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ABSTRACT

Historically, a dock intercept process was used to deploy observers in the northeast United States
multispecies (groundfish) fishery. In this process, fishing trips for observer coverage were
manually selected using pre-defined specifications established by the National Marine Fisheries
Service’s (NMFS) Northeast Fisheries Science Center (NEFSC). Amendment 16 to the Northeast
Multispecies Fisheries Management Plan implemented major changes in the groundfish fishery,
which affected the magnitude and complexity of observer deployment. These changes included:
(a) creation of an additional 15 active groundfish sectors; (b) an approximate four-fold increase in
the level of observer coverage; (c¢) introduction of a new class of trained observers; (d) potential
for industry-funded observer coverage to supplement government-funded coverage; and (e) the
need for the observer deployment process to directly support in-season monitoring of fishery
discards. The dock intercept process was insufficient to adequately address these new provisions,
and an automated observer pre-trip notification system (PTNS) was implemented in the northeast
groundfish fishery on 1 May 2010. The PTNS uses a self-adjusting probability-based, tiered
selection process to randomly assign observer coverage across the groundfish fleet on a
proportional basis for the purpose of monitoring discards. The PTNS also addresses other
objectives such as monitoring of special management programs and protected species bycatch. In
this paper, we discuss the design, implementation and performance of the PTNS over the past
three years.





INTRODUCTION

Historically, at-sea observers have been deployed in the large-mesh groundfish fishery occurring
off the northeast United States using a dock intercept process. Observer service providers would
manually select fishing trips for coverage using pre-defined specifications established by the
National Marine Fisheries Service’s (NMFS) Northeast Fisheries Science Center (NEFSC). The
pre-defined specifications were in the form of a prioritized sea day schedule established through
the annual Standardized Bycatch Reporting Methodology (SBRM) optimization process (Wigley
et al. 2007). Sea day schedules support random stratified sampling designs by providing a list of
observed sea days needed for coverage within a particular stratum. Observer service providers
used the sea day schedules along with a randomized list of vessels likely to be active in the
fishery to manually select trips for observer coverage based on knowledge of local fleet activity.
There were exceptions to the dock intercept process; for example, observer deployment in some
special management programs (SMPs, e.g., participation in the United States/Canada Resource
Sharing Area on Georges Bank) was accomplished using a pre-trip call-in system. However, for
the majority of observer coverage, particularly in the groundfish fishery, observer deployment
was accomplished using a manual dock intercept process.

Amendment 16 to the Northeast Multispecies Fisheries Management Plan (NEFMC 2010)
brought about major changes to the northeast groundfish fishery, including some which affected
the degree and complexity of observer coverage. Most notably, Amendment 16 implemented a
new management regime in the northeast groundfish fishery colloquially referred to as ‘sector
management’. One of the more significant requirements under sector management was the need
to estimate total sector catches in-season. To meet these requirements the breadth and complexity
of the groundfish monitoring effort had to be expanded while at the same time continuing to meet
the demands of existing monitoring programs. It was widely recognized that a dock-intercept
process would be insufficient to meet the increased demands. A more sophisticated and integrated
observer deployment system would be needed prior to the start of sector management, which
began at the start of the 2010 groundfish fishing year on May 1, 2010".

Amendment 16 and sector management
Increased observer coverage

Prior to sector management, observer coverage rates in the groundfish fishery averaged less than
8% between 2000 and 2009 (Figure 1). Coverage rates were primarily controlled by the available
funding; however, since 2008 the SBRM Omnibus Amendment (MAFMC/NEFSC 2007)
required that coverage rates be sufficient to achieve a 30% coefficient of variation (CV) on
estimates of fishery discards. Within the SBRM framework the 30% CV criteria was applied at
the fleet and species group level. SBRM species groupings were typically consistent with the
scope of existing fishery management plans (e.g., large-mesh groundfish). SBRM fleets were
broadly defined by their regional (New England, Mid-Atlantic) and gear (e.g., large mesh otter
trawl) characteristics. Using the broad SBRM stratification scheme, the existing observer
coverage levels were generally sufficient to achieve discard estimates with CVs below the 30%
threshold for the groundfish complex (Wigley et al. 2011). Additionally, for most individual
groundfish species, the 30% CV criteria were met when estimating discards at the level of stock
management units (e.g., NEFSC 2008, 2012).

' The Northeast Multispecies fishing year runs annually from May 1 to April 30.





Amendment 16 specified that “minimum coverage levels must meet the coefficient of variation in
the Standardized Bycatch Reporting Methodology. The required levels of coverage will be set by
NMFS...and may consider factors other than the SBRM CV standard when determining
appropriate levels” (NEFMC 2010). While Amendment 16 did not explicitly define the
stratification levels to which the 30% CV would apply, it was generally interpreted that it would
be applied at stratification levels identical to those used for the estimation of in-season groundfish
discards which were stratified by sector, gear and stock. Given that there were expected to be 18
active sectors (including the common pool), six gear types and 16 stocks (including sub-stocks
like the eastern Georges Bank cod and haddock), the maximum number of possible discard strata
combinations exceeded 1,700. It was known that observer coverage levels much higher than the
approximate 8% that had been historically achieved would be needed to meet SBRM precision
requirements under sector management (Northeast Fisheries Science Center,
http://nefsc.noaa.gov/groundfish/discard/). In addition to the precision concerns, there were also
practical considerations such as funding availability and achieving a coverage level that would
deter observer bias (e.g., Benoit and Allard 2009). Ultimately, NMFS determined that there
would need to be approximately 22-30% observer coverage of the groundfish fishery in addition
to the approximate 8% coverage provided by existing SBRM monitoring efforts.

Sector vessels would be subject to the increased groundfish observer coverage levels whenever
the vessel was sailing on a fishing trip designated as a ‘groundfish’ trip. A groundfish trip is
defined as any trip where the vessel will be fishing under a Northeast Multispecies day-at-sea
(DAS). While sector vessels were exempt from DAS requirements, the usage of DAS would
continue to be monitored and used to determine the directed nature of the fishing trip. Based on
these rules, in addition to trips targeting groundfish, groundfish trips may also include trips
targeting monkfish (Lophius americanus), spiny dogfish (Squalus acanthias) and skates
(Rajidae). Under Amendment 16, vessels intending to sail on a groundfish trip would be required
to submit notification to NMFS of their intent to fish at least 48-hours in advance of sailing in
order to facilitate the deployment of fisheries observers.

A new class of observer

Amendment 16 originally specified that, beginning with fishing year 2012 (May 2012), all sectors
must fund NMFS-approved at-sea monitoring programs. In the interim (i.e., fishing years 2010
and 2011), NMFS agreed to fund observer coverage levels in excess of SBRM monitoring to
meet the increased coverage demands. Observers certified through the Northeast Fisheries
Observer Program (NEFOP) to provide SBRM coverage collect a suite of information on fishery
operations that extends beyond the core information needed to support in-season monitoring of
groundfish sectors. Anticipating a future shift from NMFS-funded to industry-funded observers, a
lower-cost alternative to NEFOP observers was created that were termed ‘at-sea monitors’, or
ASMs. The data collection protocols for ASMs are restricted to collecting haul-by-haul catch
estimates and length frequency information. ASMs do not perform any of the additional
biological sampling or data collection required of the NEFOP observers, though they do collect
minimal protected species bycatch information. In contrast to the single service provider contract
awarded to provide NEFOP coverage, multiple service providers were contracted to provide
ASM coverage. Additionally, sectors could contract with individual service providers to fund
ASM coverage beyond the NMFS-funded levels (i.e., industry-funded ASM); to date, however,
no sector has done so. All coverage types, regardless of funding source and program objective,
would be used in support of groundfish discard estimation.





Complexity of proportional deployments

In a given fishing year, not all of the 1,700 possible discard strata would be expected to be active.
For example, some sectors operations were likely to fish only certain gear types in addition to
being geographically restricted to one or two regions (Figure 2), which would preclude the
harvesting of certain groundfish stocks. However, it was not known a priori which strata would
be active. Given the large scale changes to the fishery as result of sector management, the
behavior of the groundfish fleet in prior years would likely be a poor predictor of expected
behavior from May 1, 2010 and beyond. The efficient and effective support of fine-scale discard
stratification would require the capacity to dynamically identify active strata and deploy observer
coverage in these strata in a statistically unbiased manner. This was a marked departure from the
sea day schedule approach, in which the stratification scheme was static and the behavior of the
fleet was assumed to be similar from one year to the next. An additional aspect of the in-season
discard estimation methods was that sectors would be subject to an assumed discard rate early in
the fishing year when there were insufficient in-season observations in strata from which a
reliable estimate could be derived. Given this, it was desirable to achieve some level of ‘front-
loading’ to get in-season information early in the fishing year in a way that would not introduce a
temporal bias into the resulting discard estimates.

Maintenance of existing coverage objectives

While Amendment 16 and sector management brought about many changes to the groundfish
monitoring program, it did not reduce the obligation to continue ongoing monitoring efforts in
support of other programmatic objectives. These included coverage of vessels participating in
certain SMPs such as the Georges Bank United States/Canada Resource Sharing Area and closed
area access programs. In addition, NMFS is mandated to provide seasonal coverage of certain
groundfish gear types to monitor the bycatch of protected species like marine mammals.
Monitoring of protected species is also covered under the SBRM Omnibus Amendment, but since
the sampling protocols employed on these trips is limited with respect to fish sampling, these trips
are not applied against groundfish trip coverage requirements and excluded from the discard
estimation process.

Summary of needs

Amendment 16 and sector management introduced considerable complexity into the manner in
which observers would need to be deployed in the groundfish fishery. To meet these demands, a
sophisticated and integrated observer deployment system would be needed that was capable of
automatically, and efficiently, allocating observer coverage across the range of monitoring
programs. The highest priority of such a system would be to support the random stratified
deployment of observers within the groundfish fishery in an unbiased manner. Given the range of
observer programs (e.g., NEFOP, ASM) across the groundfish fishery, such a system would need
to support multiple selection protocols as well as observer coverage rates. Coverage rates could
vary from program-to-program, and potentially, from sector-to-sector. Because some observer
programs would utilize multiple service providers, there needed to be an efficient and equitable
method for assigning trips to individual providers proportional to the relative capacity of each
service provider (i.e., number of employed observers). Since multiple ASM service providers
would exist, it was desirable to select multiple providers for each trip, it was desirable to select
multiple providers; this would improve the likelihood of a trip being covered in the event that the





first provider selected did not have an observer available for deployment. Lastly, from the
perspective of the fishing industry, the system would need to be simple and easy to use and would
allow for the trip and provider selection processes to be accomplished through a single action.

With these requirements in mind, the NMFS Northeast Fisheries Science Center (NEFSC) set out
to design an observer pre-trip notification system (PTNS) beginning in late winter of 2010. While
other similar systems have been developed and deployed in North America since 2010 (e.g.,
NMES - Alaska Region developed and deployed their Observer Declare and Deploy System;
USOFR 2012) to our knowledge the PTNS was a first-of-its-kind automated observer deployment
system. Much of the design work could not begin until the details of Amendment 16 were
finalized which left only a few months to design, test, develop and deploy a sophisticated next-
generation observer deployment system. Given the short development time frames and new
fishery management regime it was inevitable that improvements in the initial design would be
required. During the first year of deployment PTNS was incrementally improved resulting in the
current system which has been meeting a range of observer deployment requirements since May
1, 2011. In this paper we discuss the design, implementation and performance of the PTNS over
its three year implementation in the groundfish fishery. Additionally, we identify areas of
possible improvements that would benefit not only the PTNS, but the design of similar systems
around the world.

SYSTEM DESIGN

During the preliminary PTNS design phase, several critical system features were identified. We
have attempted to describe the need and basic design of the PTNS with respect to these features,
but it is not intended to be an exhaustive list of all of system features. The following descriptions
capture the major PTNS features that are central to its successful operation.

Hierarchal tiers

The most important design feature identified was the need to establish a hierarchy in the selection
process. Because of the multiple coverage objectives that the PTNS would need to address, it was
critical that the relative priorities of each of the objectives were established such that coverage
was assigned in order of relative importance. Within the hierarchal structure, individual
monitoring programs were assigned to priority levels, or tiers. Each tier had an associated type of
observer coverage (e.g., NEFOP observer for SBRM-level coverage) for which there may, or may
not have been multiple providers. The hierarchal design features of the PTNS are described
below:

Sampling unit — The object that is being sampled from the population, or sampling frame. Within
the PTNS, the fishing trip was identified as the sampling unit. The PTNS selection process would
be trip-based such that the target coverage rates would be evaluated with respect to the ratio of
observed trips relative to total trips occurring within a defined stratum. While other sampling
frames were considered, such as total fishing effort (e.g., days absent) and total groundfish
landings, the difficulty in defining a sampling unit in these terms at the point of notification (i.e.,
prior to a trip sailing) precluded their use in the PTNS. Fundamentally, if the coverage
deployment was unbiased the proportionality of trip-based coverage would be equal to those of
other metrics.





Selection tiers - Discrete hierarchal levels within the observer selection process. Many of the
selection tiers would correspond to explicit monitoring programs such as SBRM, protected
species and ASM monitoring. In general, the placement of the tiers within the hierarchy would be
dictated by overall importance relative to resource monitoring. The more important tiers would be
placed at the top of the selection process and trips would move down through the selection
process until the trip was selected at a given tier. Once a trip was selected at one selection tier it
would exit the selection process and could not re-enter. The selection of a trip at a selection tier
would not guarantee that an observer would be assigned to cover the trip since the trip still would
still have to enter the provider assignment process post-selection. There would be four different
types of tiers: ‘conditional’, ‘list’, ‘probability-based’ and ‘sea day schedule’. Conditional tiers
refer to those tiers where trips are issued waivers if they met certain defined conditions. List tiers
refer to those tiers where a vessel was either on the ‘list’ or not on the ‘list’. List tiers exist in two
forms: automatic waiver and automatic selection. Probability-based tiers rely on a stratified
random selection process to determine whether a trip is selected for coverage. Sea day schedule
tiers rely on fixed sea day schedules; if a trip declared into a stratum for which there is still a
positive balance on the sea day schedule it would be selected for coverage. A full list of selection
tiers and a general description of each are provided in Table 1.

Observer coverage types - The type of observer coverage deployed on a fishing trip. Each
selection tier would have only a single coverage type. The possible coverage types would be:
NEFOP coverage, NEFOP-limited (protected species), NMFS-funded ASM, and industry-funded
ASM. The relationship between selection tiers and coverage types is shown in Table 1.

Observer providers - A company contracted to provide fishery observers. Each provider may be
contracted to cover multiple selection tiers, and or, multiple coverage types. For coverage types
where multiple providers exist, a weighted probability selection would be used to identify two
service providers (provider 1, provider 2) for each trip. The probability of provider selection
would be proportional to the number of certified observers each provider has at the time of the
notification. Provider 1 would receive the right of first refusal and if provider 1 declined the trip
or failed to accept the trip in a specified amount of time the trip would be offered to provider 2.
The details of this selection are described later in this paper.

The relationship between selection tiers and observer coverage types is shown in Table 1. Figure
3 provides a schematic of the progression of a fishing trip as it moves through the PTNS
groundfish selection process. All of the selection tiers that would preclude a trip from being
selected are placed at the beginning of the selection process to ensure that only those trips eligible
for coverage reach the lower selection tiers where positive selection of a trip is possible. The
ordering of the four initial list tiers (manual waiver, set-only gillnet, do not deploy — safety, do
not deploy — coverage) is irrelevant as trips must pass through all four in order to reach tiers
capable of a positive selection.

Trips could be issued manual waivers by a system administrator on a case-by-case basis. Manual
waivers are most commonly issued when vessel operator wants to sail less than 48 hours from the
trip notification to avoid impending weather. In these situations an administrator would
occasionally grant the vessel a temporary waiver of coverage if the vessel has a good record of
compliance. Gillnet vessels may take what are referred to as ‘set-only’ trips which are trips in
which gillnet gear is set, but not hauled. There is no harvesting of fish on these trips so the
deployment of an observer is unnecessary. These trips would be monitored for compliance
external to the PTNS to ensure that they are truly set-only trips. The ‘do not deploy’ list tiers have
two purposes. The first tier of this type is to protect the safety of observers. If a vessel has been
identified as unsafe or constituting a hostile work environment for an observer, vessels will be





temporarily placed on this list until the issues can be resolved. Many of these situations represent
compliance problems and often require the intervention of NMFS Office of Law Enforcement.
Once the issue has been addressed, the vessel is removed from the list. The second ‘do not
deploy’ tier type is used to allow a temporary reprieve to vessels that have experienced unusually
high coverage until their coverage rates are reduced below a specified level. Because the PTNS
works to achieve coverage targets at the stratum level, not the individual vessel level,
occasionally there can be a wide disparity of individual vessel coverage within a stratum,
particularly when a stratum contains several non-compliant vessels or vessels attempting to avoid
observer coverage. To achieve target coverage rates for a stratum, low coverage on a small
number of vessels must be compensated by other vessels within the stratum receiving above-
average coverage. The PTNS tracks individual vessel coverage rates and automatically monitors
for high- and low-coverage vessels. The details of this system monitoring will be described in a
subsequent section. Vessels identified as high-coverage are placed in the ‘do not deploy —
coverage’ and vessels identified as low-coverage are placed in the ‘keep active’ tier which will be
described below.

Next are the core SBRM-level coverage, SMP, and protected species tiers. These constitute the
core monitoring programs in the region, independent of additional coverage needed to meet
groundfish sector coverage demands. These were identified as the top monitoring priority for the
groundfish fishery. The SBRM and SMP are probability-based tiers, where the protected species
coverage is assigned using a sea day schedule. The difference in design was a function of the
initial desire of the end-user group that assigns protected species coverage; they wanted to
maintain their existing method of observer selection which uses the traditional sea day schedule.
The sea day schedule selection specifies a set number of sea days of observer coverage by month,
port and gear-type. Any trip that reaches this tier will be evaluated to determine if it meets the
criteria for which a positive balance exists on the sea day schedule. The sea day schedule is filled
on a first-come, first-filled basis. If it does meet the criteria it will be selected for coverage. Trips
not selected at the SBRM, SMP and protected species tiers will drop through to the ASM
selection tiers. In the initial design discussions it was not known when, and if, there would
ultimately be an industry-funded component to the system and for this reason, the NMFS-funded
tier was placed higher in the selection process than the industry-funded component. The last tier
is the ‘keep active’ tier. This tier is used to ensure coverage of vessels that have experienced
below-average observer coverage despite automated system efforts to randomly deploy observers.
Observer coverage for trips selected in the ‘keep active’ tier are assigned using the observer
coverage associated with the next highest selection tier (e.g., if NMFS-funded ASM coverage is
the next highest tier turned on within the PTNS, ‘keep active’ trips will be assigned NMFS-
funded ASMs).

Within each of the probability-based tiers (SBRM, SMP, NMFS-funded ASM, and industry-
funded ASM), a ‘must deploy’ sub-tier exists. These sub-tiers are used to address vessel
compliance issues, specifically observer avoidance behavior. Before a vessel enters into the
probability based selection for any of these tiers, it is checked against a list to determine if it has
been previously identified as ‘non-compliant’ based on prior PTNS usage patterns. The
compliance aspect of the system will be described in depth in a subsequent section. Trips that
enter the probability-based sub-tiers will be assigned random coverage based on a randomly
stratified selection algorithm. The details of the selection algorithm are covered in the next
section.

Methods to establish observer deployment probabilities





The primary objective of the PTNS is the stratified random deployment of observers within the
groundfish fishery in support of in-season discard estimation. Specifically, the PTNS needs to be
able to deploy observers in an unbiased manner within each stratum contingent on a target
coverage rate. The level of stratification applied within the PTNS was designed to be consistent
with the in-season discard estimation methods which were based on sector, gear and mesh size
(i.e., gear category) and fish stock. Since the specific species/fish stocks that would be caught on
a particular trip were not known a priori, the PTNS used intended fishing area as a proxy for fish
stocks. The fishing areas were divided into three regions (Gulf of Maine, Georges Bank and
Southern New England/Mid-Atlantic; Figure 2) which generally corresponded with the
management units used for the various groundfish stocks.

The target coverage rates are determined external to the PTNS based on considerations that
include the desired precision of discard estimates, compliance monitoring needs (i.e., reduction of
observer effects; Benoit and Allard 2009) and funding availability. Target coverage rates would
likely require manual adjustment throughout the fishing year to compensate for changes in trip
length, amount of fishing effort (number of trips), estimated effort remaining in the fishing year,
number of observers available and overall compliance with PTNS notification requirements.

With the exceptions noted above (e.g., do not deploy, set-only gillnet and must-deploy, protective
species sea day and keep-active tiers), the selection method for the majority of trips entering the
PTNS should incorporate a probability sampling scheme utilizing random selection of fishing
trips. There are numerous manners in which trip selection probability could be determined
ranging from the simple to the complex. From an initial design review, several desirable features
of the selection method were identified:

—

Ability to achieve a target coverage rate.

2. Some level of ‘front-loading’ to get in-season information early in the fishing year to
limit the influence of assumed discard rates in the calculation of discard estimates. While
the ‘front-loading’ aspect was desirable, it had to be accomplished in such a way as to
limit the amount of temporal bias in the level of observer coverage.

3. Ideally, the selection criteria should have a self-adjusting capacity so that it can make

fine-scale adjustments to the target coverage rates based on the actual realized coverage

rates for the stratum in the event that coverage rates are perturbed from the desired target
rate.

With these criteria in mind, three different selection criteria were considered and evaluated
through simulation. The methods do not constitute an exhaustive list of possible methods; rather
they were selected because of their simplicity and ability to achieve a target level of observer
coverage over time. Under all three methods each trip is assigned a random number from 0.000 to
1.000 (ryip). The trip is selected if rmpS a tier’s selection probability (Pger). The selection
probability (Pser) is some function of either the target coverage rate (1ier) or stratum trip counts
with the independent control variable, varying by method.

The three candidate methods were investigated and evaluated using simple, single-tier,
simulations. The simulations were programmed using SAS software, Version 9 (SAS Institute
Inc., Cary, NC, USA). Simulations assumed that all trips entered into the system occurred (no
cancellations) and that trips selected for coverage received coverage (providers could not decline
trips). Trips were entered into the simulation one at a time, and each iteration was carried out to
100 trips. Each simulation was run for 500 iterations, and the performance of the method was
evaluated based on the mean coverage rate and precision. While the simplistic nature of these
simulations may not capture the nuances of a production system and the limited iterations may





not characterize the true precision, the simulations are sufficient to evaluate the general
characteristics of each the methods and offer an objective means with which to identify an
optimal method.

Fixed method

The fixed method represents the simplest of the three methods explored and addresses only the
criteria to achieve a specified coverage rate. In the fixed method every trip has a fixed probability
of being selected for observer deployment that is equal to the target observer coverage (Equation
1, Figure 4).

(Equation1) p=¢;

Where:
p is the probability of trip being observed
Ct is the target coverage level

Incremental method

The incremental method attempts to address the probability of zero coverage early in the fishing
year by applying some front-loading capacity. The incremental method starts with some high
fixed coverage rate (e.g., 1.0), with the coverage rate decreasing in fixed increments as each
successive trip enters the stratum (Equation 2) until it reaches a defined target coverage rate
(Equation 3, Figure 5). This method is independent of the realized observer coverage rate; the
probability of a trip being selected for observer coverage is dependent only on its order of
occurrence in the stratum, not whether previous trips were selected for observer deployment. In
this respect, the incremental method does not contain a self-adjusting mechanism.

[Equation 2] p=1-t(i) unless ¢, > 1—t(i) then p=c

The number of trips that must exist in a stratum before the target observer coverage is reached is:
. 1-t .
[Equation3] t=|—|+ (integer)
|

Where:

p is the probability of trip being observed

C: is the target coverage level

Cr is the realized (actual) coverage level when the pre-notification for a trip occurs
t is the number of trips in a stratum when the pre-notification for a trip occurs

i is the increment value

Linear method
In addition to the ability to achieve a target coverage rate and front-loading capacity, the linear

method also has a self-adjusting capacity. This self-adjusting feature allows the system to adjust
the selection probabilities based on the realized coverage rates, thereby providing a correction





mechanism if realized coverage rates deviate from the target coverage rates. In the linear method,
a linear regression is fit between two control points: a specified maximum selection probability
and a target coverage rate (Equation 4, Figure 6). The control points represent the known
behavior of any assignment of observer coverage levels; when no trips are observed in a stratum,
observer coverage should be assigned at the specified maximum selection probability (e.g., 1.0),
and when the observer coverage in a stratum is equal to the target coverage level, any additional
trips should be assigned coverage at a probability equal to the target observer coverage rate. The
probability of a trip being selected for coverage at all other points is determined using a simple
linear regression. The trip selection probability can never drop below the specified minimum. A
minimum level may be desirable for compliance reasons such that even when realized observer
coverage levels are high, a vessel operator can expect that there is some probability that the trip
will be observed.

_ c -1 C,
[Equation 4] p= c c, +1 unless C,, > c c, +1, then p=cp
t t

Where:

p is the probability of trip being observed

C: is the target observer coverage level

Cr is the realized (actual) coverage level when the pre-notification for a trip occurs
Cn 1s the minimum observer coverage level

The compensatory nature of the linear method attempts to stabilize the realized coverage rate at
the target coverage rate as quickly as possible. By setting the minimum coverage rate higher, it
limits the ability of the method to compensate for high realized coverage rates. The number of
trips required to reach the target rate will tend to be higher when minimum rates are set higher.

Method comparisons and preferred alternative

Both the linear and fixed methods have the tendency to reach the target coverage rate in fewer
trips relative to the incremental method (Figure 7). The duration it takes for the linear method to
reach the target coverage rate is positively related to the specified minimum coverage rate. The
fixed method is susceptible to a large amount of variability when there are few trips within the
stratum but does tend to approach the target coverage rate over time. One drawback to the fixed
method is the high probability of having no observer coverage for a stratum when trip counts are
low (Figure 8). The lower the target observer coverage rate, the higher the probability of having
zero observed trips. This quality may not be desirable given the likelihood of small stratum sizes
(< 10 trips) expected under sector management and the desire to move away from the assumed
discard rate into an in-season discard rate. Both the fixed and incremental methods achieve
approximately normal distribution of stratum coverage (Figure 9 and 10). The self-adjusting
nature of the linear method works to reduce the overall variance in the stratum coverage, thereby
achieving non-normal distributions.

Unlike the fixed method, both the incremental and linear method have zero theoretical probability
of having no observer coverage. However, in practice, all methods have some probability of
having no observer coverage. This can occur if the selected observer service provider(s) are
unable to deploy an observer on the first trip in a stratum. One benefit of the linear approach is
that the probability of selection is based on realized observer coverage, not the total number of
trips taken in the stratum. In the event that the first trip within a stratum is not observed, the linear





method will assign a probability of 1.0 to the next trip occurring within the stratum. The impacts
of provider cancelation were not evaluated in this simulation.

Because of the front-loading aspect of the incremental method and its inability to set trip selection
probabilities below the target coverage rate, the realized coverage tends to be biased high relative
to the target rate. The effects of the incremental method’s front-loading can never be mitigated.
These impacts are greatest when there are a low number of trips within the stratum and increase
with smaller increment values.

The linear selection method addressed the concerns identified with both the fixed and incremental
methods; specifically, the probability of having zero trips within a stratum early on in the fishing
year and a prolonged coverage bias introduced from the front-loading. The lower the minimum
coverage rate, the faster the front-loading biases were addressed. Additionally, the self-correcting
aspect of the linear method worked to reduce the overall variance in the coverage rates relative to
both the fixed and incremental methods. Based on these simple simulations, the linear selection
method performed optimally and had all of the desirable properties outlined in the design phase.

‘Combined’ versus ‘separate’ tier relationships

Each trip entering the PTNS receives a random value, r, ranging from 0 to 1.0. A tier selection
probability, p, is then estimated using the linear method and when r < p, the trip is selected for
coverage. When a selection system has more than a single tier, there are two ways that tier
selection probabilities can be designed: ‘separate’ or ‘combined’. In a ‘combined’ system, each
trip receives a single r value and the individual tier selection probabilities are cumulative. For
example, in a system with three tiers where the target coverage rates of the first, second and third
tiers are 0.08, 0.30 and 0.12 respectively, the target values, p, used within the PTNS are
cumulative such that the first tier is assigned a 0.08 target probability, the second tier is assigned
a 0.38 target (0.08 + 0.30) and the third tier assigned a 0.50 target (0.08 + 0.30 + 0.12). The
realized coverage rates necessary to estimate the p value in the linear method are estimated by
combining the coverage from all tiers such that the PTNS only needs to track a single coverage
rate for each stratum. The primary advantage of the ‘combined’ method is that it is relatively
simple to implement since the PTNS only needs to track realized coverage at the strata level and
not for each strata-tier combination. The major disadvantage of the ‘combined’ method is that in
order for it to achieve the target coverage rates for each individual tier, the minimum coverage
level specified within the linear method must be set equal to the target coverage rate for all but
the last tier (Figure 11), thereby diminishing the compensatory nature of the linear method.

A ‘separate’ system treats the selection of each tier independently from the rest such that each trip
receives an I value for each tier it enters. The target coverage rates are set equal to the desired
target and work independent of the coverage in all other tiers. To implement this design the PTNS
must track coverage rates for each strata-tier combination. In this sense, a ‘separate’ system is
more complicated to implement; however, the major advantage of the ‘separate’ system is that the
minimum coverage level can be set to any desired value to maximize the compensatory nature of
the linear method (Figure 11).

The performance of the two system designs was evaluated using simple multi-tier simulations.
These simulations were built on the initial single-tier simulation code. Simulations were done
using both two- and three- tier systems with the tier coverage rates for tiers one, two and three set
at 0.08, 0.30 and 0.12 respectively. The coverage rates were chosen based on anticipated target
coverage rates for the SBRM and NMFS-funded ASM in fishing year 2010, and an arbitrary





value was chosen for industry-funded ASM coverage. Example runs from the simulations are
shown in Figure 12. In the ‘combined’ system, there is a notable high bias that persists in the
lowest tier (Tier 1) for several trips. This effect is similar to what was observed in the incremental
selection method. Since the minimum coverage level must be set to the target coverage level, the
‘combined’ system is very much like the incremental method in the sense that it has no
mechanism to compensate for the initial high coverage induced by the front-loading. The high
bias in the lowest tier is offset by below-target coverage in tiers two and three. Additionally,
because of the diminished ability of the ‘combined’ system to self-correct coverage in excess of
the target coverage rate, the system is slow to respond to perturbations as occurred in tier 2 of the
three-tier example. This perturbation negatively impacted the ability of the system to meet the
coverage requirements of tier 3. Conversely, the ‘separate’ system equilibrates to the target
coverage rates for all tiers relatively quickly, and perturbations from the target are minimal. A
‘separate’ system allows the PTNS to take full advantage of the compensatory nature of the linear
selection logic and also ensures that perturbations affecting one tier are isolated and do not affect
the other tiers.

When the PTNS was first implemented on May 1, 2010 it was based on the ‘combined’ design.
The choice in design was purely pragmatic based on the short amount of time available to design,
build and implement the initial system. It was recognized from the beginning that a ‘separate’
system would be optimal, but it was believed that there was insufficient time to implement a
system with that complexity in the initial design. During the first year, work began to revise the
PTNS to incorporate the ‘separate’ design, with the revised system implemented at the start of the
2011fishing year.

Observer avoidance and coverage equitability

When the PTNS was first implemented on May 1, 2010 it contained no mechanism to address the
intentional avoidance of observer coverage by vessels. Shortly after implementation it became
clear that some vessels were avoiding observer coverage by canceling trips scheduled for
observer coverage at proportions higher than trips not scheduled for observer coverage. In August
2010, the PTNS was redesigned to fix this loophole. The redesign forced vessels that cancelled
trips scheduled for observer coverage to be automatically selected for observer coverage on all
subsequent trips until a trip had been covered by an observer. The design was intended to reduce
the incentive to cancel trips scheduled for observer coverage and ensure more equitable coverage
across all vessels. This solution created a new sub-tier within each of the probability based tiers
which was termed ‘must deploy’. This was a list tier such that anytime a vessel canceled a trip
scheduled for coverage, it would be placed on the ‘must deploy’ list corresponding to the type of
coverage that was canceled. For example, if a trip selected for NEFOP coverage was canceled,
the vessel would be added to the SBRM ‘must deploy’ sub-tier. The next time a trip from the
vessel entered the SBRM selection tier, it would be checked against the list prior to undergoing
random selection. If the vessel was listed, the trip would automatically be selected for NEFOP
coverage. Once a vessel successfully carried an observer, following placement on the” must
deploy’ list, it would be removed from the must deploy list at all levels. If a vessel canceled trips
at multiple tiers prior to carrying an observer it could be placed on the must deploy list for
multiple tiers. The PTNS would recognize a vessel as having carried an observer once a provider
had indicated within the PTNS that an observer had been deployed on a vessel.

The redesign was effective at forcing vessels that were attempting to avoid coverage to carry
observers. Unfortunately, the redesign negatively impacted compliant vessels that were not
intentionally avoiding observer coverage but rather legitimately attempting to fish around weather





windows, crew availability, etc. These impacts were exasperated during the winter fishing months
when day boat vessels were forced to cancel a higher proportion of declared trips due to
inclement weather. As a result, active, compliant day-boat vessels ended up experiencing
observer coverage well in excess of the target coverage rates in fishing year 2010. A more
effective means of addressing observer avoidance that did not penalize compliant vessels was
needed.

Prior to the start of the 2011 fishing year, work began to develop improved methods of dealing
with observer avoidance without negatively impacting compliant vessels. The need to delay
notifying the vessel of the PTNS trip selection until 48 hours prior to the sail date was identified.
Frequently, day-boat vessel operators would make trip declarations in weekly batches and notify
their intent to fish every day in the coming week, not knowing which days would offer favorable
sea conditions and/or an available crew. Once the operator had a better understanding of sea
conditions and crew availability, they would cancel notifications for trips on which they did not
intend to sail, a process that was often done in advance of the 48-hour notification requirement. In
the initial PTNS design, vessel operators were informed immediately after declaration which trips
were scheduled for coverage. This allowed the vessel operators to consider an additional piece of
information when deciding which trips to take or cancel; this was particularly true of those
vessels looking to avoid observer coverage. To address this, the PTNS was modified so that
vessel operators were not informed of the selection status of a given trip until 48 hours prior to
the trip sail date (the PTNS still made the selection at the time of entry, but notification was
delayed). Any cancelations made prior to the 48 hour period would be done without knowledge of
the coverage status, and therefore the vessels should not be penalized for canceling trips outside
of the 48-hour window.

For those vessels that canceled trips within the 48-hour window, the goal was to penalize only
vessels that were intentionally avoiding observer coverage; however, identifying these vessels
proved difficult. Since PTNS operates at the stratum level and not at the individual vessel level,
any vessel that has received below-target coverage must be offset by one or more vessels with
above target coverage within the same stratum. From a system operation perspective, it is
irrelevant whether the low coverage was due to random chance or intentional avoidance of
observer coverage through selective cancelation; both causes affect all other vessels within their
stratum identically. Rather than attempting to identify vessels intentionally avoiding observer
coverage the solution envisioned would simply penalize all low-coverage vessels that cancelled
trips scheduled for observer coverage. This would require significant changes within the PTNS to
enable it to track individual vessel coverage levels and then be able to utilize this information to
determine whether a vessel would be subject to ‘must deploy’ assignment following cancelation
of a trip scheduled for observer coverage.

In an effort determine appropriate ‘low coverage’ threshold values, a modeled version of the
PTNS was created to simulate its performance under varying levels of low-coverage thresholds.
The modeled PTNS was more sophisticated than earlier PTNS simulation models in that it
accounted for provider cancelations and allowed for differential vessel cancelation rates.
Additionally, it categorized vessels into two groups: ‘compliant’ and ‘non-compliant’. Compliant
vessels where those that canceled trips scheduled for observer coverage at the same rate they
canceled trips receiving a waiver. Non-compliant vessels were identified as those with higher
cancelation rates on trips scheduled to carry an observer compared to trips receiving a waiver.
While both compliant and non-compliant vessels would be penalized for canceling observer
coverage when their overall coverage rate was below the threshold value, the identification of the
two groups assisted with understanding how the PTNS modifications would affect each group.
The modeled PTNS lacked one important component compared to the actual PTNS; trips were





entered individually and not in weekly blocks as is common among day-boat vessels. Therefore,
the graduated notification aspect of the proposed redesign was not considered in these
simulations.

Simulation runs were performed using actual PTNS notifications from the 2010 groundfish
fishing year. The simulated population was created from a real stratum (sector, gear, fishing
region) containing several active day boat vessels. Only the first 1000 trips from the selected
stratum were included in the simulations. Because the simulated set was constructed of actual
PTNS notifications, the individual vessel behavior (cancelation rates, compliant vs. non-
compliant, total trips declared, etc.) was self determined from the data. Three separate simulations
were performed using three different ‘low-coverage’ threshold values. In all simulations the
provider decline rate was fixed at 10% (i.e., the selected provider decline 10% of the trips initially
offered). The simulated PTNS included a single tier with a target coverage rate of 30% and a
minimum selection rate of 1%. Each simulation was run through 250 iterations. The selected low-
threshold coverage levels were 0%, 30% (equal to the target) and 100%. The 0% low-coverage
threshold provides a simulation of the initial May 1, 2010 PTNS design where vessels were not
penalized for the cancellation of a trip scheduled for an observer. The 100% low-coverage
threshold provides a simulation of the PTNS post August 2010 when vessels were penalized for
the cancelation of a trip scheduled for observer coverage regardless of their current coverage rates
or coverage status. Setting the low-coverage threshold equal to the target coverage (30%)
represents a compromise between the two systems.

The results from the simulations indicate that setting the low-coverage threshold equal to the
target coverage (30%) produced the least biased overall stratum coverage with respect to the
interquartile range (Figure 11). Comparatively, the 0% threshold and 100% threshold tended to
produce biased low and high coverage, respectively. Under all three simulations the distribution
of stratum coverage tended to be above target until 10 to 25 trips had occurred in the stratum.
These results are consistent with single-tier simulations of the linear method (Figure 13),
reflecting the residual effects of front-loaded coverage. The stratum coverage rates stabilized
around 75 trips under all three simulation scenarios.

Setting the low-coverage threshold equal to the target coverage produced the most equitable
distributions of vessel-level observer coverage relative to the 0% and 100% thresholds (Figure
14). The 0% threshold does nothing to affect the non-compliant vessels, which subsequently
experience coverage rates much lower than the target 30%. The compliant vessels tend to have
above-target coverage, which is needed to meet overall stratum targets given the low coverage of
non-compliant vessels. The 100% low-coverage threshold results in above-target coverage for all
vessels, regardless of status, since all vessels are penalized for cancelation of trips scheduled for
observer coverage, regardless of their realized coverage rate. When the low-coverage threshold
was set equal to the target the median coverage of non-compliant vessels was below-target;
however, the interquartile range of most of the non-compliant vessels extended above the target
level. Median coverage of non-compliant vessels tended to approach the target with increasing
activity. For compliant vessels, the opposite was true, with slightly elevated coverage for low-
activity vessels and near-target coverage for higher activity vessels. Overall, the variability in
coverage declined with increasing vessel activity. A general conclusion from this is that there is
some degree of ‘burn-in’ required before the compliance aspect of the PTNS has an effect; i.e.,
with a limited number of trips, low-activity compliant vessels tend to experience above-target
coverage and non-compliant vessels tend to experience below-target coverage. The ‘burn-in’
effect is caused by providers declining trips selected for coverage, thus reflecting actual
conditions under which the PTNS operates. Since not all trips selected for coverage will receive
coverage, some amount of time is required for any coverage adjustments to be effective, whether





the adjustments are due to the compensating nature of the linear method or are an attempt to
address low-coverage through coverage thresholds.

Given the generally the lack of bias and reduced variability properties of the 30% low-coverage
threshold, a second simulation exercise was performed examining how a system would perform
with a minimum trip criterion. Under this simulation, the coverage thresholds were not applied
until a vessel had taken more than 10 trips. This minimum trip criterion was based on the
knowledge that there is a high degree of random variability among the coverage of vessels that
have only taken a few trips. This compares to the first simulation exercise which focused on
achieving equitable vessel-level coverage regardless of a vessel’s activity level. The results of this
second simulation suggest that a minimum trip criteria of 0 results in median unbiased stratum
coverage, whereas the median coverage tended to be below-target under the 10-trip minimum
scenario (Figure 13). The explanation for these results can be seen in the coverage distributions of
the individual vessels (Figure 14). Since most of the non-compliant vessels in this simulation
were low-activity vessels, there was little opportunity for the PTNS to positively affect their
coverage. Consequently, the median coverage of compliant vessels tended to be slightly higher
under the 10-trip minimum scenario.

