  Project	  Contact	  
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10	  September	  2010	  
NMFS	  Project	  Contact	  sends	  the	  CIE	  Reviewers	  the	  report	  and	  
background	  documents	  

	  	  	  	  	  17-‐27	  September	  
2010	  

Each	  reviewer	  conducts	  an	  independent	  peer	  review	  as	  a	  desk	  
review	  

	  	  11	  October	  2010	  
CIE	  reviewers	  submit	  draft	  CIE	  independent	  peer	  review	  reports	  to	  
the	  CIE	  Lead	  Coordinator	  and	  CIE	  Regional	  Coordinator	  

25	  October	  2010	   CIE	  submits	  the	  CIE	  independent	  peer	  review	  reports	  to	  the	  COTR	  

1	  November	  2010	  
The	  COTR	  distributes	  the	  final	  CIE	  reports	  to	  the	  NMFS	  Project	  
Contact	  and	  regional	  Center	  Director	  

	  
Modifications	   to	   the	  Statement	  of	  Work:	   	  Requests	   to	  modify	   this	  SoW	  must	  be	  approved	  by	   the	  
Contracting	   Officer	   at	   least	   15	   working	   days	   prior	   to	   making	   any	   permanent	   substitutions.	   	   The	  
Contracting	   Officer	   will	   notify	   the	   COTR	   within	   10	   working	   days	   after	   receipt	   of	   all	   required	  
information	  of	  the	  decision	  on	  substitutions.	  	  The	  COTR	  can	  approve	  changes	  to	  the	  milestone	  dates,	  
list	   of	   pre-‐review	   documents,	   and	   ToRs	  within	   the	   SoW	   as	   long	   as	   the	   role	   and	   ability	   of	   the	   CIE	  
reviewers	  to	  complete	  the	  deliverable	   in	  accordance	  with	  the	  SoW	  is	  not	  adversely	   impacted.	   	  The	  
SoW	  and	  ToRs	  shall	  not	  be	  changed	  once	  the	  peer	  review	  has	  begun.	  
	  	  
Acceptance	   of	   Deliverables:	   	   Upon	   review	   and	   acceptance	   of	   the	   CIE	   independent	   peer	   review	  
reports	  by	  the	  CIE	  Lead	  Coordinator,	  Regional	  Coordinator,	  and	  Steering	  Committee,	  these	  reports	  
shall	  be	  sent	  to	  the	  COTR	  for	  final	  approval	  as	  contract	  deliverables	  based	  on	  compliance	  with	  the	  
SoW	  and	  ToRs.	  	  As	  specified	  in	  the	  Schedule	  of	  Milestones	  and	  Deliverables,	  the	  CIE	  shall	  send	  via	  e-‐
mail	  the	  contract	  deliverables	  (CIE	  independent	  peer	  review	  reports)	  to	  the	  COTR	  (William	  Michaels,	  
via	  William.Michaels@noaa.gov).	  
	  
Applicable	  Performance	  Standards:	  	  The	  contract	  is	  successfully	  completed	  when	  the	  COTR	  provides	  
final	   approval	   of	   the	   contract	   deliverables.	   	   The	   acceptance	   of	   the	   contract	   deliverables	   shall	   be	  
based	  on	  three	  performance	  standards:	  	  
(1)	  each	  CIE	  report	  shall	  completed	  with	  the	  format	  and	  content	  in	  accordance	  with	  Annex	  1,	  	  
(2)	  each	  CIE	  report	  shall	  address	  each	  ToR	  as	  specified	  in	  Annex	  2,	  	  
(3)	  the	  CIE	  reports	  shall	  be	  delivered	  in	  a	  timely	  manner	  as	  specified	   in	  the	  schedule	  of	  milestones	  
and	  deliverables.	  
	  
Distribution	   of	  Approved	  Deliverables:	   	  Upon	   acceptance	   by	   the	   COTR,	   the	   CIE	   Lead	   Coordinator	  
shall	  send	  via	  e-‐mail	  the	  final	  CIE	  reports	  in	  *.PDF	  format	  to	  the	  COTR.	  	  The	  COTR	  will	  distribute	  the	  
CIE	  reports	  to	  the	  NMFS	  Project	  Contact	  and	  Center	  Director.	  
	  
