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Introduction
The concern with logbook data

Commercial fisheries in the United States have long relied on self-reported logbook data to
monitor catch levels and fishing activity, providing a low-cost alternative to increased monitoring
and enforcement. This data often contains latitude and longitude coordinates of where fishing
activity occurs as well as depth levels, total catch and catch composition; the logbooks are required
as soon as the catch is landed at port to verify the fish was caught with appropriate methods and in
approved areas. The logbooks are then compiled so each fishery has a complete data set of all the
fishing locations reported for a given time period, with detailed information on hot spots of fishing
activity and high catch areas.

Logbook data has been seen as a source of fisheries data since it became widely recorded and
compiled, and in many instances the catch data is used in place of scientific research when none is
available. This type of data and analysis is called fisheries-dependent data, whereas scientific research
represents fisheries-independent methods. However, this method of scientific analysis is called into
question continuously by individuals who assert that logbook data is unreliable and not verified as
accurate. As observer coverage on vessels in most U.S. fisheries is extremely low, it would not be
difficult for fishers to misrepresent where their fishing occurs. Some forms of this misrepresentation
may be unintentional, for example neglecting to fill out the logbook as fishing occurs and later
having to estimate location or rounding latitude and longitude coordinates so that the recorded
location is significantly different from the actual location. However, speculation and accusations of
intentional misrepresentation of fishing location exhibit a high degree of mistrust of fishers. If
certain regions are closed to fishing but are known hot spots of fish biomass, compliance with

closures will depend heavily on enforcement presence. Without strong enforcement, fishers must



only record an appropriate non-closed location for their fishing activity and then can enter and exit a

closed area.

Previous methods to test logbook accuracy

Generally, it is accepted that this type of activity is sparse and uncommon among fishers, but the
speculation is enough to call into question the validity of any results using fisheries-dependent data
like the logbooks. When considering the alternative (costly scientific research that does not occur
often) it is obvious that foregoing logbook records as a source of fisheries data is not a feasible
option; there is just not enough fishery-independent data available. In order to still perform analysis
on this important data and maintain a level of confidence and integrity in the results, logbook data
must be verified individually or shown to be an accurate data-source as a whole.

One way to individually verify the logbook data is to ground-truth certain recorded values from
the logbook against known data. Oregon trawl logbook data was verified through two separate
comparisons: the depth recorded in the logbook vs. charted bathymetry for those coordinates and
the reported retained catch vs. landed fish weights. These methods were coarse, but illustrate the
tendency for rounding error through small but frequent inconsistencies in depth data (Sampson
2011). Observer coverage of fishing fleets is often not a significant percentage of total fishing
activity, but the data collected by observers can be extrapolated to assess the total accuracy of the

logbook data as seen in Sampling Approach and Modifications documents (Cotter & Pilling 2007).

Vessel Monitoring Systems

The growing use of vessel monitoring system (VMS) units in commercial fisheries is presenting
an alternative to ground-truthing fishery logbook data. VMS units are placed on a vessel and
incrementally record, and often transmit immediately to a server, information about the vessel’s

location. This information also includes directional bearings, speed parameter, and date and time.



Units are all programmed to record information at different times, most often an interval that is
unknown to the fishers to prevent any potential illicit activity between recordings.

Globally, VMS has been required in commercial fisheries for over a decade; it is recognized as a
vital tool in reducing the costs of managing and enforcing fisheries. All large European fishing
vessels (over 24 meters) have been required to transmit their positions every 2 hours since 2000 by
the European Commission; since then progressive regulations led to all vessels over 15 meters
transmitting location as well as speed and course information in 2006 (Gerritsen & Lordan 2011).
Australian fisheries have also adopted the technology in the past 5 years, using the VMS data to
estimate benthic damage due to the trawls from the prawn fishery (Deng et al. 2003).