Based on the collective simulation results, the PTNS was modified to use a low-coverage
threshold equal to the target threshold with no minimum trip requirement. Setting the low-
coverage threshold equal to the target coverage rate was expected to reduce the likelihood that
vessels not intentionally attempting to avoid observer coverage would experience excessively
high observer coverage, without negatively impacting the overall stratum coverage rates.
Additionally, treating all low-coverage vessels equally, regardless of the number of trips a vessel
had taken, would ensure more equitable vessel-level coverages and a higher probability that the
realized strata coverage rates would be equal to the specified targets.

Provider selection

Unlike NEFOP coverage, where the service provider contract is issued to a single provider, the
ASM contracts (either NMFS or industry-funded) could potentially be issued to multiple
providers. For tiers where multiple providers could exist, a systematic method was needed to
offer trips to individual providers in an objective and equitable manner. Additionally, there was a
desire to offer individual ASM trips to multiple providers on a given trip to increase the
likelihood that an observer would be assigned to each trip selected for ASM coverage.

The agreed-upon solution for assigned coverage types where multiple providers existed was to
apply a weighted probability selection to identify two service providers for each trip (provider 1
and provider 2). The probability of provider selection would be proportional to the number of
certified observers each provider had in service at the time of the notification. This is a variant of
probability-proportional-to-size (PPS) sampling, with the selection performed sequentially
without replacement (select provider 1, remove it from the provider list, select provider 2 based
on recalculated proportions). Under this selection process, provider 1 would receive the right of
first refusal, and if provider 1 declined the trip or failed to accept the trip in a specified amount of
time, the trip would then be offered to provider 2.

The provider selection process is performed based on the following six steps (ASM coverage has
been used as an example for any coverage selection where multiple providers exist):

1. Assign each trip selected for ASM coverage a random number, Ipovider, between 0 and 1.





2. Calculate the proportion of observers each provider has relative to the total number.
*Note that provider observer counts are updated within the system on a regular basis
(e.g., monthly).

3. Order the providers based on the proportion of monitors and calculate the cumulative
proportions.

4. Select the provider where ryroviger1 < the provider’s cumulative proportion, but greater than
the provider with the next lowest cumulative proportion. This provider becomes provider
1 (see example in Table 2: if Iyroviger = 0.294 then provider D would be selected as ASM
provider 1).

5. Remove the selected ASM provider 1 and recalculate the cumulative proportions (repeat
steps 2 and 3).

6. Select the provider where ryoviger < the provider’s cumulative proportion, but greater than
the provider with the next lowest cumulative proportion. (see example in Table 2: if
Forovider = 0.294 then provider A would be selected as ASM provider 2).

SYSTEM IMPLEMENTATION AND PERFORMANCE

The PTNS was initially implemented on May 1, 2010. Between the start of the 2010 fishing year
and end of the 2012 fishing year, the PTNS has undergone eight revisions, three of which
represent major modifications (Table 3). The current system has been in place since May 2, 2011.
The section below describes the major components of the PTNS.

System components

There are five major components to the PTNS production system (Figure 17). The most visible
aspect of the PTNS is the web-based graphical user interface, or GUI (Figure 18). The web-based
GUI is written with the following scripting languages: Perl , PHP (hypertext preprocessor),
JavaScript and JQuery. The application runs on an Apache web server located outside the NEFSC
firewall with a Linux CentOS operating system. The purpose of the user interface is multi-
faceted; it is used by vessel representatives (e.g., owners, operators, sector managers), observer
service providers and PTNS coordinators. The primary function of the PTNS user interface is to
allow vessel representatives to make initial trip declarations as well as to view and edit pending
trips; however, not all vessel operators use the web-based application directly. A fraction of the
groundfish fleet submits their trip information to on-duty PTNS staff either through a toll-free
telephone number or via email. The PTNS coordinator then enters the trip information on behalf
of the vessel. Regardless of the submission method, all trips are ultimately entered through the
web-based application either by a vessel representative or PTNS staff. The web interface is also
used by observer service providers to manage offered trips and report vessel assignments. All trip
entries and changes made through the GUI write directly to an Oracle database.

Vessels that intend to fish in the groundfish (multispecies) fishery and hold either multispecies
category D (hook gear), F (large mesh individual DAS), E (combination), K (open access) or A
(individual DAS) permit are required to notify their intent to take a groundfish trip through the
PTNS at least 48 hours in advance of sailing. When making an initial trip declaration the vessels





must login with the vessel permit number and a personal identification number (PIN). This allows
the system to identify the vessel as well as the groundfish sector to which it belongs since there is
a unique relationship at any given time between a vessel and groundfish sector. The vessel must
provide the PTNS with the following information: anticipated sail date and time, estimated trip
duration, port of departure, the type of gear that will be used on the trip, and the general fishing
region (regions shown in Figure 2). Additionally, the vessel must indicate if it intends to fish in
an SMP, since some SMPs have separate observer coverage levels that must be achieved in
addition to the baseline coverage required for the groundfish fishery.

The PTNS utilizes two separate Oracle databases (PTNS components two and three). The first
Oracle database resides outside the NEFSC firewall and serves as the principal production
database for the PTNS GUI. The second database is located inside the NEFSC firewall and serves
as the master PTNS database where all the core support tables originate. The master database has
established database links to other core fisheries-dependent data collection programs to ensure the
consistency of data content and coding schemes across systems. If, for example, changes are
made to a vessel’s permit status through the Permit System, it would automatically be reflected in
the PTNS master database. The master database also serves as an archive of the data collected
and managed in the production system; Procedural Language/Structured Query Language
(PLSQL) procedures execute hourly to backup the core data entry tables from the production
system. Nightly, PLSQL procedures push support table updates from the master to the production
database.

The fourth component of the PTNS is a set of Perl cron jobs, which run every 15 minutes on the
Apache web server. The cron jobs are responsible for making database edits to vessel and
provider status selections as well as the sending of automated email notifications whenever any of
the system time thresholds have been crossed (Figure 19). Fishing trips can be declared up to nine
days prior to the date of sailing, but must be declared at least 48 hours prior the scheduled sail
date. The vessel is not informed of a trip’s preliminary selection status at the time of notification;
48 hours prior to the trip sail date, the cron job changes the trip status from ‘pending’ to either
‘waived’ or ‘selected for observer coverage’, based on the results of the selection process that
occurred when the trip was entered. An email is then automatically sent to the vessel notifying it
of its selection status. If the trip was selected for coverage, an email is also sent to the selected
observer provider. In the case of trips scheduled for NEFOP coverage, the provider will have 24
hours to make a determination as to whether or not it will deploy an observer on that trip. In the
event the provider does not make a determination within the 24-hour window, the cron job will
automatically decline the trip for the provider, issue the vessel a waiver, and notify the vessel via
email. In the case of trips scheduled for NMFS-funded ASM coverage the first provider has 12
hours to make a determination as to whether or not it will deploy an ASM for the trip (from 48
hours prior until 36 hours prior to the trip sail date). If provider 1 either declines the trip, or fails
to act within the 12-hour window, the trip is offered to provider 2. Provider 2 then has until 24
hours prior to the trip sail date to make a selection determination. If provider 2 fails to act, at the
end of the 24-hour window, the vessel will be issued a waiver and notified via email.

The fifth component of the PTNS is a web-based reporting and monitoring utility. The chief
function of this utility is to provide a PTNS system administrator with a near real-time
understanding of system performance and industry usage (i.e., a system dashboard). In addition to
providing general information on system performance it also tracks several areas of vessel
compliance. The web-based reporting and monitoring utility was developed in SAS (Cary, NC)
and runs daily. Several minor database maintenance procedures are controlled automatically
through the SAS code including the maintenance of the ‘keep active’ and ‘do not deploy-
coverage’ list tiers.





System performance over time

There are two primary objectives of the PTNS: 1) optimize the sea days allocated to the fishery in
a given contract year; and, 2) distribute the available sea days in a manner that provides unbiased
observer coverage of the fishery (i.e., proportional to fishing activity). Annually, the PTNS is
budgeted a fixed number of SBRM (NEFOP) and NMFS-funded ASM sea days for coverage of
the groundfish fishery (e.g., NEFSC/NERO 2012). These allocated sea days represent the total
number of sea days the PTNS has available for each contract year. Provider contract years run
from April 1 to March 31 and therefore do not entirely overlap with the fishing year. From this
allocation of sea days, an estimate is made to establish interim coverage rates for use in the PTNS
at the start of each contract year. These estimates are based on the budgeted sea days and an
expectation of the coming year’s fishing activity. The interim target rates are usually adjusted
soon after the start of the year based on a close monitoring of the sea day burn rate (i.e., how fast
sea days are being used) by a system administrator. Using the PTNS web-based reporting and
monitoring utility, the system administrator evaluates the sea day burn rates of both NEFOP and
NMFS-funded ASM sea days relative to two factors:

Constant burn trajectory: This provides a general overview of the sea day burn rate and indicates
whether sea days are being burned too fast (the sea day budget will be exceeded before the end of
the year) or too slow (a surplus of sea days will remain at the end of the year). If fishing activity
were constant throughout the year, then the PTNS target rates would only have to be adjusted to
maintain a constant sea day burn; however, there are temporal variations in fleet activity
throughout the year and it is critical that sea day burns are controlled to ensure that observer
coverage is temporally unbiased.

Comparison of the current year's fishing activity to that of the previous year: This provides the
administrator with an indication of the expected seasonal trends in the fishery based on previous
fishing years, as well a gauge of whether the current year’s fishing activity is higher or lower
relative to previous years (Figure 20). Both are taken into consideration and used to make
adjustments to the PTNS target coverage rates which control the sea day burn rates.

The target coverage rates used in PTNS often have little bearing on the realized coverage rates.
They can be considered unitless accelerator/decelerator knobs. For example the PTNS SBRM
(NEFOP) target coverage rate may have to be adjusted to 0.15 (15%) to achieve a specific burn
rate, which may only result in a realized observer coverage of 6%. A number of factors affect the
relationship between the target coverage rates, burn rates and realized observer coverage, though
one of the most common factors is the number of observers/monitors currently available for the
groundfish fishery and the subsequent provider decline rates. For example, if 100% of available
observers are being assigned to trips and yet the sea days are still being under-burned, subsequent
increases to the target coverage rates will not increase the sea day burn rates or realized coverage
rates. Given the complexities of running the PTNS, preconceived notions about expected
coverage rates that were established at the start of the fishing year based on the total allocated sea
days should be avoided. The realized coverage rates at the end of the year will be contingent on
the number of sea days initially allocated, the activity of the groundfish fishery and the
availability of observers/monitors.

The following sections will describe the performance of the PTNS in years 2010 through 2012
relative to meeting its two primary objectives: utilization of the allocated sea days and unbiased
observer coverage of the fishery.





Sea day burn rates, target coverage rates and trip selection probabilities

In contract years 2010 through 2012, over 90% of the allocated NMFS-funded ASM sea days
were utilized annually, with the sea day burn exceeding the allocated sea days in 2011 (1%
overage; Table 4, Figure 21). In contract years 2010 through 2012, 80-99% of the NEFOP sea
days were utilized. The magnitude of the NEFOP sea day under-utilization in 2010 (85%
utilization) and 2011 (80% utilization) is undesirable, though the reasons for the under-utilization
vary by year. PTNS target coverage rates were adjusted over time in an effort to optimize the sea
day utilization (Figure 22). Modifications to the PTNS target coverage rates impact the
relationship between trip selection probabilities and realized stratum coverage, consistent with the
linear selection design of the PTNS (Figure 23). Changes to PTNS target coverage rates affects
the slope of the relationship between the trip selection probability and the realized stratum
coverage; as PTNS target coverage rates are increased, the trip selection probability for a given
realized stratum coverage increases. Consistent with the self-adjusting design of the PTNS, ata
fixed PTNS target coverage rate, the trip selection probabilities vary linearly, depending on the
current realized coverage for each stratum. It is important to note that from May 2010 to April
2011 the trip selection probabilities for the SBRM tier were capped at the target due to the
combined tier design.

In 2010, the realized coverage rates for the SBRM tier were generally in excess of the PTNS
target coverage rates (Figure 24). Typically, when realized coverage rates exceeded the targets,
the system would compensate by lowering the trip selection probability. However, due to the
combined tier design of the 2010 PTNS, the minimum coverage rate of the SBRM tier had to be
held equal to the target coverage rate, which negatively impacted the compensatory capabilities of
the PTNS. Because the realized coverage rates were in excess of the PTNS SBRM targets, it is
highly likely that the system could have achieved higher coverage rates had the target rates been
increased. This would have improved the utilization of NEFOP sea days in 2010. Target coverage
rates were not increased for the SBRM tier until around November 1 (Figure 22), and only from
0.08 to 0.10. The target coverage rates for the SBRM tier in 2010 should have been increased
earlier in the year to better utilize the allocated NEFOP sea days.

In 2011, the NEFOP sea day burn slowed about the same time as in 2010 (approximately June 1).
The similarities in timing may be coincidental, or they may relate to the deployment of NEFOP
observers in other fisheries. The service provider for NEFOP observers is instructed to offer
preference to certain non-groundfish fisheries when demand for observers is high. Increased
activity in other fisheries, such as herring, which tends to increase in early summer, may compete
with the groundfish fishery when the number of observers is limited. Unlike in 2010, the 2011
SBRM target coverage rates were continually increased, beginning in early July (Figure 22), in an
effort to counteract the slow burn. The increased target coverage rates had little impact on the sea
day burns (Figure 21). During this period, the PTNS was exhibiting signs of system stress:
realized coverage rates dropped below target coverage rates and the trip selection probabilities
spiked in excess of 0.30 (Figure 24). Despite the increased probability of trip selection, the PTNS
was unsuccessful in increasing the sea day burn to a level that would fully utilize the allocated
NEFOP sea days. The unresponsiveness of the sea day burn to increases in target coverage rates
is symptomatic of there being too few observers to fully utilize the allocated NEFOP sea days
(i.e., observer saturation). A comparison of the percentage of PTNS trips selected at the SBRM
tier in 2011 (40.0%) to the percentage observed (7.3%) further illustrates the impacts of observer
saturation (Table 5); i.e., in an effort to increase the burn of NEFOP sea days the PTNS was





assigning trips for SBRM-Ilevel coverage at a rate 5.5 times that which could actually be achieved
by the available NEFOP observers.

Interestingly, the PTNS also exhibited signs of stress in 2011 with respect to the coverage of the
NMFS-funded ASM tier: realized coverage rates were generally below target coverage rates, and
there were large increases in the trip selection probabilities (Figure 24). However, unlike the
SBRM tier, the allocated sea days for the NMFS-funded ASM tier were fully utilized (Figure 21).
Similar to what was done for the SBRM tier, target coverage rates were increased early in the
fishing year in response to an under burn of sea days. Unlike the SBRM tier, the system was
responsive to the increase in target coverage rates and the sea day burns increased to a level
consistent with full utilization (Figure 21). It is notable that the NMFS-funded ASM target
coverage rates remained at 0.45 for the majority of fishing year 2011, yet the 0.45 target only
achieved a realized coverage of 0.195 (Table 6). The discrepancy between PTNS target coverage
rates and realized coverage rates can be partially explained by provider declines of offered trips.
Not all trips offered to providers are accepted, so there is not a 1:1 relationship of PTNS trip
selection probabilities and realized coverage. This highlights a point made previously - the PTNS
target coverage rates have little bearing on the realized coverage rates and should be considered
in terms of unitless accelerator/decelerator knobs and not as indicators of the realized coverage
rates.

Observer coverage rates

A primary objective of the PTNS is to distribute the available sea days in a manner that provides
unbiased observer coverage of the fishery such that it is proportional to fishing activity.
Evaluating the coverage achievements of the PTNS can be done using either data internal to the
PTNS or using external sources (VMS activity declarations, observer data, etc.). The optimal
performance of the PTNS is contingent on the accuracy of the self-reported information contained
within it; most importantly, the PTNS estimates of the realized strata coverage rates. This requires
that the PTNS data accurately reflects how many total groundfish trips are taken and how many
are observed. Unfortunately, there is no unique trip identifier to link PTNS trip declarations to the
other fisheries-dependent data sources used to monitor the groundfish fishery. Absent a trip
identifier, the PTNS cannot communicate directly with the other fisheries-dependent data
collection systems to verify the accuracy of its information.

While there is no direct communication between the PTNS and other fisheries-dependent
systems, the information contained in other data collection systems can be used to externally
verify the accuracy of PTNS data and evaluate system performance. External verification
methods such as matching on the vessel permit number and sail date are often times useful;
however, the match between the PTNS declared sail date and actual sail date is inexact and often
off by as much as 48 hours. Due to the inability to directly match trips, validation is limited to an
examination of the total number of trips taken and observed. An additional issue in externally
verifying PTNS information is the difficulty in identifying strata in the Vessel Monitoring
System’s (VMYS) activity declaration. Vessel operators must submit a groundfish activity
declaration via VMS to NMFS prior to sailing on every groundfish trip. The activity declaration
offers the only definitive way to classify groundfish vs. non-groundfish trips from a regulatory
perspective. Vessel identity, and by extension sector affiliation, can be determined from the
activity declaration; however, determining the other criteria of the strata definition — gear
category and fishing region — are difficult and imprecise. For this reason, attempts to validate the
PTNS realized strata coverage are inexact and not all together useful. However, because vessel-
and sector-level coverage can be verified using observer data and VMS activity declarations, a





gross examination of the PTNS information can be conducted at these levels. These will be
discussed in subsequent sections.

Impacts of trip cancelations on PTNS trip counts

It is critically important that the PTNS maintains an accurate accounting of the true number of
groundfish trips taken. This also applies to an accurate accounting of the number of trips not
taken. Given the need to fish around weather windows, crew availability and equipment
malfunctions, it is often difficult for vessel operators to determine 48 hours in advance whether
they will fish on a particular day. Vessels operators will often declare trips in weekly batches
while only actually sailing on a fraction of the declared days to maintain flexibility given the 48-
hour pre-trip notification requirement. While this practice is allowed, it is required that the vessel
cancels all PTNS notifications for trips not taken. The non-cancelation of trips negatively impacts
PTNS performance by inflating the total trip count effectively lowering the PTNS estimated
realized coverage.

Trip cancelations are particularly common among the day-boat fleet (trip durations <48 hours),
which generally is comprised of smaller vessels that are more sensitive to inclement weather. The
cancelation rates for day-boat vessels are consistently four to six times higher than that of multi-
day (or trip) vessels (Figure 25). There is a seasonal cycle to the cancelation rates of day-boat
vessels, with cancelation rates lowest during the summer months and highest in the winter
months, consistent with the need to fish around weather windows. Interestingly, there are no
consistent seasonal cycles for multi-day vessel (trip duration >48 hours) cancelations. The
September 2, 2010 release of the PTNS (Table 3) required a major change in the underlying
database such that trip-type (i.e., day, multi-day) cannot be reliably tracked prior to that release.
Despite the partial information for 2010, there is a notable increase in the cancelation rates of
day-boat vessels from 2010 to 2011. This does not reflect a true increase in the fraction of
declared trips that did not sail, rather it reflects efforts taken by the NEFSC Fisheries Sampling
Branch (FSB) staff to improve communication and outreach with the fishing industry on the need
to cancel trips not taken, as well as improved monitoring of non-canceled trips. This pattern can
also be seen in a comparison of PTNS declared trips to VMS declared trips that will be discussed
in the next section.

Comparison of external and internal vessel-level coverage

Comparison of the internal PTNS estimates of total trip counts, observed trips and coverage rates
to those from external sources is critical to evaluating the performance of the PTNS. Overall, the
PTNS estimates of number of observed trips compare closely with the true number of observed
trips on a vessel by vessel basis (Figure 26). Because the determination of whether a trip was
observed is based on information provided by the service providers, who are contractually
obligated to enter the information, these data within the PTNS generally tend to be of a higher
quality than the data inputted by the fishing industry. There are slight differences between the
PTNS and external observer data, though these are small, with most vessels falling close to the
1:1 identity line. There is greater variability between the PTNS estimates of groundfish trips and
those estimates from VMS data, though the variability has generally decreased with each
successive fishing year. The large numbers of vessels above the 1:1 identity line in 2010 indicate
those vessels having a high incidence of not canceling PTNS notifications for trips that did not
sail. Vessels falling below the 1:1 identity line represent vessels failing to notify all groundfish
trips through the PTNS. Interestingly, the number of vessels where VMS declared groundfish





trips exceeded the number of PTNS notifications has increased over time (137 vessels in 2010,
187 vessels in 2011 and 197 vessels in 2012). While this could indicate declines in general PTNS
compliance, the trends could be obscured by improvements in PTNS trip cancelations; for
example, non-cancelation of PTNS trips could be offsetting non-notifications.

Overall the PTNS estimates of vessel coverage rates relative to the observer/VMS-based realized
coverage rates has generally improved over time. In addition, the level of variability in the
coverage rates among vessels decreased considerably from 2011 to 2012. The decrease in the
variability in vessel-level coverage will be explored in depth in a subsequent section. While
improvements have been made over time in the level of agreement between PTNS and externally
estimated vessel coverage, there are several vessels in fishing year 2012 that exhibit much higher
internal PTNS coverage rates relative to the observer/VMS realized coverage. The most likely
explanation for these discrepancies is failure to declare all groundfish trips through the PTNS. As
will be shown in the next section, these vessels are not spread homogenously throughout the
fishery, but rather have a tendency to belong to certain groundfish sectors. These types of patterns
can be improved in the future through targeted outreach and enforcement.

Comparison of external and internal sector-level coverage

A comparison of the PTNS estimates of sector-level coverage to those obtained externally from
observer and VMS activity declarations show similar patterns to the vessel-level comparisons. In
fishing year 2010, there was a tendency for PTNS coverage estimates to be lower than the
observer/VMS-based estimates for all but four sectors (Figure 27). As with the vessel-level
coverage, the most likely reason for the lower coverage rates estimated internally within the
PTNS is the non-cancelation of trips that were declared but never sailed. In both fishing years
2011 and 2012, there was greater consistency between the PTNS estimates of sector coverage and
those obtained from observer data and VMS activity declarations. This can be directly attributed
to improved compliance and monitoring of non-canceled trips. The variability in coverage rates
between sectors was considerably reduced from 2011 to 2012. This is consistent with the patterns
observed in the internal individual vessel coverage rates. The decrease in variability reflects
directed efforts to ensure equitable observer coverage across all vessels. Examination of the
distribution of vessel coverages within individual sectors highlights this point (Figure 28); the
size of the interquartile ranges has decreased over time and there is less spread in the mean and
median sector-level coverage rates around the overall mean.

In all years there are one to three sectors where the PTNS has estimated much larger observer
coverage rates relative to the realized observer/VMS based coverage (Figure 27). The cause of
these discrepancies is failure to declare groundfish trips through the PTNS (i.e., non-compliance
with the PTNS notification requirement). One sector, the common pool is responsible for a
moderately large number of trips in each of the fishing years and represents the most egregious
offender. While efforts have been made to reach out this component of the fishery, without
directed enforcement of PTNS notification requirements, there is little that can be done to
improve compliance.

Interestingly, there are seasonal trends in the degree of compliance with the PTNS notification
requirement. Overall, there is lower PTNS compliance in April and May and peak compliance
June through August (Figure 29). The seasonal trends are related to fishery activity, with the
compliance trends being negatively correlated with the level of targeted monkfish activity (Figure
30). Monkfish-targeted behavior (i.e., fishing on a monkfish DAS) can be determined from the





VMS activity declaration. Groundfish vessels fishing on a multispecies DAS but targeting
monkfish are still subject to all groundfish reporting requirements, including the filing of a PTNS
notification. Based on the relationship between vessel compliance and monkfish targeted activity,
it appears that the industry is not entirely cognizant of their groundfish reporting requirements
when fishing simultaneously on both monkfish and groundfish DAS. One aspect to the low PTNS
compliance among the common pool vessels is that, proportionally, a much larger fraction of
common pool trips are targeting monkfish compared to sector vessels. Between 2010 and 2012,
greater than 55% of common pool trips were fishing on monkfish DAS, compared to less than
11% of sector trips (Table 7). Common pool compliance with the PTNS notification requirement
ranged from 68.5 to 75.5% when not fishing on a monkfish DAS (targeted groundfish trip), but
less than 15% when fishing on a monkfish DAS. Comparatively, the compliance rate among
sector vessels was greater than 79% when fishing on a monkfish DAS and greater than 89% when
not fishing on a monkfish DAS.

PTNS internal strata-level coverage

While it is nearly impossible to accurately verify internal PTNS strata-level coverage using
external sources, given the limitations of the NMFS’s Northeast Region’s fisheries-dependent
data collection systems, the sector- and vessel-level comparisons have shown that, overall, the
data contained in the PTNS provides an accurate representation of the realized coverage rates for
the majority of groundfish vessels. This provides confidence in the internal PTNS data and allows
inferences to be made about the strata-based coverage using only internal PTNS data. The
distribution of strata-level coverage for the SBRM and NMFS-funded ASM tiers is consistent
with the expected system performance, based on the simulation results shown in Figure 7. There
is high variability for strata with limited numbers of trips, but the variability decreases with an
increasing number of trips, with strata-level coverage converging on the mean tier coverage as the
number of trips increases (Figure 31). Annual estimates of tier-level coverage are provided in
Table 6. Overall, at the strata-level the PTNS has performed consistent with the system design.

Despite the front-loading nature of the PTNS, there are a large number of strata with no observer
coverage (Figure 32). While there may be a large number of strata, it is important to consider that
they are not all highly active. In 2010 through 2012, there were 429, 316 and 195 trips among
strata that received no observer coverage. Relative to the total number of trips that occur in the
groundfish fishery (Table 6), these represent less than 3.5% of the total annual trips.

Examination of alternate coverage metrics

The sampling unit of the PTNS is a fishing trip and the target coverage rates are evaluated with
respect to the ratio of observed trips relative to total trips occurring within a defined stratum.
Other sampling frames/coverage metrics, such as days absent or total groundfish landings, while
useful to evaluate, are difficult to define at the point of trip notification and therefore impractical
for use in PTNS coverage selection. However, if the trip-based coverage is accomplished in an
unbiased manner, coverage should be similar regardless of the metric used to evaluate it. As part
of the PTNS web-based monitoring utility, coverage of both days absent and groundfish landings
are regularly monitored.

The distribution of sector-level days absent-, groundfish landings- and trip-based coverage were
compared to the aggregate annual (fishing year total) trip-based coverage to determine the
uniformity of observer coverage across alternate coverage metrics and evaluate whether there was





evidence of temporal bias. Aggregate annual coverage levels are provided in Table 6. Between
2010 and 2012, the aggregate annual trip-based coverage levels were within +/- 1 standard
deviation of the weekly mean (mean across sectors) of all three coverage metrics (Figure 33). The
degree of variability in weekly coverage rates over time is consistent with the expectation from
the simulation experiments. As time progresses and more trips enter the PTNS, the variability in
the realized coverage generally decreases. Overall, there is little evidence of large-scale temporal
biases in the rates. There was little fluctuation of the coverage rates after stabilizing around week
8 of the fishing year, with weekly mean rates similar to the overall annual trip-based coverage.
Coverage based on days absent was slightly higher than the annual trip-based coverage in 2010
and 2011. This suggests that observed trips tended to be slightly longer than unobserved trips in
these fishing years, though the cause of this pattern is unclear.

External evaluation of vessel-level coverage

PTNS is designed to provide equitable coverage across strata (sector, region and gear category)
with sampling within individual stratum being random. This means that the linear selection
method of the PTNS does not explicitly attempt to deploy coverage equitably among vessels.
However, because coverage at the vessel-level should be random, the vessel-level coverage at any
particular activity level (number of trips) should be uniformly distributed, with the coverage
converging on the stratum mean as activity increases (i.e., variability should decrease with
increased activity). Shortly after implementation of the PTNS in May 2010, it became clear that
there was active vessel avoidance of observer coverage. Additionally, there were concerns raised
by the fishing industry, particularly from fishing vessel operators who were experiencing high-
levels of observer coverage, that vessel-level coverage was non-random. These two concerns
were directly related — the number of vessels experiencing no coverage negatively impacted the
equitability of the coverage across all vessels. Since the PTNS is attempting to maintain strata-
level coverage, low coverage on some fraction of vessels within a stratum must be compensated
for by raising coverage on other vessels. Over time, directed efforts were made to mitigate vessel
coverage inequities in a variety of ways. The first steps were taken in the August 16, 2010 PTNS
update (Table 3) in an attempt to address the observer avoidance issue. As discussed in the design
section, this fix effectively addressed those vessels exhibiting observer avoidance behavior but
has the unintended consequence of increasing observer coverage on vessels legitimately
canceling trips (fishing around weather windows, etc.). The May 2, 2011 PTNS update addressed
this issue by implementing low-coverage thresholds for placement on ‘must deploy’ tiers. In
addition, changes were made to the web-based monitoring utility to scan for vessels that either
fall below or exceed specified coverage levels. The web monitoring utility temporarily adds these
vessels to the ‘keep active’ or ‘do not deploy — coverage’ selection tiers. Once a vessel falls back
within the tolerance range, it is removed from these list tiers and returned to the normal random
selection protocols. Usage of both tiers increased over time, though generally the use of these
tiers is minimal relative to the random selection tiers (Table 5).

Evaluation of vessel-level coverage using observer data and VMS activity declarations shows
that, overall, vessel coverage was random and uniformly distributed at a given activity level, and,
with increasing vessel activity, the coverage converges on the overall mean (Figure 34).
Comparison of vessel-level coverage across fishing years shows the influence of the various
system modifications on vessel-level coverage. Overall, the level of variability of vessel-level
coverage has declined in each successive fishing year. Because of the expected high variability
when the number of trips is low, vessels were separated into two categories: those having taken
fewer than ten trips and those having taken ten trips or greater (Figure 35). The reductions in
vessel coverage variability from 2010 to 201 1were primarily due to the implementation of the





low-coverage monitoring modifications released on May 2, 2011. A subsequent reduction in the
coverage variability occurred from 2011 to 2012. While there were no system modifications from
fishing year 2011 to 2012 that would have affected the coverage variability, there were several
monitoring efforts taken to ensure more equitable coverage across fishing vessels. First, as noted
above, there was more active management of the ‘keep active’ and ‘do not deploy - coverage’
tiers to increase the coverage on low-coverage vessels while reducing coverage on high-coverage
vessels. Secondly, beginning during the 2011 fishing year, there was a concerted outreach
initiative to observer service providers to ensure equitable coverage across vessels.

Outside of observer availability there are at least two factors that affect the decision of a provider
to select a particular trip for coverage: the vessel identity and trip characteristics. Providers are
informed which vessels are taking the trips they have been offered, which can potentially result in
the preferential coverage of certain vessels or avoidance of others. Both actions would contribute
to non-equitable coverage across vessels. In 2010, there was considerable variability in vessel-
level coverage including a large percentage (20%) of vessels that had received 100% coverage
and those that had received no coverage at all (10%; Figure 36). By 2012 there were reductions in
both extremes and an overall decline in the variability of coverage levels among vessels. There
was still an undesirably high number of vessels at the two extremes, but these were largely
restricted to vessels that have taken fewer than 50 trips.

One trip characteristic that may affect a provider’s ability to accept a fishing trip is the port of
sailing. Vessels sailing out of ports outside of the region of core activity may experience lower
observer coverage due to the difficulty in deploying observers to these areas and high travel costs
in the event observers are not regularly stationed in the regions. In fishing year 2010, there was
considerable disparity in coverage among states with the Mid-Atlantic states (New York, New
Jersey and Virginia) receiving lower coverage relative to the New England states (Figure 37). The
lower coverage in the Mid-Atlantic states was not due to differential selection by the PTNS, but
rather higher provider decline rates for these states. ASM observers are not regularly home-ported
in the Mid-Atlantic states. Incremental improvements were seen in the state-level coverage in
both 2011 and 2012. By fishing year 2012, provider decline rates were similar across states. Some
of this may have been due to improvements within the provider operations, but there was also a
notable decrease in the overall number of trips sailing from Mid-Atlantic ports from 2010 through
2012.

Trip duration (e.g., day vs. multi-day) is also a trip characteristic that has the potential to affect a
provider’s willingness to accept a trip. Logistically, multi-day trips are easier to coordinate given
the lower likelihood of a trip being canceled and greater reward in the form of more sea days per
coordination efforts. In the past, providers have complained about the inequitable offering of
multi-day trips to each provider. While the complaints were investigated and found to be
unfounded, it is evidence of the high value of multi-day trips to providers. To evaluate the decline
rate by trip type, an odds ratio test was conducted. The odds ratios indicated that day trips were
between 2.9 and 7.7 times more likely to be declined than multi-day trips in 2010 and 2011
(Table 8). Correspondingly, the observer coverage rates were higher for multi-day trips.
Interestingly, in 2012, multi-day trips were 2.3 times more likely to be declined than day trips,
resulting in higher observer coverage of day trips. It is unknown exactly why there was a reversal
in the patterns from 2011 to 2012. While it can’t be quantified, it is known that in 2010 and 2011
some providers would initially accept more day trips than could be covered to increase their
flexibility, given that day boat trips would experience a higher vessel cancelation rate. This
practice was discontinued in 2012. There was also a change in the NEFOP service provider in
2012, which could have impacted both NEFOP and ASM coverage in unexpected ways.





Meeting the needs of other monitoring programs

In addition to deploying observer coverage to meet the base coverage requirements of the
groundfish catch monitoring, the PTNS is also responsible for meeting other coverage
requirements within the groundfish fishery. These include providing coverage of the four
groundfish SMP and protect species bycatch monitoring.

In fishing years 2010 to 2012, use of the SMP tiers within the PTNS were seldom utilized (Table
5). The primary reason for this is that the SMP coverage requirements were always less than the
base groundfish fishery coverage requirements. For example, mandated SMP coverage ranges
from 10 to 20% depending on the SMP, yet the base coverage exceeded 20% in all years (Table
6). Because of the compensatory nature of the linear selection, the probability of selection at the
SMP tiers was low. In the future, if the base coverage declines below the mandated SMP
coverage requirements then use of these selection tiers would be expected to increase.

Observer deployment for the monitoring of protected species bycatch in the groundfish fishery is
accommodated in the PTNS using a sea day schedule (Figure 3). The NEFSC Protected Species
Branch generates a sea day schedule annually based on an expectation of fleet activity on a port,
month and gear type basis. Frequently, fleet activity within individual sea day strata are not
sufficient to meet the specified sea day coverage and the unused sea days must be manually
‘rolled’ over to the next month. Typically, the port and gear stratification is held identical to the
previous month, but occasionally the sea days are re-allocated to different ports where fishing
activity is more likely. The need to continually ‘rollover’ unused sea days highlights the difficulty
and lack of efficiency of a sea day schedule deployment scheme. From the perspective of
sampling design, the sea day schedule approach assumes that fishing activity during the
deployment period will be identical to fishing activity from the reference period. As has been
demonstrated through three years of deployment of protected species coverage using a sea day
schedule, this is often not the case. Similar to how groundfish bycatch monitoring is deployed, an
adaptive deployment approach where observer deployment was distributed proportional to fishing
effort would offer improvements over the sea day schedule.

DISCUSSION

Overall, the PTNS has worked consistent with the system design and was successful in meeting
the diverse objectives of a complex observer deployment system. The PTNS utilized over 93% of
the nearly twenty five thousand sea days allocated to it from 2010 to 2012. Equally important, the
sea day utilization was accomplished in manner that spread observer coverage proportional to
fishing effort, resulting in consistent coverage over time and across multiple coverage metrics
including days absent and groundfish landings. This provides some indication that, at least at a
gross level, there is no strong evidence of observer bias, though there are some indications of
observed trips being slightly longer in 2010 and 2011. The issue of observer bias requires
additional research and is outside the scope of this paper. The deployments of both NEFOP and
NMFS-funded ASM observers was done in such a way as to make the resulting discard rates from
these two programs statistically indistinguishable across a broad range of groundfish species and
gear types (Wigley et al. 2012).

The self-adjusting nature of the PTNS linear selection method was effective at reducing coverage
variability and, in turn, increasing coverage equitability as additional trips entered the PTNS.
Additionally, the self-adjusting nature mitigated many of the coverage rate perturbations induced





by external factors such as vessel avoidance and observer saturation. These are expected
characteristic of the PTNS and reflect the importance of simulation work during the design of
complex monitoring systems. Some of the real-world complexities of running such a system were
not considered in the initial simulations and required system modifications over time to address.
These highlight the need to regularly evaluate system performance and identify areas of
improvement.

Need for continued improvements

It is one thing to design a system that performs optimally in simple theoretical simulations but
extremely difficult to design a system robust to the realities of a production deployment. The
PTNS encountered its share of these realities over time, some of which were addressed through
system enhancements and others through external low-coverage monitoring and outreach to
observer service providers. The net results of these efforts were sequential improvements in
system performance between 2010 and 2012. Many of the remaining issues can be addressed
through minor system improvements in concert with continued improvements in coverage
monitoring and outreach activities. While system improvements may lead to marginal gains in
performance, the biggest challenge for the PTNS is compensating for external human factors such
as vessel compliance, observer availability and equitable provider selection of vessels and trips.

Perhaps the largest external factor affecting optimal performance of the PTNS relates to vessel
compliance, both with respect to declaring all groundfish trips and canceling all trips that were
declared but never sailed. The optimal performance of the PTNS requires the accuracy of the
internal trip count information off which it is working. While the analyses show that the current
system has reasonable accuracy, there continue to be small differences in both the counts of
observed trips and total groundfish trips. Compliance among vessels targeting monkfish continues
to be the most problematic area with respect to trip counts, particularly for common pool vessels.
Targeted outreach and education to this portion of the fleet could lead to large improvements in
PTNS notification compliance. The cancelation of declared trips that did not sail was a large
problem in fishing year 2010 but has decreased over time, primarily as the result of monitoring
and outreach by the NEFSC Fisheries Sampling Branch staff. In fishing year 2012 the non-
cancelation of fishing trips had minimal impact on PTNS performance. Both of these issues
highlight the need for the PTNS to directly communicate with the other fisheries-dependent data
collection systems like VMS activity declarations and observer data.

A means of direct communication would greatly improve compliance monitoring and
enforcement efforts. Equally important, a means for the PTNS to directly communicate with other
data collection systems would allow the PTNS to incorporate a feedback loop to auto-correct the
declaration information and maintain accurate accounting of the number of groundfish trips

taken. The most obvious solution to this problem is to create unique trip identifier that can be
used to link trips across all of the regional fisheries-dependent data collection systems. The
unique trip identifier should be generated by the first system that a vessel must report to for a
given fishing trip; for the groundfish fishery, that system is the PTNS (i.e., 48 hours in advance of
sailing). The unique trip identifier would then propagate through to the other data collection
systems. As more of the region’s data collection systems migrate towards electronic collection
(e.g., electronic vessel trip reports) the ease of propagating a unique trip identifier from system to
system should improve. Uniquely linking trips across data collection systems would also lead to
improved efficiencies by reducing the amount of duplicative information currently being
collected from the fishing industry.





The ability to utilize all of the sea days allocated to the PTNS is contingent upon having a
sufficient number of observers available for deployment. As seen with NEFOP coverage in 2011,
an insufficient number of observers can lead to sub-optimal utilization of the allocated sea days.
The availability of observers is affected by many factors, including the total number of certified
observers in the region, the number of allocated sea days and the competing coverage demands of
other fisheries. For service providers, balancing these demands is a difficult task requiring
planning and coordination. Having too few observers is problematic from the perspective of
coverage deployment, but too many observers can be detrimental to the retention of qualified
observers. Maintaining sufficient observers requires a balancing of seasonal coverage demands,
employee losses and training sessions for new observers. Continued experience with balancing
these demands should improve observer availability in future fishing years.

There remains a need to continue to work with observer providers to further improve the
equitability of provider selection, both with respect to vessels and trips. Ensuring that providers
are not preferentially selecting or declining trips based on the identity of the vessel is critical. A
modification to the PTNS to hide the vessel identity from the provider until after the trip selection
has been made may be one possible solution to the provider selection issue. Unfortunately, unlike
the vessel identity, the trip characteristic information (port of sailing, trip duration) are critical for
provider planning purposes and cannot be hidden from the provider. These areas can be addressed
through real-time monitoring of provider decline rates across a range of metrics, including port of
sailing and trip duration and then working with providers to ensure unbiased selection.