Support	  Personnel:	  
	  
William	  Michaels,	  Contracting	  Officer’s	  Technical	  Representative	  (COTR)	  
NMFS	  Office	  of	  Science	  and	  Technology	  
1315	  East	  West	  Hwy,	  SSMC3,	  F/ST4,	  Silver	  Spring,	  MD	  20910	  
William.Michaels@noaa.gov	  	  	   Phone:	  301-‐713-‐2363	  ext	  136	  
	  
Manoj	  Shivlani,	  CIE	  Lead	  Coordinator	  	  
Northern	  Taiga	  Ventures,	  Inc.	  	  	  
10600	  SW	  131st	  Court,	  Miami,	  FL	  	  33186	  
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shivlanim@bellsouth.net	  	   	   Phone:	  305-‐383-‐4229	  
	  
Roger	  W.	  Peretti,	  Executive	  Vice	  President	  
Northern	  Taiga	  Ventures,	  Inc.	  (NTVI)	  
22375	  Broderick	  Drive,	  Suite	  215,	  Sterling,	  VA	  20166	  
RPerretti@ntvifederal.com	  	   	   Phone:	  571-‐223-‐7717	  
	  
Key	  Personnel:	  
	  
NMFS	  Project	  Contact:	  
	  
Ms.	  Toni	  Kearns	  
	  Atlantic	  States	  Marine	  Fisheries	  Commission	  
1444	  Eye	  St.,	  NW,	  6th	  floor,	  Washington,	  DC	  20005	  
TKerns@asmfc.org	   	   Phone:	  202-‐289-‐6400	  
	  
Robert	  Beal	  
	  Atlantic	  States	  Marine	  Fisheries	  Commission	  
1444	  Eye	  St.,	  NW,	  6th	  floor,	  Washington,	  DC	  20005	  
RBeal@asmfc.org	   	   Phone:	  202-‐289-‐6400	  
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Annex	  1:	  	  Format	  and	  Contents	  of	  CIE	  Independent	  Peer	  Review	  Report	  
	  
1.	   The	   CIE	   independent	   report	   shall	   be	   prefaced	   with	   an	   Executive	   Summary	   providing	   a	   concise	  

summary	  of	  the	  findings	  and	  recommendations,	  and	  specify	  whether	  the	  science	  reviewed	  is	  the	  
best	  scientific	  information	  available.	  

	  
2.	  The	  main	  body	  of	  the	  reviewer	  report	  shall	  consist	  of	  a	  Background,	  Description	  of	  the	  Individual	  

Reviewer’s	   Role	   in	   the	   Review	   Activities,	   Summary	   of	   Findings	   for	   each	   ToR	   in	   which	   the	  
weaknesses	  and	  strengths	  are	  described,	  and	  Conclusions	  and	  Recommendations	   in	  accordance	  
with	  the	  ToRs.	  

	  
3.	  The	  reviewer	  report	  shall	  include	  the	  following	  appendices:	  
	  

Appendix	  1:	  	  Bibliography	  of	  materials	  provided	  for	  review	  	  
Appendix	  2:	  	  A	  copy	  of	  the	  CIE	  Statement	  of	  Work	  
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Annex	  2:	  	  Terms	  of	  Reference	  for	  the	  Peer	  Review	  	  
	  

Review	  of	  TC	  report:	  Recruitment	  Failure	  in	  the	  Southern	  New	  England	  Lobster	  Stock	  
	  
The	  American	  Lobster	  Board	  (Board)	  assigned	  the	  American	  Lobster	  Technical	  Committee	  with	  the	  
following	  tasks:	  	  
	  

1. Identify	  issues	  impeding	  stock	  rebuilding	  in	  SNE,	  	  
2. Develop	  a	  suite	  of	  measures	  to	  begin	  stock	  rebuilding	  in	  SNE,	  	  
3. Develop	  deterministic	  projections	  of	  stock	  abundance	  using	  the	  University	  of	  Maine	  Model	  

that	  assume:	  a)	  both	  status	  quo	  and	  reduced	  fishing	  mortality	  scenarios,	  and	  b)	  status	  quo	  
recruitment,	  low/declining	  recent	  recruitment,	  and	  a	  stock	  recruitment	  relationship.	  