Slowly the United States has been adopting VMS technology into commercial fisheries
management. Beginning as eatly as 1998 in the limited-access Atlantic sea scallop fisheries, Fishery
Management Councils (FMCs) in the various regions of the U.S. require vessels over certain size
limits in specific fisheries to have VMS units on board and recording data (Palmer & Wigley 2009);
regulations often begin by targeting the larger commercial vessels and then expand to include most,
if not all, vessels in the commercial fishery. This data is transmitted to servers hosted by the
National Oceanographic and Atmospheric (NOAA) Office of Law Enforcement (OLE) to be used

for monitoring and enforcement purposes.

California’s groundfish fishery

The west coast groundfish fishery in the United States is managed by the Pacific Fishery
Management Council (PFMC) and covers 64 different species of rockfish, flatfish including sole and
flounder, cod, hake, sablefish, several shark species, skates, and various other species. These species
are targeted on the continental shelf, the break, and the slope in depths greater than 200 fathoms.
All species live on, in, or directly above the seafloor, yet the wide variety of species leads to many

different methods of fishing. Bottom trawling is the primary method for catching groundfish on the



west coast, but other fishing gear such as gillnets, pots, and longlines are also used and each require
separate management regulations (PFMC website).

Opverall, more than 90 species are targeted by the groundfish trawl fishery in California, making
it the third largest fishery in California from 1997 to 2003; it was responsible for 12% of the state’s
landings revenues (Mason et al. 2012). In order to manage and protect these vast resources, the
PFMC implemented groundfish conservation areas (GCAs), large-scale depth-based areas that
alternately prohibit and restrict fishing activity (PFMC website).

Previously, entities such as the Southwest Fisheries Science Center approached analysis of
fishing activity in the California groundfish fishery using fishing blocks produced by California’s
Department of Fish and Game. These blocks, shown in Figure 1, are created by a grid of 10 degree
minute lines; further from the coast the blocks are scaled up to 30 minute grids. Most often the
fishing blocks are used to divide fishing activity into regions and analyze any activity hotspots or
areas of changing fishing pressure over time. More recently, the 10-minute blocks have been scaled

down for finer-resolution analysis using 1-minute blocks (SWEFSC website).

VMS in the California fishery

In order to increase compliance with and enforcement of GCAs, the PFMC began a pilot
program to use VMS in the groundfish trawl fishery; beginning in 2004 all vessels registered in the
Pacific Coast limited entry groundfish fishery (a subset of the larger fishery) to carry a VMS unit at
all times while fishing off the coasts of Washington, Oregon, and California (68 FR 62374).

After success in the pilot program, the requirement was expanded to include all vessels in the
open access groundfish fishery, effective in 2008. A list of approved VMS units was provided to the
fishers affected by the ruling after a series of public meetings to raise awareness about the VMS units

and how they work.



Figure 1 — Map of the California Department of Fish and Game 10-minute fishing ‘blocks’
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Objective and Thesis

I will work with the logbook and VMS data from the 2009 California groundfish fishery to
analyze if fishers are correctly reporting their trawl locations. Once the two datasets are matched by
vessel ID and trip numbers, simple distance analysis will average the distance between logbook trawl
data and their corresponding VMS points. While error is expected, it is likely that the distances
measured will be too small to make significant difference in analysis when using the fishing blocks
described above.

The two most likely sources of error are the transcription of geographic coordinates by fishers in
the logbook (due to significant rounding of decimal degrees) and the nature of how the logbook data
is recorded. Because the data is two coordinates connected by a straight line segment there will be
disparity between the true trawling path (which likely follows bathymetry contours) and the straight

depiction of the activity.

Methods
Cleaning the VMS data

The VMS data received from NOAA’s OLE contained all recorded points from January 1%,
2009 until December 31%, 2009. 881 individual vessels were registered in Washington, Oregon, and
California to participate in the groundfish trawl fishery, and all vessels were required to have the
VMS unit transmitting year-round. This led to a data set of 6,028,861 points for the year. Location
data is recorded in the original data as geographical data in a single attribute, recognized by ArcMap
software and converted to latitude and longitude coordinates. The resulting dataset is show in Figure

2 before any data removal occurred.