While external factors pose the biggest challenges to PTNS performance, there are several areas
of the PTNS where improvements could be made. The PTNS has required manual interventions
to adjust target coverage rates in response to fleet behavior and provider capacity. While this is
anticipated, more automated methods need to be explored to adjust target coverage rates in
response to sea day burn trajectories and realized observer coverage. Not only will this reduce the
extent of manual intervention on the part of the system administrator, it will also help prevent the
types of sea day under-burn similar to what occurred with the NEFOP sea days in 2010. This
under-burn had less to do with observer saturation and more to do with a lack of responsiveness
to the under-burn.

Automation of the ‘keep active’ and ‘do not deploy — coverage’ list tier maintenance is also
needed. The process is currently managed through a semi-automated procedure run through the
PTNS web-based monitoring and reporting utility, however it requires some manual intervention
on the part of a system administrator to adjust the coverage tolerance ranges that control when
vessels are added and removed from these lists. The maintenance of these list tiers should be
moved to the database level and linked directly back to mean vessel coverage rates such that the
tolerances are established dynamically based on some plus/minus percentage of the mean vessel
coverage rate at any given time.

Meeting system requirements, providing flexibility and minimizing the burden to industry was,
and continues to be, a challenge. The trip-based nature of the PTNS works well from the
perspective of system design but it has proven to be burdensome for day boat operators and
observer service providers. As discussed previously, many day boat vessel operators will submit a
notification for every day of the week in order to maintain the flexibility to fish around weather
and/or crew availability; trips on which they don’t sail are then canceled both before and after the
provider assignment. With the service provider potentially varying from trip to trip this translates
numerous phone calls, emails and communication with a variety of contacts in a given week and
is a source of frustration. Industry has expressed a desire to be selected for an entire week worth
of trips such that any time the vessel sails during that week, an observer must be on board and





communication would only occur with a single provider. The weekly notification strategy is
currently employed in the herring fleet however there are large differences in size and complexity
between the two fisheries. Additionally, observer coverage in the herring fishery is deployed
using a manual call-in system, not using an automated statistical design. Weekly notifications
would require significant restructuring of the PTNS but has been considered for future upgrades.

Criticisms of the PTNS

A recent report criticized several aspects of the PTNS (NEI 2011), however these criticisms were
levied without a full understanding of how the PTNS functions. One aspect of the report criticized
the PTNS for not achieving normally distributed coverage. As was illustrated in the theoretical
simulations (Figures 9 and 10) and documented in practice, it is not expected that the distribution
of PTNS selections will be normally distributed. The linear selection method of the PTNS
actively works to reduce variance, resulting in under-dispersion. The authors of the NEI (2011)
report did accurately capture some of the vessel coverage equitability issues that had plagued the
PTNS design in fishing year 2010; however, by the time the report was published in September,
2011 these issues had largely been resolved.

The authors incorrectly assumed that the inequities across sector level coverage (e.g., Figure 27
and 28) were due to varying target coverage rates across strata in response to meeting specified
CV requirements. “It is reasonably clear that combined coverage levels of NEFO[P]s and ASMs
across sectors were unequal in FY 2010 from a statistical perspective...We believe that one
plausible reason for this is that NEFSC-FSB goals in setting coverage levels were based on
meeting “coefficient of variation” requirements for specific gears fished in specific areas
(Gear/Area Stratum) as outlined in the 2010 SBRM process (NEFSC-FSB, 2010b). These
requirements are likely to be at odds with a goal to have fair and equitable coverage levels
across sectors, particularly if SBRM coverage levels vary across strata and if sectors have
varying levels of participation in different strata.” Their assumption is not correct. In 2010, all
strata within a tier were assigned identical target coverage rates (with the exception of the NMFS-
funded ASM target coverage rate for the common pool). The inequities across strata in 2010 were
the result of differential vessel compliance with PTNS requirements and provider selections.

The NEI report also took issue with the fact that the coverage of the groundfish fishery was not
achieving fishing year 2010 coverage goals of 38% that were being referenced publicly.
Ultimately, the groundfish fishery was covered at approximately 29.3% in 2010 (Table 6). The
discrepancy between publicly referenced targets and realized coverage raises important issues
about the realities of developing sea day budgets and running a PTNS-type system. If the PTNS
could operate off of a limitless budget, it could be tuned to realized target coverage rates.
However, that is not the reality of how most observer deployment programs are operated. The sea
days allocated prior to the start of the fishing years are contingent on many factors, one of which
is the desired coverage levels. Once the fishing year begins, sea day allocations seldom change,
and the realized target coverage rates are primarily a function of allocated sea days, fleet activity
and observer availability.

Expansion to other Northeast U.S. fisheries
Automated observer deployment systems will likely become more common-place as fishery

regulations become more complex in response to industry demands for greater flexibility and
need for improved accuracy and precision in monitoring fishery catches. While the PTNS was a





first-of-its-kind automated deployment system, since the deployment of the PTNS in May 2010,
at least one other system has been developed and deployed in North America. The National
Marine Fisheries Service’s Alaska Region developed and deployed their Observer Declare and
Deploy System (ODDS) for the groundfish and pacific halibut, Hippoglossus stenolepis, fisheries
on January 1, 2013 (USOFR 2012). The system has objectives similar to the PTNS in that it
attempts to deploy observers in a statistically unbiased manner among a subset of the fleet chosen
for trip-based selection.

Though not described in this paper, based on the initial success of the PTNS in the groundfish
fishery, the PTNS was expanded to the targeted long finned squid (Doryteuthis pealeii) fishery in
January 2011. There are other fisheries in the northeast U.S. with existing observer notification
requirements such as the Atlantic sea scallop (Placopecten magellanicus) and Atlantic herring
(Clupea harengus) fisheries, which could be incorporated into the PTNS. For vessels
participating in multiple fisheries, a single observer notification system could streamline vessel
reporting requirements. Additionally, it may also offer efficiencies with respect to system
administration and support. While broadening the scope of the PTNS can offer many efficiencies,
past experiences with large scale improvements and application to multiple fisheries has shown
that large changes to a system of this complexity are not simple and require extensive planning
and development time to properly implement.
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TABLES

Table 1. List of the selection tiers within the groundfish Pre-Trip Notification System (PTNS).

Tier order Selection tier Tier description Tier Type Coverage type
1 Manual waiver Allows for a system administrator to waive coverage of a trip. Conditional Waiver
Used to waive observer coverage on gillnet trips that are sailing only for the
2 Set-only (gillnet only) explicit purpose of setting gear. This is used only when there is no intention of Conditional Waiver
hauling gear and subsequently no harvest of fish.
Used to waive observer coverage on a short-term basis when a vessel has . .
3 Do not deploy - safi . S List A\
0 not deploy - safety been previously identified to be a safety concern for deployed observers. S aver
Used to waive observer coverage on a short-term basis for individual vessels . .
4 Do not deploy - coverage . . . List Waiver
documented to have experienced excessively high coverage.
t ized Bycatch Reporti Provides th f th fish fish ifi BRM
5 Standardized Bycatch Reporting roYldes e core coverage of the groundfish fishery as specified by S Probability-based NEFOP
Methodology (SBRM) coverage requirements.
6 Special Management Program Provides c'O\./erage 9f SMPs in the event that the base SBBM %lnd ASM Probability-based NEFOP
(SMP) coverage coverage is insufficient to meet the coverage demands of indicidual SMPs.
7 Protected species coverage Provides coverage for the monitoring of protected species bycatch. Sea day schedule NEFOP-limited
NMFS funded At-Sea Monitoring Provides ASM coverage of the. groundfish ﬁsh.ery beyond SBRM ?overage ~
8 (ASM) needed to meet sector monitoring demands. Trips selected at this tier are Probability-based ASM
funded by NMFS.
Provides ASM f th fish fish BRM
Industry funded At-Sea Monitoring rovides ASM coverage o ' e': groundfish fis fery beyond S ' <.:overage -
9 . needed to meet sector monitoring demands. Trips selected at this tier are Probability-based ASM
(ASM) - optional .
funded by industry.
10 Keep active Provides coverage to meet a range of short-term compliance needs where List ASM

coverage is required for certain vessels.






Table 2. Example of the provider selection process when multiple providers exist for a Pre-Trip
Notification selection tier. In this example the random selection variable = 0.294. The lists are
sorted in ascending order based on the number of certified observers each provider has in service
at the time of the trip notification. Selection is performed based on a comparison of the random
selection variable to the cumulative proportion of each provider. The selected provider for each
step is highlighted in grey.

Prowc.zler ASM Certified Total . Proportion Cumulative
selection . obserwers in of obserers .
provider observers . . . proportions
step region in region

Provider 4 4 39 0.103 0.103

1 Provider 3 5 39 0.128 0.231
Provider 2 10 39 0.256 0.487
Provider 1 20 39 0.513 1.000
Provider 4 4 29 0.138 0.138
2 Provider 3 5 29 0.172 0.310

Provider 1 20 29 0.690 1.000






Table 3. List of Pre-Trip Notification System (PTNS) modifications over time.

Version number Date Scope of modification System modification

1.0.1 May 1, 2010 Major Initial release
1.0.2 May 18,2010 Minor Miscellaneous bug fixes
1.0.3 June 16,2010 Minor Improved functionality and usability

Handling of set-only gillnet trips and first attempt to address observer
1.1.1 August 16,2010 Major avoidance issues

Addition of the protected species coverage tier, collection of trip duration
1.1.2 September 2, 2010 Moderate information

Miscellaneous system work to improve functionality and prepare the
1.1.3 November 3, 2010 Minor systemto accommodate other non-groundfish fisheries
1.2.1 December 30, 2010 Major Incorporation of the directed long-finned squid fishery (non-groundfish)
122 January 4, 2011 Minor Upgrade to the PTNS web-server
1.3.1 May 2,2011 Major Implementation of 'separate’ tier selection and compliance thresholds






Table 4. Summary of the Northeast Fisheries Observer Program (NEFOP) and At-Sea Monitor (ASM) sea days allocation and utilization by
fishing year.

NEFOP ASM

FIShiNG - tilized  Allocated "™ Utilized  Allocated  Fe"eM
year seadays seadays utilized seadays seadays utilized
(%) (%)
2010 1,863 2,208 84.4% 5,761 5,991 96.2%
2011 2,694 3,386 79.6% 6,909 6,814 101.4%

2012 1,320 1,338 98.7% 4,887 5,225 93.5%






Table 5. Summary of Pre-Trip Notification System (PTNS) trip selections by fishing year and selection tier. Trips indicated as observed within the
PTNS are also summarized.

Fishing Total annu_al Tier order Selection tier Trips Perce n_tage of Trips Perce n_tage of
year declared trips selected  total trips (%) observed total trips (%)
1 Manual waiver 559 3.5 0.0
2 Set-only 108 0.7 0.0
3 Do not deploy - safety 83 0.5 0.0
4 Do not deploy - coverage 213 1.3 0.0
2010 15,851 5 SBRM 3,354 21.2 882 5.6
6 SMP 38 0.2 14 0.1
7 Protected species limited coverage 203 1.3 51 0.3
8 NMFS-funded ASM 5,489 34.6 3,044 19.2
10 Keep active 12 0.1 4 0.0
11 Not selected 5,792 36.5 0.0
1 Manual waiver 333 2.4 0.0
2 Set-only 172 1.2 0.0
3 Do not deploy - safety 160 1.1 0.0
4 Do not deploy - coverage 303 2.2 0.0
2011 14,062 5 SBRM 5,618 40.0 1,029 7.3
6 SMP 8 0.1 6 0.0
7 Protected species limited coverage 133 0.9 111 0.8
8 NMFS-funded ASM 4,669 332 3,019 21.5
10 Keep active 228 1.6 110 0.8
11 Not selected 2,438 17.3 0.0
1 Manual waiver 213 1.7 0.0
2 Set-only 89 0.7 0.0
3 Do not deploy - safety 61 0.5 0.0
4 Do not deploy - coverage 842 6.6 0.0
2012 12745 5 SBRM 2,395 18.8 806 6.3
6 SMP 8 0.1 1 0.0
7 Protected species limited coverage 50 0.4 45 0.4
8 NMFS-funded ASM 2,372 18.6 1,701 13.3
10 Keep active 709 5.6 590 4.6

11 Not selected 6,006 47.1 0.0






Table 6. Estimates of observer coverage rates in the groundfish fishery for fishing years 2010-2012 by tier.

Fraction of annual

_— . . Total VMS i . i
Fishing Year Tier Name Observedtrips iri Tier cowerage  trips receiving
P observer cowerage

SBRM 898 0.067

2010 13,313 0.293
NMFS-funded ASM 2,998 0.225
SBRM 1,005 0.064

2011 15,614 0.260
NMFS-funded ASM 3,047 0.195
SBRM 784 0.055

2012 14,315 0.208

NMFS-funded ASM 2,193 0.153






Table 7. Summary of PTNS compliance by fishing year, sector type (common pool or sector) and VMS activity declaration (groundfish,
monkfish). PTNS compliance refers the fraction of groundfish trip declared through a VMS activity declaration with a positive PTNS notification.
*Note that the PTNS trip counts only include PTNS notifications that could be matched to a VMS-declared trip within a 48 hour tolerance
window.

Total Frag;[c_i Or? OT Trips declared i Fracti firi
L . . groundfish trips rips declared into raction of trips
Fishing year Sector type Trip type g rotL:,?s:ISh fis hi_ng on PTNS* declared into PTNS
monkfish DAS
2010 Common pool Groundfish 776 0.569 586 0.755
2010 Common pool Monkfish 1,026 124 0.121
2011 Common pool Groundfish 316 0.795 228 0.722
2011 Common pool Monkfish 1,228 175 0.143
2012 Common pool Groundfish 213 0.794 146 0.685
2012 Common pool Monkfish 819 60 0.073
2010 Sector Groundfish 10,281 0.107 9,238 0.899
2010 Sector Monkfish 1,230 979 0.796
2011 Sector Groundfish 12,690 0.098 11,728 0.924
2011 Sector Monkfish 1,380 1,168 0.846
2012 Sector Groundfish 12,153 0.085 10,843 0.892
2012 Sector Monkfish 1,130 908 0.804






Table 8. Provider decline rates by trip type. Odds ratio are expressed in terms of decline rates between trip types (odds ratios are multi-day/day).
*Note that 2010 is a partial year since trip type could not be tracked prior to September 2, 2010. Additionally, trip counts and associated observer
coverage rates will differ from those in Table 4 due to differences in the information source (internal PTNS data vs. external sources).

Probability of

Total trips  Trips offered Trips accept Trips Observer rovider ©dds of
Fishing year = Trip type P ps off PS acCePt 4o tlined by  coverage prov provider  Odds ratio (95% CI)  p-value
taken to provider by provider - declining the .
provider level trip decline
2010 Day. 7,771 4485 1,359 2,626 0.24 0.59 1.41 0.12 (0.10-0.16) <0001
Multi-day 1,670 576 491 85 0.29 0.15 0.17
2011 Day. 11,586 9,187 3373 5,814 0.29 0.63 1.72 0.35 (0.31-0.39) <0001
Multi-day 2476 1,446 905 541 0.37 0.37 0.60
2012 Day 10,390 4316 2,654 1,662 0.26 0.39 0.63 2,30 (2.02-2.62) <0001

Multi-day 2,355 1,199 491 708 0.21 0.59 1.44
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Figure 1. Observer coverage rate estimates for the northeast United States groundfish fishery
between 2000 and 2009. The dashed line indicated the mean coverage rate over the time period.
Note that groundfish coverage rate estimates are sensitive to many analytical assumptions and
are illustrative rather than definitive.
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Figure 2. Map of the offshore waters of the northeast United States showing the three fishing
regions as defined by the Pre-Trip Notification System within the U.S. Exclusive Economic Zone
(EEZ). The gridded area delineates North Atlantic Fisheries Organization (NAFO) statistical
areas. The 50 m and 100 m bathymetry lines are indicated by thin grey lines.
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Figure 3. Schematic diagram illustrating the hierarchal tier selection of the groundfish Pre-Trip
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Figure 4. Schematic illustrating the ‘fixed’ method for determining trip selection probabilities.
The application of the fixed method at three different target coverage rates (0.20, 0.30, 0.38) is
shown.





- = (] inCrements
m— ] 25 increments
— | ] increments
————— Target coverage

0.3

Trip selection probability

0.z
0.1

0.0
o 1 2 3 4 5 B v 8 g 10

Mumber of trips

Figure 5. Schematic illustrating the ‘incremental’ method for determining trip selection
probabilities. The selection probability is a function of the total number of trips existing within
the stratum combined with a sequential decrementing of the selection probability based on a pre-
determined increment amount (0.1, 0.25, 1.0). In all examples the target coverage rate is set at
0.38.
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Figure 6. Schematic illustrating the ‘linear’ method for determining trip selection probabilities. In
the ‘linear’ method, selection probabilities are determined based on the realized observer
coverage rates for each stratum at the time at which the trip is entered into the selection process.
The ‘linear’ method requires specification of three parameters: a maximum probability
(probability of selection when realized coverage is equal to zero), a target probability (i.e., target
coverage rate), and a minimum coverage rate.
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Figure 7. Comparative performance of the ‘fixed’, ‘incremental’, and ‘linear’ selection methods
with respect to meeting a target coverage rate. Results are based on 500 iterations of a simple
single-tier simulation with a specified target coverage rate of 0.38 (dashed red line). The mean
coverage (solid black line) and 95% confidence intervals (grey band) from all simulation runs is
shown.
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simulation.
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methods. Results are from 500 iterations of a simple single-tier simulation with a specified target
coverage rate of 0.38 (dashed red line).
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of the plots. In a ‘combined’ system, each trip is assigned a single random value and the tier selection probabilities are cumulative; e.g., Tier 1 is
assigned a 0.08 target probability, Tier 2 is assigned a 0.38 target (0.08 + 0.30) and Tier 3 is assigned a 0.50 target (0.08 + 0.30 +0.12). In a
‘separate’ system, with the exception of the last tier, the minimum coverage rates must be set equal to the target coverage. In a ‘combined’ system,
each trip is assigned a separate random value for each selection tier and the selection probabilities are independent of other tiers. In a ‘separate’
system the minimum coverage rates can be set to any desired value at or below the target coverage rate.
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Figure 12. An example of the performance of the ‘separate’ and ‘combined’ selection designs in
both a two- and three-tier system. For each scenario, 500 trips were entered into a single-stratum
simulation; the results shown reflect one realization of the simulation. The target coverage rates
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Figure 18. Screenshot of the trip declaration screen from the web-based Pre-Trip Notification
System (https://fish.nefsc.noaa.gov/cgi-bin/PTNS/login.pl).
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Figure 19. Timeline of observer Pre-Trip Notification System (PTNS). After initial trip entry the system events are controlled by Unix cron jobs.
Once a provider has accepted a trip the PTNS will send an automatic notification to the email informing them of the selection and identifying the
provider.
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Figure 21. Sea day burn rates over time relative to the annual allocated sea days (cap, solid red line) and a constant burn trajectory (projected,
dashed red line) for both Northeast Fisheries Observer Program (NEFOP) and National Marine Fisheries Service funded At-Sea Monitors (NMFS-
funded ASM) for the years 2010 to 2012. *Note that the years reflect sea day contract years which run from April 1 to March 30. In 2010, the
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Figure 31. Comparison of individual strata coverage rates to the total number of trips taken within
each stratum summarized by tier type and fishing year. The dashed red line indicates the
aggregate annual trip based coverage based on total observed trips/total VMS trips.





40

30

20

10

40

30

20

Percent

10

40

30

20

10

MMF S-funced A5M

M 104
Wedian  0.12
llean 0.1z
Std Dewv 0.113
ﬂ_ .
N 100
Wedian  0.21
hean 0.1a
Std Dewv 0.148

4

L.

0000 0175 0330 0525 0700 0873

N a2
hWedian  0.17
lean 0.15
Std Dew 0.120

Stratum coverage

SERM

Figure 32. Histogram of strata coverage rates by tier type and fishing year.

N 104
hedian  0.06
lvlean 0.15

Std Dev 0.257

N 100
lvedian  0.08
lean 0.13

Std Dewv 0.22

N a2
ledian  0.05
Ivlean [
Std Dew 0.126

0000 0175 0330 0525 0700 0873

200

2011

2m2





Days ahsent Groundfish landings Trips

1.0
0.8

2010

oo e | A

0.2+
0.0-

1.0
0.8
0.6+
0.4+

Coverage

0.2+
0.0+

1.0
0.8
0.6

0.4
0.7 k= S r——r———— . | e i -

0.0

2012

1 8152229 364350 1 8 152225 364350 1 8 1522729 36 43 50
Fishing year week

------ Mean annual trip coverage O +i- 1 stdev weekly mean

Mean weekly coverages

Figure 33. Mean weekly sector coverage rates over time calculated using three different metrics:
days absent, groundfish landings and trips. The dashed red line indicates the aggregate annual trip
based coverage (across all groundfish trips) based on total observed trips/total VMS trips.





2010

R

g
T T T

2011

[uk]
[y}
=
u k)
=]
o
LR X CEE L L LT ETLY
W
2012
1.0 =
0.8 —
L]
0.6 -
L]
0.4 ==

4

[ ] '- B
+* H B r
B L
E __ B
I I

0.0 — em—
I

I I I I
0 50 100 150 200 250 aon

Mumber of trips
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Figure 36. Histogram of provider decline rates for individual vessels by fishing year. Vessels are
grouped into two categories: those taken fewer than 10 trips and those with 10 or more fishing
trips.
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Abstract—Stock allocations derived from vessel monitoring system (VMS) positional data from
northeastern U.S. fisheries were compared with those obtained from mandatory vessel trip report (VIR)
logbooks. A gear-specific speed algorithm was applied to VMS positions collected in 2005 from otter trawl,
Atlantic sea scallop Placopecten magellanicus dredge, sink gill-net, and benthic longline fisheries to estimate
the locations of fishing activity. Estimated fishing locations were used to reallocate the stock area landings of
eight federally managed groundfish species. The accuracy of the VMS method relative to that of the
mandatory logbooks was assessed using haul locations and catch data recorded by at-sea observers. The VMS
algorithm tended to overestimate the number of statistical areas fished, such that when a trip’s fishing activity
occurred in a single statistical area, logbooks more accurately reflected the true fishing location. However,
when fishing activity occurred in multiple statistical areas, the VMS algorithm showed appreciable gains
relative to logbook data. Compared with mandatory logbooks, the VMS method achieved distributions of
stock landings closer to observer estimates in 77.8% of the cases examined. The stock allocation percentages
from both the VMS- and VTR-based methods were within 1.7% for all stocks, suggesting that the impacts on
total stock allocations are relatively minor. However, these small differences represent major relative
differences in stock landings for less abundant stocks such as southern New England—Mid-Atlantic yellowtail
flounder Limanda ferruginea, where the VTR-based method allocated 61.9% more landings than the VMS-
based method. The VMS-based method is not a replacement for the VTR-based method; however, it can and
should be used as a tool to identify those vessels for which targeted outreach activities would improve the

accuracy of VTR statistical area reporting.

Among the federally managed fish species in waters
off the northeastern USA, eight species are managed
and assessed as two or more discrete stocks: Atlantic
cod Gadus morhua, haddock Melanogrammus aegle-
finus, yellowtail flounder Limanda ferruginea, winter
flounder Pseudopleuronectes americanus, window-
pane Scophthalmus aquosus, goosefish Lophius amer-
icanus, silver hake Merluccius bilinearis, and red hake
Urophycis chuss. Stock units are composed of
statistical area groupings (Figure 1), stocks being
defined by divisions that, in most cases, relate to
oceanographic features (e.g., Gulf of Maine, Georges
Bank; Table 1). All of the species are managed under
the Northeast Multispecies Fisheries Management Plan
(NEFMC 1985) except for goosefish, which is
managed under the Monkfish Fisheries Management
Plan (NEFMC 1998). These species are primarily
caught in the groundfish fishery that is targeted by both
small vessels (<45 metric tons) fishing bottom otter
trawl, sink gill net, and benthic longline gear, and large
bottom otter trawl vessels (>45 metric tons). There are

* Corresponding author: michael.palmer@noaa.gov

Received June 12, 2008; accepted December 15, 2008
Published online June 29, 2009

some nondirected landings of these species in the
dredge fishery for Atlantic sea scallop Placopecten
magellanicus, which is primarily a large-vessel,
offshore fishery. Trips can last from several hours
and involve fishing effort concentrated in a very small
area (<10 km?) within a single statistical area, or up to
2 weeks and span several hundred kilometers and
multiple statistical areas.

In the northeastern USA, dealer weigh-out data are
assumed to be a census of commercial landings
amounts. Commercial landings are allocated to man-
agement stocks using the statistical areas reported on
the mandatory paper logbooks (Wigley et al. 2008).
These logbooks are referred to as vessel trip reports
(VTRs). Current VTR regulations require that upon
completion of a fishing trip, a logbook report must be
submitted that documents the total catch by species for
each statistical area in which fishing occurred (USOFR
1994). Despite the regulations, it is known that
misreporting of statistical area occurs, most frequently
in the form of underreporting of the number of
statistical areas fished when fishing occurs in more
than one area (Palmer et al. 2007; A. Applegate and T.
Nies, NEFMC, personal communication). While un-
derreporting of statistical areas does not necessarily
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FiGure 1.—Statistical areas used for commercial fisheries data collection by the National Marine Fisheries Service (NMES) in
the Northeast Region. The 50- and 100-m bathymetric lines are shown in light gray, and the U.S. Exclusive Economic Zone is
indicated by the dashed black line.

The most reliable source of fisheries-dependent
catch-and-effort data in the northeastern USA is the
information collected by at-sea fisheries observers.
However, because these data are limited in their

translate to the misclassification of commercial land-
ings to stock areas, the potential exists, and the
magnitude of these effects on the allocation of
commercial landings is unknown.

TaBLE 1.—Statistical areas used to define species stock units for eight species examined. Abbreviations are as follows: GBK =
Georges Bank, GOM = Gulf of Maine; SNE = southern New England—Mid-Atlantic, NOR = North, and SOU = South.

Species Stock area Statistical areas

Atlantic cod GBK 521, 522, 525, 526, 533, 534, 537-539, 541-543, 551, 552, 561, 562, 611-616, 621-629, 631-639
GOM 464, 465, 511-515

Haddock GBK 521, 522, 525, 526, 533, 534, 537-539, 541-543, 551, 552, 561, 562, 611-616, 621-629, 631-639
GOM 464, 465, 511-515

Yellowtail flounder GBK 522, 525, 551, 552, 561, 562
Cape Cod-GOM 464, 465, 511, 512, 513, 514, 515, 521
SNE 526, 533, 534, 537-539, 541-543, 611-616, 621-629, 631-639

Winter flounder GBK 522, 525, 551, 552, 561, 562
GOM 464, 465, 511, 512, 513, 514, 515
SNE 521, 526, 533, 534, 537-539, 541-543, 611-616, 621-629, 631-639

Windowpane flounder NOR 464, 465, 511-515, 521, 522, 525, 542, 543, 551, 552, 561, 562
SOu 526, 533, 534, 537-539, 541, 611-616, 621-629, 631-639

Goosefish NOR 464, 465, 511-515, 521, 522, 551, 561
SOu 525, 526, 533, 534, 537-539, 541-543, 552, 562, 611-616, 621-629, 631-639

Silver hake NOR 464, 465, 511-515, 521, 522, 551, 561
Sou 525, 526, 533, 534, 537-539, 541-543, 552, 562, 611-616, 621-629, 631-639

Red hake NOR 464, 465, 511-515, 521, 522, 551, 561

525, 526, 533, 534, 537-539, 541-543, 552, 562, 611-616, 621-629, 631-639
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FiGURE 2.—Number of vessels using vessel monitoring
systems in northeastern U.S. waters between 1998 and 2006.

coverage (e.g., less than 5% of most fisheries in a given
year; Wigley et al. 2007), they cannot provide the
synoptic coverage necessary to allocate commercial
landings to stock area with any regularity. Vessel
monitoring systems (VMS) in the northeastern USA
were first implemented for the limited-access Atlantic

PALMER AND WIGLEY

sea scallop fisheries in 1998 (NEFMC 1993). The use
of VMS has increased over time (Figure 2) and
expanded to cover many fisheries (Table 2). Histori-
cally, the larger offshore vessels participating in the
limited-access scallop and special-access groundfish
fisheries were more likely to be equipped with VMS
than the smaller, nearshore vessels. With the passage of
Framework 17 and Amendment 11 to the Atlantic sea
scallop FMP (NEFMC 2005, 2008) and Framework 42
to the multispecies FMP (NEFMC 2006), VMS is now
required for a greater proportion of the smaller
nearshore scallop and groundfish fleets. While VMS
does not provide census coverage of these fleets, it
does provide census coverage of trips taken by those
vessels equipped with VMS. Given the increasing use
of VMS in the region, this represents a potential tool to
conduct large-scale validation of the statistical areas
reported on VTRs.

Vessel positions obtained from VMS have been used
as a proxy for the location of fishing effort in prior
work (Deng et al. 2005; Murawski et al. 2005; Mills et
al. 2007). Commonly, the average vessel speed is used
to differentiate fishing activity from nonfishing activity

TaBLE 2.—Fishery management plan (FMP) actions passed by the New England Fisheries Management Council (NEFMC)
and Mid-Atlantic Fisheries Management Council (MAFMC) affecting the use of Vessel Monitoring System (VMS) in the
northeast United States through October 2008. Note: if a vessel is subject to VMS regulations from multiple programs, the most

restrictive regulation applies.

Date
effective Fishery Measure Description Reference
May 1998 Atlantic sea scallop Amendment 4 Required VMS for all limited access full- and part-time ~ NEFMC 1993
vessels (hourly polling; note: Amendment 4 effective
March 1994, but VMS implementation delayed by
NMEFS until May 1998)
May 1999 Atlantic herring Original FMP Required VMS for all category 1 vessels (hourly polling) NEFMC 1999
Clupea harengus
May 2001 Atlantic sea scallop Framework Adjustment 14  Required VMS for all limited access occasional-category NEFMC 2001
vessels when participating in area access programs
(half-hour polling)
May 2004 Northeast multispecies Amendment 13 Required VMS for all vessels accessing the US—-Canada ~ NEFMC 2003
shared resource area (half-hour polling within
US—Canada area, hourly polling outside)
Nov 2004 Atlantic sea scallop Framework Adjustment 16 ~ Required VMS for all general category vessels partici- NEFMC 2004a
pating in area access programs (half-hour polling)
Nov 2004 Northeast multispecies Framework Adjustment 40A Required VMS for all vessels participating in special NEFMC 2004b
access programs and when fishing under the Regular
B Days-at-Sea (DAS) Program (hourly polling)
Oct 2005  Atlantic sea scallop Framework Adjustment 17 Required VMS for all general category vessels landing NEFMC 2005
more than 40-1b scallop meats (half-hour polling)
Nov 2006 Northeast multispecies Framework Adjustment 42~ Required VMS for all limited access NE multispecies NEFMC 2006
DAS vessels using groundfish DAS (hourly polling)
Jun 2007  Atlantic herring Amendment 1 Required VMS for all vessels issued a limited access NEFMC 2006
herring permit with the exception of fixed gear
permits (weirs and stop seines; hourly polling)
Jan 2008  Atlantic surfclam Framework Adjustment 1 Required VMS for all vessels issued an Atlantic MAFMC 2007
Spisula solidissima surfclam or ocean quahog permit (hourly polling;
and ocean quahog note: the action delayed implementation for 1 year
Arctica islandica following the effective date for vessels issued
Maine mahogany quahog limited access permit)
Jun 2008  Atlantic sea scallop Amendment 11 Required VMS for all vessels issued Atlantic sea NEFMC 2008

scallop permits (half-hour polling)
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(Deng et al. 2005; Murawski et al. 2005). Many VMS
programs do not require the transmission of instanta-
neous vessels speeds, only a vessel position and a date
and time stamp. This has recently changed in some
fisheries (Mills et al. 2007); however, most users of
VMS data must infer vessel speed and course from
averages calculated from successive positions. Vessel
monitoring system regulations for the northeastern
USA only require the transmission of the position and
the associated date and time. Positions are typically
collected once per 30 min from vessels participating in
the limited access Atlantic sea scallop fishery and once
per 60 min from vessels participating in the groundfish
fishery (Table 2). The average vessel speed method can
achieve accuracy levels as great as 99%; however, it
can also result in the incorrect classification of
nontrawling activity (Mills et al. 2007), leading to an
overestimation of fishing intensity. Although a more
complex method utilizing both vessel speed and
directionality has been attempted (Mills et al. 2007),
this method did not improve the detection of fishing
activity and reduced the inclusion of false positives
only slightly (0.7%).

When using the vessel speed method, the amount of
classification error is sensitive to the VMS polling rate
(i.e., the lower the polling rate, the slower the perceived
speed between two positions; Palmer 2008), the speed
ranges used to define fishing activity, and the practices
of the fishery under observation (e.g., how much
overlap exists between the vessel speed signals of
fishing and nonfishing activity and how long the
individual hauls are). With the exception of Mills et al.
(2007), much of the work so far published in the
fisheries literature has utilized VMS data without a
quantitative assessment of the classification error of
fishing versus nonfishing activity when the vessel
speed method is used. This paper assesses the ability of
the VMS vessel speed method to detect the statistical
area fished and allocate fishery landings to stock area
by comparing results with matching Northeast Fisher-
ies Observer Program (NEFOP) trips. The method is
then applied to assess VTR area reporting compliance
and its impacts on the current VTR-based allocation
method used in the northeastern USA.

Methods

Data sources—All analyses used data from calen-
dar year 2005; 2005 data was used because at-sea
observer coverage was at a recent high in 2005, thus
providing the largest data set with which to perform a
validation of the VMS allocation procedure. Trip, gear,
and species catch data were extracted from the VTR
database and then postprocessed to remove any
overlapping trips (i.e., trips taken by the same vessel

with a date of sail occurring before the date of landing
of a previous trip). Overlaps occur because of VIR
reporting errors, data entry errors, or both. This process
resulted in the removal of 1.7% of the total reported
VTR trips in 2005. Of the remaining trips, only those
trips where at least one of the eight study species were
reported as retained catch were retained in the data set
(Atlantic cod, haddock, yellowtail flounder, winter
flounder, windowpane, goosefish, silver hake, and red
hake). Because the focus was on assessing the impact
of statistical area misreporting on the proration of
commercial landings, discards were not included in
these analyses. All species weights were converted to
live weight in kilograms (kg) using standard species
conversion factors established by the Northeast
Fisheries Science Center (NEFSC). The VTR data set
was further restricted to include only the four major
gear types responsible for species landings in the
region: bottom otter trawl (OTF), Atlantic sea scallop
dredge (DRS), sink gill net (GNS), and benthic
longline (LLB). Species landings were then assigned
to a stock area based on the statistical area fished
reported on the logbook (Palmer and Wigley 2007;
Table 1).

All available VMS data were extracted from the
VMS database for each vessel and assigned to the
appropriate VIR trip by matching on the vessel and
assigning all VMS point locations with dates between
the VIR date of sailing and the date landed to the
respective trip. The average vessel speed was calculat-
ed by dividing the haversine distance (Sinnott 1984) by
the time difference between consecutive VMS posi-
tions. All positions were assigned to a NMFES statistical
area (Figure 1).

In the northeastern USA, at-sea fisheries observers
are coordinated by the NEFOP. All NEFOP trips which
could be matched to the list of VMS-VTR matched
trips were extracted from the observer database.
Matches were established using the vessel, date of
sailing, and date landed as reported on the VTR; trips
with multiple matches were removed from the
analyses. For all matched trips, the associated haul
duration, statistical area fished, species, and retained
catch weights were also extracted; retained catch
weights were converted to live weight in kilograms
using standard NEFSC conversion factors. A summary
of the number of matched trips across all data sets is
provided in Table 3.

Method development and application.—Past re-
search using VMS data for the northeastern USA have
differentiated fishing activity from nonfishing activity
by using only upper-speed bounds—Iess than 6.5 km/h
for bottom trawl vessels (Murawski et al. 2005) and
less than 9.3 km/h for Atlantic sea scallop dredge
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TaBLE 3.—Summary of the Vessel Trip Report (VTR),
Vessel Monitoring System (VMS), and Northeast Fisheries
Observer Program (NEFOP) 2005 data, by number of trips
and number of vessels. The VTR subset category include only
those trips where the eight target species were reported landed
and one of the four target gears was used.

Number Number

Category of trips of vessels
VTR data set 121,442 2,599
VTR, subset 33,090 1,161
VMS-VTR matched set 9,909 622
NEFOP-VMS-VTR matched set 901 252

vessels (Rago and McSherry 2001). To our knowledge,
no attempt has been made to identify fishing activity
from the VMS signals of fixed-gear vessels (i.e., sink
gill net and benthic longline). We attempted to improve
vessel speed classifications and extend the application
to fixed-gear vessels through a combination of visual
examination of the percent frequency distributions of
VMS-derived average speeds, knowledge of fishing
operations, and observations from high-frequency
polled Global Positioning System (GPS) data.

15.0
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Percent frequency distributions of VMS average
vessel speed were plotted for all gear types (Figure 3).
These were then compared with percent frequency
distributions of activity-specific (fishing versus non-
fishing) instantaneous vessel speeds from high-fre-
quency polled GPS data (1 fix/10 s) collected from
vessels involved in NMFS cooperative research
projects (Figure 4). These data sets included precise
observations of the dates and times of fishing activity.
Four trips taken by four separate vessels were
analyzed: two groundfish bottom trawl trips, and two
Atlantic sea scallop dredge trips. Individual vessel
speed observations from all trips were combined by
gear type, and activity was classified as either “fishing”
or “other.” Fishing was defined as the period from
winch brake lock to winch brake release, presumably
the period when the gear is actually in contact with the
bottom. Other activity encompasses all nonfishing
activity and can include, for example, steaming, setting
the gear, and breakdowns. Unfortunately, cooperative
research data were not available for fixed-gear vessels.
It is assumed that fixed gears (such as sink gill net and
benthic longline gear) are likely to be fished in very
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Ficure 3.—Percent frequency (shaded bars) and cumulative percent distribution (dark lines) of average vessel speed as

determined from vessel monitoring system positions for vessels fishing with bottom otter trawls, Atlantic sea scallop dredges,
sink gill nets, and benthic longlines. The dashed lines represent the bounds used in this study to define fishing activity (bottom
otter trawl = 3.7-7.4 km/h, scallop dredge =4.6—11.1 km/h, sink gill net = 0.2-2.4 km/h, and benthic longline = 0.2-2.4 km/h).
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FiGure 4.—Percent frequency distributions of instantaneous vessel speed of vessels fishing with bottom otter trawl gear and
Atlantic sea scallop dredge gear characterized by both “fishing” and “other” activity. These data were collected via high-
frequency polling of the vessel’s global positioning unit (1 observation/10 s) and represent the aggregate of two separate fishing
trips taken by different vessels per gear type. The dashed lines represent the bounds used in this study to define fishing activity
(bottom otter trawl = 3.7-7.4 km/h, scallop dredge = 4.6—11.1 km/h).

specific and limited geographic areas on a given trip;
thus, it is unlikely fishing is occurring on multiple fish
stocks on a single trip. If this assumption is true, these
analyses will not be as sensitive to misclassification of
fixed-gear activity compared with mobile gear activity.

Otter trawl activity recorded by VMS exhibits a very
pronounced bimodal distribution of vessel speeds. It
was assumed that the first mode (5.2 km/h) represented
fishing activity and the second mode (14.8 km/h) was
indicative of steaming activity. Fishing activity falls
within a very narrow range from approximately 3.7-9.3
km/h as evidenced by the distributions observed from
the high-frequency GPS data. A fishing speed window
from 3.7 to 7.4 km/h was used. This window fits the
high-frequency polled GPS well, correctly classifying
99.2% of fishing activity. However, it also incorrectly
categorizes 31.8% of nonfishing activity as fishing
activity (Figure 4). It is expected that a portion of the
nonfishing activity falling inside the window of fishing

speed represents activity associated with the hauling
and setting of the gear, which suggests that the impact
of false-positives on statistical area fished estimation
may not be as great as the 31.8% value implies.

The VMS-based average vessel speed distribution of
Atlantic sea scallop dredge activity has a nearly
trimodal distribution (Figure 3). Unlike bottom otter
trawl speed distributions, there is a high percentage of
activity close to 0.0 km/h. This may be indicative of
shucking activity when vessels are drifting and
allowing the crew to shuck scallops and clear the
deck. The primary mode (7.8 km/h) was assumed to
represent fishing activity, and the 13.0 km/h mode was
assumed to represent steaming activity. Scallop dredge
fishing activity occurs over a broader range than trawl
activity, falling between approximately 3.7-13.0 km/h
as evidenced by the distributions observed from the
high-frequency GPS data (Figure 4). A fishing speed
window from 4.6 to 11.1 km/h was used. This window
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fit the high-frequency polled GPS well, correctly
classifying 98.3% of fishing activity; however, it
incorrectly categorized 69.3% of nonfishing activity.