	  
The	   Technical	   Committee	   had	   3	  months	   to	   report	   back	   to	   the	   Board	   on	   their	   findings.	   From	   the	  
above	   tasks	   the	   TC	   drafted	   the	   report:	   Recruitment	   Failure	   in	   the	   Southern	  New	   England	   Lobster	  
stock.	  With	   the	  exception	  of	   temperature	  data	  and	   information	  on	   the	   redistribution	  of	   spawning	  
females,	   all	   other	   fishery	   independent	   and	   dependent	   data	   used	   in	   the	   TC’s	   report	   were	   peer	  
reviewed	  and	  accepted	  during	  the	  most	  recent	  (March	  2009)	  ASMFC	  Benchmark	  Stock	  Assessment.	  	  
	  

Terms	  of	  Reference	  for	  Peer	  Review	  Panel	  
	  

The	  peer	  review	  will	  cover	  the	  April	  2010	  Recruitment	  Failure	  Report	  and	  related	  TC	  tasks	  assigned	  
by	  the	  Board	  as	  detailed	  above	  (tasks	  1	  –	  3).	  The	  questions	  are	  listed	  in	  bold.	  The	  other	  information	  
is	  meant	  to	  provide	  additional	  insight.	  
	  
2. Evaluate	  the	  quality	  and	  completeness	  of	  the	  data	  gathered	  since	  the	  assessment	  

(temperature	  data	  and	  redistribution	  of	  spawning	  females);	  if	  inadequate,	  specify	  additional	  
techniques	  that	  should	  have	  been	  considered.	  
	  

3. Determine	  the	  appropriateness	  of	  the	  findings	  drawn	  in	  the	  TC	  report,	  if	  deemed	  
inappropriate,	  provide	  alternative	  findings	  with	  justification.	  	  The	  report	  findings	  include,	  but	  
are	  not	  limited	  to:	  

	  
a. Stock	  Status:	  	  Review	  of	  recent	  monitoring	  information	  showing	  that	  the	  reproductive	  

potential	  and	  abundance	  of	  the	  SNE	  stock	  is	  continuing	  to	  fall	  lower	  than	  data	  presented	  
in	  the	  latest	  assessment.	  

i. SNE	  spawning	  stock	  biomass	  indicators	  from	  2002	  -‐2009	  in	  general	  were	  
average	  to	  poor.	  	  The	  spawning	  stock	  abundance	  from	  the	  RI	  trawl	  survey	  
increased	  to	  levels	  at	  or	  above	  the	  median	  from	  2005	  through	  2008,	  during	  the	  
V-‐notch	  program,	  but	  the	  2009	  estimate	  is	  below	  the	  25th	  percentile.	  

ii. The	  last	  several	  years	  have	  produced	  larval	  and	  YOY	  indices	  below	  the	  median	  
and	  at	  or	  below	  the	  25th	  percentile	  relative	  to	  the	  1984-‐2003	  reference	  years.	  
YOY	  indices	  show	  a	  statistically	  significant	  negative	  slope	  since	  1992	  and	  the	  3-‐6	  
year	  cyclical	  pattern	  in	  larval	  indices	  has	  been	  replaced	  with	  sustained	  low	  
values	  for	  eight	  of	  nine	  recent	  years.	  Sustained	  poor	  production	  can	  only	  lead	  to	  
reduced	  recruitment	  and	  ultimately	  to	  reduced	  year	  class	  strength	  and	  lower	  
future	  abundance	  levels.	  
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iii. Fishery	  dependent	  and	  independent	  data	  suggest	  that	  the	  distribution	  of	  
spawning	  females	  has	  shifted	  away	  from	  inshore	  SNE	  areas	  into	  deep	  water	  in	  
recent	  years.	  This	  shift	  may	  impact	  larval	  supply	  to	  inshore	  nursery	  grounds.	  	  

iv. All	  but	  one	  of	  the	  SNE	  fall	  trawl	  survey	  relative	  abundance	  indices	  for	  recruit	  and	  
legal	  size	  lobster	  are	  generally	  consistent,	  with	  a	  peak	  in	  the	  1990’s	  and	  then	  a	  
decline	  to	  low	  levels	  in	  recent	  years.	  Recent	  recruit	  and	  legal	  indices	  have	  
generally	  remained	  at	  or	  below	  the	  25th	  percentile	  since	  2002.	  

	  
b. Fishery	  Status	  

i. The	  SNE	  landings	  peaked	  in	  1997,	  declined	  to	  a	  low	  in	  2003	  and	  have	  remained	  
low	  through	  2007.	  	  Landings	  have	  been	  below	  the	  25th	  percentile	  of	  reference	  
period	  (1984-‐2003)	  landings	  since	  2002.	  