Figure 2 - Raw VMS data as received from NOAA OLE, 6,028,861 points.
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Due to complications possibly with data transmitting from the VMS units on vessels to the
servers at OLE, many location points from the VMS data are clearly incorrectly located. As all
vessels that participated in any part of the trawl fishery were required to transmit locations, it is
expected that the data would include fishing activity targeting other species in non-related fishing
grounds; however, many VMS points were located on land, in the Atlantic Ocean, or in the
Southern hemisphere. Points located outside of the Northern Pacific Ocean were excluded as
erroneous data (a coastal margin to allow for vessels in port was used). This removed 69,799 points

but only completely excluded one vessel.



Many vessels that transmitted VMS data also participated in fisheries in Alaska, but as these trips
would clearly not be reported in the groundfish fishery 316,240 points west of 141°W were removed
from the data set. The maximum acceptable speed established for trawling vessels in this study is 20
knots, however many VMS points recorded speeds greater than 20 knots. This speed parameter was
calculated by the VMS unit algorithms; however a new speed parameter measuring the distance
travelled and the time between points was calculated for the purpose of this study. 3,838 points
where both speed parameters were measured at over 20 knots were removed.

Because VMS data so closely resembles animal-movement tracking data in nature, and there is
limited literature and no standard method to deal with VMS data, the protocols to clean animal-
movement data seem the most appropriate to use. A common filtering or cleaning practice in the
field of animal movement and tracking is called the speed, distance, angle filter. This process
identifies data as erroneous based on maximum and minimum speed parameters, maximum distance
travelled, and the angle which three consecutive points create. Known as spikes, if a single data point
is well removed from a data track, the small angle created by segments connecting the previous and
next data point indicates a single point may be incorrectly located. A conservative minimum angle
size of 15° was used to remove spikes in the VMS data if speeds were recorded at greater than 3
knots. Any activity under 3 knots represented possible fishing activity in which zig-zagging patterns
or sudden changes in direction are expected.

Other common errors in the data included points that contained no heading (bearing)
information even though a speed was recorded. In these instances a Haversine formula was used to
recalculate a bearing field. Also a prevalent error in the data was duplicate timestamps; where two
consecutive points from the data have identical timestamps, but are in different locations. This is
most likely due to two points being consolidated and transmitted in one bundle to the servers at

OLE and the timestamp information is linked to when the data is received, not recorded.



Matching VMS and logbook records

In order to preserve anonymity for fishers, OLE’s VMS data does not have a federal doc
number or identifiable vessel ID, the vessel IDs present in the data are randomly derived. The only
attribute shared between the data sets is that of vessel name; however this field is full of spelling
errors, abbreviation discrepancies, and multiple vessels with the same name. In order to match the
vessels and trips present in the logbook data to VMS records, we must instead rely on spatial
relationships and departing port and time information to individually match trips and through that,
vessels.

Scripting in R created a loop that filters through all VMS trips within a minimum distance of the
logbook trip on a given day and then narrows the results based on time. If this filtering process
results in more than one match, a loose comparison based on vessel name information is used to

select the match.

Distance analysis

Once the individual trips by each vessel were matched in the data sets, selecting the individual
VMS points that represent the actual trawling activity was necessary. Despite attempts to identify
fishing activity by parameters in the VMS data, the only methods possible were matching time
stamps and doing a coarse distance selection. Three different ‘matched’ trawling data sets were used
in the analysis, one in which only VMS points within the exact timeframe of the logbook trawl
timing were selected, one in which VMS points within a 2 hour time buffer of the logbook trawl
timing were selected, and one where all VMS points matching that trip and within 4 kilometers of
the logbook trawls were selected. These different distance methods will be known as Exact Time,

Buffered Time, and 4 km respectively.



For each tow, the average distance of all the corresponding VMS points was calculated. The
difference in latitude and longitude coordinates was calculated as the shortest distance between the
VMS point in question and either the set (beginning) point or up (end) point of the logbook trawl

data.