Like Atlantic sea scallop dredge activity, VMS-
observed sink gill-net average speeds have a trimodal
distribution (Figure 3). Based on personal knowledge
of gill-net operations, the first mode (1.1 km/h) was
interpreted as representing the hauling of gill-net gear,
the second mode (5.6 km/h) as resetting the nets, and
the third mode (15.2 km/h) as steaming activity.
Benthic longline average speeds have a bimodal
distribution (Figure 3). The first mode (1.5 km/h)
was interpreted as representing the hauling and setting
of the longline gear, and the second mode (18.5 km/h)
as steaming to and from the fishing grounds. For both
sink gill-net and benthic longline gear, speed bounds
from 0.2 to 2.4 km/h were used.

Those VMS locations identified as representative of
fishing activity were then used to determine the
statistical areas in which fishing occurred. Statistical
areas fished were compared across data sources to
assess whether the statistical areas derived from VMS-
defined fishing activity represented an improvement
over VTR-reported statistical areas relative to NEFOP
data. Trips were broken into two categories: single area
trips (fishing occurs in only one statistical area per trip)
and multi-area trips (fishing occurs in more than one
statistical area per trip). Because all stock boundaries
are divided along statistical area boundaries, correct
reporting of multi-area trips are of the greatest concern.
These are the trips having the potential to fish on
multiple stocks of fish in a single trip and where
misreporting of statistical area(s) may lead to incorrect
estimates of stock removals. For each trip, the levels of
agreement between the NEFOP, VMS, and VTR
statistical areas were categorized as in agreement
(“complete™), not in agreement (“none”) or in partial
agreement (“partial,” where at least one statistical area
was in agreement but not all). Agreement levels were
contingent on agreement among both the number of
statistical areas reported and the identity of those
statistical areas. For example, if a VIR reports that
fishing occurred in statistical areas 515 and 521, and
VMS positions indicate that fishing occurred in 515
and 521, then the trip would be considered to be in
agreement (or complete). If the VIR reported fishing in
515 and the VMS data suggests fishing occurred in 515
and 521, then the trip would be considered to be in
partial agreement (or partial). If the VTR reported
fishing in 515 and the VMS data suggests fishing
occurred only in 521, then the trip would not be
considered to be in agreement (or none). The same
analysis was repeated on the larger set of VMS- and
VTR-matched trips.

PALMER AND WIGLEY

A VMS-based allocation algorithm was devised
using the statistical areas fished from the VMS data to
reallocate VTR-reported landings to stock area. Fishing
activity was assigned to stock area based on the species
landed and statistical area in which the fishing activity
was occurring. The time spent fishing in each stock
area was estimated as the sum of fishing activity blocks
occurring in each stock area. The duration of one
activity block is contingent on the VMS polling
frequency, which is variable but generally once per
30 min for Atlantic sea scallop vessels and once per
hour for groundfish vessels. Total VIR trip landings
for each species (s) were allocated to stock area (k)
based on the ratio of time spent fishing in each stock
area as determined from VMS locations, that is,

Esi = (lei>° ili ) (1)

where LAAW. is VMS prorated trip landings for species s in
stock area i (kg), [ is trip landings for species s in
stock area i as derived from VTR reports (kg), and 7, is
time spent fishing in stock area i as derived from VMS
positional data (d).

The performance of the VMS- and VTR-based
allocations were evaluated by comparing them against
the known NEFOP-based allocation. Vessel trip report
and NEFOP species landings were prorated by
assigning landings to stock area based on the reported
statistical area. All comparisons were performed
through examination of percent allocation to stock
area as opposed to absolute landings because percent
allocations derived from the traditional VIR source are
used to allocate the amounts of commercial landings as
determined through dealer weigh-out data (Wigley et
al. 2008). The same analysis was performed on the
larger VMS—VTR matched data set.

The VMS-based allocation method assumes a
constant species catch per unit effort (CPUE) at all
fishing locations (i.e., species catch is distributed only
as a function of the time spent fishing in each stock
area). This assumption neglects species habitat prefer-
ences (e.g., sediment composition, water depth, and
temperature) that would result in species being more
likely to be caught in some locales and not others. To
assess the degree to which VMS stock allocations are
affected by this assumption, individual species trip
allocations from the VMS method were compared with
the same allocations as determined from NEFOP
observations using linear regression of the difference
between the two stock allocations as a function of the
mean (Bland and Altman 1995).
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TaBLE 4.—Summary of the agreement levels between
statistical areas fished recorded by the Northeast Fisheries
Observer Program (NEFOP) and the statistical areas fished
reported on Vessel Trip Reports (VTRs) from matched fishing
trips in 2005. Trip subcategories are based on the NEFOP-
reported number of statistical areas fished. Note: percentages
may not sum to 100 due to rounding.
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TaBLE 5.—Summary of the agreement levels between
statistical areas fished recorded by the Northeast Fisheries
Observer Program (NEFOP) and the statistical areas fished as
determined using Vessel Monitoring System (VMS) positional
data from matched fishing trips in 2005. Trip subcategories
are based on the NEFOP-reported number of statistical areas
fished.

Number  Agreement  Number  Percent of total Area Number  Agreement ~ Number  Percent of total
Trip category  of trips level of trips category trips category of trips level of trips category trips
Single area 490 Complete 462 94.3 Single area 490 Complete 431 88.0
None 27 5.5 None 1 0.2
Partial 1 0.2 Partial 58 11.8
Multi-area 411 Complete 57 13.9 Multi-area 411 Complete 306 74.5
None 13 32 Partial 105 25.5
Partial 341 83.0
NEFOP allocations were Atlantic cod and haddock,
Results

Method Validation Using NEFOP Data

Complete statistical area agreement between NEFOP
and VTR was greater than 94% for single-area trips but
less than 14% for multi-area trips (Table 4). Nearly all
disagreements among the partial multi-area trips
matches (337 of 341 trips, or >98%) were due to
underreporting of statistical areas (fewer statistical
areas reported on the VIR compared with NEFOP).
The statistical area agreement between NEFOP- and
VMS-based statistical areas was lower (88.0%) for
single-area trips than in the NEFOP-VTR comparisons
(Table 5). The cause of disagreement among single-
area trips is due to the overestimation of statistical areas
fished by the VMS-based method. The overestimation
results from the VMS-based method misclassifying
nonfishing activity as fishing activity. Agreement
among multi-area trips was greater when using the
VMS method, and there was no complete disagreement
among any of the trips. Among statistical areas in
partial agreement, there was a tendency for the VMS
method to overestimate the number of statistical areas
fished (53.3% of partial matches). The performance of
the VMS-based method in detecting statistical areas
fished is not equivalent for all gear types; a closer
examination of the VMS-NEFOP statistical area
comparison showed that 80.3% (535 of 666) of trawl
trips, 65.4% (17 of 26) of dredge trips, 83.8% (88 of
105) of gill-net trips and 97.1% (101 of 104) of
longline trips have agreement levels of complete. This
finding supports the assumption that the misclassifica-
tion of the location of fixed-gear fishing activity is less
likely compared with mobile gear activity.

The VMS-based allocation method arrived at annual
stock allocations closer to NEFOP allocations relative
to the VTR-based allocations for 14 of the 18 stocks
examined (77.8%; Table 6). The two species for which
the VTR-based allocations were more similar to the

though the differences between the VITR- and VMS-
based methods were small (+£0.6%). Overall, the
differences in the allocations between the two methods
were small across all species; only goosefish and silver
hake exceeded 5.0%. The regression of the differences
in the stock allocations between those derived from
VMS and those using NEFOP to the mean stock
allocations suggest that the VMS stock allocations are
robust to the assumption of constant CPUE. The slope
of the regression line was not significant (b, =—0.05, P
= 0.056, n = 514; Figure 5); however, there was
considerable spread in the residuals (Figure 5).

There are large differences in the NEFOP landings
compared with the VTR landings shown in Table 6 for
some species, most notably goosefish (e.g., NEFOP
estimated 1,278 metric tons compared with the VTR
estimate of 269 metric tons). The exact reasons for
these discrepancies are unknown; however, there is a
tendency for self-reported hail weights to be biased low
(Palmer et al. 2007). Additionally, goosefish tails
constitute a large proportion of goosefish landings, and
these are often incorrectly reported on VTRs as whole
goosefish (Palmer et al. 2007). A conversion factor of
3.32 is applied to goosefish tail landings to convert
these to whole weights; incorrect reporting of goosefish
tails as whole goosefish will results in the underesti-
mation of VTR goosefish landings by approximately a
factor of 3.

Extrapolation to the Larger Vessel Monitoring System—
Vessel Trip Report Matched Data Set

The NEFOP-VMS-VTR subset of data used to
validate the VMS-based method is relatively small
compared with the total population of VTR-recorded
trips (Table 3). The validation results suggest that for
some trips monitored through VMS, the VMS-based
allocation method can be used to gauge the accuracy of
the stock allocations as determined through VTR
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TaBLE 6.—Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel
Monitoring System (VMS) stock allocations of 2005 commercial landings based on 901 matched trips. Bold italic font is used to
indicate which method, VTR or VMS, achieve results closest to NEFOP allocations. Stock area abbreviations defined in Table 1.

Allocations may not sum to 100 due to rounding.

Total observer Total VTR species

NEFOP landings VTR landings VMS landings

Species species landings (kg) landings (kg) Stock area allocation (kg) allocation (kg) allocation (kg)
Atlantic cod 653,066 593,995 GBK 599,457 545,989 541,523
GOM 53,609 48,006 52,472
Haddock 1,456,503 1,481,989 GBK 1,431,364 1,440,899 1,433,354
GOM 25,139 41,090 48,635
Yellowtail flounder 780,959 817,279 GBK 758,539 773,181 791,561
GOM 21,652 23,010 24,687
SNE 768 21,088 1,030
Winter flounder 548,666 640,737 GBK 463,772 520,883 534,598
GOM 9,403 26,073 8,308
SNE 75,491 93,781 97,831
Windowpane flounder 16,477 13,851 NOR 16,460 13,398 13,780
Nejs) 16 454 71
Goosefish 1,277,812 268,890 NOR 898,895 166,563 172,457
SOuU 378,917 102,327 96,433
Silver hake 75,370 72,752 NOR 23,266 26,305 26,140
SOU 52,104 46,447 46,612
Red hake 4,165 3,877 NOR 3,139 2,592 2,769
Nels) 1,025 1,285 1,107

reports. The VMS—VTR matched set is a much larger
data set. The subset of VIR reports examined (eight
species caught using the four gear types) account for
only approximately a quarter of the total VTR reports
(Table 3); however, this data set accounts for greater
than 98% of the landings of all the study species in
2005 (Table 7). Similarly, VMS coverage is available
for only 9,909 of the VTR trips (Table 3), but these
trips account for 28.1-92.0% of the total landings of
individual species (Table 7). Coverage of goosefish
landings is expectedly low because there are no

Stock allocation,,s - stock allocationyg-p (%)

T
0 20 40 60 80 100 120

Mean stock allocation, s erop (%)

Ficure 5.—Difference between stock allocations derived
from the VMS approach and those derived from observer
(NEFOP) data as a function of the mean stock allocation from
the two methods. The mean difference across all comparisons
(—0.04; dotted line) is shown, along with the 95% confidence
intervals about the mean difference (dashed lines). The
regression line is shown as a solid line.

specific VMS requirements for the goosefish fishery.
All demersal species examined are primarily caught by
the bottom otter trawl fishery except goosefish, where
gill-net gear is responsible for the majority of the
landings. Gill net is the secondary gear type for all
species, except for haddock and silver hake (Table 8).

Examination of the VTR statistical area reporting
using VMS-based statistical areas fished showed
patterns similar to those observed in the NEFOP—
VMS-VTR comparisons. The agreement level was
93.6% for single-area trips and 6.2% for multi-area
trips (Table 9). This level of agreement is less than
observed in the NEFOP—VTR comparison. It is unclear
whether these lower rates of agreement are due to the
overestimation of the number of statistical areas fished
by the VMS method, an observer effect (i.e., improved
reporting of VTRs when an observer is present), or
some other factor. Closer examination of the partial
matches revealed that the number of vessels apparently
underreporting the number of statistical areas fished
was 477 in 2005. Those vessels that frequently
underreport trips (more than five trips in a year) are
responsible for the majority of the potentially under-
reported trips. In 2005, there were 221 vessels in this
category, accounting for 2,787 of the 3,837 partial
agreement trips (72.6%).

It is important to consider the implications of the
matched trip set composition when interpreting the
performance of the VMS-based method. The perfor-
mance relative to the VTR method is contingent upon
the gear composition of the matched data set. Those
trips fishing on multiple stocks are predominantly





POSITIONAL DATA VALIDATION OF FISHERY LANDINGS 937

TaBLE 6.—Extended.

NEFOP stock VTR stock VTR difference VMS stock allocation VMS difference
Species allocation (%) allocation (%) (%) (%) (%)
Atlantic cod 91.8 91.9 —0.1 91.2 0.6
8.2 8.1 0.1 8.8 —0.6
Haddock 98.3 97.2 1.0 96.7 1.6
1.7 2.8 —1.0 33 —1.6
Yellowtail flounder 97.1 94.6 2.5 96.9 0.3
2.8 2.8 0.0 3.0 —0.2
0.1 2.6 -2.5 0.1 0.0
Winter flounder 84.5 81.3 32 83.4 1.1
1.7 4.1 24 1.3 04
13.8 14.6 -0.9 15.3 —1.5
Windowpane flounder 99.9 96.7 32 99.5 04
0.1 33 —3.2 0.5 —0.4
Goosefish 70.3 61.9 8.4 64.1 6.2
29.7 38.1 —8.4 359 —6.2
Silver hake 30.9 36.2 -53 359 —5.1
69.1 63.8 53 64.1 5.1
Red hake 754 66.9 8.5 71.4 3.9
24.6 33.1 -85 28.6 -3.9

(>99.0%) mobile-gear vessels (Table 10), implying
that fixed-gear fishing effort occurs primarily in
localized geographic areas such that landings from
fixed-gear trips are unlikely to have come from
multiple stocks. This supports the prior assumption
that the misinterpretation of the VMS speed signals
from fixed-gear trips is unlikely to result in the
misallocation of landings.

The perceived underreporting of statistical areas in the
VTR data led to minor (<1.7%) differences in the overall
species allocations (Table 11). These figures are similar
to the total proportion of species landings potentially
misallocated, which was less than 3.4% for all species
years examined. However, these small differences in
percent allocation have a disproportionate effect on the
less abundant stock such as such as Gulf of Maine
haddock, southern New England yellowtail flounder, and
Gulf of Maine winter flounder. For these stocks, minor
differences in percent allocation can represent large
differences (>5.0%) relative to the percent of the total

species landings allocated to that stock (Table 11). These
impacts are most notable in the stock allocations of the
southern New England-Mid-Atlantic yellowtail floun-
der. The stock allocation difference between the VTR
and VMS methods was 1.3%; however, the small
difference in stock allocation percentage translates to a
large (61.9%) relative difference in total stock landings.
Of the 18 stocks analyzed, seven of the comparisons
exhibited greater than or equal to 5.0% relative difference
between the VMS-based stock allocation and the VTR-
based allocations.

There was a tendency for the VTR method to
overallocate the predominant Atlantic cod and haddock
stocks (i.e., Georges Bank). For yellowtail flounder,
there was a tendency for the VTR method to under-
allocate the predominant Georges Bank stock and
overallocate the Gulf of Maine and southern New
England stocks. This trend was generally the same for
winter flounder; however, there was a perceived
underallocation of VMS-based landings estimate of

TaBLE 7.—Species-level summary of the Vessel Monitoring System (VMS) data set and Vessel Trip Reports (VTR) subset

compared with total VTR landings (kg) in 2005.

Total VTR VTR Percent of VMS matched Percent

Species landings (kg) subset (kg) total (%) set (kg) of total
Atlantic cod 5,072,510 4,983,113 98.2 2,754,687 543
Haddock 6,198,222 6,155,937 99.3 5,700,737 92.0
Yellowtail flounder 3,925,078 3,922,078 99.9 3,475,993 88.6
Winter flounder 3,473,132 3,457,729 99.6 2,800,639 80.6
Windowpane flounder 81,693 81,532 99.8 45,771 56.0
Goosefish 7,377,131 7,259,875 98.4 2,129,989 28.9
Silver hake 7,526,280 7,522,877 99.9 3,531,069 46.9
Red hake 549,641 547,200 99.6 154,666 28.1
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TABLE 8.—Summary of the Vessel Monitoring System (VMS) data subsets compared with the subset of Vessel Trip Reports
(VTR) landings (kg), by species and gear type (bottom otter trawl = OTF, Atlantic sea scallop dredge = DRS, sink gill net =
GNS, and benthic longline = LLB) in 2005; NA = not applicable.

VTR VMS
Gear  Number  Number Landings Number ~ Number Landings Percent of
Species type  of vessels  of trips (kg) of vessels  of trips (kg) VTR landings
Atlantic cod OTF 381 9,005 3,201,456 229 4,415 2,491,742 77.8
DRS 8 11 1,209 7 10 100 8.3
GNS 157 6,711 1,574,496 21 697 164,299 10.4
LLB 89 1,373 205,952 45 638 98,546 47.8
Haddock OTF 342 6,471 5,246,396 217 3,670 5,036,560 96.0
DRS 3 4 15 2 3 14 93.9
GNS 125 3,054 59,757 15 292 4,494 7.5
LLB 80 1257 849,769 44 650 659,669 77.6
Yellowtail flounder OTF 352 7,138 3,815,235 218 3,175 3,473,828 91.1
DRS 30 45 2,059 28 42 1,883 91.5
GNS 77 1,180 104,756 5 30 259 0.2
LLB 5 19 28 3 16 23 83.6
Winter flounder OTF 413 9,225 3,407,204 229 3,458 2,786,325 81.8
DRS 37 65 13,237 36 64 12,772 96.5
GNS 118 2,530 36,739 12 189 1,069 2.9
LLB 11 84 549 6 66 473 86.1
Windowpane flounder ~OTF 158 1,057 80,999 78 227 45,762 56.5
DRS 0 0 0 0 0 0 NA
GNS 9 77 523 0 0 0 0.0
LLB 4 9 10 3 8 9 91.3
Goosefish OTF 493 9,197 1,857,280 260 3,603 1,359,021 73.2
DRS 317 2,722 335,072 266 1,498 321,271 95.9
GNS 246 8,736 5,065,683 34 801 448,437 8.9
LLB 36 212 1,841 30 182 1,260 68.4
Silver hake OTF 193 2,689 7,391,321 96 1197 3,489,085 472
DRS 2 2 365 2 2 365 100.0
GNS 41 255 20,219 1 8 4,400 21.8
LLB 7 30 110,972 5 20 37,219 335
Red hake OTF 143 1,838 482,879 69 757 152,655 31.6
DRS 1 1 125 1 1 125 100.0
GNS 24 239 64,020 2 25 1,810 2.8
LLB 4 10 176 2 6 76 433

the southern New England stock. The VMS-based landings attributed to the northern stock relative to
allocation attributed fewer landings to the minor stocks  the VTR-based allocation.

of windowpane, silver hake, and red hake. There is no

obvious predominant stock of goosefish, though in

2005, the VMS-based method resulted in greater The underreporting of statistical areas on VTR

logbooks is a problem that affects a large percentage

of the multi-area trips examined. The VTR underre-

TaBLE 9.—Summary of the agreement levels between porti.ng rates from this study agree closely with past

statistical areas recorded on Vessel Trip Reports (VTR) and studies that have used both NEFOP and haul-by-haul

the statistical areas fished as determined using Vessel self-reported data (Palmer et al. 2007). While the

Monitoring System (VMS) positional data from matched  impacts of this underreporting are relatively small in
fishing trips in 2005. Trip subcategories are based on the
VMS-determined number of statistical areas fished.

Discussion

regards to overall stock allocation percentages, the
relative impacts on less-abundant stocks such as

Trip Number  Agreement ~ Number  Percent of total  gouthern New England—Mid-Atlantic yellowtail floun-

category of trips fevel of trips caeeory P der can be significant. This is in agreement with the

Single area 5,630 Complete 5,267 93.6 findings of other studies that have examined this issue

g;;izl 3;3 (5]2 using more restrictive data sets (A. Applegate and T.

Multi-area 4,279 Complete 265 6.2 Nies, personal communication) as well as those that
None 206 4.8

have considered the implications across several years

Partial 3,808 89.0 . . .
(Palmer and Wigley 2007). These discrepancies have
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TaBLE 10.—Frequency of fixed (sink gill net, benthic longline) and mobile (bottom otter trawl, Atlantic sea scallop dredge)
gear types used on trips fishing on multiple stocks based on Vessel Monitoring System (VMS) positional data from 2005.

Number of Percent of
Number of multiple stock Percent of ~ Gear  Number multiple stock

Species total trips area trips total trips category of trips area trips
Atlantic cod 5,760 600 10.4 Fixed 6 1.0
Mobile 594 99.0
Haddock 4,615 562 12.2 Fixed 4 0.7
Mobile 558 99.3
Yellowtail flounder 3,263 352 10.8 Fixed 0 0.0
Mobile 352 100.0
Winter flounder 3,777 604 16.0 Fixed 1 0.2
Mobile 603 99.8
Windowpane flounder 236 24 10.2 Fixed 0 0.0
Mobile 24 100.0
Goosefish 6,084 511 8.4 Fixed 0 0.0
Mobile 511 100.0
Silver hake 1,227 28 2.3 Fixed 0 0.0
Mobile 28 100.0
Red hake 789 8 1.0 Fixed 0 0.0
Mobile 8 100.0

implications on the estimation of fishery removals and
the assessment of these stocks. While the impacts are
minimal for the majority of stocks examined, the extent
of the impacts on those few stocks that are significantly
affected (e.g., southern New England yellowtail
flounder) suggests that this is a problem deserving of
attention.

Many of the stock assessments of these eight species
use finer stratification of commercial landings (e.g.,
quarter and market category) to estimate the number of
fish landed at age for use in age-based assessment
models (NEFSC 2008). This paper does not consider
the impacts of statistical area reporting patterns on
these finer-scale stratifications of commercial landings.
The accuracy of finer-scale allocations would be
sensitive to the number of multi-area trips included in
each strata. It is possible that the effects of statistical
area misreporting on stock allocations are reduced due
to offsetting errors (i.e., a trip that misallocates 1,100
kg to the Georges Bank Atlantic cod stock would be
largely offset by a trip that misallocates 1,200 kg to the
Gulf of Maine cod stock). However, the spatial
accuracy of VTR reports is critical not only for the
assessment of fish species but also of protected species
such as sea turtles (e.g., Murray 2004, 2005, 2006;
Orphanides and Bisack 2006) and marine mammals
(Belden et al. 2006). When these data are used at finer
spatial scales, the accuracy of VTR reports becomes
increasingly important.

It is important to consider that the results of this
study apply only to the trips monitored by VMS. By
2006, trips responsible for more than 70% of the
species landings examined were monitored by VMS
(Palmer and Wigley 2007). The VMS coverage of

some fisheries such as the northeastern U.S. multispe-
cies complex is nearing a census as all vessels are
required to have a VMS unit installed when fishing
under the Days-At-Sea (DAS) program (NEFMC
2006). The increased coverage improves the utility of
VMS data as a validation tool for managers and as a
data set of spatial fishing patterns for analysts. The
number of vessels responsible for the landings of the
eight species examined has remained constant at
slightly less than 1,200; however, the number of these
vessels monitored by VMS has increased from 38.5%
in 2005 to 76.7% in 2006 (Palmer and Wigley 2007).

The VMS-based allocations are sensitive to the
accuracy of average VMS vessel speeds in differenti-
ating fishing activity from nonfishing activity as well
as the validity of assuming constant CPUE. This study
defines fishing activity using narrower speed ranges
than have been used in past studies, which should lead
to lower estimates of fishing effort. The speed range
used for the mobile gears agree closely with the speeds
obtained from high-frequency polling of vessels GPS
units, suggesting that these ranges are reasonable.
However, this study relied on average vessel speeds,
not instantaneous vessel speeds, which are more
analogous to the speeds estimated from high-frequency
GPS polling. The averaging process blurs activity from
observation to observation and results in speeds slower
than actual speeds (Deng et al. 2005; Palmer 2008).
These impacts were not considered in this study and
represent an area of uncertainty.

The speed ranges adequately classity fishing activity
(>98% success for mobile gear) but tend to overesti-
mate the amount of fishing by incorrectly classifying
nonfishing effort as fishing (69.3% misclassification of
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TaBLE 11.—Results of the Vessel Monitoring System (VMS) based stock area allocation compared with the stock area
allocation based on the Vessel Trip Reports (VTR) reported statistical area for 2005. Relative difference is determined as percent
difference/VTR stock allocation percentage; allocations greater than or equal to 5.0% relative differences are italicized. Stock
area abbreviations defined in Table 1. Allocations may not sum to 100 due to rounding.

Total species  Stock VTR landings

VMS landings

A landings 2 A/total species VTR stock

Species landings (kg) larea allocation (kg)  allocation (kg)  allocation abs(kg) landings (%) allocation (%)

Atlantic cod 2,754,687 GBK 1,920,110 1,879,800 40,310 2.9 69.7
GOM 834,577 874,887 40,310 30.3

Haddock 5,700,737 GBK 5,319,329 5,285,374 33,955 1.2 93.3
GOM 381,408 415,363 33,955 6.7

Yellowtail flounder 3,475,993 GBK 3,115,140 3,164,191 49,051 2.8 89.6
GOM 286,276 281,958 4,318 8.2

SNE 74,577 29,844 44,733 2.1

Winter flounder 2,800,638 GBK 1,976,251 1,985,963 9,712 1.4 70.6
GOM 132,155 112,737 19,418 4.7

SNE 692,232 701,939 9,707 24.7

Windowpane flounder 45,772 NOR 43,740 44337 597 2.6 95.6
SOU 2,032 1,435 597 4.4

Goosefish 2,129,989 NOR 1,188,433 1,223,924 35,491 33 55.8
SOU 941,556 906,065 35,491 44.2

Silver hake 3,531,070 NOR 400,744 380,084 20,660 1.2 11.3
SOU 3,130,326 3,150,986 20,660 88.7

Red hake 154,666 NOR 39,360 37,097 2,263 29 25.4
SOU 115,306 117,569 2,263 74.6

nonfishing Atlantic sea scallop activity). The overes-
timation was apparent in the comparisons of statistical
areas fished between VMS and NEFOP data (Table 5).
Future work should focus on the use of more advanced
statistical procedures such as mixture distribution
models (e.g., Marin et al. 2005) to decompose the
mixed distributions of vessels speed. The fine-scale
observations taken from cooperative research vessels
could be used to identify likely parameterization of the
underlying probability density functions.

Vessel monitoring system data indicate where it is
likely that fishing effort is occurring but provide no
information on catch composition. A critical assump-
tion of the VMS-based allocation is that the proportion
of species caught across multiple stock areas on a
fishing trip is only a function of the time spent fishing
in each stock area. In the Gulf of Mexico penaeid
shrimp fishery, this assumption has generally held true
(Cole et al. 2006); however, it may not be appropriate
in a multispecies groundfish fishery where the species
habitat preference is variable and the target species
changes from haul to haul. While the relationship
between VMS and NEFOP allocations was significant
(suggesting that the method is robust to nonconstant
CPUE), there was a considerable amount of variability
(Figure 5). The use of groundfish habitat models (e.g.,
Rooper et al. 2005) could improve the catch allocation
used in this paper. The large degree of variability in
this relationship is not independent of overestimating
the time spent in an area by the VMS method;
disproportionate overestimation of time spent fishing in

a particular stock area will have a direct effect on the
VMS-based allocation.

The various uncertainties and shortcomings of the
VMS allocation method point out that this is not a
replacement for a VTR-based allocation. Additionally,
the low vessel coverage of historical VMS data (Figure
2) limits its use as a tool to correct historical
misreporting. The results do show that VMS data can
be used as a tool to monitor the accuracy and
completeness of VTRs, and guide efforts to improve
VTR compliance. The number of vessels which are
potentially underreporting statistical areas on a frequent
basis is small (<250 vessels) relative to the total
number of vessels submitting VIRs (>2,500). Im-
provements are needed in the compliance of VTR
reporting regulations, particularly among those vessels
likely to be fishing on multiple fish stocks. Given the
manageable size of the problem and availability of
tools to monitor these data, the quality of self-reported
data should be monitored and improved through
targeted outreach and education activities.
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TaBLE 11.—Extended.

VMS stock  Difference Relative
Species allocation (%) (%) difference (%)

Atlantic cod 68.2 1.5 22
31.8 —1.5 -5.0

Haddock 92.7 0.6 0.6
7.3 —0.6 -9.0

Yellowtail flounder 91.0 —1.4 —-1.6
8.1 0.1 1.2

0.9 1.3 61.9

Winter flounder 70.9 —-0.3 —0.4
4.0 0.7 14.9

25.1 -0.3 —-1.2

Windowpane flounder 96.9 -1.3 —1.4
3.1 1.3 29.5

Goosefish 57.5 —-1.7 -3.0
425 1.7 3.8

Silver hake 10.8 0.6 5.3
89.2 —0.6 -0.7

Red hake 24.0 1.5 5.9
76.0 —1.5 -2.0

Legault. Reference to trade names does not imply
endorsement by the U.S. Government.
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Abstract

Vessel Monitoring System (VMS) positional data from northeast United States fisheries were
used to validate the statistical area fished and stock allocation of commercial landings derived from
mandatory Vessel Trip Reports (VTR). A gear-specific speed algorithm was applied to 2004—2006 VMS
data from the otter trawl, scallop dredge, sink gillnet, and benthic longline fisheries to estimate the
location of fishing activity. Estimated fishing locations were used to allocate the landings of 8 federally
managed species to stock areas: Atlantic cod (Gadus morhua), haddock (Melanogrammus aeglefinus),
yellowtail flounder (Limanda ferruginea), winter flounder (Pseudopleuronectes americanus),
windowpane flounder (Scophthalmus aquosus), goosefish (Lophius americanus), silver hake
(Merluccius bilinearis), and red hake (Urophycis chuss). Haul location and catch data from the
Northeast Fisheries Observer Program (NEFOP) were used to assess the relative accuracy of both VMS
and VTR allocation methods.

Overall, the mean VMS-NEFOP agreement rate was 86.4 + 7.6% compared to a mean VTR-
NEFOP agreement rate of 58.5 + 4.9%. The VMS algorithm had a tendency (approx. 10% of all trips) to
overestimate the number of statistical areas fished; when all fishing activity from a given trip occurred in
a single statistical area, VTRs more accurately reflected the true fishing location. However, on trips
where fishing activity occurred in multiple statistical area, the VMS algorithm showed pronounced gains
(77.2 £ 11.2% NEFOP agreement) relative to VTR reports (12.0 + 5.9% NEFOP agreement). The VMS
method achieved distributions of stock landings closer to NEFOP estimates in 18 out of 24 instances (8
species over 3 years). The stock allocations from both the VMS and VTR-based methods were within +
5% for all stocks, suggesting that the impacts on total stock allocations are relatively minor. However,
these small differences represent major relative differences for less abundant stocks such as southern
New England/mid-Atlantic yellowtail flounder. In 2005 the VTR-based method allocated 61.9% more
yellowtail flounder landings relative to the VMS-based method. The VMS-based method is not a
replacement for the VTR-based method; however, it can, and should, be used as a tool to identify those
vessels where targeted outreach activities would improve the accuracy of VTR statistical area reporting.

Keywords: Vessel Monitoring Systems, Vessel Trip Reports, stock areas, allocation










Introduction

Among federally managed fish species in the northeast United States, eight species are
managed and assessed as two or more discrete stocks. The eight species are: Atlantic cod (Gadus
morhua), haddock (Melanogrammus aeglefinus), yellowtail flounder (Limanda ferruginea),
winter flounder (Pseudopleuronectes americanus), windowpane flounder (Scophthalmus
aquosus), goosefish (Lophius americanus), silver hake (Merluccius bilinearis), and red hake
(Urophycis chuss). Stock units are composed of statistical area groupings (Figure 1), with stocks
defined by divisions that in most cases relate to oceanographic features (e.g., Gulf of Maine,
Georges Bank, etc.; Table 1). All of the species are managed under the Northeast Multispecies
Fisheries Management Plan (FMP) (NEFMC 1985) with the exception of goosefish, which is
managed under the Monkfish FMP (NEFMC 1998).

In the northeast United States, dealer weighout data are assumed to be a census of
commercial landings amounts. Commercial landings are allocated to management stocks using
the statistical areas fished reported on mandatory vessel trip reports (VTRs) (Wigley et al. 1998).
Current VTR regulations (50 CFR §648.7) require submission of paper logbooks upon
completion of each fishing trip documenting the total catch by species for each statistical area in
which fishing occurs. Despite regulations, it is known that misreporting of statistical area occurs,
most frequently in the form of underreporting the number of statistical areas fished when fishing
occurs in more than one area' (Palmer et al. in press). While underreporting of statistical areas
does not necessarily translate to misclassification of commercial landings to stock areas, the
potential exists and the entire magnitude of these effects on the allocation of commercial
landings is unknown.

The most reliable fisheries-dependent catch and effort data in the region are available
from the Northeast Fisheries Observer Program (NEFOP). However, because these data are
limited in their coverage (e.g., <5% of all certain fisheries in a given year; Wigley et al. 2007)
they cannot provide the synoptic coverage necessary to allocate commercial landings to stock
area with any regularity. Vessel monitoring systems (VMS) in the northeast were first
implemented for the limited-access scallop fisheries in 1998 (NEFMC 1993); their use has
increased over time (Figure 2) and expanded to cover many fisheries (Table 2). Historically,
larger offshore vessels participating in the limited-access scallop and special-access groundfish
fisheries were more likely to be equipped with VMS compared to the smaller nearshore vessels.
With the passage of Framework 17 to the Atlantic sea scallop FMP (NEFMC 2005) and
Framework 42 to the Northeast Multispecies FMP (NEFMC 2006), VMS is now required for a
greater proportion of the smaller near-shore scallop and groundfish fleets. While VMS does not
provide census coverage of these fleets, it does provide census coverage of trips taken by those
vessels equipped with VMS. Given the increasing use of VMS in the region, this represents a
potential tool to conduct large-scale validation of the statistical areas reported on VTRs.

Vessel positions obtained from VMS have been used as a proxy for location of fishing
effort in prior work (Deng et al. 2005, Murawski et al. 2005, Mills et al. 2007). Many VMS
programs do not require the transmission of instantaneous vessel speeds; only a vessel position
and a date and time stamp are required. This has recently changed in some fisheries (Mills et al.
2007); however, most users of VMS data must infer vessel speed and course from averages
calculated from successive reported positions. Northeast United States VMS regulations only
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require the transmission of date, time, and position information. In the northeast United States
VMS data are typically collected once per 30 min from vessels participating in the limited access
scallop fishery and once per 60 min from vessels participating in the groundfish fishery (Table
2).

Past work has characterized all activity falling within specific ranges of average vessels
speeds to be indicative of fishing activity (Deng et al. 2005, Murawski et al. 2005). The vessel
speed method can achieve accuracy levels as great as 99%; however, it can also result in the
incorrect classification of non-trawling activity (Mills et al. 2007) leading to an overestimation of
fishing intensity. A more complex method utilizing both vessel speed and directionality has been
attempted; however, this method did not improve the detection of fishing activity and reduced
the inclusion of false positives only slightly (0.7%; Mills et al. 2007). When using the vessel-
speed method, the amount of classification error is sensitive to the VMS polling rate (Palmer
2008), the speed ranges used to define fishing activity, and the practices of the fishery under
observation (e.g., amount of overlap between the vessel-speed signals of fishing and nonfishing
activity, length of individual hauls, etc.). With the exception of Mills et al. (2007), much of the
work so far published in the fisheries literature has utilized VMS data without a quantitative
assessment of the classification error of fishing vs. nonfishing activity when the vessel-speed
method is used. This paper assesses the ability of the VMS vessel-speed method to detect the
statistical area fished and allocate fishery landings to stock area by comparing results to
matching NEFOP trips. The method is then applied to assess VTR area reporting compliance and
its impacts on the current VTR-based allocation method used in the northeast United States.

Data and Methods
Data sources

VTR logbook trip, gear, and species catch data were extracted from the VTR database
(VESLOG tables) for calendar years 2004—2006; prior to 2004, <500 vessels were equipped with
VMS units, thus limiting the scope of a VMS-based allocation (Figure 2). The analytical datasets
were post-processed to remove any overlapping trips (i.e., trips taken by the same vessel with a
date of sailing occurring before the date of landing of a previous trip). Overlaps are due to VTR
reporting and/or data entry errors. This process resulted in the removal of 1.2%, 1.7%, and 1.9%
of the total reported VTR trips in 2004, 2005, and 2006 respectively. Of the remaining trips, only
those trips where at least one of the eight study species were reported as retained catch were kept
in the dataset (Atlantic cod, haddock, yellowtail flounder, winter flounder, windowpane flounder,
monkfish, silver hake, and red hake). Because the focus was on assessing the impact of statistical
area misreporting on the proration of commercial landings, discards were not included in these
analyses. All species weights were converted to live weight in kilograms (kg) using standard
NEFSC conversion factors. The VTR dataset was further restricted to include only the four
major gear types which catch these demersal species in the northeast United States: fish bottom
otter trawl (OTF), scallop dredge (DRS), sink gillnet (GNS) and benthic longline (LLB). The
VTR database field CAREA (calculated area) was used as the basis for allocating VTR reported
retained catch. On each logbook sheet, vessel operators must report both the average fishing
location (latitude x longitude or loran bearings) and the statistical area fished (Figure 1). If the
statistical area corresponding to the point location is not in agreement, or not adjacent to the





reported statistical area, the reported statistical area is used to populate CAREA, otherwise
CAREA is populated using the statistical area corresponding to the fishing location. VTR species
landings were then assigned to a stock area based on the statistical area fished (Table 1). The
final VTR subsets used in this analysis contained approximately 32,000-33,000 trips in a given
year (Table 3).

All available VMS data were extracted from the VMS database for each vessel and
assigned to the appropriate VTR reported trips by matching on vessel and assigning all VMS
point locations with dates between the date of sailing and date landed reported on the VTR to the
respective trip. The average vessel speed was calculated by dividing the haversine distance
(Sinnott 1984) by the time difference between consecutive fixes. All positions were assigned to a
National Marine Fisheries Service (NMFS) statistical area (Figure 1). Summaries of the number
of matched trips by year are included in Table 3.

All NEFOP trips which could be matched to the list of VMS-VTR matched trips were
extracted from the Observer Data Base System (OBDBS) database. Matches were established on
the vessel, date of sailing, and date of landing as reported on the VTR; trips with multiple
matches were removed from the analyses. For all matched trips the associated haul duration,
statistical area fished, species and retained catch weights were also extracted; retained catch
weights were converted to live weight in kilograms (kg) using standard NEFSC conversion
factors. Summaries of the number of matches by year are included in Table 3.

Method development and application

Some analyses using northeast US VMS data have differentiated fishing activity from
nonfishing activity by using only upper-speed bounds: <3.5 knots for bottom trawl vessels
(Murawski et al. 2005) and <5.0 knots for scallop dredge vessels (Rago and McSherry 2002). To
our knowledge no attempt has been made to identify fishing activity from the VMS signals of
fixed-gear vessels (i.e., sink gillnet, benthic longline). We attempted to improve vessel speed
classifications and extend the application to fixed-gear vessels through a combination of visual
examination of the percent frequency distributions of VMS-derived average speeds, knowledge
of fishing operations, and observations from high-frequency polled Global Positioning System
(GPS) data.

Percent frequency distributions of VMS average vessel speed were plotted for all gear
types (Figure 3). These distributions were then compared to percent frequency distributions of
activity-specific (fishing vs. nonfishing) instantaneous vessel speeds from high-frequency polled
GPS data (1 fix/10 seconds) collected from vessels involved in NMFS cooperative research
projects (Figure 4). These data sets included precise observations of the dates and times of
fishing activity. Four trips taken by four separate vessels were analyzed; two groundfish bottom
trawl trips and two scallop dredge trips. Individual vessel speed observations from all trips were
combined by gear type, and activity was classified activity as either ‘fishing’ or ‘other’. ‘Fishing’
was defined as the period from winch brake lock to winch brake release (presumably, the period
during which the gear is actually in contact with the bottom). Unfortunately, these data were not
available for fixed-gear vessels. It is assumed that fixed gears such as sink gillnet and benthic
longline gear are likely to be fished in very specific and limited geographic areas on a given trip;
thus it is unlikely fishing is occurring on multiple fish stocks on a single trip. If this assumption





is true, these analyses will not be as sensitive to misclassification of fixed gear activity compared
to mobile gear activity.