ii. Landings	  peaked	  and	  fell	  below	  the	  25th	  percentile	  in	  different	  years	  in	  the	  
different	  stat	  areas,	  though	  there	  were	  similarities	  among	  a	  number	  of	  areas.	  

iii. Offshore	  landings	  trends	  in	  NMFS	  statistical	  area	  616	  stand	  out	  somewhat	  from	  
other	  areas.	  Trends	  were	  similar	  to	  areas	  537,	  612,	  and	  NJ	  south	  with	  a	  peak	  in	  
the	  early	  1990’s	  followed	  by	  a	  decline	  and	  low	  levels	  in	  2002.	  Unlike	  the	  other	  
areas,	  landings	  increased	  in	  2003	  and	  stayed	  above	  median	  landings	  for	  a	  
number	  of	  years.	  Recent	  estimates	  have	  declined,	  but	  are	  still	  above	  the	  25th	  
percentile	  and	  may	  be	  underestimated	  due	  to	  the	  lack	  of	  NJ	  south	  landings	  data.	  

	  
c. Impediments	  to	  rebuilding	  

i. There	  has	  been	  a	  widespread	  increase	  in	  the	  area	  and	  duration	  of	  water	  
temperatures	  above	  200C	  throughout	  SNE	  inshore	  waters.	  Long	  term	  trends	  in	  
the	  inshore	  portion	  of	  SNE	  show	  a	  pronounced	  warming	  period	  since	  1999.	  

1. Prolonged	  exposure	  to	  water	  temperature	  above	  200C	  causes	  
respiratory	  and	  immune	  system	  stress,	  increased	  incidence	  of	  shell	  
disease,	  acidosis	  and	  suppression	  of	  immune	  defenses	  in	  lobster.	  	  
Lobsters	  avoid	  water	  greater	  than	  190C.	  

ii. Loss	  of	  optimal	  shallow	  habitat	  area	  is	  causing	  the	  stock	  to	  contract	  spatially	  into	  
deeper	  water	  

1. The	  shift	  in	  abundance	  to	  deeper	  water	  may	  reflect	  increased	  mortality	  
in	  shallow	  water	  by	  mid	  Atlantic	  predators	  (e.g.	  striped	  bass,	  dogfish,	  
and	  scup)	  whose	  abundance	  has	  increased	  substantially	  in	  the	  last	  
decade.	  

2. Recent	  larval	  drift	  studies	  in	  area	  2	  suggest	  that	  the	  re-‐distribution	  of	  
spawning	  females	  into	  deep	  water	  areas	  may	  be	  causing	  larvae	  to	  be	  
transported	  away	  from	  traditional	  settlement	  areas	  and	  potentially	  into	  
less	  favorable	  areas.	  

iii. Continued	  fishing	  pressure	  reduces	  the	  stock’s	  potential	  to	  rebuild,	  even	  though	  
overfishing	  is	  currently	  not	  occurring	  in	  SNE.	  	  

1. Total	  trap	  hauls	  have	  declined	  significantly	  yet	  have	  not	  declined	  at	  the	  
same	  rate	  as	  lobster	  abundance.	  	  

2. Although	  current	  measures	  prevent	  the	  harvest	  of	  egg-‐bearing	  and	  v-‐
notched	  lobster,	  the	  legal	  catch	  inshore	  and	  offshore	  represents	  a	  loss	  
of	  egg	  production	  to	  the	  system.	  	  

	  
4. Determine	  the	  appropriateness	  of	  conclusions	  drawn	  in	  the	  TC	  report;	  if	  deemed	  

inappropriate;	  provide	  alternative	  conclusions	  with	  justification.	  The	  report	  conclusions	  
include,	  but	  are	  not	  limited	  to:	  
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a. The	  TC	  contends	  that	  the	  stock	  is	  experiencing	  recruitment	  failure	  caused	  by	  a	  
combination	  of	  environmental	  drivers	  and	  continued	  fishing	  mortality.	  	  

b. It	  is	  this	  recruitment	  failure	  in	  SNE	  that	  is	  preventing	  the	  stock	  from	  rebuilding.	  
c. Overwhelming	  environmental	  and	  biological	  changes	  coupled	  with	  continued	  fishing	  

greatly	  reduce	  the	  likelihood	  of	  SNE	  stock	  rebuilding	  
	  

5. Comment	  on	  the	  applicability	  of	  the	  recruitment	  indices	  to	  forecast	  future	  recruitment	  and	  
landings	  to	  the	  inshore	  and	  offshore	  areas.	  