Results
Cleaning the VMS data

After removing erroneous points, most due to location but others due to lack of or clearly
incorrect data, the ‘clean’ VMS dataset contained 1,353,578 points representing 880 individual
vessels. Of these points a trip was classified as the time after a vessel leaves port (all points within 1
mile of a west coast port were considered in port), until it returns. Figure 3 shows the final clean

VMS data. Note that there are still a considerable number of points north of California.

Matching records
The logbook data for 2009 contains 992 recorded trips for the year. 667 of those trips, or just
over 67% of the trips in 2009 were matched successfully to trips in the VMS data. The 667 trips in
the VMS records created a new dataset of 34,229 points. 3,128 individual tows took place on the
matched trips in the logbook data, averaging between 4 and 5 tows of the net each fishing trip.
Figure 4 shows the overlay of the logbook trawl data on the matched VMS dataset for 3 distinct
vessels and a sample of trips. Already visible is the spatial correlation between VMS and logbook

data.



Figure 3- The final VMS data set after removing non-relevant and erroneous data. 1,353,578 points.
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Figure 4 - Map showing example of matched VMS and logbook trips randomly selected.
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Distance analysis

Of the 3,128 individual tows that make up the 667 matched fishing trips from the logbook
records, 1471 did not have corresponding VMS points within the exact time or the buffered time.
582 trawl tows had no VMS points within 4 kilometers of their location. This means that 47% of
trawls that were previously matched to VMS trips do not have timestamps that match the times
recorded by VMS points. 18.6% of trawls were recorded over 4 km from any VMS points matched
to that trip.

The maximum matched distance between the VMS and logbook data is 80km for the Exact
Time data set and nearly 94 km in the Buffered Time dataset, however as demonstrated by Figure 5,
the majority of the data have low average distances. The data is also characterized in Table 1, which

reports the minimum, maximum and average values of the three analyses.
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Figure 5 - A frequency histogram of the three different matching methods and the average distances they
produce. Not shown: 72 and 81 tows had average distances over 25km for the Exact Time and Buffered Time
datasets respectively.



Distance analysis statistics in km
Standard
Min Max | Mean | Deviation
Exact Time 0.0007 | 76.97 | 5.30 9.04
Buffered Time 0]93.89 | 4.77 8.81
4 km 0| 3.97| 0.86 0.57

Table 1 - Summary statistics of the three variations of the distance analysis.

When the histogram is shortened and the large number of tows with average distances of 0 (no

VMS points within the specified range), Figure 6 shows the most populated average distances.
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Figure 6 - A frequency histogram of the three different matching methods and the average distances they
produce. Not shown: 500 and 551 tows had average distances over 3,000m for the Exact Time and Buffered
Time datasets respectively, 14 tows not shown for the 4 km dataset. 0 value tows not shown (1471 for Exact

Time and Buffered Time, 582 for 4 km).



Previous literature examining logbook accuracy using VMS data (Chang 2011) have examined
trends for reported difference in latitude vs. longitude. When mapped as a scatter plot in Figure 7,
the difference between VMS point latitude and longitude coordinates and logbook coordinates

demonstrate no visible pattern.
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Figure 7 - The difference in latitude and longitude coordinates for matched VMS and logbook trawls

Using 6.7 km as the average width of the 1-minute management blocks utilized by the California
Department of Fish and Game, all trawls in the 4km dataset would be considered accurate.
However, halving the maximum distance from 6.7 km to 3.35 km ensures that all average distances

within that threshold will be recorded in the correct fishing block. Table 2 demonstrates that the



majority of trawls with associated point data (those trawls that did not have points in the dataset

were excluded from analysis) fall within the conservative 3.35 km distance limit.

Percent trawls where Percent trawls where average

average distance £ 3.35 km distance £ 6.7 km
Buffered Time 68.26 80.08
Exact Time 71.82 76.95
4 km 99.88 100

Table 2 - Percentage of datasets within distance limits for VMS and logbook records

The distribution of the logbook trawls that meet and do not meet the less conservative 6.7 km
distance threshold is shown in Figure 8. No clear spatial distribution is apparent. Due to
confidentiality and non-disclosure, independent examinations of average distances by vessel are

prohibited for public dissemination.