VMS-based bottom otter trawl activity exhibits a very pronounced bimodal distribution
of vessel speeds. It was assumed that the first mode (2.8 knots) represented fishing activity and
the second mode (8.0 knots) was indicative of steaming activity. Fishing activity falls within a
very narrow range from approximately 2.0-5.0 knots as evidenced by the distributions observed
from the high-frequency GPS data. A fishing speed window of 2.0 knots < fishing activity < 4.0
knots was used. This window fits the high-frequency polled GPS well, correctly classifying
99.2% of fishing activity. However, it also incorrectly categorizes 31.8% of nonfishing activity
as fishing activity (Figure 4). It is expected that a portion of the nonfishing activity falling inside
the window of fishing speed represents activity associated with the hauling and setting of the
gear, which suggests that the impact of false-positives may not be as great as the 31.8% figure
implies.

The VMS-based average vessel speed distribution of scallop dredge activity has a nearly
trimodal distribution (Figure 3). Unlike bottom otter trawl speed distributions, scallop dredge has
a high percentage of activity close to 0.0 knots. This may be indicative of shucking activity when
vessels drift, allowing the crew to shuck scallops and clear the deck. The primary mode (4.2
knots) was assumed to represent fishing activity and the 8.2-knot mode was assumed to represent
steaming activity. Scallop dredge fishing activity occurs over a broader range than trawl activity,
falling between approximately 2—7 knots as evidenced by the distributions observed from the
high-frequency GPS data (Figure 4). A fishing speed window of 2.5 knots < fishing activity <
6.0 knots was used. This window fit the high-frequency polled GPS well, correctly classifying
98.3% of fishing activity; however, it incorrectly categorized 69.3% of nonfishing activity.

Like scallop dredge activity, VMS-observed sink gillnet average speed distributions have
a trimodal distribution (Figure 3). Based on knowledge of gillnet operations, the first mode (0.6
knots) was interpreted as representing the hauling of gillnet gear, the second mode (3.0 knots) as
re-setting the nets, and the third mode (8.2 knots) as steaming activity. Benthic longline average
speed distributions have a bimodal distribution (Figure 3). The first mode (0.8 knots) was
interpreted as representing the hauling and setting of the longline gear and the second mode (10.0
knots) as steaming to and from the fishing grounds. For both sink gillnet and benthic longline
gear, speed bounds of 0.1 < fishing activity < 1.3 were used.

Those VMS locations identified as representative of fishing activity were then used to
determine the statistical areas in which fishing occurred. Statistical areas fished were compared
across data sources to assess whether the statistical areas derived from VMS-defined fishing
activity represented an improvement over VTR-reported statistical areas relative to NEFOP data.
Trips were broken into two categories: single subtrip trips (fishing occurs in only one statistical
area per trip) and multi-subtrip trips (fishing occurs in more than one statistical area per trip).
Because all stock boundaries are divided along statistical area boundaries, correct reporting of
multi-subtrip trips are of the greatest concern. These trips have the potential to fish on multiple
stocks of fish in a single trip, and misreporting of statistical area(s) may lead to incorrect
estimates of stock removals. For each trip, the levels of agreement between the NEFOP, VMS,
and VTR statistical areas were categorized as in agreement (‘complete’), not in agreement
(‘none’) or in partial agreement (“partial;’ at least one statistical area was in agreement, but not
all). Agreement levels were contingent on agreement between the number of statistical areas
reported and the identity of those statistical areas. For example, if a VTR reports that fishing
occurred in statistical areas 515 and 521 and VMS positions indicate that fishing occurred in 515





and 521, then the trip would be considered to be in agreement (‘complete’). If the VTR reported
fishing in 515 and the VMS data suggests fishing occurred in 515 and 521, then the trip would be
considered to be in partial agreement (“partial’). If the VTR reported fishing in 515 and the VMS
data suggested fishing occurred only in 521, then the trip would not be considered to be in
agreement (‘none’). The same analysis was also performed on the larger set of VMS and VTR
matched trips.

A VMS-based allocation algorithm was devised using the statistical areas fished from the
VMS data to reallocate VTR-reported landings to stock area. Fishing activity was assigned to
stock area based on the species landed and statistical area in which the fishing activity was
occurring. The time spent fishing in each stock area was estimated as the sum of fishing activity
blocks occurring in each stock area. (The duration of one activity block is contingent on the
VMS polling frequency which is variable, but generally once per 30 minutes for scallop vessels
and once per hour for groundfish vessels.) Total VTR trip landings for each species (s) were
allocated to stock area (k) based on the ratio of time spent fishing in each stock area as
determined from VMS locations (Equation 1).

where:

A

L, = VMS prorated trip landings for species s, stock k (kg)

1, = trip landings for species s in stock area, k, as derived from VTR reports (kg)

1; = trip landings for species s in stock areas i, where i # k, as derived from VTR reports (kg)
t, = time spent fishing in stock area, £, as derived from VMS positional data (days)

t; = time spent fishing in stock area i, where i # &, as derived form VMS positional data (days)

The results of the VMS-based allocation were compared to landings allocation derived
from both NEFOP and VTR data sources to assess the relative accuracy of the VTR-based
allocation and determine if the VMS-based algorithm resulted in improved estimates of landings
by stock area. VIR and NEFOP species landings were prorated by assigning landings to stock
area based on the reported statistical area. All comparisons were performed through examination
of percent allocation to stock area as opposed to absolute landings, because percent allocations
derived from the traditional VTR source are used to allocate the amounts of commercial landings
as determined through dealer weighout data (Wigley et al. 1998). The same analysis was
performed on the larger VMS-VTR matched data set.

The VMS-based allocation method assumes a constant species catch-per-unit-effort
(CPUE) at all fishing locations (i.e., species catch is distributed only as a function of the time
spent fishing in each stock area). This assumption neglects species habitat preferences (e.g.,
sediment composition, water depth and temperature, etc.) which would result in species being
more likely to be caught in some locales and not others. To assess the degree to which this
assumption was violated, individual species trip allocations from the VMS method were
compared to the same allocations as determined from NEFOP observations using linear
regression.





Results
Method validation using NEFOP data

Statistical area agreement between NEFOP and VTR was >94% for single-subtrip trips
across all years, but <17% for multi-subtrip trips (Table 4). Nearly all disagreements among the
‘partial” multi-subtrip trips matches (>98%) are due to underreporting of statistical areas (fewer
statistical areas reported on the VTR compared to NEFOP: 105 trips in 2004, 337 in 2005, and
166 in 2006). There was a general trend towards improved VTR reporting of multi-subtrip trips
over time; however, given the small sample size and potential for observer-type effects on VTR
reporting, such a conclusion may be premature. The statistical area agreement between NEFOP
and VMS-based statistical areas was lower (=88.0%) for single-subtrip trips compared to the
NEFOP-VTR comparisons (Table 5). The cause of disagreement among single-subtrip trips is
the VMS-based method's overestimation of statistical areas fished. This overestimation results
from the VMS-based method misclassifying nonfishing activity as fishing activity. Agreement
among multi-subtrip trips is greater (>67%) when using the VMS method compared to the VTR-
reported statistical area trips, with no complete disagreement among any of the trips. Among
statistical areas in partial agreement there was a tendency for the VMS method to overestimate
the number of statistical areas fished (59.5% of partial matches in 2004, 53.3% in 2005, and
50.8% in 2006). The performance of the VMS-based method in detecting statistical areas fished
is not equivalent for all gear types; a closer examination of the VMS-NEFOP statistical area
comparison in 2005 showed that 80.3% (535 of 666) of trawl trips, 65.4% (17 of 26) of dredge
trips, 83.8% (88 of 105) of gillnet trips, and 97.1% (101 of 104) of longline trips have agreement
levels of ‘complete.” This finding supports the assumption that the misclassification of the
location of fixed gear fishing activity is less likely compared to mobile gear activity.

The VMS-based allocation method arrived at annual stock allocations closer to NEFOP
allocations relative to VTR allocations for 18 of the 24 comparisons examined (eight species
over three years; Tables 6-8). There were no species allocations for which the VMS-based
allocation underperformed the VTR allocation in all three years; haddock was the only species
for which the VMS-based allocation underperformed in 2 of the 3 years. There was general
improvement in the VMS-based allocation over time, with the number of species for which it
underperformed the VTR allocation decreasing from 3 in 2004 to only one in 2006. Of all
species, goosefish, silver hake, and red hake had the greatest percent difference relative to the
NEFOP allocation in all 3 years, with the single exception of windowpane flounder in 2004. It is
important to consider the implications of the matched trip set composition in the interpretation of
these results, since the performance of the VMS-based method is contingent on the number of
multi-subtrip trips and the gear composition of the matched data set. For example, a higher
proportion of multi-subtrip trips in the examined dataset would appear to improve the
performance of the method, and a higher proportion of dredge trips in the matched set would
appear to decrease performance. Comparisons of the individual trip stock allocations between the
VMS-based method and NEFOP allocation showed strong agreement between VMS and NEFOP
stock allocations (r=0.823, p <0.001, n=514; Figure 5); however, there was considerable spread
in residuals.

There are large differences in the NEFOP landings compared to VTR landings shown in
Tables 68 for some species, most notably monkfish (e.g., in 2004 NEFOP estimated 380 mt
compared to the VTR estimate of 71 mt). The exact reasons for these discrepancies are unknown;





however, there is a tendency for self-reported hail weights to be biased low (Palmer et al. in
press). Additionally, monkfish tails constitute a large proportion of monkfish landings and these
are often incorrectly reported on VTRs as whole monkfish (Palmer et al. in press). A
Commercial Fisheries Database System (CFDBS) conversion factor of 3.32 is applied to
monkfish tail landings to convert these to whole weights. Incorrect reporting of monkfish tails as
whole monkfish will result in the underestimation of VTR monkfish landings by approximately a
factor of 3.

Extrapolation to larger VMS-VTR matched dataset

The NEFOP-VMS-VTR subset of data used to validate the VMS-based method is
relatively small compared to the total population of VTR-recorded trips (Table 3). The validation
results suggest that for some trips monitored through VMS, the VMS-based allocation method
can be used to gauge the accuracy of the stock allocations as determined through VTR reports.
The VMS-VTR matched set is a much larger dataset. The subset of VTR reports examined (eight
species caught using the four gear types) account for only approximately a quarter of the total
VTR reports in a given year (Table 3); however, this dataset accounts for >96% of the landings
of all the study species across the time series (Table 9). Similarly, VMS coverage is available for
only 5,892 to 19,165 of the VTR trips in a given year (Table 3), but these trips account for 17.6
to 92.0% of the total landings of individual species (Table 9). By 2006, VMS data were available
for trips responsible for landing >70% of all species but goosefish; coverage of goosefish
landings is low because there are no specific VMS requirements for the goosefish fishery (Table
2). All demersal species examined are primarily caught by the otter trawl fishery except
goosefish, for which gillnet gear is responsible for the majority of the landings. Gillnet is the
secondary gear type for all species with the exception of haddock and silver hake, which are
secondarily targeted by benthic longline (Tables 10—12). VMS coverage of the landings by most
gear types is highly variable, though generally increasing with time; there is a general pattern of
low gillnet coverage for landings of most species across time.

Examination of the VTR statistical area reporting using VMS-based statistical areas
fished showed similar patterns to those observed in the NEFOP-VMS-VTR comparisons.
Agreement levels of single-subtrip trips exceeded 92% in all years and was always <6.5% for
multi-subtrip trips (Table 13). This level of agreement is less than that observed in the NEFOP-
VTR comparison. It is unclear whether these lower rates of agreement are due to the
overestimation of the number of statistical areas fished by the VMS method, an observer effect,
or some other factor. Closer examination of the partial matches revealed that the number of
vessels apparently under-reporting the number of statistical areas fished was 397 in 2004, 477 in
2005, and 629 in 2006. Those vessels that likely frequently under-report trips (>5 trips in a year)
are responsible for the majority of the potentially underreported trips. In 2004 there were 179
vessels that appeared to frequently under-report. These vessels accounted for 1,876 of 2,797 of
partial agreement trips (67.1%). In 2005, there were 221 vessels in this category; they accounted
for 2,787 of the 3,837 partial agreement trips (72.6%) and in 2006 there were 268 vessels which
potentially submitted >5 underreported trips, accounting for 3,815 of the 5,251 partial agreement
trips (72.7%).

Because the performance of the VMS algorithm is sensitive to the number of multi-stock
trips taken in a given year, it is important to understand the types of trips recorded in the VMS





dataset and how that composition varies over time. The percentage of multi-stock trips recorded
by VMS increased in 2005, followed by a decline in 2006 to levels below 2004 values for all but
windowpane, silver hake, and red hake trips (Table 14). Those trips fishing on multiple stocks
are predominantly (= 99.0%) mobile-gear vessels (Table 15), implying that fixed-gear fishing
effort occurs primarily in localized geographic areas; therefore, landings from fixed-gear trips
are unlikely to have come from multiple stocks. This supports the prior assumption that the
misinterpretation of the VMS speed signals from fixed-gear trips is unlikely to result in the
misallocation of landings.

The perceived underreporting of statistical areas in the VTR data led to minor (<5%)
differences in the overall stock allocations; only two stocks in the three year time-series
exhibited differences in stock allocations exceeding 2.0% (2004 silver hake, +3.0%; and 2006
windowpane flounder, +£4.7%; Tables 16—18). These figures are similar to the total proportion of
species landings potentially misallocated, which was <5% for all species-years examined, again
with the exception of 2004 silver hake and 2006 windowpane flounder. However, these small
differences in percent allocation have a disproportionate effect on the less abundant stock such as
such as Gulf of Maine haddock, southern New England yellowtail, southern windowpane, and
northern silver hake. For these stocks, minor differences can be large (>5.0%) relative to the
percent of the total species landings allocated to that stock (Tables 16—18). These impacts are
most notable in the stock allocations of the southern New England/mid-Atlantic yellowtail
flounder. Stock allocation differences between the VTR and VMS methods were <1.6% for all
years; however, commercial landings of this stock were <6.4% of the total stock landings as
estimated from the VTR reports, resulting in relative differences of 53.8, 61.9, and 25.0% for the
years 2004, 2005, and 2006, respectively. Of the 54 comparisons analyzed (8 species, 18 stocks,
3 years), the VMS-based method stock allocations had >5.0% relative difference compared to the
VTR-based allocations for 17 of the comparisons. Only southern New England/mid-Atlantic
yellowtail, southern windowpane, and northern silver hake exceeded the >5.0% difference in all
three years examined.

There was a tendency for the VTR method to over-allocate the predominant Atlantic cod
and haddock stocks (i.e., Georges Bank), with the exception of 2004 haddock. For yellowtail and
winter flounder there was a tendency for the VTR-method to under allocate the predominant
Georges Bank stock and over-allocate the Gulf of Maine and southern New England stocks. The
only exception to this was 2005 winter flounder, for which there was a perceived under-
allocation of VMS-based landings estimate of the southern New England stock. For all years,
there was an over-allocation of landings to the southern goosefish stock using the VTR-method
relative to the VMS method. The direction of stock allocation differences for windowpane
flounder, silver hake, and red hake was variable from year to year.

Discussion and Conclusions

The underreporting of statistical areas on VTR logbooks is a significant problem
affecting >80% multi-subtrip trips. The VTR underreporting rates from this study agree closely
with past studies that have used both NEFOP and haul-by-haul self-reported data (Palmer et al.
in press). While the impacts of this underreporting are relatively small in regard to overall stock
allocation percentages, the relative impacts on less abundant stocks such as southern New
England/mid-Atlantic yellowtail can be significant. This is in agreement with the findings of





other studies that have examined this issue using smaller data sets which utilized NEFOP-VTR
comparisons.” These discrepancies have implications on the estimation of fishery removals and
the assessment of these stocks. While the impacts are minimal for the majority of stocks
examined, the extent of the impacts on those few stocks that are significantly affected suggests a
problem that deserves attention.

Many of the stock assessments of these eight species use finer stratification of
commercial landings (e.g., quarter, market category, and gear groups) to construct the age-length
keys used in virtual population analysis (VPA) or similar assessment models (Mayo and Terceiro
2005). This paper does not consider the impacts of statistical area reporting patterns on these
finer scale stratifications of commercial landings; however, the accuracy of finer-scale
allocations would be sensitive to the number of multi-subtrip trips included in each strata. It is
possible that the effects of statistical area misreporting on stock allocations are reduced due to
offsetting errors (i.e., a trip that misallocates 1100 kg to the Georges Bank cod stock could be
largely offset by a trip that misallocates 1200 kg to the Gulf of Maine cod stock). However, the
spatial accuracy of VTR reports is critical not only for the assessment of fish species, but also of
protected species such as sea turtles (e.g., Murray 2004, 2005, 2006; Orphanides and Bisack
2006) and marine mammals (Belden et al. 2006). When these data are used at finer spatial scales
the accuracy of VTR reports becomes increasingly important.

It is important to consider that the results of this study apply only to the trips monitored
by VMS; however, by 2006 trips responsible for >70% of multispecies landings were monitored
by VMS (Table 9). VMS coverage of some fisheries such as the Northeast multispecies is
nearing complete coverage, with all vessels required to have a VMS unit installed when fishing
under the days-at-sea program (NEFMC 2006). The increased coverage improves the utility of
VMS data as a validation tool for managers and data set of spatial fishing patterns for analysts.
The number of vessels responsible for the landings of the eight species examined has remained
constant at slightly less than 1200 (Table 3); however, the number of these vessels monitored by
VMS has increased from 38.5% (453 of 1176) to 76.7% (886 of 1155). The increase in VMS
usage appears to have occurred primarily among the smaller nearshore fleet in response to VMS
requirements to participate in the general category scallop fishery (NEFMC 2005) and the
Northeast multispecies fishery (NEFMC 2006) as indicated by the drop in percentage of multi-
stock area trips recorded by VMS from 2004-2006 (Table 11). There was a decrease in the
number of multiple stock area trips from 2005-2006 which may explain the greater degree of
agreement between the VMS and VTR proration in 2006 for Gulf of Maine cod, haddock, and
winter flounder.

The study results are sensitive to the use of average VMS vessel speeds to differentiate
fishing activity from nonfishing activity and to the validity of the VMS-based allocation. This
study defines fishing activity using narrower speed ranges than have been used in past studies,
which should lead to more conservative estimates of fishing effort. The speed range used for the
mobile gears agree closely with the speeds obtained from high-frequency polling of vessels GPS
units suggesting that these ranges are reasonable. However, instantaneous vessel speeds are not
collected by NMFS Northeast Region VMS Program, so this study relied on average vessel
speeds. The averaging process blurs activity from observation to observation and results in
speeds slower than actual speeds due to a corner-cutting effect (Deng et al. 2005, Palmer 2008).
These impacts were not considered in this study and represent an area of uncertainty. The speed
ranges adequately classify fishing activity (>98% success for mobile gear), but tend to
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overestimate the amount of fishing by incorrectly classifying nonfishing effort as fishing (69.3%
misclassification of nonfishing scallop activity). The overestimation was apparent in the
comparisons of statistical areas fished between VMS and NEFOP data (Table 5). VMS data
indicate where it is likely that fishing effort is occurring, but provide no information on catch
composition. A critical assumption of the VMS-based allocation is that the proportion of species
caught across multiple stock areas on a fishing trip is only a function of the time spent fishing in
each stock area. While the relationship between VMS and NEFOP allocations was significant,
there was a considerable amount of variability (Figure 5). This assumption is not independent of
overestimation errors; disproportionate overestimation of time spent fishing in a particular stock
area will have a direct effect on the VMS-based allocation.

The various uncertainties and shortcomings of the VMS allocation method point out that
this is not a replacement for a VTR-based allocation. Furthermore, the low vessel coverage of
historical VMS data (Figure 2) limits its use as a tool to correct historical misreporting.
However, the results do show that VMS data can be used as a tool to monitor the accuracy and
completeness of VTRs and guide efforts to improve VTR compliance. The number of vessels
which are potentially underreporting statistical areas on a frequent basis is small (<250 vessels)
relative to the total number of vessels submitting VTRs (>2,400; Table 3). Improvements are
needed in the compliance of VTR reporting regulations, particularly among those vessels likely
to be fishing multiple stocks. Given the manageable size of the problem and availability of tools
to monitor these data, the quality of self-reported data should be monitored and improved
through targeted outreach and education activities.
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Table 1. Statistical areas used to define species stock units for eight species examined.

Species Stock area Statistical areas
Atlantic cod Georges Bank 521, 522, 525, 526, 533, 534, 537-539, 541-543, 551,
(Gadus morhua) (GBK) 552,561, 562, 611-616, 621-629, 631-639
Gulf of Maine 464, 465, 511-515
(GOM)
Haddock Georges Bank 521, 522, 525, 526, 533, 534, 537-539, 541-543, 551,
(Melanogrammus aeglefinus) (GBK) 552,561, 562, 611-616, 621-629, 631-639
Gulf of Maine 464, 465, 511-515
(GOM)
Yellowtail flounder Georges Bank 522,525, 551, 552, 561, 562
(Limanda ferruginea) (GBK)
Cape Cod/Gulf of Maine 464, 465, 511, 512, 513, 514, 515, 521
(GOM)
Southern New England/ 526, 533, 534, 537-539, 541-543, 611-616, 621-629,
Mid-Atlantic (SNE) 631-639
Winter flounder Georges Bank 522,525, 551, 552, 561, 562
(Pseudopleuronectes americanus) (GBK)
Gulf of Maine 464, 465, 511, 512, 513, 514, 515
(GOM)
Southern New England/ 521, 526, 533, 534, 537-539, 541-543, 611-616, 621-
Mid-Atlantic (SNE) 629, 631-639
Windowpane flounder North 464, 465, 511-515, 521, 522, 525, 542, 543, 551, 552,
(Scophthalmus aquosus) (NOR) 561, 562
South 526, 533, 534, 537-539, 541, 611-616, 621-629, 631-
(SOU) 639
Goosefish North 464, 465, 511-515, 521, 522, 551, 561
(Lophius americanus) (NOR)
South 525, 526, 533, 534, 537-539, 541-543, 552, 562, 611-
(SOU) 616, 621-629, 631-639
Silver hake North 464, 465, 511-515, 521, 522, 551, 561
(Merluccius bilinearis) (NOR)
South 525, 526, 533, 534, 537-539, 541-543, 552, 562, 611-
(SOU) 616, 621-629, 631-639
Red hake North 464, 465, 511-515, 521, 522, 551, 561
(Urophycis chuss) (NOR)
South 525, 526, 533, 534, 537-539, 541-543, 552, 562, 611-
(SOU) 616, 621-629, 631-639
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Table 2. Fishery management plan (FMP) actions passed by the Northeast Fisheries Management Council
(NEFMC) and Mid-Atlantic Fisheries Management Council (MAFMC) affecting the use of Vessel

Monitoring System (VMS) in the northeast United States through December 31, 2006. Note: if a vessel is
subject to VMS regulations from multiple programs, the most restrictive regulation applies.

Date

effective Fishery Measure Description Reference
May 1998  Atlantic Amendment 4 Required VMS for all limited access full- and part- NEFMC
scallop time vessels (hourly polling). *Note: Amendment 4 1993
effective March 1994, but VMS implementation
delayed by NMF'S until May 1998.
May 1999  Atlantic Original FMP Required VMS for all category 1 vessels (hourly NEFMC
herring polling). 1999
May 2001 Atlantic Framework Required VMS for all limited access occasional- NEFMC
scallop Adjustment 14 category vessels when participating in area access 2001
programs (half-hourly polling).
May 2004  Northeast Amendment 13 Required VMS for all vessels accessing the NEFMC
multispecies US/Canada shared resource area (half-hour polling 2003
within US/Canada area, hourly polling outside).
November  Atlantic Framework Required VMS for all general category vessels NEFMC
2004 scallop Adjustment 16  participating in area access programs (half-hour 2004a
polling).
November  Northeast Framework Required VMS for all vessels participating in NEFMC
2004 multispecies Adjustment special access programs (SAP) and when fishing 2004b
40A under the Regular B Days-at-Sea (DAS) Program
(hourly polling).
October Atlantic Framework Required VMS for all general category vessels NEFMC
2005 scallop Adjustment 17 landing >40 1b scallop meats (half-hour polling). 2005
November  Northeast Framework Required VMS for all limited access NE NEFMC
2006 multispecies Adjustment 42  multispecies DAS vessels using groundfish DAS 2006

(hourly polling).
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Table 3. Summary of the Vessel Trip Report (VTR), Vessel Monitoring System (VMS), and
Northeast Fisheries Observer Program (NEFOP) 2004 to 2006 data sets, by number of trips and
number of vessels, from 2004 to 2006.

Year Category Number of trips Number of Vessels
2004 VTR dataset 114,491 2,629
VTR subset 32,272 1,176
VMS-VTR matched set 5,892 453
NEFOP-VMS-VTR matched set 249 150
2005 VTR dataset 121,442 2,599
VTR subset 33,090 1,161
VMS-VTR matched set 9,909 622
NEFOP-VMS-VTR matched set 901 252
2006 VTR dataset 118,548 2,497
VTR subset 32,431 1,155
VMS-VTR matched set 19,165 886
NEFOP-VMS-VTR matched set 514 255
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Table 4. Summary of the agreement levels between statistical areas fished recorded by the
Northeast Fisheries Observer Program (NEFOP) and the statistical areas fished reported on
Vessel Trip Reports (VTR) from matched fishing trips from 2004 to 2006. Trip subcategories are
based on the NEFOP-reported number of statistical areas fished. Note: percentages may not sum
to 100 due to rounding.

Year Subtrip Subtrip Agreement Number Percent of total
category category trips level of trips subtrip trips (%)

2004  Single subtrip 135 Complete 129 95.6
None 6 4.4

Multi-subtrip 114 Complete 6 53

None 2 1.8

Partial 106 93.0

2005 Single subtrip 490 Complete 462 943
None 27 5.5

Partial 1 0.2

Multi-subtrip 411 Complete 57 13.9

None 13 3.2

Partial 341 83.0

2006 Single subtrip 305 Complete 293 96.1
None 10 33

Partial 2 0.7

Multi-subtrip 209 Complete 35 16.7

None 6 2.9

Partial 168 80.4
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Table 5. Summary of the agreement levels between statistical areas fished recorded by the
Northeast Fisheries Observer Program (NEFOP) and the statistical areas fished as determined
using Vessel Monitoring System (VMS) positional data from matched fishing trips from 2004 to
2006. Trip subcategories are based on the NEFOP-reported number of statistical areas fished.
*Note: percentages may not sum to 100 due to rounding.

Year Subtrip Subtrip Agreement Number Percent of total
category category trips level of trips subtrip trips (%)

2004  Single subtrip 135 Complete 123 91.1
Partial 12 8.9

Multi-subtrip 114 Complete 77 67.5

Partial 37 32.5

2005  Single subtrip 490 Complete 431 88.0
None 1 0.2

Partial 58 11.8

Multi-subtrip 411 Complete 306 74.5

Partial 105 25.5

2006  Single subtrip 306 Complete 274 89.5
Partial 32 10.5

Multi-subtrip 208 Complete 149 71.6

Partial 59 28.4
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Table 10. 2004 summary of the Vessel Monitoring System (VMS) data subsets compared to the
subset of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl

gear = OTF, scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VTR VMS
VTR Percent
Species gear Number Number YTR Number V.MS of VTR
code of trips landings of trips landings landings
Vessels (kg) (kg) (%)
Atlantic cod OTF 444 9,167 3,507,919 2,724 1,829,688 52.2
(Gadus morhua) DRS 6 9 535 3 14 2.5
GNS 171 6,972 1,726,238 116 25,959 1.5
LLB 67 1,221 198,117 253 18,355 9.3
Haddock OTF 384 6,323 5,908,548 2,472 4,619,014 78.2
(Melanogrammus aeglefinus) DRS 1 1 0 0 0 N/A
GNS 137 3,313 133,401 86 9,789 7.3
LLB 55 986 795,572 261 467,285 58.7
Yellowtail flounder OTF 404 7,337 6,749,688 2,061 5,373,053 79.6
(Limanda ferruginea) DRS 36 62 4,346 48 4,072 93.7
GNS 93 1,541 145,727 31 1,862 1.3
LLB 0 0 0 0 0 N/A
Winter flounder OTF 471 9,866 4,393,835 2,314 3,125,651 71.1
(Pseudopleuronectes americanus) DRS 18 37 750 26 660 87.9
GNS 129 3,029 88,606 57 1,433 1.6
LLB 9 67 298 10 37 12.3
Windowpane flounder OTF 158 1,291 90,880 105 18,217 20.0
(Scophthalmus aquosus) DRS 0 0 0 0 0 N/A
GNS 12 63 642 0 0 0.0
LLB 0 0 0 0 0 N/A
Goosefish OTF 555 9,467 1,870,948 2,325 880,759 47.1
(Lophius americanus) DRS 226 1,226 381,761 1,179 380,203 99.6
GNS 268 8,119 5,186,982 118 70,362 1.4
LLB 26 146 1,288 75 854 66.3
Silver hake OTF 234 3,212 7,334,373 721 2,069,807 28.2
(Merluccius bilinearis) DRS 0 0 0 0 0 N/A
GNS 63 415 21,948 7 1,976 9.0
LLB 4 17 36,311 4 148 04
Red hake OTF 172 2,226 769,215 510 235,494 30.6
(Urophycis chuss) DRS 0 0 0 0 0 N/A
GNS 26 353 93,767 33 1,044 1.1
LLB 7 21 376 7 292 77.6
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Table 11. 2005 summary of the Vessel Monitoring System (VMS) data subsets compared to the
subset of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl

gear = OTF, scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VTR VMS
VTR Percent
Species gear Number Number YTR Number V.MS of VTR
code of trips landings of trips landings landings
Vessels (kg) (kg) (%)
Atlantic cod OTF 381 9,005 3,201,456 4,415 2,491,742 77.8
(Gadus morhua) DRS 8 11 1,209 10 100 8.3
GNS 157 6,711 1,574,496 697 164,299 10.4
LLB 89 1,373 205,952 638 98,546 47.8
Haddock OTF 342 6,471 5,246,396 3,670 5,036,560 96
(Melanogrammus aeglefinus) DRS 3 4 15 3 14 93.9
GNS 125 3,054 59,757 292 4,494 7.5
LLB 80 1257 849,769 650 659,669 77.6
Yellowtail flounder OTF 352 7,138 3,815,235 3,175 3,473,828 91.1
(Limanda ferruginea) DRS 30 45 2,059 42 1,883 91.5
GNS 77 1,180 104,756 30 259 0.2
LLB 5 19 28 16 23 83.6
Winter flounder OTF 413 9,225 3,407,204 3,458 2,786,325 81.8
(Pseudopleuronectes americanus) DRS 37 65 13,237 64 12,772 96.5
GNS 118 2,530 36,739 189 1,069 2.9
LLB 11 84 549 66 473 86.1
Windowpane flounder OTF 158 1,057 80,999 227 45,762 56.5
(Scophthalmus aquosus) DRS 0 0 0 0 0 N/A
GNS 9 77 523 0 0 0.0
LLB 4 9 10 8 9 91.3
Goosefish OTF 493 9,197 1,857,280 3,603 1,359,021 73.2
(Lophius americanus) DRS 317 2,722 335,072 1,498 321,271 95.9
GNS 246 8,736 5,065,683 801 448,437 8.9
LLB 36 212 1,841 182 1,260 68.4
Silver hake OTF 193 2,689 7,391,321 1197 3,489,085 472
(Merluccius bilinearis) DRS 2 2 365 2 365 100.0
GNS 41 255 20,219 8 4,400 21.8
LLB 7 30 110,972 20 37,219 33.5
Red hake OTF 143 1,838 482,879 757 152,655 31.6
(Urophycis chuss) DRS 1 1 125 1 125 100.0
GNS 24 239 64,020 25 1,810 2.8
LLB 4 10 176 6 76 43.3

23





Table 12. 2006 summary of the Vessel Monitoring System (VMS) data subsets compared to the
subset of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl
gear = OTF, scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VTR VMS
VTR Percent
Species gear Number -\ ber VIR Number VMS VTR
code 0 of trips landings of trips landings landings
Vessels (kg) (kg) (%)
Atlantic cod OTF 350 7,493  2913,548 5,799 2,680,732 92.0
(Gadus morhua) DRS 5 8 420 7 184 43.8
GNS 153 6,764 1,427,295 2739 656,843 46.0
LLB 80 1,154 204,792 511 91,031 44.5
Haddock OTF 296 4,938 2,242,491 3,994 2,186,209 97.5
(Melanogrammus aeglefinus) DRS 5 5 1,303 4 1,299 99.7
GNS 122 2,964 65,539 1275 26,864 41.0
LLB 76 1091 403,958 496 299,395 74.1
Yellowtail flounder OTF 319 6,402 1,772,976 4,938 1,674,672 94.5
(Limanda ferruginea) DRS 24 36 4,098 35 4,076 99.4
GNS 67 1,293 90,562 244 2,355 2.6
LLB 5 12 14 11 13 96.7
Winter flounder OTF 381 8,460 2,534,691 5,530 2,115,716 83.5
(Pseudopleuronectes americanus)  DRS 36 73 4,951 71 4,926 99.5
GNS 109 2,825 43,398 979 6,983 16.1
LLB 8 57 463 42 428 92.5
Windowpane flounder OTF 151 1,246 86,897 607 61,621 70.9
(Scophthalmus aquosus) DRS 1 2 7 2 7 100.0
GNS 9 37 107 7 24 22.6
LLB 1 1 2 1 2 100.0
Goosefish OTF 459 8,032 1,574,844 5,747 1,417,361 90.0
(Lophius americanus) DRS 336 3917 323,214 3,650 317,777 98.3
GNS 261 8,050 4,127,303 2910 1,510,988 36.6
LLB 22 113 1,004 99 706 70.3
Silver hake OTF 197 3,098 5,294,681 2242 4,590,130 86.7
(Merluccius bilinearis) DRS 1 3 14 3 14 100.0
GNS 37 251 18,600 98 11,729 63.1
LLB 4 13 14,628 5 4,616 31.6
Red hake OTF 152 1,983 525,546 1346 447917 85.2
(Urophycis chuss) DRS 2 2 29 2 29 100.0
GNS 22 257 27,383 112 10,260 37.5
LLB 4 6 531 5 524 98.7
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Table 13. Summary of the agreement levels between statistical areas recorded on Vessel Trip
Reports (VTR) and the statistical areas fished as determined using Vessel Monitoring System
(VMS) positional data from matched fishing trips from 2004 to 2006. Trip subcategories are based
on the VMS determined number of statistical areas fished. Note: percentages may not sum to 100
due to rounding.

Subtrip Percent
Subtrip Agreement Number of total
Year category . N
category trips level of trips subtrip trips
(%)
2004 Single subtrip 2,895 Complete 2,688 92.8
None 194 6.7
Partial 13 0.4
Multi-subtrip 2,997 Complete 74 2.5
None 139 4.6
Partial 2,784 92.9
2005 Single subtrip 5,630 Complete 5,267 93.6
None 334 5.9
Partial 29 0.5
Multi-subtrip 4,279 Complete 265 6.2
None 206 4.8
Partial 3,808 89.0
2006 Single subtrip 13,488 Complete 12,869 95.4
None 590 4.4
Partial 29 0.2
Multi-subtrip 5,677 Complete 234 4.1
None 221 3.9
Partial 5,222 92.0
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Figure 1. Statistical areas used for commercial fisheries data collection by the National Marine
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66°0'0"W
Fisheries Service in the Northeast Region. The 50, 100 and 500 fa bathymetric lines are shown
in light gray and the U.S. Exclusive Economic Zone is indicated by the dashed black line.
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Figure 2. Number of vessels using Vessel Monitoring System (VMS) in the northeast United
States between 1998 and 2006.
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Figure 3. Percent frequency and cumulative percent distributions of average vessel speed (knots) as
determined from Vessel Monitoring System (VMS) positions for vessels fishing fish bottom otter trawl
(OTF), scallop dredge (DRS), sink gillnet (GNS) and benthic longline (LLB). The dashed lines represent
the bounds used in this study to define fishing activity (OTF = 2.0 — 4.0 knots, DRS = 2.5 — 6.0 knots,
GNS =0.1 — 1.3 knots, LLB = 0.1 — 1.3 knots).
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Figure 4. Percent frequency distribution of instantaneous vessel speed (knots) of vessels fishing fish
bottom otter trawl gear (OTF) and scallop dredge gear (DRS) characterized by both ‘fishing’ and ‘other’
activity. These data were collected using high-frequency polling of the vessel’s global positioning unit
(1 observation/10 seconds) and represent the aggregate of two separate fishing trips taken by different
vessels per gear type. The dashed lines represent the bounds used in this paper to define fishing activity
(OTF = 2.0 — 4.0 knots, DRS = 2.5 — 6.0 knots).
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Figure 5. Comparison of 2005 Vessel Monitoring System (VMS) — Northeast Fisheries Observer
Program (NEFOP) species stock allocations at the trip-level and associated 95% confidence ellipse.

Only those species-trip allocations where VMS and NEFOP-based methods agreed on the number of
stock areas fished and the number of stock areas fished >1 were compared.
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Abstract

Vessel monitoring system (VMS) positional data from northeast United States fisheries were used to
validate the statistical area fished and stock allocation of commercial landings derived from mandatory
logbooks. A gear-specific speed algorithm was applied to VMS positions collected between 2004 and
2011 from the otter trawl, scallop dredge, sink gillnet and benthic longline fisheries to estimate the
location of fishing activity. Estimated fishing locations were used to re-allocate the stock area landings
of eight federally managed groundfish species. The accuracy of the VMS method relative to the
mandatory logbooks was assessed using haul locations and catch data recorded by at-sea observers.
VMS-based allocations generally outperformed VTR-based allocations; VMS methods achieved stock
allocations more similar to observer-based allocations in 85 of the 144 cases examined (59.0%; 18
stocks over 8 years).

In more recent years, the performance of the VMS-based allocation has been more similar to that of the
VTR-based algorithm. The similarities in the recent performance of the two allocation methods is likely
attributable to a growing number of smaller vessels that are now required to use VMS whereas as
historically, VMS was only required of the larger offshore trawlers participating in special management
programs. The VMS algorithm tended to overestimate the number of statistical areas fished such that
when a trip’s fishing activity occurred in a single statistical area, logbooks more accurately reflected the
true fishing location. On trips where fishing activity occurred in multiple statistical areas, the VMS
algorithm showed appreciable gains relative to logbook data. VMS-based methods show promise as a
means of validating the VTR-based allocations. However, given the limited extent of VMS both over
time and in breadth of fisheries covered, it is not an acceptable surrogate for VITR-based allocations, but
does provide a valuable tool for monitoring vessel reporting compliance and evaluating the potential
impacts of vessel misreporting.

“Draft report for peer review only”





Introduction

Among the federally managed fish species in the northeast United States (U.S.), eight species are
managed and assessed as two or more discrete stocks. The eight species are: Atlantic cod (Gadus
morhua), haddock (Melanogrammus aeglefinus), yellowtail flounder (Limanda ferruginea), winter
flounder (Pseudopleuronectes americanus), windowpane flounder (Scophthalmus aquosus), goosefish
(Lophius americanus), silver hake (Merluccius bilinearis) and red hake (Urophycis chuss). Stock units
are comprised of statistical area groupings (Fig. 1) with stocks defined by divisions that, in most cases,
relate to oceanographic features (e.g., Gulf of Maine, Georges Bank; Table 1). All of the species are
managed under the Northeast Multispecies Fisheries Management Plan (NEFMC, 1985), with the
exception of goosefish which is managed under the Monkfish Fisheries Management Plan (NEFMC,
1998).

In the northeast U.S., dealer weighout data are assumed to be a census of commercial landings amounts.
Commercial landings are allocated to management stocks using the statistical areas reported on the
mandatory paper logbooks (Wigley et al., 1998). These logbooks are referred to as vessel trip reports
(VTRs). Current VTR regulations require that on completion of a fishing trip, a logbook report must be
submitted which documents the total catch by species for each statistical area in which fishing occurred
(Title 50 of the U.S. Congressional Federal Register, Part 648.7). Despite the regulations, it is known
that misreporting of statistical area occurs, most frequently in the form of underreporting the number of
statistical areas fished when fishing occurs in more than one area (Palmer et al., 2007; A. Applegate and
T. Nies pers. comm.). While, underreporting of statistical areas does not necessarily translate to the
misclassification of commercial landings to stock areas, the potential exists and the magnitude of these
effects on the allocation of commercial landings requires evaluation.