	  
6. Determine	  the	  appropriateness	  of	  the	  recommended	  action	  (5-‐year	  moratorium);	  if	  deemed	  

inappropriate,	  provide	  alternative	  recommendations	  with	  justification.	  The	  report	  
recommendations	  include,	  but	  are	  not	  limited	  to:	  

a. Given	  evidence	  of	  recruitment	  failure	  in	  SNE	  and	  the	  impediments	  to	  stock	  rebuilding,	  
the	  TC	  recommends	  a	  5	  year	  moratorium	  on	  harvest	  in	  the	  SNE	  stock	  area.	  

i. The	  moratorium	  provides	  the	  maximum	  likelihood	  to	  rebuild	  the	  stock	  in	  the	  
foreseeable	  future	  to	  an	  abundance	  level	  that	  can	  support	  a	  sustainable	  
long-‐term	  fishery.	  

b. During	  the	  5	  year	  moratorium	  period,	  monitoring	  of	  all	  phases	  of	  the	  lobster	  life	  cycle	  
should	  be	  intensified.	  	  

i. Fishery	  dependent	  sampling	  will	  no	  longer	  be	  collected,	  therefore	  assessment	  of	  
stock	  status	  will	  rely	  on	  current	  fishery-‐independent	  surveys	  (e.g.,	  ventless	  trap,	  
YOY	  sampling,	  larvae)	  which	  will	  need	  to	  be	  continued	  and	  intensified.	  	  

ii. New	  surveys	  and	  research	  (e.g.,	  sentinel	  industry	  surveys)	  are	  needed	  to	  further	  
characterize	  stock	  status,	  lobster	  settlement	  and	  habitat	  in	  SNE.	  

	  
7. Evaluate	  the	  stock	  projection	  scenarios	  conducted	  to	  complete	  the	  task	  as	  outlined	  by	  the	  

Board	  (see	  above).	  	  	  
a. Evaluate	  the	  deterministic	  projections	  conducted	  using	  the	  University	  of	  Maine	  Model.	  	  

i. The	  Board	  directed	  the	  TC	  to	  provide	  projections	  within	  an	  extremely	  short	  
time	  frame.	  	  Although	  stochastic	  projections	  and	  estimates	  of	  uncertainty	  (e.g.	  
MCMC	  confidence	  intervals)	  could	  have	  been	  provided,	  the	  time	  frame	  for	  
decision-‐making	  was	  too	  short	  to	  complete	  a	  more	  thorough	  analysis.	  

b. Evaluate	  the	  chosen	  suite	  of	  fishing	  and	  recruitment	  scenarios	  presented	  in	  the	  report;	  
if	  insufficient,	  provide	  suggestions	  for	  alternative	  scenarios.	  	  	  

c. Determine	  if	  projection	  results	  and	  the	  TC’s	  interpretation	  provided	  in	  the	  report	  are	  
consistent	  with	  assessment	  model	  results.	  	  

d. Comment	  on	  the	  reliability	  of	  the	  deterministic	  projections	  for	  use	  in	  SNE	  lobster	  stock	  
management.	  

	  
8. 	  Review	  the	  M	  sensitivity	  analysis	  of	  the	  model	  that	  indicated	  a	  higher	  M	  as	  suggested	  in	  the	  

2009	  assessment.	  	  
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Appendix 3: Effect of a change in stock-recruitment and 
replacement relationships 
 