Figure 8 - Map of logbook trawls within the less-consetvative distance threshold for 1-miute fishing
blocks.
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Discussion
Distance analysis

Although there should be 100% VMS coverage of logbook trips, matching over 67% of the data
is a more than ample sample size. However, this 67% is not evenly distributed throughout the
vessels in the 2009 data. There were 57 vessels originally in the logbook records, however only 25
vessels were matched with the VMS data. Clearly these vessels were more active, as 44% of the
vessels represent 67% of the trips, but it does skew the sample.

Because an industry- or even regional fishery-wide standard does not exist for an acceptable
margin of error in logbook reporting, there is no absolute measure against which to say self-reported
logbook data is reasonably accurately located. However, the results show that the average distances
cluster towards the left of the histogram. Despite a large range and many outliers, the data has a
fairly condensed spread in ranges that do not appear extravagantly large.

There does not seem to be any sort of skew towards a single direction in the difference between
the data sets, a pattern that might be seen if fishers were consistently violating depth prohibitions or
rounding inaccurately. Just by inspecting the data visually there does not seem to be any intentional
inaccurate reporting, however without knowing the specifics of the particular fishing regions it is
impossible to say whether a difference in location is accidental or intentional.

A hypothesis for the greatest source of error in reporting distances is that the rounding of
decimal degree coordinates significantly changes the location of the fishing activity. The VMS data is
geocoded using a specific geometry tag, and not by latitude and longitude. However, when this
geometry field is interpreted by ArcGIS it produces coordinates that have 6 decimal places; this is a
highly accurate location. Logbook data is often a paper and pencil record-keeping business, where
vessel crew check their GPS units on board and write down the coordinates as the net is dropping

(alternatively they place markers in the unit and then go back at the end of the trip and fill out the



logbook). This leads to rounding, often GPS unit displays will limit the number of decimals shown;
in 2009 the majority of the logbook entries rounded to the hundredth or even the tenth. This degree
of rounding can cause significant change in the location in this particular global region. A change of
just 0.005 decimal degrees longitude can lead to a nearly 450 km shift in location, an even greater
change of 550 km occurs when the rounding is in latitude.

One unexpected source of error for this study is that of timestamp mismatch. 47% of the
logbook trawls that were already matched to VMS trips did not have corresponding times in the
VMS data. However, we know that return times recorded in the logbooks were used to match the
two datasets, and as that matching process was 67% accurate, it means there is likely no error on the
side of the VMS data. Instead the error likely lies in the set time and up time parameters that are the
records of when the net was dropped and retrieved (separate fields from the return time, which is
likely so accurate because it is filled out at port). Because of this error the analysis had to be
expanded to include selecting points by proximity. This creates circular logic because you select

points due to their distance to then measure their distance.

Conclusions

Despite unforeseen errors, this study demonstrates with reasonable certainty that the logbook
records in the California groundfish trawl fishery are located with sufficient accuracy to be used in
regional and state-wide analysis, however fine-scale projects may not find this data to be accurate
enough. Although extrapolating is not certain, this indicates that both previous catch records (a rich
source of historical catch and abundance records) and future logbook data can be considered
reliable. The only concern that may be voiced is that these fishers knew they had VMS units on
board that would track their locations, and they therefore reported more accurately than they did

prior to 2008 when they were required to carry the VMS units.



Recommendations

The most important recommendation is that a common ID be established between important
datasets like the VMS and the logbooks. While this may change the confidentiality of the data, it is
an extremely important step to increase the amount of data available and add robustness to studies
such as this one.

Addressing the recording of trawling time in the logbook as a source of error is another
important step. However, other than increasing observer coverage on fishing vessels there is no way
to ensure more accurate time recording. The best solution would be to establish a method to identify
fishing activity within the VMS data.

Finally, self-reported data by fishers should be acknowledged as a vital fishery-dependent data
source and treated as such with the encouragement of proper recording of coordinates. Establishing
the importance of accurate latitude and longitude coordinates will increase accuracy of the logbook

data in the future.
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