The most reliable source of fisheries-dependent catch and effort data in the northeast U.S. are available
from the information collected by at-sea fisheries observers. However, because these data are limited in
their coverage (e.g., generally < 5% of all certain fisheries in a given year, Wigley et al., 2007) they
cannot provide the synoptic coverage necessary to allocate commercial landings to stock area with any
regularity. Vessel monitoring systems (VMS) in the northeast were first implemented for the limited-
access scallop fisheries in 1998 (NEFMC, 1993). The use of VMS has increased over time (Fig. 2) and
expanded to cover many fisheries (Table 2). Historically the larger off-shore vessels participating in the
limited-access scallop and special-access groundfish fisheries were more likely to be equipped with
VMS compared to the smaller near-shore vessels. With the passage of Framework 17 to the Atlantic sea
scallop Fishery Management Plan (FMP; NEFMC, 2005) and Framework 42 to the Multispecies FMP
(NEFMC, 2006), VMS is now required for a greater proportion of the smaller near-shore scallop and
groundfish fleets. While VMS does not provide census coverage of these fleets, it does provide census
coverage of trips taken by those vessels equipped with VMS. Given the increasing use of VMS in the
region, this represents a potential tool to conduct large-scale validation of the statistical areas reported
on VTRs.

Vessel positions obtained from VMS have been used as a proxy for the location of fishing effort in prior
work (Deng et al., 2005; Murawski et al., 2005; Mills et al., 2007). Commonly, the average vessel speed
is used to differentiate fishing activity from non fishing activity (Deng et al., 2005; Murawski et al.,
2005). Many VMS programs do not require the transmission of instantaneous vessels speeds; only a
vessel position and a date and time stamp. This has changed recently in some fisheries (Mills et al.
2007); however, most users of VMS data must infer vessel speed and course from averages calculated
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from successive positions. Northeast U.S. VMS regulations only require the transmission of the position
and the associated date and time. Positions are typically collected once per 30 min from vessels
participating in the limited access scallop fishery and once per 60 min from vessels participating in the
groundfish fishery (Table 2). The classification error of fishing versus non-fishing activity will depend
in part on whether the vessels speeds available to the analysis represent instantaneous vessels speeds or
averaged vessels speeds calculated from the distance traveled between VMS polling events. As the VMS
polling frequency increases, the relative accuracy of the calculated speeds decreases (Figure 3). The
average vessel speed method can achieve accuracy levels as great as 99%, however it can also result in
the incorrect classification of non-trawling activity (Mills et al., 2007) leading to an overestimation of
fishing intensity. A more complex method utilizing both vessel speed and directionality has been
attempted (Mills et al., 2007); however, this method did not improve the detection of fishing activity and
reduced the inclusion of false positives only slightly (0.7%).

When using the vessel-speed method, the amount of classification error is sensitive to the VMS polling
rate (Figure 3, Palmer, 2008), the speed ranges used to define fishing activity and the practices of the
fishery under observation (e.g., how much overlap exists between the vessel-speed signals of fishing and
non-fishing activity, how long are individual hauls). With the exception of Mills et al. (2007) much of
the work so far published in the fisheries literature has utilized VMS data without a quantitative
assessment of the classification error of fishing vs. non-fishing activity when the vessel-speed method is
used. This paper assesses the ability of the VMS vessel-speed method to detect the statistical area fished
and allocate fishery landings to stock area by comparing results to matching NEFOP trips. The method
is then applied to assess VTR area reporting compliance and its impacts on the current VTR-based
allocation method used in the northeast US.

Materials and methods

Data sources

VTR logbook trip, gear and species catch data were extracted from the VTR logbook reports from
calendar years 2004 to 2011; prior to 2004, fewer than 500 vessels were equipped with VMS units in the
Northeast Region, thus limiting the scope of a VMS-based allocation (Fig. 2). The analytical datasets
were post-processed to remove any overlapping trips (i.e., trips taken by the same vessel with a date of
sail occurring before the date of landing of a previous trip). Overlaps occur because of VTR reporting
and/or data entry errors. This process resulted in the removal of between 1.2% and 2.2% of the total
annual reported VTR trips from 2004 and 2011. Of the remaining trips, only those trips where at least
one of the eight study species were reported as retained catch were retained in the dataset (Atlantic cod,
haddock, yellowtail flounder, winter flounder, windowpane flounder, monkfish, silver hake, and red
hake). Because the focus was on assessing the impact of statistical area misreporting on the proration of
commercial landings, discards were not included in these analyses. All species weights were converted
to live weight in kilograms (kg) using standard species conversion factors established by the Northeast
Fisheries Science Center (NEFSC). The VTR dataset was further restricted to include only the four
major gear types responsible for species landings in the region: fish bottom otter trawl (OTF), scallop
dredge (DRYS), sink gillnet (GNS) and benthic longline (LLB). VTR species landings were then assigned
to a stock area based on the statistical area fished reported on the logbook (Palmer and Wigley, 2007,
Table 1). The final VTR subsets used in this analysis contained between 23,000 and 34,000 trips per
year (Table 3).
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All available VMS data were extracted from the VMS database for each vessel and assigned to the
appropriate VTR trip by matching on the vessel and assigning all VMS point locations with dates
between the VTR date of sailing and date landed to the respective trip. The average vessel speed was
calculated by dividing the haversine distance (Sinnott, 1984) by the time difference between consecutive
VMS positions. All positions were assigned to a National Marine Fisheries Service (NMFS) statistical
area (Fig. 1). Summaries of the number of VMS-VTR matched trips by year are included in Table 3.

In the northeast U.S., at-sea fisheries observers are coordinated by the NEFSC’s Northeast Fisheries
Observer Program (NEFOP). Beginning in May, 2010 at-sea monitors (ASMs) were also deployed in
the groundfish fishery. While the data collected by ASMs could be included in this analysis for the years
2010 and 2011, to date it has not been. Future updates of this work will attempt to incorporate ASM
data. All NEFOP trips which could be matched to the list of VMS-VTR matched trips were extracted
from the observer database. Matches were established using the vessel, date of sailing and date landed as
reported on the VTR; trips with multiple matches were removed from the analyses. For all matched trips
the associated haul duration, statistical area fished, species and retained catch weights were also
extracted; retained catch weights were converted to live weight in kilograms (kg) using standard NEFSC
conversion factors. Summaries of the number of matches by year are included in Table 3.

Method development and application

Past research using northeast U.S. VMS data have differentiated fishing activity from non-fishing
activity by using only upper-speed bounds; < 3.5 knots for bottom trawl vessels (Murawski et al., 2005)
and < 5.0 knots for scallop dredge vessels (Rago and McSherry, 2001). To our knowledge no attempt
has been made to identify fishing activity from the VMS signals of fixed-gear vessels (i.e., sink gillnet,
benthic longline). We attempted to improve vessel-speed classifications and extend the application to
fixed-gear vessels through a combination of visual examination of the percent frequency distributions of
VMS-derived average speeds, knowledge of fishing operations and observations from high-frequency
polled GPS data.

Percent frequency distributions of VMS average vessel speed were plotted for all gear types (Fig. 4).
These were then compared to percent frequency distributions of activity-specific (fishing vs. non-
fishing) instantaneous vessel speeds from high-frequency polled GPS data (1 fix/10 seconds) collected
from vessels involved in NMFS Cooperative Research projects (Fig. 5). These data sets included precise
observations of the dates and times of fishing activity. Six trips taken by five separate vessels were
analyzed; two groundfish bottom trawl trips, two scallop dredge trips and two gillnet trips. Individual
vessel speed observations from all trips were combined by gear type and activity was classified as either
‘fishing’ or ‘other’. For mobile gear, ‘fishing” was defined as the period from winch brake lock to winch
brake release; presumably the period when the gear is actually in contact with the bottom. For fixed
gillnet gear, ‘fishing’ was defined as the period when gear is being hauled back. Unfortunately, high
frequency polling data were not available for benthic longline activity. It is assumed that fixed gears
such as sink gillnet and benthic longline gear are likely to be fished in very specific and limited
geographic areas on a given trip, thus it is unlikely fishing is occurring on multiple fish stocks on a
single trip. If this assumption is true, these analyses will not be as sensitive to misclassification of fixed
gear activity relative to mobile gear activity.

VMS-based bottom otter trawl activity exhibits a very pronounced bi-modal distribution of vessel
speeds. It was assumed that the first mode (2.8 knots) represented fishing activity and the second mode
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(8.0 knots) was indicative of steaming activity. Fishing activity falls within a very narrow range from
approximately 2.0 to 5.0 knots as evidenced by the distributions observed from the high-frequency GPS
data. A fishing speed window of 2.0 knots < fishing activity < 4.0 knots was used. This window fits the
high-frequency polled GPS well, correctly classifying 99.2% of fishing activity. However, it also
incorrectly categorizes 31.8% of non-fishing activity as fishing activity (Fig. 5). It is expected, that a
portion of the non-fishing activity falling inside the window of fishing speed represents activity
associated with the hauling and setting of the gear, which suggests that the impact of false-positives on
statistical area fished estimation may not be as great as the 31.8% figure implies.

The VMS-based average-vessel-speed distribution of scallop dredge activity has a nearly tri-modal
distribution (Fig. 4). Unlike bottom otter trawl speed distributions there is a high percentage of activity
close to 0.0 knots. This may be indicative of shucking activity when vessels are drifting and allowing the
crew to shuck scallops and clear the deck. The primary mode (4.2 knots) was assumed to represent
fishing activity and the 8.2 knot mode was assumed to represent steaming activity. Scallop dredge
fishing activity occurs over a broader range compared to trawl activity, falling between approximately 2
to 7 knots as evidenced by the distributions observed from the high-frequency GPS data (Fig. 5). A
fishing speed window of 2.5 knots < fishing activity < 6.0 knots was used. This window fit the high-
frequency polled GPS well, correctly classifying 98.3% of fishing activity; however, it incorrectly
categorized 69.3% of non-fishing activity.

Like scallop dredge activity, VMS-observed sink gillnet average speed distributions have a tri-modal
distribution (Fig. 4). Based on personal knowledge of gillnet operations, the first mode (0.6 knots) was
interpreted as representing the hauling of gillnet gear, the second mode (3.0 knots) as re-setting the nets
and the third mode (8.2 knots) as steaming activity. The majority of presumed hauling activity occurred
between the speeds of 0.1 and 1.3 knots. This window did not fit the high-frequency polled GPS well.
Only 50.0 % of the fishing activity was correctly identified. Conversely, this speed window incorrectly
classified only 25.3% of non-fishing activity. Given the limited scope of the high frequency polling data
(i.e., 2 trips taken by 1 vessel) and the likelihood that the geographic extent of fixed gear vessels is
somewhat limited, a decision was made to use the 0.1 and 1.3 knot speed window.

Benthic longline average speed distributions have a bimodal distribution (Fig. 4). The first mode (0.8
knots) was interpreted as representing the hauling and setting of the longline gear and the second mode
(10.0 knots) as steaming to and from the fishing grounds. For benthic longline gear the same speed used
for gillnet gear was used (0.1 < fishing activity < 1.3 knots).

Those VMS locations identified as representative of fishing activity were then used to determine the
statistical areas in which fishing occurred. Statistical areas fished were compared across data sources to
assess whether the statistical areas derived from VMS-defined fishing activity represented an
improvement over VTR reported statistical areas relative to NEFOP data. Trips were broken into two
categories: single area trips (fishing occurs in only one statistical area per trip) and multi-area trips
(fishing occurs in more than one statistical area per trip). Because all stock boundaries are divided along
statistical area boundaries, correct reporting of multi-area trips are of the greatest concern. These are the
trips having the potential to fish on multiple stocks of fish in a single trip and where misreporting of
statistical area(s) may lead to incorrect estimates of stock removals. For each trip, the levels of
agreement between the NEFOP, VMS and VTR statistical areas were categorized as in agreement
(‘Complete’), not in agreement (‘None’) or in partial agreement (‘Partial’; at least one statistical area
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was in agreement, but not all). Agreement levels were contingent on agreement among both the number
of statistical areas reported and the identity of those statistical areas. For example, if a VTR reports that
fishing occurred in statistical areas 515 and 521 and VMS positions indicate that fishing occurred in 515
and 521 then the trip would be considered to be in agreement (‘Complete’). If the VTR reported fishing
in 515, and the VMS data suggests fishing occurred in 515 and 521, then the trip would be considered to
be in partial agreement (‘Partial’). If the VTR reported fishing in 515, and the VMS data suggests
fishing occurred only in 521, then the trip would not be considered to be in agreement (‘None”’). The
same analysis was repeated on the larger set of VMS and VTR matched trips.

A VMS-based allocation algorithm was devised using the statistical areas fished from the VMS data to
re-allocate VTR-reported landings to stock area. Fishing activity was assigned to stock area based on the
species landed and statistical area in which the fishing activity was occurring. The time spent fishing in
each stock area was estimated as the sum of fishing activity blocks occurring in each stock area. The
duration of one activity block is contingent on the VMS polling frequency which is variable, but
generally once per 30 minutes for scallop vessels and once per hour for groundfish vessels. Total VTR
trip landings for each species (S) were allocated to stock area (K) based on the ratio of time spent fishing
in each stock area as determined from VMS locations (Equation 1).

L, Z((Z'si)”sk){(z—ttika

where:

A

L,, = VMS prorated trip landings for species s, stock k (kg)

Is = trip landings for species S in stock area, k, as derived from VTR reports (kg)

li = trip landings for species S in stock areas i, where | # K, as derived from VTR reports (kg)
ty = time spent fishing in stock area, Kk, as derived from VMS positional data (days)

t; = time spent fishing in stock area i, where i # k, as derived form VMS positional data (days)

The results of the VMS-based allocation were compared to landings allocation derived from both
NEFOP and VTR data sources to assess the relative accuracy of the VTR-based allocation and
determine if the VMS-based algorithm resulted in improved estimates of landings by stock area. VTR
and NEFOP species landings were prorated by assigning landings to stock area based on the reported
statistical area. All comparisons were performed through an examination of the percent allocation to
stock area as opposed to absolute landings because percent allocations derived from the traditional VTR
source are used to allocate the amounts of commercial landings as determined through dealer weighout
data (Wigley et al., 1998). The same analysis was performed on the larger VMS-VTR matched data set.

The VMS-based allocation method assumes a constant species catch-per-unit-effort (CPUE) at all
fishing locations (i.e., species catch is distributed only as a function of the time spent fishing in each
stock area). This assumption neglects species habitat preferences (e.g., sediment composition, water
depth and temperature, etc.) which would result in species being more likely to be caught in some
locales and not others. To assess the degree to which this assumption was violated, individual species
trip allocations from the VMS-method were compared to the same allocations as determined from
NEFOP observations using linear regression.
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Results

Method validation using NEFOP data

Statistical area agreement between NEFOP and VTR was > 94% for single area trips across all years
between 2004 and 2011, but less than 17% for multi-area trips (Table 4). Nearly all disagreements
among the ‘partial’ multi-area trips matches (> 98%) are due to under-reporting of statistical areas
(fewer statistical areas reported on the VTR compared to NEFOP); for example there were 105 trips in
2004, 337 in 2005, 166 in 2006, 247 in 2007 and 219 in 2008. There was a general trend towards
improved VTR reporting of multi-area trips between 2004 and 2006, though the level of accurate
reporting has remained constant at approximately 15% since 2007, with the exception of 8% accurate
reporting of multi-area trips in 2010. Given the small sample size, limited number of years of NEFOP
comparisons and potential for observer-type effects on VTR-reporting, caution should be taken in
inferring any meaningful conclusion based on these apparent trends.

The statistical area agreement between NEFOP and VMS-based statistical areas was lower (> 88.0%)
for single-area trips compared to the NEFOP-VTR comparisons (Table 5). The cause of disagreement
among single-area trips is primarily due to the overestimation of statistical areas fished by the VMS-
based method. The overestimation results from the VMS-based method misclassifying non-fishing
activity as fishing activity. Agreement among multi-area trips is greater (> 67%) when using the VMS-
method compared to the VTR-reported statistical area trips, with only a single trip in complete
disagreement across the time series (2009). Among statistical areas in partial agreement there was a
tendency for the VMS-method to overestimate the number of statistical areas fished (e.g., 59.5% of
partial matches in 2004, 53.3% in 2005, 50.8% in 2006, 57.3% in 2007, and 56.3% in 2008). The
performance of the VMS-based method in detecting statistical areas fished is not equivalent for all gear
types; a closer examination of the VMS-NEFOP statistical area comparison in 2005 showed that 80.3%
(535 of 666) of trawl trips, 65.4% (17 of 26) of dredge trips, 83.8% (88 of 105) of gillnet trips and
97.1% (101 of 104) of longline trips have agreement levels of ‘Complete’. This finding supports the
assumption that the misclassification of the location of fixed gear fishing activity is less likely compared
to mobile gear activity.

The VMS-based allocation method arrived at annual stock allocations closer to NEFOP allocations
relative to the VTR-based allocations for 85 of the 144 stock comparisons examined (eighteen stocks
over five years; Tables 6 — 13). There were no species allocations for which the VMS-based allocation
under-performed the VTR allocation in all eight years. There was a general improvement in the VMS-
based allocation between 2004 and 2006 with the number of species for which it under-performed the
VTR allocation decreasing from three in 2004 to only one in 2006. However, the VMS method did not
outperform the VTR method in 2007 and 2010, and only marginally better in 2008 and 2009. The two
methods were equal in 2011 in terms of number of stocks. Of all species, goosefish, silver hake and red
hake had the greatest percent difference relative to the NEFOP allocation. Comparisons of the individual
trip stock allocations between the VMS-based method and NEFOP allocation in 2005 showed strong
agreement between VMS and NEFOP stock allocations (r = 0.823, p < 0.001, n=514; Fig. 6), however
there was considerable spread in the residuals. There are large differences in the NEFOP landings
compared to VTR landings shown in Tables 6 — 13 for some species, most notably monkfish (e.g., in
2004 NEFOP estimated 380 mt compared to the VTR estimate of 71 mt). The exact reasons for these
discrepancies are unknown, however there is a tendency for self-reported hail weights to be biased low
(Palmer et al., 2007). Additionally, monkfish tails constitute a large proportion of monkfish landings and
these are often incorrectly reported on VTRs as whole monkfish (Palmer et al., 2007). A conversion
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factor of 3.32 is applied to monkfish tail landings to convert these to whole weights; incorrect reporting
of monkfish tails as whole monkfish will results in the underestimation of VTR monkfish landings by
approximately a factor of 3.

Extrapolation to larger VMS-VTR matched dataset

The NEFOP-VMS-VTR subset of data used to validate the VMS-based method is relatively small
compared to the total population of VTR-recorded trips (Table 3). The validation results suggest that for
some trips monitored through VMS, the VMS-based allocation method can be used to gauge the
accuracy of the stock allocations as determined through VTR reports. The VMS-VTR matched set is a
much larger dataset. The subset of VTR reports examined (eight species caught using the four gear
types) account for only approximately a quarter of the total VTR reports in a given year (Table 3),
however this dataset accounts for greater than 95% of the landings of all the study species across the
time series through 2008 (Table 14). Interestingly, beginning in 2009, the percentage of species landings
included in the VTR subset began to decline, most notably for haddock which declined precipitously to
only 56.9% of the total haddock landings by 2011. This decline is almost definitely due to increased use
of the haddock separator trawl and Ruhle trawl from 2009 through 2011. Future updates of this work
should include these gears types in the trawl category.

Similarly, VMS coverage is available for only 5,892 to 25,924 of the VTR trips in a given year (Table
3), but these trips typically account for a majority of the total landings of individual species (Table 14).
By 2006, VMS data were available for trips responsible for landing greater than 70% of all species but
goosefish; coverage of goosefish landings is low because there are no specific VMS requirements for the
goosefish fishery (Table 2). Since 2008 VMS data covered > 70% of all species landings with the
exception of monkfish, windowpane flounder and silver hake. The sole exception is the coverage of
haddock landings in 2011 which is likely explained by the exclusion of the haddock separator and Ruhle
trawl from this analysis. There has been a slight decline in the number of vessels covered by VMS since
2007 (Fig. 2). It is unclear whether this has contributed to the decrease in the percentage of landings
covered by VMS or is reflective of vessel matriculation from the fishery.

All demersal species examined in this analysis are primarily caught by the otter trawl fishery except
goosefish where gillnet gear is responsible for the majority of the landings. Gillnet is the secondary gear
type for all species with the exception of haddock and silver hake which are secondarily targeted by
benthic longline (Tables 15 -22). VMS coverage of the landings by most gear types is highly variable,
though generally increasing with time; there is a general pattern of low gillnet coverage of the landings
of most species during the time series.

Examination of the VTR statistical area reporting using VMS-based statistical areas fished showed
similar patterns to those observed in the NEFOP-VMS-VTR comparisons. Agreement levels of single-
area trips exceeded 92% in all years and always less than 8.6% for multi-area trips (Table 23). This level
of agreement is less than that observed in the NEFOP-VTR comparison. It is unclear whether these
lower rates of agreement in the single-area trips are due to the overestimation of the number of statistical
areas fished by the VMS method, an observer-effect, or some other factor. Closer examination of the
partial matches revealed that the number of vessels apparently under-reporting the number of statistical
areas fished was 397 in 2004, 477 in 2005 and 629 in 2006. Those vessels that likely frequently under-
report trips (> 5 trips in a year) are responsible for the majority of the potentially under-reported trips. In
2004 there were 179 vessels that appeared to frequently under-report accounting for 1,876 of 2,797 of
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partial agreement trips (67.1%). In 2005, there were 221 vessels in this category, accounting for 2,787 of
the 3,837 partial agreement trips (72.6%) and in 2006 there were 268 vessels which potentially under-
reported the number of areas fished, accounting for 3,815 of the 5,251 partial agreement trips (72.7%).
The number of vessels in this category increased in 2007 to 307 vessels accounting for 4,485 of the
5,489 partial agreement trips (81.7%) before falling in 2008 to 199 vessels accounting for 2,747 of 3,686
partial agreement trips (74.5%). Since 2008 the numbers have increased substantially. In 2009 there
were 629 vessels accounting for 5,221 of the 5,302 partial agreement trips (98.5%). The number of
vessels in 2010 and 2011 were in 2009, 581 and 548, respectively accounting 4626 of 4700 partial
agreement trips (98.4%) in 2010, and 4727 of 4831 partial agreement trips (97.8%) in 2011.

It is important to consider the implications of the matched trip set composition when interpreting the
performance of the VMS-based method. The performance relative to the VTR method is contingent on
the number of multi-area trips and the gear composition of the matched data set. For example; a higher
proportion of multi-area trips in the examined dataset would appear to improve the performance of the
method. The percentage of multi-stock trips recorded by VMS increased in 2005 followed by a decline
in 2006 to levels below 2004 values for all but windowpane, silver hake and red hake trips (Table 24).
The declines generally continued through 2009, but exhibited a slight increase for a few species in 2010
and 2011, likely as result of the change in management regimes from the days-at-sea system to a sector-
based system. Those trips fishing on multiple stocks are predominantly (> 99.0%) mobile-gear vessels
(Table 25), implying that fixed-gear fishing effort occurs primarily in localized geographic areas such
that landings from fixed-gear trips are unlikely to have come from multiple stocks. This supports the
prior assumption that the misinterpretation of the VMS speed signals from fixed-gear trips is unlikely to
result in the misallocation of landings.

The perceived under-reporting of statistical areas in the VTR data led to minor (< 5%) differences in the
overall species allocations; only six stocks in the eight year time-series exhibited differences in stock
allocations exceeding 4.0% (2006: northern and southern windowpane flounder, + 4.7%; 2010: Georges
Bank and southern New England winter flounder, & 4.1%; %; 2011: Georges Bank and southern New
England winter flounder, + 4.1%; Tables 26 — 33). However, these small differences in percent
allocation have a disproportionate effect on the less abundant stock such as such as Gulf of Maine
haddock, southern New England yellowtail, southern windowpane and northern silver hake. For these,
stocks, minor differences can be large (> 5.0%) relative to the percent of the total species landings
allocated to that stock (Tables 26 — 33). These impacts are most notable in the stock allocations of the
southern New England/mid-Atlantic yellowtail flounder. Stock allocation differences between the VTR
and VMS methods were < 1.6% for all years, however commercial landings of this stock were < 6.4% of
the total stock landings as estimated from the VTR reports resulting in relative differences of 53.8, 61.9
and 25.0% for the years 2004, 2005 and 2006 respectively. In 2007 and 2008 the relative differences
were < 2%. Of the 144 stock/year combinations analyzed the VMS-based method stock allocations had
> 5.0% relative difference compared to the VTR-based allocations for 36 of the comparisons.

There was a tendency for the VTR-method to over-allocate the Georges Bank Atlantic cod and haddock
stocks relative to the VMS method (2004 haddock was an exception). In the case of cod, while there is
evidence of directional bias, unlike haddock the differences have been small (< 2% from 2006-2011,
Table 34). There were no consistent trends in the over/under-allocation of Georges Bank yellowtail and
winter flounder stocks and under/over-allocate the Gulf of Maine and southern New England stocks.
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The direction of stock allocation differences for goosefish, windowpane flounder, silver hake and red
hake was variable from year to year.

Discussion

The underreporting of statistical areas on VTR logbooks is a problem that affects greater than 80% of
the multi-area trips examined. The VTR underreporting rates from this study agree closely with past
studies that have used both NEFOP and haul-by-haul self reported data (Palmer et al., 2007). While the
impacts of this underreporting are relatively small in regards to overall stock allocation percentages, the
relative impacts on less abundant stocks such as southern New England/mid-Atlantic yellowtail can be
substantial. This is in agreement with the findings of other studies that have examined this issue using
more restrictive data sets (A. Applegate and T. Nies pers. comm.). These discrepancies have
implications on the estimation of fishery removals and the assessment of these stocks. While the impacts
are minimal for the majority of stocks examined, the extent of the impacts on those few stocks that are
significantly affected (e.g., southern New England yellowtail flounder) suggests that this is a problem
deserving of attention.

Many of the stock assessments of these eight species use finer stratification of commercial landings
(e.g., quarter and market category) to estimate landings at age numbers used in virtual population
analysis (VPA), or similar assessment models (Mayo and Terceiro, 2005). This paper does not consider
the impacts of statistical area reporting patterns on these finer scale stratifications of commercial
landings, however the accuracy of finer-scale allocations would be sensitive to the number of multi-area
trips included in each strata. It is possible that the effects of statistical area mis-reporting on stock
allocations are reduced due to offsetting errors (i.e., a trip that misallocates 1,100 kg to the Georges
Bank cod stock would be largely offset by a trip that misallocates 1,200 kg to the Gulf of Maine cod
stock). However, the spatial accuracy of VTR reports is critical not only for the assessment of fish
species, but also of protected species such as sea turtles (e.g., Murray, 2004, 2005, 2006; Orphanides
and Bisak, 2006) and marine mammals (Belden et al., 2006). When these data are used at finer spatial
scales the accuracy of VTR reports becomes increasingly important.

It is important to consider that the results of these analyses apply only to the trips monitored by VMS;
however by 2006, trips responsible for the large majority of species landings examined were monitored
by VMS (Table 14). VMS coverage of some fisheries such as the Northeast multispecies complex is
nearing a census, with all vessels required to use a VMS unit when fishing on a Multispecies Days-At-
Sea (DAS) (NEFMC, 2010). The increased coverage improves the utility of VMS data as a validation
tool for managers and as a data set of spatial fishing patterns for analysts. The number of vessels
responsible for the landings of the eight species examined has remained constant at slightly less than
1,200 (Table 3), however the number of these vessels monitored by VMS has increased from 38.5%
(453 0f 1,176) in 2004 to 80.5% 679 of 843) by 2011. The increase in VMS usage appears to have
occurred primarily among the smaller-nearshore fleet in response to VMS requirements to participate in
the general category scallop fishery (NEFMC, 2005) and the NE multispecies fishery (NEFMC, 2006)
as indicated by the drop in percentage of multi-stock area trips recorded by VMS from 2004 to 2008
(Table 24). This decrease in the number of multiple stock area trips may explain the improved
performance of VTR-based allocations in the later part of the time series (2007-2011, Tables 9-13).
Increases in the number of multi-stock trips since 2010 are likely the result of the switch to sector
management which may afford vessels greater flexibility to move among areas. For all allocated
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groundfish species (cod, haddock, yellowtail flounder and winter flounder), there has been an increase in
the percentage of multi-stock trips since 2009.

The results are sensitive to the accuracy of average VMS vessel-speeds in differentiating fishing activity
from non-fishing activity as well as the validity of the VMS-based allocation. This study defines fishing
activity using narrower speed ranges than have been used in past studies which should lead to more
conservative estimates of fishing effort. The speed range used for the mobile gears agree closely with
the speeds obtained from high-frequency polling of vessels GPS units suggesting that these ranges are
reasonable. The speed ranges used for gillnet gear did not correspond all that well with the high
frequency GPS polling data; however, given the low percentage of fixed gear trips fishing on multiple
stock areas (Table 25), the lack of agreement should not negatively impact these analyses. Additionally,
this study relied on average vessel speeds not instantaneous vessel speeds, which are more analogous to
the speeds estimated from high-frequency GPS polling. The averaging process blurs activity from
observation to observation, potentially leading to an incorrect determination of fishing activity (Fig. 3;
Deng et al., 2005; Palmer, 2008). These impacts were not explicitly considered in this study and
represent an area of uncertainty.

The speed ranges adequately classify fishing activity (> 98% success for mobile gear, > 50% success for
gillnet gear), but tend to overestimate the amount of fishing by incorrectly classifying non-fishing effort
as fishing (69.3% misclassification of non-fishing scallop activity). The overestimation was apparent in
the comparisons of statistical areas fished between VMS and NEFOP data (Table 5). Future work should
focus on the use of more advanced statistical procedures such as mixture distribution models (e.g.,
Marin et al., 2005) to decompose the mixed distributions of vessels speed. The fine scale observations
taken from cooperative research vessels could be used identify likely parameterization of the underlying
probability density functions.

VMS data indicate where it is likely that fishing effort is occurring but provide no information on catch
composition. A critical assumption of the VMS-based allocation is that the proportion of species caught
across multiple stock areas on a fishing trip is only a function of the time spent fishing in each stock
area. In the Gulf of Mexico penaeid shrimp fishery, this assumption has generally held true (Cole et al.,
2006), however, it may not be appropriate in a multispecies groundfish fishery where the species habitat
preference is variable and the target species changes from trip to trip. While the relationship between
VMS and NEFOP allocations was significant suggesting that an assumption of constant CPUE is valid,
there was a considerable amount of variability (Fig. 6). However, the use of groundfish habitat models
(e.g., Rooper et al., 2005) could be used to improve the catch allocation used in this paper. The large
degree of variability in this relationship is not independent of overestimating the time spent in an area by
the VMS method; disproportionate overestimation of time spent fishing in a particular stock area will
have a direct affect on the VMS-based allocation.

The various uncertainties and shortcomings of the VMS allocation method point out that this is not a
replacement for a VTR-based allocation. Additionally, the low vessel coverage of historical VMS data
(Fig. 2) limits its use as a tool to correct historical misreporting. However, the results do show that VMS
data can be used as a tool to monitor the accuracy and completeness of VTRs and guide efforts to
improve VTR compliance. The number of vessels which are potentially under-reporting statistical areas
on a frequent basis is smaller (< 700 vessels) relative to the total number of vessels submitting VITRs (>
2,000; Table 3). Improvements are needed in the compliance of VTR reporting regulations, particularly
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among those vessels likely to be fishing on multiple fish stocks. Given the manageable size of the
problem and availability of tools to monitor these data, the quality of self-reported data should be
monitored and improved through targeted outreach and education activities.
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Tables

Table 1. Statistical areas used to define species stock units for eight species examined.

Species Stock area Statistical areas
. Georges Bank 521, 522, 525, 526, 533, 534, 537 - 539, 541 - 543,
Atlantic cod (GBK) 551,552,561, 562, 611 - 616, 621 - 629, 631 - 639
(Gadus morhua) Gulf of Mai
ull o ame
(GOM) 464, 465,467,511 - 515
Georges Bank 521, 522, 525, 526, 533, 534, 537 - 539, 541 - 543,
Haddock (GBK) 551, 552,561,562, 611 - 616, 621 - 629, 631 - 639
(Melanogrammus aeglefinus) Gulf of Maine
(GOM) 464, 465,467,511 - 515
Georges Bank
(GBK) 522,525,551, 552,561, 562
Yellowtail flounder
. . Cape Cod/Gulf of
(Limanda ferruginea) Maine (GOM) 464, 465,467,511, 512,513, 514, 515, 521
Southern New England/ 526, 533, 534, 537 - 539, 541 - 543, 611 - 616, 621 -
Mid-Atlantic (SNE) 629, 631 - 639
Georges Bank
(GBK) 522,525,551, 552, 561, 562
Winter flounder Gulf of Maine
(Pseudopleuronectes americanus) (GOM) 464,465,467, 511, 512, 513, 514, 515
Southern New England/ 521, 526, 533, 534, 537 - 539, 541 - 543, 611 - 616,
Mid-Atlantic (SNE) 621 - 629, 631 - 639
. North 464, 465,467,511 - 515,521, 522, 525, 542, 543,
Wmdowpane flounder (NOR) 5517 552, 561, 562
(Scophthalmus aquosus)
South 526, 533, 534, 537 - 539, 541, 611 - 616, 621 - 629,
(SOU) 631 - 639
North 464, 465,467,511 - 515, 521, 522, 551, 561
Goosefish (NOR) ’ ’ ’ ’ ’ ’ ’
(Lophius americanus) South 525,526, 533, 534, 537 - 539, 541 - 543, 552, 562,
(SOU) 611 - 616, 621 - 629, 631 - 639
North
464, 465,467,511 - 515, 521, 522, 551, 561
Silver hake (NOR)
(Merluccius bilinearis) South 525,526, 533, 534, 537 - 539, 541 - 543, 552, 562,
(SOU) 611 - 616, 621 - 629, 631 - 639
Red hake (ﬁ%”é‘) 464,465, 467, 511 - 515, 521, 522, 551, 561
(Urophycis chuss)
South 525, 526, 533, 534, 537 - 539, 541 - 543, 552, 562,
(SOU) 611 - 616, 621 - 629, 631 - 639
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Table 2. Fishery management plan (FMP) actions passed by the Northeast Fisheries Management
Council (NEFMC) and Mid-Atlantic Fisheries Management Council (MAFMC) affecting the use of
Vessel Monitoring System (VMS) in the northeast United States through December 31, 2006. Note: if a
vessel is subject to VMS regulations from multiple programs, the most restrictive regulation applies.

Date effective

Fishery

Measure

Description

Reference

May 1998

May 1999

May 2001

May 2004

November 2004

November 2004

October 2005

November 2006

May 2010

Atlantic scallop

Atlantic herring

Atlantic scallop

Northeast
multispecies

Atlantic scallop

Northeast
multispecies

Atlantic scallop

Northeast
multispecies

Northeast
multispecies

Amendment 4

Original FMP

Framework Adjustment 14

Amendment 13

Framework Adjustment 16

Framework Adjustment 40A

Framework Adjustment 17

Framework Adjustment 42

Amendment 16

Required VMS for all limited access
full- and part-time vessels (hourly
polling). *Note: Amendment 4 effective
March 1994, but VMS implementation
delayed by NMFS until May 1998.

Required VMS for all category 1 vessels
(hourly polling).

Required VMS for all limited access
occasional-category vessels when
participating in area access programs
(half-hourly polling).

Required VMS for all vessels accessing
the US/Canada shared resource area
(half-hour polling within US/Canada
area, hourly polling outside).

Required VMS for all general category
vessels participating in area access
programs (half-hour polling).

Required VMS for all vessels
participating in special access programs
(SAP) and when fishing under the
Regular B Days-at-Sea (DAS) Program
(hourly polling).

Required VMS for all general category
vessels landing > 40 1b scallop meats
(half-hour polling).

Required VMS for all limited access NE
multispecies DAS vessels using
multispecies DAS (hourly polling).

Required VMS for all limited access NE
multispecies DAS vessels using
multispecies DAS or on a sector trip
(hourly polling).

NEFMC 1993

NEFMC 1999

NEFMC 2001

NEFMC 2003

NEFMC 2004a

NEFMC 2004b

NEFMC 2005

NEFMC 2006

NEFMC 2010
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Table 3. Summary of the Vessel Trip Report (VTR), Vessel Monitoring System (VMS), and Northeast
Fisheries Observer Program (NEFOP) 2004 to 2011 data sets, by number of trips and number of vessels.

Year Category Number of trips Number of Vessels
VTR dataset 114,491 2,629
2004 VTR subset 32,272 1,176
VMS-VTR matched set 5,892 453
NEFOP-VMS-VTR matched set 249 150
VTR dataset 121,442 2,599
2005 VTR subset 33,090 1,161
VMS-VTR matched set 9,909 622
NEFOP-VMS-VTR matched set 901 252
VTR dataset 118,548 2,497
2006 VTR subset 32,431 1,155
VMS-VTR matched set 19,165 886
NEFOP-VMS-VTR matched set 514 255
VTR dataset 112,902 2,404
2007 VTR subset 33,288 1,102
VMS-VTR matched set 25,924 957
NEFOP-VMS-VTR matched set 771 328
VTR dataset 105,352 2,271
2008 VTR subset 33,645 1,064
VMS-VTR matched set 20,825 845
NEFOP-VMS-VTR matched set 655 316
VTR dataset 105,387 2,154
2009 VTR subset 31,525 983
VMS-VTR matched set 25,128 826
NEFOP-VMS-VTR matched set 1,006 392
VTR dataset 103,425 2,171
2010 VTR subset 24,341 919
VMS-VTR matched set 19,523 759
NEFOP-VMS-VTR matched set 727 334
VTR dataset 97,853 2,012
2011 VTR subset 23,054 843
VMS-VTR matched set 18,347 679

NEFOP-VMS-VTR matched set 901 306






Table 4. Summary of the agreement levels between statistical areas fished recorded by the Northeast
Fisheries Observer Program (NEFOP) and the statistical areas fished reported on Vessel Trip Reports
(VTR) from matched fishing trips from 2004 to 2011. Trip subcategories are based on the NEFOP-
reported number of statistical areas fished. *Note: percentages may not sum to 100 due to rounding.

Percent of total

Year Trip category Number of trips Agreement level Number of trips category trips (%)
Complete 129 95.6
Single area 135 None 6 4.4
Partial 0 0.0
2004
Complete 6 5.3
Multi-area 114 None 2 1.8
Partial 106 93.0
Complete 462 94.3
Single area 490 None 27 5.5
Partial 1 0.2
2005
Complete 57 13.9
Multi-area 411 None 13 32
Partial 341 83.0
Complete 293 96.1
Single area 305 None 10 33
Partial 2 0.7
2006
Complete 35 16.7
Multi-area 209 None 6 29
Partial 168 80.4
Complete 442 94.6
Single area 469 None 27 5.4
Partial 0 0.0
2007
Complete 46 15.2
Multi-area 302 None 9 3.0
Partial 247 81.8
Complete 367 95.3
Single area 385 None 17 4.4
Partial 1 0.3
2008
Complete 42 15.5
Multi-area 270 None 5 1.9
Partial 223 82.6
Ld
Complete 650 96.9
Single area 671 None 21 3.1
Partial 0 0.0
2009 =
Complete 52 15.5
Multi-area 335 None 15 4.5
Partial 268 80.0
Ld
Complete 468 95.3
Single area 491 None 19 3.9
Partial 4 0.8
2010 =
Complete 19 8.1
Multi-area 236 None 12 5.1
Partial 205 86.9
Ld
Complete 605 95.3
Single area 635 None 26 4.1
Partial 4 0.6
2011
Complete 40 15.0
Multi-area 266 None 12 45
Partial 214 80.5
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Table 5. Summary of the agreement levels between statistical areas fished recorded by the Northeast
Fisheries Observer Program (NEFOP) and the statistical areas fished as determined using Vessel
Monitoring System (VMS) positional data from matched fishing trips from 2004 to 2011. Trip
subcategories are based on the NEFOP-reported number of statistical areas fished. *Note: percentages
may not sum to 100 due to rounding.