The relationship between spawning biomass and subsequent recruitment may be represented 
as shown, for example, in the curves “Old SRR” and “New SRR” in Fig. 1.  In this case, the 
shape of each curve is assumed to be of the form of the stock-recruitment relationship 
described by Beverton and Holt.  The relationship between the spawning biomass that results 
from a given level of recruitment and that recruitment may also be plotted on the figure, 
where the spawning biomass of the stock represents the sum over all ages of the spawning 
biomass at each age, and where the latter reflects a combination of survival, growth, and the 
proportion of females that are mature at each age.  The relationship between the number of 
recruits and the subsequent (whole-of-life) spawning biomass is termed the replacement 
equation.  The “slope” of the replacement equation is determined by the level of total 
mortality, increasing as this becomes greater.  Four replacement equations are displayed on 
Fig. 1, two of which represent the replacement that might be expected for an unexploited 
stock and one of which reflects a higher level of natural mortality than the other. Two further 
replacement equations have been displayed, representing the effect of adding an 
approximately constant level of exploitation to each of the two levels of natural mortality, 
and thus reflecting total mortalities that differ in magnitude by the difference between the 
levels of natural mortality. Note that the stock-recruitment and replacement relationships 
shown in Fig. 1 are illustrative only, and not intended to represent the equations for the SNE 
lobster stock.   
 
Figure 1. Conceptual diagram illustrating the effect of a change in a Beverton and Holt stock-
recruitment relationship (SRR) from an old (Old SRR) to a new (New SRR) form with reduced recruitment for a 
given level of spawning biomass, and the effect of a change in a replacement relationship, i.e., recruit to 
spawning stock relationship (RSR), resulting from an increase in natural mortality, with an approximately 
constant fishing mortality.  The point of intersection of the replacement relationship with the stock-recruitment 
relationship represents the equilibrium spawning biomass and recruitment for the level of exploitation associated 
with the replacement relationship.  Note that this diagram is not intended to represent the relationships for the 
SNE lobster stock, and that the values represented by the replacement relationships are only illustrative. 

	  
	  

E	  

D	  
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Consider the situation that might have existed for the SNE lobster stock prior to 1998, with a 
low level of natural mortality of M = 0.15 year-1 and a (relatively) high level of recruitment.  
The unexploited stock would have reached an equilibrium at the spawning stock and 
recruitment levels of the point of intersection of the stock-recruitment and replacement 
equations identified by the label “A”.  With exploitation, the equilibrium would have been at 
the spawning biomass and recruitment of point “C”.  If natural mortality of the recruited 
individuals increased, from M= 0.15 year-1 to 0.285 year-1, but the spawning stock-
recruitment relationship remained unchanged, the unexploited equilibrium would move to 
“B” and the exploited equilibrium to “D”. Provided the replacement curve for the exploited 
stock with high natural mortality allowed sufficient individuals to survive and spawn, the 
recruitment level at “D” might remain relatively high.  However, if the combination of 
exploitation and higher natural mortality is excessive, it is possible that the slope of this 
replacement equation might approach or exceed the level at which it becomes tangential to 
the stock-recruitment curve, where the point of intersection is such that equilibrium is at zero 
spawning biomass and zero recruitment, i.e., recruitment fails completely.  The risk of 
recruitment failure increases greatly as the slope of the replacement equation approaches the 
tangent, and recruitment declines markedly as the point of intersection drops rapidly towards 
the origin. 
 
Consider now the situation where environmental change not only reduces the survival of 
recruited individuals, but also the survival of individuals between spawning and recruitment, 
i.e., larvae and pre-recruits.  The effect of this will be a reduction in the number of recruits 
produced for a given level of spawning biomass. If, in addition, the amount of suitable habitat 
is reduced or the distribution of settling larvae or of pre-recruits changes, it is possible that 
the factors influencing the shape of the stock-recruitment relationship, i.e., density-
dependence, might change.  The result might be to shift and change the shape of the stock-
recruitment relationship from that of the curve labelled “Old SRR” to the curve labelled 
“New SRR”.  The effect of this is that, under the increased level of natural mortality, 
equilibrium for the unfished stock is at the point labelled “F”, while that for the exploited 
stock is at the point “H”.  Note that, with lag between spawning and recruitment, and both 
recruits and spawning females comprising a mixture of individuals from a number of year 
classes, it may take a number of years for the population to “reach” the new point of 
equilibrium, recognising that there will also be inter-annual variation in recruitment. I have 
deliberately chosen to place point “H” well down on the left-hand limb of the stock-
recruitment relationship, “New SRR”, to highlight the uncertainty and possible risk 
associated with a change in the stock-recruitment relationship, but caution that there is 
insufficient information for the SNE lobster stock to determine whether or not the point of 
equilibrium of spawning stock and recruitment lies near the top of a new stock-recruitment 
curve, and is thus relatively stable although reduced, or well down on the left-hand limb of 
the stock-recruitment curve and thus faces considerable risk of further decline. 
	  