Percent of total

Year Area category ~ Number of trips  Agreement level Number of trips category trips (%)
Complete 123 91.1
Single area 135 None 0 0.0
Partial 12 8.9
2004
Complete 77 67.5
Multi-area 114 None 0 0.0
Partial 37 32.5
Complete 431 88.0
Single area 490 None 1 0.2
Partial 58 11.8
2005
Complete 306 74.5
Multi-area 411 None 0 0.0
Partial 105 255
Complete 274 89.5
Single area 306 None 0 0.0
Partial 32 10.5
2006
Complete 149 71.6
Multi-area 208 None 0 0.0
Partial 59 28.4
Complete 437 932
Single area 469 None 0 0.0
Partial 32 6.8
2007
Complete 227 75.2
Multi-area 302 None 0 0.0
Partial 75 24.8
Complete 350 90.9
Single area 385 None 2 0.5
Partial 33 8.5
2008
Complete 190 70.4
Multi-area 270 None 0 0.0
Partial 80 29.6
I Complete 617 92.0
Single area 671 None 3 0.4
Partial 51 7.6
2009
I Complete 225 67.2
Multi-area 335 None 1 0.3
Partial 109 32.5
I Complete 445 90.6
Single area 491 None 2 0.4
Partial 44 9.0
2010
r Complete 148 62.7
Multi-area 236 None 0 0.0
Partial 88 373
r Complete 579 91.2
Single area 635 None 1 0.2
Partial 55 8.7
2011
Complete 184 69.2
Multi-area 266 None 0 0.0
Partial 82 30.8
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Table 6. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring
System (VMS) stock allocations of 2004 commercial landings based on 249 matched trips. Bold text is used to indicate which method,
VTR or VMS, achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern
New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total Total
Observer VTR NEF.OP VT.R VN.IS NEFOP VTR stock VTR VMS VMS
. . . Stock landings landings landings stock . . stock .
Species species species R A R . allocation difference . difference
. . area allocation allocation allocation allocation o allocation
landings landings (kg) (kg) (kg) (%) (%) (%) (%) (%)
0 0
(kg) (kg)
Atlantic cod 13473 121281 GBK 121,143 110,140 109,975 89.9 90.8 0.9 90.7 0.8
(Gadus morhua) ’ ’ GOM 13,588 11,141 11,306 101 92 0.9 93 0.8
Haddock g 5 GBK 499,955 493,985 494,177 98.5 98.5 0.1 98.6 -0.1
. 507,806 501,287
(Melanogrammus aeglefinus) GOM 7,851 7,302 7,110 15 15 01 14 01
GBK 247,173 271,682 274,809 977 9.5 13 97.6 02
(Ef;g;]zf}tg‘;‘g:gg;) 252,865 281,582  GOM 5,582 9,900 6,684 22 35 13 24 02
SNE 109 88 0.0 0.0 0.0 0.0 0.0
GBK 152,184 168,733 184,100 891 2.7 6.4 903 12
Winter flounder
(Pseudopleuronectes americanus) 170,741 203,914 GoM 5,362 4,452 4721 3.1 22 1.0 23 0.8
SNE 13,194 30,729 15,087 77 15.1 73 7.4 03
Windowpane flounder 153 66 NOR 144 66 42 94.4 100.0 5.6 64.3 30.0
(Scophthalmus aquosus) SOU 9 0 23 56 0.0 5.6 35.7 300
Goosefish 380,531 71311 NOR 335,799 54,720 55,942 88.2 76.7 11.5 78.4 9.8
(Lophius americanus) ’ ’ sou 44,732 16,591 15,369 11.8 233 115 116 98
Silver hake 24.840 23280 NOR 4,614 3,685 5,031 18.6 15.8 2.7 21.6 3.0
(Merluccius bilnearis) ’ ” SOU 20,226 19,595 18,250 81.4 84.2 27 78.4 30
Red hake 5869 5655 NOR 1,252 797 850 43.6 30.0 13.6 32.0 11.6
(Urophycis chuss) ’ ’ sou 1,617 1,858 1,805 56.4 70.0 -13.6 68.0 -11.6
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Table 7. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring
System (VMS) stock allocations of 2005 commercial landings based on 901 matched trips. Bold text is used to indicate which method,
VTR or VMS, achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern
New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total Total
Observer VTR NEF.OP VT.R VN.IS NEFOP VTR stock VTR VMS VMS
. . . Stock landings landings landings stock . - stock .
Species species species area allocation allocation allocation allocation allocation difference allocation difference
landings landings (kg) (kg) (kg) (%) (%) (%) (%) (%)
(kg) (kg) £ & & i °
Atlantic cod 653.066  593.995 GBK 599,457 545,989 541,523 91.8 91.9 -0.1 912 0.6
(Gadus morhua) ' ’ GOM 53,609 48,006 52,472 82 8.1 0.1 3.8 06
Haddock 1.456.503 1.481.980 GBK 1,431,364 1,440,899 1,433,354 98.3 97.2 1.0 96.7 1.6
(Melanogrammus aeglefinus) T Y GOM 25,139 41,090 48,635 17 28 1.0 313 16
GBK 758,539 773,181 791,561 97.1 94.6 2.5 96.9 0.3
Yellowtail flounder
(Limanda ferruginea) 780,959 817,279  GOM 21,652 23,010 24,687 28 28 0.0 3.0 02
SNE 768 21,088 1,030 0.1 26 25 0.1 0.0
GBK 463,772 520,883 534,598 84.5 81.3 32 83.4 1.1
Winter flounder
(Pseudopleuronectes americanus) 548,666 640,737 GOM 9,403 26,073 8,308 1.7 4.1 24 13 0.4
SNE 75,491 93,781 97,831 13.8 14.6 -0.9 15.3 15
Windowpane flounder 16.477 13.851 NOR 16,460 13,398 13,780 99.9 96.7 32 99.5 0.4
(Scophthalmus aquosus) SOU 16 454 7 0.1 33 30 0.5 04
Goosefish 1277812 268,890 NOR 898,895 166,563 172,457 70.3 61.9 8.4 64.1 6.2
(Lophius americanus) o ' SOU 378,917 102,327 96.433 29.7 381 84 5.9 62
Silver hake 75370 1275 NOR 23,266 26,305 26,140 30.9 36.2 5.3 35.9 5.1
(Merluccius bilnearis) ’ ’ SOU 52,104 46,447 46,612 69.1 63.8 53 64.1 5.1
Red hake 4165 3877 NOR 3,139 2,592 2,769 75.4 66.9 8.5 71.4 3.9
(Urophycs chuss) ’ ’ sou 1,025 1,285 1,107 24.6 33.1 8.5 28.6 3.9
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Table 8. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring
System (VMS) stock allocations of 2006 commercial landings based on 514 matched trips. Bold text is used to indicate which method,
VTR or VMS, achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern
New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total Total
Observer VTR NEF.OP VTR VN.IS NEFOP VTR stock VTR VMS VMS
. . . Stock landings landings landings stock . . stock .
Species species species area allocation allocation allocation allocation allocation difference allocation difference
landings  landings (kg) (kg) (kg) (%) (%) (%) (%) (%)
(kg) (kg) & & & ° °

Atlantic cod 534013 207,562 GBK 201,266 176,561 177,335 86.0 85.1 0.9 85.4 0.6
(Gadus morhua) ’ ’ GOM 32,747 31,001 30,227 14.0 14.9 09 14.6 0.6
GBK 304,139 268,746 275,605 97.4 93.7 3.8 96.0 1.4

(Melanogrlgfndn?t(jgl;egIefinus) 312,195 286,961
GOM 8,056 18,215 11,356 26 6.3 38 4.0 -1.4
GBK 256,683 277,142 275,958 94.9 96.2 13 95.8 -0.9

Yellowtail flounder
(Limanda ferruginea) 270,492 288,175 GOM 12,548 10,029 10,530 4.6 35 12 3.7 1.0
SNE 1,261 1,004 1,686 05 03 0.1 0.6 0.1
GBK 165,082 168,158 171,834 85.3 83.2 2.1 85.0 03
Winter flounder

(Pseudopleuronectes americanus) 193,511 202,203 GOM 3,109 2,827 2,834 1.6 1.4 0.2 1.4 0.2
SNE 25,321 31,219 27,535 13.1 15.4 2.4 13.6 -0.5
Windowpane flounder 11.167 $308 NOR 10,964 7,745 8,026 98.2 93.2 5.0 96.6 1.6
(Scophthalmus aquosus) ’ ? SOU 204 563 282 18 6.8 5.0 34 16
NOR 450,096 105,992 110,857 64.5 703 5.7 73.5 8.9

(Lophicfj(s)(;;rit;:ihcanus) 697,289 150,874
SOU 247,193 44,883 40,017 355 29.7 57 26.5 8.9
Silver hake 67997 57.500 NOR 30,157 23,221 23,584 44.4 40.4 4.0 41.0 3.3
(Merluccius bilnearis) ’ > SoOuU 37,840 34,278 33,916 55.6 50.6 40 59.0 33
Red hake 5318 4354 NOR 3,888 2,908 3,328 73.1 66.8 6.3 76.4 3.3
(Urophycis chuss) ’ ’ SOu 1,431 1,447 1,027 26.9 33.2 -6.3 23.6 33
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Table 9. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring System
(VMS) stock allocations of 2007 commercial landings based on 771 matched trips. Bold text is used to indicate which method, VTR or VMS,
achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern New England/mid-

Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total

Observer Total VTR NEF_OP VT:R VMS NEFO P VTR stock VTR VMS stock VMS
. . species landings landings landings stock . . . .
Species species . Stock area . . . . allocation difference  allocation difference
landings landings allocation allocation allocation allocation (%) (%) (%) (%)
(kg) (kg) (kg) (kg) (%)
(kg)
Atlantic cod GBK 406,039 389,822 383,746 88.5 88.8 -0.2 87.4 1.1
(Gadus morhua) 458,590 439,098 GOM 52,552 49,276 55,352 11.5 11.2 0.2 12.6 -1.1
Haddock GBK 420,707 427,180 423,005 96.7 95.9 0.8 95.0 1.7
(Melanogrammus

aeglefinus) 434,982 445,240 GOM 14,275 18,060 22,235 3.3 4.1 -0.8 5.0 -1.7
Yellowtail flounder GBK 177,581 189,671 191,276 89.1 89.4 -0.3 90.1 -1.0
(Limanda ferruginea) GOM 17,868 19,131 17,445 9.0 9.0 0.0 8.2 0.7
199,270 212,210 SNE 3,821 3,408 3,489 1.9 1.6 0.3 1.6 0.3
Winter flounder GBK 153,281 170,371 161,318 72.7 69.1 3.7 65.4 7.3

(Pseudopleuronectes
americanus) GOM 5,526 5,257 8,429 2.6 2.1 0.5 3.4 -0.8
210,757 246,681 SNE 51,951 71,053 76,934 24.6 28.8 -4.2 31.2 -6.5
Windowpane flounder NOR 13,637 10,286 10,329 94.5 93.7 0.8 94.1 0.4
(Scophthalmus aquosus) 14,428 10,979 SOuU 792 693 650 5.5 6.3 -0.8 5.9 -0.4
Goosefish NOR 327,731 69,999 70,227 70.4 70.1 0.3 70.3 0.1
(Lophius americanus) 465,492 99,856 SOU 137,761 29,857 29,629 29.6 29.9 -0.3 29.7 -0.1
Silver hake NOR 26,292 37,105 34,143 35.5 37.1 -1.6 34.1 1.4
(Merluccius bilnearis) 74,105 100,047 SOU 47,813 62,942 65,905 64.5 62.9 1.6 65.9 -1.4
Red hake NOR 8,698 7,163 7,051 63.0 51.0 12.1 50.2 12.9
(Urophycis chuss) 13,803 14,055 SOU 5,105 6,892 7,005 37.0 49.0 -12.1 49.8 -12.9
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Table 10. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring System
(VMS) stock allocations of 2008 commercial landings based on 655 matched trips. Bold text is used to indicate which method, VTR or VMS,
achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern New England/mid-
Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total
ommener 1o VIR O S VEOP vmwe VIR v WS
Species species pect Stock area ng ng ng N allocation difference  allocation difference
landings landings allocation allocation allocation allocation (%) (%) (%) (%)
(Y ()
(kg) (kg) (kg) (kg) (%)
(kg)
Atlantic cod GBK 351,095 315,830 311,392 87.5 88.3 -0.8 87.1 0.4
(Gadus morhua) 401,344 357,702 GOM 50,249 41,872 46,310 12.5 11.7 0.8 12.9 -0.4
Haddock GBK 743,721 725,050 719,921 98.8 98.3 0.5 97.6 1.2
(Melanogrammus aeglefinus) 752,855 737,893 GOM 9,134 12,843 17,971 1.2 1.7 -0.5 2.4 -1.2
Yellowtail flounder GBK 197,165 218,113 215,660 93.1 93.9 -0.9 92.9 0.2
(Limanda ferruginea) GOM 12,527 11,436 12,813 5.9 4.9 1.0 5.5 0.4
211,839 232,198 SNE 2,147 2,649 3,725 1.0 1.1 -0.1 1.6 -0.6
Wi inter flounder GBK 229,437 273,771 256,775 84.6 84.0 0.6 78.8 5.8
(Pseudopleuronectes
americanus) GOM 7,419 5,975 8,527 2.7 1.8 0.9 2.6 0.1
271,056 325,728 SNE 34,201 45,982 60,426 12.6 14.1 -1.5 18.6 -5.9
Windowpane flounder NOR 7,265 7,096 6,942 88.7 86.9 1.8 85.0 3.7
(Scophthalmus aquosus) 8,190 8,169 SOouU 926 1072 1226 11.3 13.1 -1.8 15.0 -3.7
Goosefish NOR 180,968 32,766 35,171 53.5 51.5 2.0 55.3 -1.8
(Lophius americanus) 338,356 63,624 SOouU 157,388 30,857 28,453 46.5 48.5 -2.0 44.7 1.8
Silver hake NOR 9,805 13,200 13,130 21.2 27.3 -6.0 27.1 -5.9
(Merluccius bilnearis) 46,151 48,412 SOouU 36,346 35,212 35,282 78.8 72.7 6.0 72.9 5.9
Red hake NOR 11,410 7,531 7,536 76.8 68.0 8.7 68.1 8.7
(Urophycis chuss) 14,864 11,068 SOuU 3,454 3,538 3,532 23.2 32.0 -8.7 31.9 -8.7
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Table 11. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring System
(VMS) stock allocations of 2009 commercial landings based on 1,006 matched trips. Bold text is used to indicate which method, VTR or
VMS, achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern New
England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total
Observer Total VTR lff(f‘?ll)s la:;,Rn s la:gi[: s l?ffg(l) V1R stock VTR VMS stock VMS
Species species spec'les Stock area ! 'g ! 'g ! ‘g . allocation  difference  allocation difference
landings landings allocation allocation allocation allocation (%) (%) (%) (%)
0, 0
(kg) (kg) (kg) (kg) (%)
(kg)
Atlantic cod GBK 336,421 346,404 345,761 70.4 73.6 -3.2 73.5 -3.1
477,580 470,386 - r r
(Gadus morhua) GOM 141,159 123,983 125,335 29.6 26.4 3.2 26.6 2.9
L
Haddock GBK 770,053 841,010 838,998 97.0 97.2 -0.2 97.0 0.0
- 793,867 865,024 - r r
(Melanogrammus aeglefinus) GOM 23,814 24,014 26,071 3.0 2.8 0.2 3.0 0.0
L
Yellowtail flounder GBK 169,600 178,475 178,403 89.5 88.7 0.8 88.7 0.8
(Limanda ferruginea) 189,484 201,137 GoM 16,480 17,261 18,584 8.7 8.6 0.1 9.2 -0.5
SNE 3,404 5,401 4,177 1.8 2.7 -0.9 2.1 -0.3
L4
Winter flounder GBK 254,628 272,175 289,696 94.8 88.7 6.1 94.5 0.4
(Pseudopleuronectes
. 268,576 306,702
americanus) GOM 10,297 10,687 10,816 3.8 3.5 0.3 3.5 0.3
SNE 3,651 23,840 7,974 1.4 7.8 -6.4 2.6 -1.2
F
Windowpane flounder NOR 2,205 2,827 2,824 68.5 71.0 -2.5 70.9 -2.4
3,218 3,982 - r r
(Scophthalmus aquosus) SOU 1013 1154 1157 31.5 29.0 2.5 29.1 2.4
F
Goosefish NOR 233,820 40,655 40,010 68.7 52.4 16.4 51.5 17.2
- - 340,239 77,648 - r r
(Lophius americanus) SOU 106,419 36,993 37,583 31.3 47.6 -16.4 48.4 -17.1
F
Silver hake NOR 43,000 84,301 83,801 20.8 26.7 -5.9 26.6 -5.7
: - : 206,506 315,393 - - -
(Merluccius bilnearis) SOU 163,506 231,092 231,592 79.2 73.3 5.9 73.4 5.7
Red hake i NOR 9,550 10,600 10,542 44.2 41.4 2.7 41.2 3.0
- 21,629 25,593
(Urophycis chuss) SOU 12,079 14,993 15,051 55.8 58.6 -2.7 58.8 -3.0
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Table 12. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring System
(VMS) stock allocations of 2010 commercial landings based on 727 matched trips. Bold text is used to indicate which method, VTR or VMS,
achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern New England/mid-
Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total
omener T MO v VIR s W
Species species P ! Stock area ! 'g ! 'g ! ‘g . allocation  difference  allocation difference
landings landings allocation  allocation  allocation allocation (%) (%) (%) (%)
(kg) (kg) (kg) (kg) (kg) (%)
Atlantic cod GBK 143,671 140,947 139,454 50.5 54.2 -3.7 53.6 -3.1
L L L
(Gadus morhua) 284,645 260,226 GOM 140,974 119,280 120,766 49.5 45.8 3.7 46.4 3.1
L
Haddock GBK 612,033 620,650 604,853 98.3 98.4 -0.1 95.9 2.4
. L L L
(Melanogrammus aeglefinus) 622,662 630,758 GOM 10,629 10,107 25,904 1.7 1.6 0.1 4.1 -2.4
L
Yellowtail flounder GBK 64,490 67,521 66,250 84.6 85.9 -1.3 84.3 0.3
(Limanda ferruginea) GOM 9,862 9,422 9,828 12.9 12.0 1.0 12.5 0.4
76,204 78,583 SNE 1,852 1,639 2,499 2.4 2.1 0.3 3.2 -0.7
L
Winter flounder GBK 73,330 86,314 80,868 94.1 95.1 -1.1 89.1 4.9
(Pseudopleuronectes
americanus) GOM 4,229 4,228 4,500 5.4 4.7 0.8 5.0 0.5
77,951 90,730 SNE 392 188 5,361 0.5 0.2 0.3 5.9 -5.4
Windowpane flounder [ NOR 4 0 0 4.8 0.0 4.8 0.0 4.8
r r r
(Scophthalmus aquosus) 76 118 SOU 73 118 118 95.2 100.0 -4.8 100.0 -4.8
F
Goosefish NOR 182,516 26,102 24,233 73.7 47.6 26.0 44.2 29.4
. . r r r
(Lophius americanus) 247,706 54,784 SOU 65,190 28,682 30,551 26.3 52.4 -26.0 55.8 -29.4
F
Silver hake NOR 81,561 56,569 60,826 25.6 18.8 6.7 20.3 5.3
. . . r r r
(Merluccius bilnearis) 319,059 300,199 SOU 237,499 243,629 239,418 74.4 81.2 -6.7 79.8 -5.3
F
Red hake NOR 7,854 7,278 7,264 46.7 26.3 204 26.2 20.5
(Urophycis chuss) 16,816 27,715 SOU 8,961 20,437 20,451 533 73.7 -20.4 73.8 -20.5
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Table 13. Comparison of the Northeast Fisheries Observer Program (NEFOP), Vessel Trip Reports (VTR), and Vessel Monitoring System

(VMS) stock allocations of 2011 commercial landings based on 901 matched trips. Bold text is used to indicate which method, VTR or VMS,

achieve results closest to NEFOP allocations. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK), southern New England/mid-

Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to rounding.

Total
o S M v VIE s
Species species P ! Stock area ! 'g ! 'g ! ‘g . allocation  difference  allocation difference
landings landings allocation  allocation  allocation allocation (%) (%) (%) (%)
(kg) (kg) (kg) (kg) (kg) (Vo)
Atlantic cod GBK 106,932 107,776 119,092 27.1 29.1 -1.9 32.1 -5.0
L L L
(Gadus morhua) 394,128 370,635 GOM 287,196 262,859 251,588 72.9 70.9 1.9 67.9 5.0
L
Haddock GBK 176,998 210,062 205,862 85.3 87.6 -2.3 85.9 -0.6
. L L L
(Melanogrammus aeglefinus) 207,598 239,773 GOM 30,601 29,712 33,911 14.7 12.4 2.3 14.1 0.6
L
Yellowtail flounder GBK 64,746 76,096 68,656 59.4 63.0 -3.6 56.9 2.5
(Limanda ferruginea) GOM 38,569 39,085 42,800 35.4 324 3.0 35.5 -0.1
108,937 120,694 SNE 5,623 5,513 9,238 5.2 4.6 0.6 7.7 -2.5
L
Winter flounder GBK 84,797 100,683 96,331 90.2 90.5 -0.3 86.6 3.6
(Pseudopleuronectes
americanus) GOM 8,998 10,370 10,228 9.6 9.3 0.3 9.2 0.4
94,025 111,265 SNE 229 213 4,706 0.2 0.2 0.1 4.2 -4.0
Windowpane flounder i NOR 2 0 0 100.0
(Scophthalmus aquosus) 2 0 SOouU 0 0 0 g 0.0
F
Goosefish NOR 166,622 25,309 26,989 56.0 34.4 21.6 36.7 19.3
. . r r r
(Lophius americanus) 297,315 73,541 SOU 130,693 48,232 47,001 44.0 65.6 -21.6 63.9 -20.0
F
Silver hake NOR 44,687 72,689 64,031 17.1 21.2 -4.1 18.7 -1.6
. . . r r r
(Merluccius bilnearis) 261,664 342,592 SOU 216,977 269,903 278,562 82.9 78.8 4.1 81.3 1.6
F
Red hake NOR 6,095 6,124 5,754 42.9 29.9 13.0 28.1 14.8
(Urophycis chuss) 14,191 20,471 SOU 8,096 14,347 14,716 57.1 70.1 -13.0 71.9 -14.8
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Table 14. Species-level summary of the Vessel Monitoring System (VMS) dataset and Vessel
Trip Reports (VTR) subset compared to total VTR landings (kg) from 2004 to 2011.

Total VIR VIR subset Percent of VMS Percent of

Year Species landings total matched total
(kg) (kg) (%) set (kg) (%)
Atlantic cod (Gadus morhua) 5,611,244 5,432,809 96.8 1,874,015 33.4
Haddock (Melanogrammus aeglefinus) 6,919,871 6,837,521 98.8 5,096,088 73.6
Yellowtail flounder (Limanda ferruginea) 6,954,627 6,899,760 99.2 5,378,986 77.3
2004 Winter flounder (Pseudopleuronectes americanus) 4,515,996 4,483,488 99.3 3,127,780 69.3
Windowpane flounder (Scophthalmus aquosus) 92,640 91,522 98.8 18,217 19.7
Goosefish (Lophius americanus) 7,561,854 7,440,979 98.4  1332,178 17.6
Silver hake (Merluccius bilinearis) 7454395 7,392,633 99.2 2,071,931 27.8
Red hake (Urophycis chuss) 875,228 863,357 98.6 236,830 27.1
Atlantic cod (Gadus morhua) 5,072,510 4,983,113 98.2 2,754,687 543
Haddock (Melanogrammus aeglefinus) 6,198,222 6,155,937 99.3 5,700,737 92.0
Yellowtail flounder (Limanda ferruginea) 3,925,078 3,922,078 99.9 3,475,993 88.6
2005 Winter flounder (Pseudopleuronectes americanus) 3,473,132 3,457,729 99.6 2,800,639 80.6
‘Windowpane flounder (Scophthalmus aquosus) 81,693 81,532 99.8 45,771 56.0
Goosefish (Lophius americanus) 7,377,131 7,259,875 98.4 2,129,989 28.9
Silver hake (Merluccius bilinearis) 7,526,280 7,522,877 100.0 3,531,069 46.9
Red hake (Urophycis chuss) 549,641 547,200 99.6 154,666 28.1
Atlantic cod (Gadus morhua) 4,623,801 4,546,055 98.3 3,428,790 74.2
Haddock (Melanogrammus aeglefinus) 2,810,657 2,713,290 96.5 2,513,767 89.4
Yellowtail flounder (Limanda ferruginea) 1,891,367 1,867,650 98.7 1,681,115 88.9
2006 Winter flounder (Pseudopleuronectes americanus) 2,589,643 2,583,503 99.8 2,128,052 822
Windowpane flounder (Scophthalmus aquosus) 87,187 87,012 99.8 61,654 70.7
Goosefish (Lophius americanus) 6,109,614 6,026,365 98.6 3,246,832 53.1
Silver hake (Merluccius bilinearis) 5,331,664 5,327,921 99.9 4,606,490 86.4
Red hake (Urophycis chuss) 559,679 553,489 98.9 458,731 82.0
Atlantic cod (Gadus morhua) 6,278,969 6,171,416 983 5,838,287 93.0
Haddock (Melanogrammus aeglefinus) 3,071,154 3,054,852 99.5 3,013,511 98.1
Yellowtail flounder (Limanda ferruginea) 1,675,883 1,668,462 99.6 1,623,035 96.8
2007 Winter flounder (Pseudopleuronectes americanus) 2,517,944 2,499,538 99.3 2,172,096 86.3
‘Windowpane flounder (Scophthalmus aguosus) 180,091 179,389 99.6 144231 80.1
Goosefish (Lophius americanus) 4,797,261 4,677,828 97.5 2,969,033 61.9
Silver hake (Merluccius bilinearis) 6,198,030 6,179,560 99.7 5,749,198 92.8
Red hake (Urophycis chuss) 614,724 606,624 98.7 544,902 88.6
Atlantic cod (Gadus morhua) 7,026,980 6,942,829 98.8 4,987,617 71.0
Haddock (Melanogrammus aeglefinus) 5,213,529 5,190,698 99.6 4,072,033 78.1
Yellowtail flounder (Limanda ferruginea) 1,624,491 1,616,847 99.5 1,239,577 76.3
2008 Winter flounder (Pseudopleuronectes americanus) 2,226,518 2,210,008 99.3 1,875,233 84.2
Windowpane flounder (Scophthalmus aquosus) 117,138 116,527 99.5 59,340 50.7
Goosefish (Lophius americanus) 4,189,612 4,046,358 96.6 1,791,932 428
Silver hake (Merluccius bilinearis) 5,767,216 5,583,469 96.8 3,801,904 65.9
Red hake (Urophycis chuss) 754,050 716,744 95.1 535,823 71.1
Atlantic cod (Gadus morhua) 7,213,351 6,987,840 96.9 6,238,260 86.5
Haddock (Melanogrammus aeglefinus) 4824825 4,767,456 98.8 4,715,435 97.7
Yellowtail flounder (Limanda ferruginea) 1574303 1.563.004 99.3 1,496,519 95.1
2009 Winter flounder (Pseudopleuronectes americanus) 1,987,276 1,977,504 99.5 1913871 96.3
Windowpane flounder (Scophthalmus aquosus) 82,230 81,911 99.6 71,742 87.2
Goosefish (Lophius americanus) 3393,612 3,268,159 96.3 1,968,113 58.0
Silver hake (Merluccius bilinearis) 7,237,088 7,043,396 97.3 6,691,037 92.5
Red hake (Urophycis chuss) 839,694 792,563 944 743,386 88.5
Atlantic cod (Gadus morhua) 6,406,843 6,046,419 94.4 5581321 87.1
Haddock (Melanogrammus aeglefinus) 7,967,547 6,386,646 80.2 6,357,935 79.8
Yellowtail flounder (Limanda ferruginea) 1,253,948 1,210,135 96.5 1,163,424 92.8
2010 Winter flounder (Pseudopleuronectes americanus) 1,424,320 1,298,805 91.2  1,279475 89.8
Windowpane flounder (Scophthalmus aquosus) 24,777 23,684 95.6 7,840 31.6
Goosefish (Lophius americanus) 2,767,345 2,704,886 97.7 1,653,139 59.7
Silver hake (Merluccius bilinearis) 7,448,905 7,387,146 99.2 7,152,985 96.0
Red hake (Urophycis chuss) 720,282 702,341 97.5 671,390 93.2
Atlantic cod (Gadus morhua) 6,329,892 5,869,780 92.7 5,736,502 90.6
Haddock (Melanogrammus aeglefinus) 4,845,051 2,758,417 56.9 2,737,682 56.5
Yellowtail flounder (Limanda ferruginea) 1,723,480 1,587,645 92.1 1,577,599 91.5
2011 Winter flounder (Pseudopleuronectes americanus) 1,934,920 1,728,472 89.3 1,714,978 88.6
Windowpane flounder (Scophthalmus aquosus) 22,316 22,211 99.5 1,993 8.9
Goosefish (Lophius americanus) 3,434,132 3,348,161 97.5 1,995,796 58.1
Silver hake (Merluccius bilinearis) 7,362,619 7,331,558 99.6 7,116,346 96.7
Red hake (Urophycis chuss) 656,697 641,792 97.7 606,409 923
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Table 15. 2004 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VTR VMS
Species ge;/l'];lzde Number of Number of lal‘g;lr}gs Number of Number of la:g;[:gs Pel;f;llllt of
Vessels trips Vessels trips landings
(kg) (kg) (%)

OTF 444 9,167 3,507,919 189 2,724 1,829,688 522

Atlantic cod DRS 6 9 535 3 3 14 2.5

(Gadus morhua) GNS 171 6,972 1,726,238 4 116 25,959 1.5

LLB 67 1,221 198,117 21 253 18,355 93

Haddock OTF 384 6,323 5,908,548 187 2,472 4,619,014 782

(Melanogrammus DRS 1 1 0 0 0 0 N/A

aeglefinus) GNS 137 3313 133,401 3 86 9,789 73

LLB 55 986 795,572 21 261 467,285 58.7

OTF 404 7,337 6,749,688 181 2,061 5,373,053 79.6

Yellowtail flounder DRS 36 62 4,346 33 48 4,072 93.7

(Limanda ferruginea) GNS 93 1,541 145,727 2 31 1,862 1.3

LLB 0 0 0 0 0 0 N/A

Winter flounder OTF 471 9,866 4,393,835 184 2,314 3,125,651 71.1

(Pseudopleuronectes DRS 18 37 750 16 26 660 87.9

americanus) GNS 129 3,029 88,606 2 57 1,433 1.6

LLB 9 67 298 2 10 37 123

OTF 158 1,291 90,880 46 105 18,217 20.0

Windowpane flounder DRS 0 0 0 0 0 0 N/A

(Scophthalmus aquosus) GNS 12 63 642 0 0 0 0.0

LLB 0 0 0 0 0 0 N/A

OTF 555 9,467 1,870,948 208 2,325 880,759 47.1

Goosefish DRS 226 1,226 381,761 214 1,179 380,203 99.6

(Lophius americanus) GNS 268 8,119 5,186,982 4 118 70,362 1.4

LLB 26 146 1,288 16 75 854 66.3

OTF 234 3212 7,334,373 68 721 2,069,807 28.2

Silver hake DRS 0 0 0 0 0 0 N/A

(Merluccius bilinearis) GNS 63 415 21,948 2 7 1,976 9.0

LLB 4 17 36,311 2 4 148 0.4

OTF 172 2,226 769,215 56 510 235,494 30.6

Red hake DRS 0 0 0 0 0 0 N/A
(Urophycis chuss)

GNS 26 353 93,767 1 33 1,044 1.1

LLB 7 21 376 3 7 292 77.6
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Table 16. 2005 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VTR VMS
Species VTRd Number of Number of VI:R Number of Number of VMS Pel;f;llllt of
gear code Vessels trips landings Vessels trips landings landings
(kg) (kg) (%)
OTF 381 9,005 3,201,456 229 4,415 2,491,742 77.8
Atlantic cod DRS 8 11 1,209 7 10 100 83
(Gadus morhua) GNS 157 6,711 1,574,496 21 697 164,299 10.4
LLB 89 1,373 205,952 45 638 98,546 478
Haddock OTF 342 6,471 5,246,396 217 3,670 5,036,560 96
(Melanogrammus DRS 3 4 15 2 3 14 93.9
aeglefinus) GNS 125 3,054 59,757 15 292 4,494 7.5
LLB 80 1257 849,769 44 650 659,669 77.6
OTF 352 7,138 3,815,235 218 3,175 3,473,828 91.1
Yellowtail flounder DRS 30 45 2,059 28 42 1,883 915
(Limanda ferruginea) GNS 77 1,180 104,756 5 30 259 0.2
LLB 5 19 28 3 16 23 83.6
Winter flounder OTF 413 9,225 3,407,204 229 3,458 2,786,325 81.8
(Pseudopleuronectes DRS 37 65 13,237 36 64 12,772 96.5
americanus) GNS 118 2,530 36,739 12 189 1,069 2.9
LLB 11 84 549 6 66 473 86.1
OTF 158 1,057 80,999 78 227 45,762 56.5
Windowpane flounder DRS 0 0 0 0 0 0 N/A
(Scophthalmus aquosus) GNS 9 77 523 0 0 0 0.0
LLB 4 9 10 3 8 9 91.3
OTF 493 9,197 1,857,280 260 3,603 1,359,021 732
Goosefish DRS 317 2,722 335,072 266 1,498 321,271 95.9
(Lophius americanus) GNS 246 8,736 5,065,683 34 801 448,437 8.9
LLB 36 212 1,841 30 182 1,260 68.4
OTF 193 2,689 7,391,321 96 1197 3,489,085 472
Silver hake DRS 2 2 365 2 2 365 100.0
(Merluccius bilinearis) GNS 41 255 20,219 1 8 4,400 21.8
LLB 7 30 110,972 5 20 37,219 335
OTF 143 1,838 482,879 69 757 152,655 31.6
Red hake DRS 1 1 125 1 1 125 100.0
(Urophycis chuss)
GNS 24 239 64,020 2 25 1,810 2.8
LLB 4 10 176 2 6 76 433
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Table 17. 2006 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VTR VMS
Species VTRd Number of Number of VI:R Number of Number of VMS Pel;f;llllt of
gear code Vessels trips landings Vessels trips landings landings
(kg) (kg) (%)
OTF 350 7,493 2,913,548 301 5,799 2,680,732 92.0
Atlantic cod DRS 5 8 420 4 7 184 43.8
(Gadus morhua) GNS 153 6,764 1,427,295 95 2739 656,843 46.0
LLB 80 1,154 204,792 42 511 91,031 445
Haddock OTF 296 4,938 2,242,491 252 3,994 2,186,209 97.5
(Melanogrammus DRS 5 5 1,303 4 4 1,299 99.7
aeglefinus) GNS 122 2,964 65,539 75 1275 26,864 41.0
LLB 76 1091 403,958 42 496 299,395 74.1
OTF 319 6,402 1,772,976 282 4,938 1,674,672 9.5
Yellowtail flounder DRS 24 36 4,098 23 35 4,076 99.4
(Limanda ferruginea) GNS 67 1,293 90,562 32 244 2,355 26
LLB 5 12 14 4 11 13 96.7
Winter flounder OTF 381 8,460 2,534,691 310 5,530 2,115,716 83.5
(Pseudopleuronectes DRS 36 73 4,951 34 71 4,926 99.5
americanus) GNS 109 2,825 43,398 64 979 6,983 16.1
LLB 8 57 463 7 42 428 925
OTF 151 1,246 86,897 117 607 61,621 70.9
Windowpane flounder DRS 1 2 7 1 2 7 100.0
(Scophthalmus aquosus) GNS 9 37 107 3 7 24 22.6
LLB 1 1 2 1 1 2 100.0
OTF 459 8,032 1,574,844 380 5,747 1,417,361 90.0
Goosefish DRS 336 3917 323,214 333 3,650 317,777 98.3
(Lophius americanus) GNS 261 8,050 4,127,303 114 2910 1,510,988 36.6
LLB 22 113 1,004 20 99 706 70.3
OTF 197 3,098 5,294,681 162 2242 4,590,130 86.7
Silver hake DRS 1 3 14 1 3 14 100.0
(Merluccius bilinearis) GNS 37 251 18,600 22 98 11,729 63.1
LLB 4 13 14,628 3 5 4,616 31.6
OTF 152 1,983 525,546 119 1346 447,917 85.2
Red hake DRS 2 2 29 2 2 29 100.0
(Urophycis chuss)
GNS 22 257 27,383 10 112 10,260 375
LLB 4 6 531 3 5 524 98.7
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Table 18. 2007 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VIR VIR VMS

Species gear code  Number of Number of VIRIlandings Number of Number of lal\l]dl\;l:gs Percent of VIR
Vessels trips Vessels trips landings (%)
(kg) (kg)

Atlantic cod OTF 333 7,166 3,722,919 322 6,538 3,592,723 96.5
(Gadus morhua) DRS 6 11 122 6 11 122 100.0
GNS 145 7,724 2,224,006 135 7059 2,038,677 91.7
LLB 62 1,048 224,369 54 952 206,764 92.2
Haddock OTF 273 4,508 2,623,998 270 4,220 2,603,164 99.2
(Melanogrammus aeglefinus) DRS 3 5 29 3 5 29 100.0
GNS 113 2,985 60,006 113 2851 58,541 97.6
LLB 60 1007 370,818 55 946 351,777 94.9
Yellowtail flounder OTF 306 6,360 1,592,293 298 5,718 1,558,752 97.9
(Limanda ferruginea) DRS 21 34 991 21 34 991 100.0
GNS 78 2,089 73,751 76 1872 63,226 85.7
LLB 6 8 1,427 5 7 66 4.6
Winter flounder OTF 360 8,748 2,442,367 327 6,449 2,120,496 86.8
(Pseudopleuronectes americanus) DRS 37 76 6,369 37 76 6,369 100.0
GNS 124 3,877 50,230 104 3474 44,687 89.0
LLB 6 45 572 5 43 545 95.3
Windowpane flounder OTF 182 1,865 179,240 159 1133 144,127 80.4
(Scophthalmus aquosus) DRS 1 1 5 1 1 5 100.0
GNS 7 51 144 4 46 99 68.9
LLB 0 0 0 0 0 0 N/A
Goosefish OTF 412 6,928 811,850 367 5,586 782,931 96.4
(Lophius americanus) DRS 330 3,458 421,485 323 3,223 417,292 99.0
GNS 249 7,546 3,444,297 169 5152 1,768,626 51.3
LLB 16 53 195 16 51 184 94.2
Silver hake OTF 201 3,830 6,112,602 180 3023 5,685,483 93.0
(Merluccius bilinearis) DRS 3 3 8 3 3 8 100.0
GNS 50 562 24,962 45 538 23,987 96.1
LLB 5 32 41,988 5 31 39,720 94.6
Red hake OTF 157 2,637 590,951 130 2043 531,345 89.9
(Urophycis chuss) DRS 0 0 0 0 0 0 N/A
GNS 18 247 15,673 14 235 13,557 86.5
LLB 0 0 0 0 0 0 N/A
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Table 19. 2008 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VTR VIR VMS

Species gear code Number of Number of VFI-R Number of Number of VMS Percent of VIR
Vessels trips landings Vessels trips landings landings (%)
(kg) (kg)

Atlantic cod OTF 319 8,051 3,980,275 283 5,545 2,782,826 69.9
(Gadus morhua) DRS 3 3 20 1 1 9 45.5
GNS 145 9,193 2,776,208 130 6811 2,052,888 73.9
LLB 59 871 186,327 47 652 151,893 81.5
Haddock OTF 250 4,469 4,740,122 230 3,129 3,667,918 77.4
(Melanogrammus aeglefinus) DRS 1 2 41 1 2 41 100.0
GNS 111 3,128 55,863 106 2402 42,170 75.5
LLB 56 657 394,672 46 540 361,904 91.7
Yellowtail flounder OTF 290 6,869 1,499,440 257 4,825 1,163,165 77.6
(Limanda ferruginea) DRS 14 35 1,301 14 34 1,251 96.2
GNS 90 2,725 111,067 84 1773 74,741 67.3
LLB 6 59 5,039 4 9 420 8.3
Winter flounder OTF 346 8,642 2,150,549 294 5,328 1,832,963 85.2
(Pseudopleuronectes americanus) DRS 24 41 2,139 19 30 1,424 66.6
GNS 125 4,402 56,329 100 3149 40,113 71.2
LLB 8 102 992 6 49 733 73.9
Windowpane flounder OTF 167 1,863 115,475 127 796 58,557 50.7
(Scophthalmus aquosus) DRS 1 1 1 0 0 0 0.0
GNS 19 80 1,051 8 33 782 74.4
LLB 0 0 0 0 0 0 N/A
Goosefish OTF 378 5,872 614,655 300 3,595 405,446 66.0
(Lophius americanus) DRS 323 2,800 304,618 290 1,971 233,700 76.7
GNS 237 6,226 3,126,971 147 3362 1,152,723 36.9
LLB 7 24 114 4 15 62 54.4
Silver hake OTF 205 3,518 5,541,597 164 2186 3,767,703 68.0
(Merluccius bilinearis) DRS 0 0 0 0 0 0 N/A
GNS 62 804 41,852 54 690 34,181 81.7
LLB 3 4 20 3 4 20 100.0
Red hake OTF 161 2,558 708,281 124 1532 527,891 74.5
(Urophycis chuss) DRS 1 1 16 0 0 0 0.0
GNS 19 298 8,284 14 257 7,783 94.0
LLB 3 5 163 2 4 149 91.6
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Table 20. 2009 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VIR VMS

Species VIR gear VIR VMS
code Number of Number of landings Number of Number of landings Percent of VIR
Vessels trips Vessels trips landings (%)

(kg) (kg)
Atlantic cod OTF 295 8,044 3,960,249 277 6,793 3,555,956 89.8
(Gadus morhua) DRS 0 0 0 0 0 0 N/A
GNS 150 9,611 2,856,758 136 8491 2,535,301 88.7
LLB 52 728 170,833 38 524 147,003 86.1
Haddock OTF 234 4,065 4,285,009 232 3,726 4,246,875 99.1
(Melanogrammus aeglefinus) DRS 0 0 0 0 0 0 N/A
GNS 116 2,498 80,316 116 2356 77,884 97.0
LLB 37 424 402,131 32 386 390,676 97.2
Yellowtail flounder OTF 276 6,642 1,469,547 258 5,585 1,419,921 96.6
(Limanda ferruginea) DRS 22 35 2,424 21 33 2,356 97.2
GNS 94 2,655 86,331 87 2247 73,983 85.7
LLB 11 72 4,702 7 21 260 5.5
Winter flounder OTF 296 6,165 1,935,314 266 4,861 1,874,929 96.9
(Pseudopleuronectes americanus) DRS 13 27 1,069 13 26 1,046 97.9
GNS 101 3,699 40,438 91 3253 37,332 92.3
LLB 11 97 684 9 62 564 82.5
Windowpane flounder OTF 124 1,136 80,821 111 907 70,935 87.8
(Scophthalmus aquosus) DRS 0 0 0 0 0 0 N/A
GNS 15 118 1,090 12 97 807 74.1
LLB 0 0 0 0 0 0 N/A
Goosefish OTF 331 4,916 436,569 290 4,147 424,758 97.3
(Lophius americanus) DRS 290 2,163 205,913 287 2,009 203,695 98.9
GNS 219 5,340 2,625,544 141 3498 1,339,537 51.0
LLB 7 23 133 6 20 123 92.2
Silver hake OTF 201 4,317 6,989,607 171 3761 6,642,081 95.0
(Merluccius bilinearis) DRS 2 5 27,234 2 5 27,234 100.0
GNS 72 1145 26,487 66 1064 21,723 82.0
LLB 1 1 69 0 0 0 0.0
Red hake OTF 144 2,747 770,336 117 2299 721,569 93.7
(Urophycis chuss) DRS 1 2 435 1 2 435 100.0
GNS 20 258 21,761 14 227 21,377 98.2
LLB 3 4 31 1 1 5 14.7
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Table 21. 2010 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VIR VMS

Species VTS](%:M Number of Number of larYdTilr:gs Number of Number of la:dl\;l:gs Percent of VIR
Vessels trips Vessels trips landings (%)

(kg) (kg)
Atlantic cod OTF 270 5,589 3,703,838 250 5,041 3,491,117 94.3
(Gadus morhua) DRS 1 3 23 1 3 23 100.0
GNS 130 7,065 2,207,779 116 6309 1,980,710 89.7
LLB 41 461 134,779 30 341 109,471 81.2
Haddock OTF 201 2,719 6,004,469 197 2,650 5,989,006 99.7
(Melanogrammus aeglefinus) DRS 0 0 0 0 0 0 N/A
GNS 100 1,725 41,953 99 1664 41,106 98.0
LLB 30 346 340,225 22 310 327,823 96.4
Yellowtail flounder OTF 244 4,380 1,087,740 233 3,920 1,051,766 96.7
(Limanda ferruginea) DRS 65 89 1,885 65 89 1,885 100.0
GNS 92 2,643 118,973 84 2339 109,636 92.2
LLB 9 48 1,538 7 20 137 8.9
Winter flounder OTF 225 3,633 1,276,975 193 2,735 1,260,099 98.7
(Pseudopleuronectes americanus) DRS 8 10 430 8 10 430 100.0
GNS 92 2,585 19,849 83 2332 18,636 93.9
LLB 7 59 1,551 6 37 310 20.0
Windowpane flounder OTF 41 543 23,459 28 177 7,753 33.1
(Scophthalmus aquosus) DRS 0 0 0 0 0 0 N/A
GNS 7 67 215 4 54 76 353
LLB 1 4 11 1 4 11 100.0
Goosefish OTF 300 3,713 376,389 263 3,161 365,238 97.0
(Lophius americanus) DRS 242 1,381 123,871 239 1,330 123,056 99.3
GNS 210 4,482 2,204,506 126 2755 1,164,724 52.8
LLB 7 23 121 7 23 121 100.0
Silver hake OTF 186 4,029 7,382,976 165 3587 7,149,060 96.8
(Merluccius bilinearis) DRS 1 1 5 1 1 5 100.0
GNS 50 599 4,072 44 575 3,827 94.0
LLB 2 3 93 2 3 93 100.0
Red hake OTF 139 2,646 695,607 115 2328 665,318 95.6
(Urophycis chuss) DRS 0 0 0 0 0 0 N/A
GNS 15 51 6,731 9 39 6,069 90.2
LLB 2 3 3 2 3 3 100.0
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Table 22. 2011 summary of the Vessel Monitoring System (VMS) data subsets compared to the subset
of Vessel Trip Reports (VTR) landings (kg), by species and gear type (bottom otter trawl gear = OTF,
scallop dredge gear = DRS, sink gillnet = GNS, and benthic longline = LLB).

VIR VMS

Species VTS](%:M Number of Number of larYdTilr:gs Number of Number of la:dl\;l:gs Percent of VIR
Vessels trips Vessels trips landings (%)

(kg) (kg)
Atlantic cod OTF 216 4,712 4,187,183 202 4,514 4,130,595 98.6
(Gadus morhua) DRS 2 3 14 2 3 14 100.0
GNS 123 5,627 1,420,454 100 5218 1,362,184 95.9
LLB 28 517 262,129 21 456 243,710 93.0
Haddock OTF 160 2,865 2,562,449 157 2,834 2,545,237 99.3
(Melanogrammus aeglefinus) DRS 0 0 0 0 0 0 N/A
GNS 81 2,114 51,043 78 2025 48,748 95.5
LLB 23 408 144,925 19 389 143,697 99.2
Yellowtail flounder OTF 205 3,647 1,469,998 195 3,542 1,462,375 99.5
(Limanda ferruginea) DRS 74 116 8,528 74 116 8,528 100.0
GNS 74 1,619 109,083 68 1511 106,660 97.8
LLB 5 13 36 5 13 36 100.0
Winter flounder OTF 189 3,335 1,695,391 160 2,625 1,684,355 99.3
(Pseudopleuronectes americanus) DRS 25 38 1,639 24 36 1,628 99.4
GNS 80 2,571 31,213 66 2263 28,765 92.2
LLB 4 30 229 4 30 229 100.0
Windowpane flounder OTF 21 430 21,731 10 38 1,986 9.1
(Scophthalmus aquosus) DRS 0 0 0 0 0 0 N/A
GNS 4 50 479 1 4 7 1.4
LLB 0 0 0 0 0 0 N/A
Goosefish OTF 291 3,117 432,850 247 2,676 425,111 98.2
(Lophius americanus) DRS 215 1,652 119,021 215 1,562 118,006 99.1
GNS 201 5,748 2,796,087 117 3539 1,452,480 51.9
LLB 3 32 202 3 31 198 98.2
Silver hake OTF 194 4,354 7,322,111 163 3844 7,107,312 97.1
(Merluccius bilinearis) DRS 1 1 1,361 1 1 1,361 100.0
GNS 72 1311 8,086 62 1248 7,673 94.9
LLB 0 0 0 0 0 0 N/A
Red hake OTF 137 2,746 641,584 110 2234 606,341 94.5
(Urophycis chuss) DRS 0 0 0 0 0 0 N/A
GNS 12 19 204 4 6 67 33.0
LLB 1 1 4 0 0 0 0.0
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Table 23. Summary of the agreement levels between statistical areas recorded on Vessel Trip Reports
(VTR) and the statistical areas fished as determined using Vessel Monitoring System (VMS) positional
data from matched fishing trips from 2004 to 2011. Trip subcategories are based on the VMS
determined number of statistical areas fished. *Note: percentages may not sum to 100 due to rounding.

Percent of total

Year Trip category Number of trips Agreement level Number of trips category trips (%)
Complete 2,688 92.8
Single area 2,895 None 194 6.7
Partial 13 0.4
2004
Complete 74 2.5
Multi-area 2,997 None 139 4.6
Partial 2,784 92.9
Complete 5,267 93.6
Single area 5,630 None 334 5.9
Partial 29 0.5
2005
Complete 265 6.2
Multi-area 4,279 None 206 4.8
Partial 3,808 89.0
Complete 12,869 95.4
Single area 13,488 None 590 4.4
Partial 29 0.2
2006
Complete 234 4.1
Multi-area 5,677 None 221 39
Partial 5,222 92.0
Complete 19,104 95.9
Single area 19,917 None 785 3.9
Partial 28 0.1
2007
Complete 284 4.7
Multi-area 6,007 None 234 3.9
Partial 5,489 91.4
Complete 16,124 96.0
Single area 16,797 None 641 3.8
Partial 32 0.2
2008
Complete 172 4.3
Multi-area 4,028 None 170 4.2
Partial 3,686 91.5
L4
Complete 18,546 95.9
Single area 19,336 None 750 3.9
Partial 40 0.2
2009
r
Complete 290 5.0
Multi-area 5,792 None 240 4.1
Partial 5,262 90.8
L4
Complete 13,776 96.3
Single area 14,302 None 496 3.5
Partial 30 0.2
2010
r
Complete 343 6.6
Multi-area 5,221 None 208 4.0
Partial 4,670 89.4
14
Complete 12,192 94.6
Single area 12,885 None 643 5.0
Partial 50 0.4
2011
Complete 472 8.6
Multi-area 5,467 None 214 3.9
Partial 4,781 87.5
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Table 24. Frequency of trips fishing on multiple stocks based on Vessel Monitoring System (VMS) data from 2004 to 2011.

2004 2005 2006 2007
Species . Multiple Percent . Multiple Percent . Multiple Percent ) Multiple Percent
Total trips stock area (%) Total trips stock area (%) Total trips stock area (%) Total trips stock area (%)
trips ® trips ® trips ° trips ©
Atlantic cod (Gadus morhua) 3,096 304 9.8 5,760 600 10.4 9,056 555 6.1 14,560 539 3.7
Haddock (Melanogrammus aeglefinus) 2,819 295 10.5 4,615 562 12.2 5,769 517 9 8,022 464 5.8
Yellowtail flounder (Limanda ferruginea) 2,140 186 8.7 3,263 352 10.8 5,228 367 7 7,631 436 5.7
Winter flounder (Pseudopleuronectes americanus) 2,407 286 11.9 3,777 604 16 6,622 453 6.8 10,042 490 4.9
Windowpane flounder (Scophthalmus aquosus) 105 19 18.1 236 24 10.2 617 28 4.5 1180 47 4.0
Goosefish (Lophius americanus) 3,697 254 6.9 6,084 511 8.4 12,406 580 4.7 14,012 426 3.0
Silver hake (Merluccius bilinearis) 732 17 2.3 1,227 28 2.3 2,348 38 1.6 3,595 59 1.6
Red hake (Urophycis chuss) 550 9 1.6 789 8 1 1,465 23 1.6 2,278 40 1.8
2008 2009 2010 2011
Species . Multiple Percent ) Multiple Percent ) Multiple Percent ) Multiple Percent
Total trips stock area (%) Total trips stock area (%) Total trips stock area (%) Total trips stock area (%)
trips ® trips * trips ° trips °
Atlantic cod (Gadus morhua) 13,009 340 2.6 15,808 487 3.1 11,694 555 4.7 10,191 727 7.1
Haddock (Melanogrammus aeglefinus) 6,073 306 5.0 6,468 426 6.6 4,624 516 11.2 5,248 670 12.8
Yellowtail flounder (Limanda ferruginea) 6,641 264 4.0 7,886 275 3.5 6,368 314 4.9 5,182 442 8.5
Winter flounder (Pseudopleuronectes americanus) 8,556 327 3.8 8,202 328 4.0 5,114 379 7.4 4,954 574 11.6
Windowpane flounder (Scophthalmus aquosus) 829 44 53 1004 15 1.5 235 0 0.0 42 0 0.0
Goosefish (Lophius americanus) 8,943 300 3.4 9,674 362 3.7 7,269 240 33 7,808 234 3.0
Silver hake (Merluccius bilinearis) 2,880 28 1.0 4,830 51 1.1 4,166 61 1.5 5,093 53 1.0
Red hake (Urophycis chuss) 1,793 19 1.1 2,529 24 0.9 2,370 38 1.6 2,240 36 1.6
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Table 25. Frequency of fixed (sink gillnet, benthic longline) and mobile (bottom otter trawl, scallop
dredge) gear types used on trips fishing on multiple stocks based on Vessel Monitoring System (VMS)
positional data from 2005 and 2011.

2005
Number of Percent of Pel:cent of
Species Number of multiple stock total trips Gear Number of multiple stock
P total trips areg trins category Trips area trips
P %) (%)
Atlantic cod Fixed 6 1.0
5,760 600 10.4
(Gadus morhua) Mobile 594 99.0
Haddock Fixed 4 0.7
4,615 562 12.2
(Melanogrammus Mobile 558 99.3
aeglefinus)
Yellowtail flounder Fixed 0 0.0
: : 3,263 3520 108
(Limanda ferruginea) Mobile 352 100.0
Winter flounder Fixed 1 0.2
3,777 604 16.0
(Pseudop!euronectes Mobile 603 998
americanus)
Windowpane flounder Fixed 0 0.0
236 24 10.2
(Scophthalmus aquosus) Mobile 24 100.0
Goosefish Fixed 0 0.0
: - 6,084 511 8.4
(Lophius americanus) Mobile 511 100.0
Silver hake Fixed 0 0.0
S 1,227 28 2.3
(Merluccius bilinearis) Mobile 28 100.0
Red hake Fixed 0 0.0
. 789 8 1.0
rophycis chuss, Mobile .
Urophy h bil 8 100.0
2011
Number of Percent of Pel:cent of
Species Number of multiple stock total trips Gear Number of multiple stock
P total trips areg trins category Trips area trips
i %) %)
Atlantic cod Fixed 40 5.5
10,191 727 7.1 -
(Gadus morhua) Mobile 687 94.5
Haddock Fixed 27 4.0
5,248 670 12.8 4
(Melanogrammus Mobile 643 96.0
aeglefinus)
Yellowtail flounder Fixed 9 2.0
. . 5,182 442 8.5 r
(Limanda ferruginea) Mobile 433 98.0
Winter flounder Fixed 20 3.5
4,954 574 11.6
(Pseudop!euronectes Mobile 554 96.5
americanus)
Windowpane flounder Fixed 0 N/A
42 0 0.0
(Scophthalmus aquosus) Mobile 0 N/A
Goosefish Fixed 40 17.1
: - 7,808 234 3.0 .
(Lophius americanus) Mobile 194 82.9
Silver hake Fixed 1 1.9
S 5,093 53 1.0 u
(Merluccius bilinearis) Mobile 52 98.1
Red hake Fixed 0 0.0
: 2240 36 1.6
(Urophycis chuss) Mobile 36 100.0
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Table 26. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2004. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to
rounding.

A > Ai/total
Total VTR VMS landings species VTR VMS Relative
Species species Stock landings landings  gjjocation  landings stock Stock Difference difference
P landings area allocation  allocation  pg(kg) (%) allocation  allocation (%) (%)
(1]
(kg) (kg) (kg) (%) (%)
Atlantic cod GBK 1,384,752 1,375,601 9,151 73.9 73.4 0.5 0.7
(Gadus morhua) 1,874,015 9,151 0.98
GOM 489,263 498,414 ’ 26.1 26.6 0.5 -1.9
Haddock GBK 4,763,038 4,806,095 43,057 93.5 943 -0.8 -0.9
) 5,096,088 1.69
(Melanogrammus aeglefinus) GOM 333.050 289993 43,057 6.5 57 08 12.3
GBK 5,094,590 5,176,798 82,208 94.7 96.2 -5 -1.6
Yellowtail flounder 43.324
(Limanda ferruginea) 5,378,987 GOM 215,710 172,386 3.06 4.0 32 0.8 20.0
SNE 68,687 29,802 38,885 13 0.6 0.7 53.8
GBK 2,420,182 2,459,208 39,026 774 78.6 12 -1.6
Winter flounder 1.413
(Pseudopleuronectes americanus) 3,127,781 GOM 94,235 95,648 2.59 3.0 3.1 0.0 0.0
SNE 613,364 572,925 40,439 19.6 18.3 13 6.6
Windowpane flounder sa7  NOR 16,807 16,725 82 0.90 92.3 91.8 0.5 0.5
(Scophthalmus aquosus) ? SOU 1410 1492 82 ' 77 32 05 6.5
Goosefish NOR 787,572 801,448 13,876 59.1 602 1.0 -1.7
(Lophius americanus) 1,332,178 13,876 2.08
SouU 544,606 530,730 ’ 40.9 39.8 1.0 2.4
Silver hake NOR 404,972 343,720 61,252 19.5 16.6 3.0 154
(Merluccius bilinearis) 2,071,930 61,252 591
SOU 1,666,958 1,728,210 ’ 80.5 83.4 3.0 3.7
Red hake NOR 61,461 64,355 2,894 26.0 272 12 -4.6
(Urophycis chuss) 236,830 2,894 2:44
phy SouU 175,369 172,475 ’ 74.0 72.8 12 1.6
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Table 27. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2005. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to
rounding.

A > Ai/total
Total VTR VMS landings species VTR VMS Relative
Species species Stock landings landings  gjjocation  landings stock stock Difference difference
P landings area allocation  allocation  pg(kg) (%) allocation  allocation (%) (%)
(1]
(kg) (kg) (kg) (%) (%)
Atlantic cod GBK 1,920,110 1,879,800 40,310 69.7 68.2 15 22
(Gadus morhua) 2,754,687 40,310 2.93
GOM 834,577 874,887 ’ 30.3 31.8 -1.5 -5.0
Haddock GBK 5319329 5285374 33,955 93.3 92.7 0.6 0.6
! 5,700,737 1.19
(Melanogrammus aeglefinus) GOM 381,408 415.363 33,955 6.7 73 06 9.0
GBK 3,115,140 3,164,191 49,051 89.6 91.0 1.4 -1.6
Yellowtail flounder 4318
(Limanda ferruginea) 3475993 GOM 286,276 281,958 2.82 8.2 8.1 0.1 12
SNE 74,577 29,844 44,733 2.1 0.9 13 61.9
GBK 1,976,251 1,985,963 9,712 70.6 70.9 0.3 -0.4
Winter flounder 19.418
(Pseudopleuronectes americanus) 2,800,638 GOM 132,155 112,737 139 47 4.0 0.7 149
SNE 692,232 701,939 2,707 24.7 25.1 -0.3 -1.2
Windowpane flounder s  NOR 43,740 44,337 597 el 95.6 96.9 13 -14
(Scophthalmus aquosus) ’ SOU 2032 1435 597 ’ 44 31 13 295
Goosefish NOR 1,188433 1,223,924 35491 5538 575 1.7 3.0
(Lophius americanus) 2,129,989 35,491 3.3
SouU 941,556 906,065 ’ 442 425 1.7 3.8
Silver hake NOR 400,744 380,084 20,660 113 10.8 0.6 53
(Merluccius bilinearis) 3,331,070 20,660 117
SOU 3,130,326 3,150,986 ’ 88.7 89.2 0.6 -0.7
Red hake NOR 39,360 37,097 2,263 25.4 24.0 15 59
(Urophycis chuss) 154,666 2,263 2.93
SouU 115,306 117,569 ’ 74.6 76.0 -1.5 -2.0
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Table 28. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2006. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to
rounding.

A > Ai/total
Total VTR VMS landings species VTR VMS Relative
. species Stock landings landings  gjjocation  landings stock Stock Difference .
Species . . . g . . difference
landings area allocation  allocation abs(kg) (%) allocation  allocation (%) (%)
0
(kg) (kg) (kg) (%) (%)
. 2,528 0.2
Atlantic cod GBK 2,012,366 2,009,838 58.7 58.6 0.1 .
(Gadus morhua) 3,428,790 2,528 0.15
GOM 1416424 1418952 ’ 413 414 0.1 0.2
Haddock GBK 2,175,084 2,171,158 3,926 86.5 86.4 02 02
i 2,513,766 0.31
(Melanogrammus aeglefinus) GOM 338,682 342,608 3,926 13.5 13.6 02 -15
GBK 1,253,693 1,283,732 30,039 74.6 76.4 -1.8 2.4
Yellowtail flounder 3.463
(Limanda ferruginea) 1,681,115 GOM 319,177 315,714 d 3.57 19.0 18.8 0.2 1.1
SNE 108,245 81,669 26,576 6.4 49 16 25.0
GBK 837,004 847,487 9,583 39.4 39.8 0.5 -1.3
Winter flounder 146
(Pseudopleuronectes americanus) 2,128,053 GOM 151,351 151,497 0.91 7.1 7.1 0.0 0.0
SNE 1,138,798 1,129,069 9,729 53.5 53.1 0.5 0.9
Windowpane flounder oless  NOR 36,421 39,349 2,928 050 59.1 63.8 47 -8.0
(Scaphthalmus aquosus) ' SOU 25232 22305 2,927 ' 40.9 36.2 47 115
Goosefish NOR 1,591,261 1,624,922 33,661 49.0 50.0 -1.0 2.0
(Lophius americanus) 3,246,832 33,661 207
SOU 1,655,571 1,621,910 ’ 51.0 50.0 1.0 2.0
Silver hake NOR 876,514 950,975 74,461 19.0 20.6 -1.6 -8.4
(Merluccius bilinearis) 4,606,490 74,461 3.23
SOU 3,729,976 3,655,515 ’ 81.0 79.4 1.6 2.0
Red hake NOR 142,190 145968 3,778 31.0 31.8 0.8 -2.6
(Urophycis chuss) 458,731 3,778 1.65
phy SOU 316,541 312,763 ’ 69.0 68.2 0.8 1.2
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Table 29. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2007. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to

rounding.
sT:z?els la:(ﬁm; s la:lltli\;[: s A landings ZA‘/t?tal VIR stock VMS Stock Difference Relative
Species P . Stock area 'g .g allocation species allocation allocation o difference
landings allocation allocation abs(kg) landings (%) (%) (%) (%)
(kg) (kg) (kg) (%)
Atlantic cod GBK 2,971,618 2,948,151 23,466 50.9 50.5 0.4 0.8
5,838,287 0.8
(Gadus morhua) GOM 2,866,669 2,890,135 23,466 49.1 49.5 -0.4 -0.8
Haddock GBK 2,475,073 2,471,087 3,985 82.1 82.0 0.1 0.2
3,013,511 0.3
(Melanogrammus aeglefinus ) GOM 538,438 542,423 3,985 17.9 18.0 0.1 -0.7
Yellowtail flounder GBK 1,107,416 1,128,478 21,062 68.2 69.5 -1.3 -1.9
(Limanda ferruginea ) 1,623,035  GOM 376,016 356,443 19,574 2.6 23.2 22.0 1.2 5.5
SNE 139,603 138,114 1,488 8.6 8.5 0.1 1.1
Winter flounder GBK 766,057 713,963 52,094 35.3 32.9 2.4 7.3
(Pseudopleuronectes americanus) 2,172,096 GOM 193,425 204,320 10,895 4.8 8.9 9.4 -0.5 -5.3
SNE 1,212,614 1,253,813 41,199 55.8 57.7 -1.9 -3.3
Windowpane flounder 144931 NOR 110,327 110,067 260 0.4 76.5 76.3 0.2 0.2
(Scophthalmus aquosus) | SouU 33,904 34,164 260 ' 23.5 23.7 02 -0.8
Goosefish NOR 1,106,535 1,094,480 12,056 37.3 36.9 0.4 1.1
2,969,033 0.8
(Lophius americanus) Sou 1,862,497 1,874,553 12,056 62.7 63.1 -0.4 -0.6
Silver hake NOR 1,045,749 1,065,613 19,865 18.2 18.5 -0.3 -1.9
5,749,198 0.7
(Merluccius bilinearis ) sou 4,703,449 4,683,584 19,865 81.8 81.5 0.3 0.4
Red hake NOR 106,960 105,305 1,655 19.6 193 0.3 1.6
544,902 0.6
(Urophycis chuss) Sou 437,942 439,597 1,655 80.4 80.7 -0.3 -0.4
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Table 30. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2008. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to
rounding.

Total VIR VMS  (landings 2P ViR stock  VMS Stock Relative
. species landings landings . species . . Difference .
Species . Stock area . . allocation allocation allocation difference
landings allocation allocation abs(kg) landings (%) (%) (%) (%)
0 0, 0,
(kg) (kg) (kg) (%)
Atlantic cod GBK 1,977,321 1,964,655 12,666 39.6 39.4 0.3 0.6
4,987,617 0.5
(Gadus morhua) GOM 3,010,296 3,022,962 12,666 60.4 60.6 203 -0.4
Haddock GBK 3,801,155 3,748,015 53,140 933 92.0 1.3 1.4
4,072,033 2.6
(Melanogrammus aeglefinus) GOM 270,879 324,018 53,140 6.7 8.0 -1.3 -16.4
Yellowtail flounder GBK 772,304 770,172 2,132 62.3 62.1 0.2 0.3
(Limanda ferruginea ) 1,239,577 GOM 358,242 358,411 169 0.3 28.9 28.9 0.0 0.0
SNE 109,030 110,993 1,963 8.8 9.0 -0.2 -1.8
Winter flounder GBK 915,033 849,254 65,779 48.8 45.3 3.5 7.7
(Pseudopleuronectes americanus) 1,875,233 GOM 187,557 193,399 5,843 7.0 10.0 10.3 -0.3 -3.0
SNE 772,643 832,579 59,936 41.2 44.4 -3.2 7.2
Windowpane flounder so340  NOR 33,564 31,550 2,014 6. 56.6 53.2 3.4 6.4
(Scophthalmus aquosus) ’ SOU 25,776 27,789 2,014 ’ 43.4 46.8 3.4 -7.2
Goosefish NOR 428,672 445,051 16,379 23.9 24.8 -0.9 -3.7
1,791,932 1.8
(Lophius americanus) SoU 1,363,260 1,346,881 16,379 76.1 75.2 0.9 1.2
Silver hake NOR 616,304 633,309 17,005 16.2 16.7 -0.4 2.7
3,801,904 0.9
(Merluccius bilinearis ) SouU 3,185,600 3,168,595 17,005 83.8 83.3 0.4 0.5
Red hake NOR 105,091 105,101 10 19.6 19.6 0.0 0.0
535,765 0.0
(Urophycis chuss) SouU 430,673 430,664 10 80.4 80.4 0.0 0.0
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Table 31. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2009. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to
rounding.

sT::?:s 131‘1,(;?: s la:g/i[: s A landings ZA‘/t(_)tal VIR stock VMS Stock Difference Relative
Species pec Stock area 'S 'S allocation ~ SP€C1€S  ajjgcation  allocation o difference
landings allocation allocation abs(kg) landings (%) (%) (%) (%)
i (kg) (kg) (kg) (%)
Atlantic cod GBK 2,364,181 2,340,975 23,206 37.9 375 0.4 1.0
6,237,409 0.7, i
(Gadus morhua ) GOM 3,873,229 3,896,795 23,566 62.1 62.5 0.4 -0.6
Haddock i iisage  OBK 4366878 4252054 114823 o 92.6 90.2 2.4 2.7
(Melanogrammus aeglefinus) o GOM 348,512 463284 114772 i 74" 9.8 24 24.8
Yellowtail flounder i GBK 1,015,204 1,015,104 99 67.8 67.8 0.0 0.0
(Limanda ferruginea) 1,496,367  GOM 334,514 337213 2,699 0.4 22.4 22.5 0.2 0.8
SNE 146,650 144,127 2,523 9.8 9.6 0.2 1.8
Winter flounder i GBK 1,548,132 1,567,046 18,914 81.0 82.0 -1.0 -1.2
(Pseudopleuronectes americanus) 1,912,030 GOM 223,636 225,689 2,052 2.1 11.7 11.8 -0.1 -0.9
SNE 140262 121,079 19,183 7.3 6.3 1.0 15.8
Windowpane flounder i 71731 NOR 37,889 37,889 0 0.0 52.8 52.8 0.0 0.0
(Scophthalmus aquosus) ’ soU 33,842 33,853 1 T 472" 472 0.0 0.0
Goosefish i Loes113  NOR 492,458 459,188 33,269 i 25.0 23.3 1.7 7.2
(Lophius americanus) T SOU 1,475,656 1,508,707 33,051 il 750 76.7 17 22
Silver hake i 6.690.492 NOR 908,843 931,201 22,358 0 13.6 13.9 -0.3 2.4
(Merluccius bilinearis) T Sou 5,781,649 5,759,732 21,917 T 86.4 86.1 0.3 0.4
Red hake i NOR 141,457 144,454 2,997 19.0 19.4 0.4 2.1
743,204 0.8
(Urophycis chuss) Sou 601,747 598,932 2,816 81.0 80.6 0.4 0.5
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Table 32. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2010. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to
rounding.

sT::?:s 131‘1,(;?: s la:g/i[: s A landings ZA‘/t(_)tal VIR stock VMS Stock Difference Relative
Species pec Stock area 'S 'S allocation ~ SP€C1€S  ajjgcation  allocation o difference
landings allocation allocation abs(kg) landings (%) (%) (%) (%)
(kg) (kg) (kg) (%)
Atlantic cod i GBK 1,916,429 1.878.475 37,954 343 337 0.7 2.0
5,580,277 L4 r
(Gadus morhua) GOM 3,663,849 3,702,420 38,571 65.7 66.3 0.7 1.0
Haddock i GBK 5,953,868 5,858,956 94,912 93.9 92.4 1.5 1.6
6,340,880 33, i
(Melanogrammus aeglefinus) GOM 387,012 498,543 111,531 6.1 7.9 1.8 -22.4
Yellowtail flounder i GBK 615,685 646,871 31,186 52.9 55.6 2.7 4.8
(Limanda ferruginea ) 1,163,424 GoM 447,942 418,252 29,689 5.4 38.5 36.0 26 7.1
SNE 99,797 98,286 L5 8.6 8.4 0.1 1.5
Winter flounder i GBK 1,139,194 1,085,974 53,219 89.1 84.9 42 4.9
(Pseudopleuronectes americanus) 1,279,175 GOM 92,046 92,866 820 8.3 7.2 7.3 -0.1 -0.9
SNE 47,936 100,630 52,694 3.7 7.9 4.1 -52.4
F
Windowpane flounder NOR 590 309 281 7.5 3.9 3.6 91.0
P 7.840 72, .
(Scophthalmus aquosus) SoU 7,250 7,531 281 92.5 96.1 3.6 -3.7
X ¥
Goosefish NOR 368,804 361,684 7,120 223 21.9 0.4 2.0
1,653,053 0.8 r
(Lophius americanus) Sou 1,284,249 1,291,117 6,868 77.7 78.1 0.4 0.5
Silver hake i NOR 1,528,251 1,591,907 63,656 21.4 22.3 0.9 4.0
7,152,804 1.8, i
(Merluccius bilinearis) SOU 5,624,553 5,561,078 63,474 78.6 777 0.9 1.1
F
Red hake NOR 113,947 116,104 2,157 17.0 17.3 0.3 1.9
671,376 0.6
(Urophycis chuss) Sou 557,429 555286 2,143 83.0 82.7 0.3 0.4
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Table 33. Results of the Vessel Monitoring System (VMS) based stock area allocation compared to the stock area allocation based on
the Vessel Trip Reports (VTR) reported statistical area for 2011. Relative difference is determined as % difference/VTR stock
allocation; allocations > 5.0% relative differences are italicized. Stock areas are Gulf of Maine (GOM), Georges Bank (GBK),
southern New England/mid-Atlantic (SNE), northern (NOR), and southern (SOU). *Note: allocations may not sum to 100 due to
rounding.

sT::?:s 131‘1,(;?: s la:g/i[: s A landings ZA‘/t(_)tal VIR stock VMS Stock Difference Relative
Species pec Stock area 'S 'S allocation ~ SP€C1€S  ajjgcation  allocation o difference
landings allocation allocation abs(kg) landings (%) (%) (%) (%)
(kg) (kg) (kg) (%)
Atlantic cod i GBK 1,916,429 1.878.475 37,954 343 337 0.7 2.0
5,580,277 L4 r
(Gadus morhua) GOM 3,663,849 3,702,420 38,571 65.7 66.3 0.7 1.0
Haddock i GBK 5,953,868 5,858,956 94,912 93.9 92.4 1.5 1.6
6,340,880 33, i
(Melanogrammus aeglefinus) GOM 387,012 498,543 111,531 6.1 7.9 1.8 -22.4
Yellowtail flounder i GBK 615,685 646,871 31,186 52.9 55.6 2.7 4.8
(Limanda ferruginea ) 1,163,424 GoM 447,942 418,252 29,689 5.4 38.5 36.0 26 7.1
SNE 99,797 98,286 L5 8.6 8.4 0.1 1.5
Winter flounder i GBK 1,139,194 1,085,974 53,219 89.1 84.9 42 4.9
(Pseudopleuronectes americanus) 1,279,175 GOM 92,046 92,866 820 8.3 7.2 7.3 -0.1 -0.9
SNE 47,936 100,630 52,694 3.7 7.9 4.1 -52.4
F
Windowpane flounder NOR 590 309 281 7.5 3.9 3.6 91.0
P 7.840 72, .
(Scophthalmus aquosus) SoU 7,250 7,531 281 92.5 96.1 3.6 -3.7
X ¥
Goosefish NOR 368,804 361,684 7,120 223 21.9 0.4 2.0
1,653,053 0.8 r
(Lophius americanus) Sou 1,284,249 1,291,117 6,868 77.7 78.1 0.4 0.5
Silver hake i NOR 1,528,251 1,591,907 63,656 21.4 22.3 0.9 4.0
7,152,804 1.8, i
(Merluccius bilinearis) SOU 5,624,553 5,561,078 63,474 78.6 777 0.9 1.1
F
Red hake NOR 113,947 116,104 2,157 17.0 17.3 0.3 1.9
671,376 0.6
(Urophycis chuss) Sou 557,429 555286 2,143 83.0 82.7 0.3 0.4
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Table 34. Relative differences between VTR and VMS-based allocations by species, stock and year (summary of Tables 26-33).

Windowpane .
Atlantic cod (Gadus Haddock Yellowtail flounder (Limanda Winter flounder flounder Goosefish (Lophius Sitver ha_ke Red hake
(Melanogrammus . (Pseudopleuronectes . (Merluccius .
Year morhua) . ferruginea) . (Scophthalmus americanus) L ] (Urophycis chuss)
aeglefinus) americanus) bilinearis)
aquosus)
GBK GOM GBK GOM GBK GOM SNE GBK GOM SNE NOR SOU NOR SOU NOR SOU NOR SOU
2004 0.7 -1.9 -0.9 12.3 -1.6 20.0 53.8 -1.6 0.0 6.6 0.5 -6.5 -1.7 2.4 15.4 -3.7 -4.6 1.6
2005 22 -5.0 0.6 -9.0 -1.6 1.2 61.9 -0.4 14.9 -1.2 -1.4 29.5 -3.0 3.8 53 -0.7 5.9 -2.0
2006 0.2 -0.2 0.2 -1.5 -2.4 1.1 25.0 -1.3 0.0 0.9 -8.0 11.5 -2.0 2.0 -8.4 2.0 -2.6 1.2
2007 0.8 -0.8 0.2 -0.7, -1.9 5.5 1.1 7.3 -5.3 -3.3 0.2 -0.8 1.1 -0.6 -1.9 0.4 1.6 -0.4
2008 0.6 -0.4 1.4 -16.4 0.3 0.0 -1.8 7.7 -3.0 -1.2 6.4 212 -3.7 1.2 -2.7 0.5 0.0 0.0
2009 1.0 -0.6 2.7 -24.8 0.0 -0.8 1.8 -1.2 -0.9 15.8 0.0 0.0 7.2 2.2 -2.4 0.4 -2.1 0.5
2010 2.0 -1.0 1.6 -22.4 -4.8 7.1 1.5 49 -0.9 -52.4 91.0 -3.7 2.0 -0.5 -4.0 1.1 -1.9 0.4
2011 2.0 -1.0 1.6 -22.4] -4.8 7.1 1.5 4.9 -0.9 -52.4 91.0 -3.7 2.0 -0.5 -4.0 1.1 -1.9 0.4
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Figure 1. Statistical areas used for commercial fisheries data collection by the National
Marine Fisheries Service in the Northeast Region. The 50, 100 and 500 fa bathymetric

lines are shown in light gray and the U.S. Exclusive Economic Zone is indicated by the
dashed black line.
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Figure 2. Number of vessels using Vessel Monitoring System (VMS) in the northeast
United States between 1998 and 2011.
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Figure 3. Vessel speeds calculated from sequential GPS polling positions to the compared
to a vessel’s instantaneous speed recorded directly from the GPS unit. Plot A shows the
comparison of the calculated average speed of a fishing vessel compared to the vessel’s
instantaneous speed when the VMS polling frequency is 1 position/minute. Plot B shows
the effect when the VMS polling frequency is 1 position/30 minutes. Plot C shows the
effect when the VMS polling frequency is 1 position/hour.

“Draft report for peer review only”





15 100
< OTF DRS <
& 80 =
> c
%10 ] 3]

60 @
= o
2 S
'] 40 ©
(O] 5 - ]
5] 1S
[} jm
o 20 O
0 ‘ ; ; ; ; , , , , . 0
00 25 50 75 10.0 125 150 175 20.0 225 00 25 50 7.5 100 125 150 175 20.0 22.5

15 ‘ ‘ 100
—_ GNS LLB 2
S . | 80 =
5 i 5
51 11 o

re0 o

S n o

£ g

,S. r 40 %

8 ° E

]

& 20 O
0 —_— } : : ; 0
00 25 50 7.5 100 125 150 175 200 225 0.0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 225

Vessel speed (knots) Vessel speed (knots)

Figure 4. Percent frequency and cumulative percent distributions of average vessel speed
(knots) as determined from Vessel Monitoring System (VMS) positions for vessels
fishing fish bottom otter trawl (OTF), scallop dredge (DRS), sink gillnet (GNS) and
benthic longline (LLB). The dashed lines represent the bounds used in this study to
define fishing activity (OTF = 2.0 — 4.0 knots, DRS = 2.5 — 6.0 knots, GNS =0.1 — 1.3
knots, LLB = 0.1 — 1.3 knots).
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Figure 5. Percent frequency distribution of instantaneous vessel speed (knots) of vessels
fishing fish bottom otter trawl gear (OTF), scallop dredge gear (DRS) and sink gillnet
(GNS) characterized by both ‘fishing” and ‘other’ activity. These data were collected
using high-frequency polling of the vessel’s global positioning unit (>1 observation/20
seconds) and represent the aggregate of multiple fishing trips. The dashed lines represent
the bounds used in this paper to define fishing activity (OTF = 2.0 — 4.0 knots, DRS = 2.5
— 6.0 knots, GNS = 0.1 — 1.3 knots).
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Figure 6. Comparison of 2005 Vessel Monitoring System (VMS) — Northeast Fisheries
Observer Program (NEFOP) species stock allocations at the trip-level and associated 95
% confidence ellipse. Only those species-trip allocations where VMS and NEFOP-based
methods agreed on the number of stock areas fished and the number of stock areas fished
> 1 were compared.
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