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a  b  s  t  r  a  c  t

The  use  of  Vessel  Monitoring  System  (VMS)  data  to map  fishing  activity  is challenged  by the  mismatch
between  the  temporal  resolution  of  position  records  (typically  2 h)  and  the  time  scale  of  fishing  activity
in  fisheries  with  short  trips  and  short  fishing  operations  such  as purse  seining  for  small  pelagics.  We
analysed  the  first  five  years  of  VMS  and  logbook  data  for  the  Portuguese  purse  seine  fleet,  when  10  min
resolution  VMS  data  were available,  to evaluate  bias  and  errors  in fishing  trips  and  fishing  sets’  identi-
fication  related  to  the  mismatch.  We  adapted  the  standardised  VMS  analysis  workflow  for  EU  fleets  to
the  characteristics  of the  fishery  and  developed  a framework  to quantify  bias  for  different  VMS-based
products,  by  resampling  the  10  min  VMS  dataset  at 20,  30, 60  min  and  2 h intervals.  For  the Portuguese
purse  seine  fishery,  a 2 h  time  interval  resulted  to 42%  missed  fishing  trips  compared  to  the  10 min  time
interval  data  and  a bias  towards  longer  fishing  trips.  For  trips  that  were  correctly  identified  in the  2  h
resampled  dataset,  7%  of  the  fishing  sets  were  missing  and  fishing  locations  were  identified  with  an  error
of  approximately  2.36  km.  The  general  spatial  patterns  of  fishing  operations  – i.e. fishing  grounds  –  were
not  significantly  altered  by  the  decrease  of  the  data  temporal  resolution.  Our  framework  is  applicable  to
other  fisheries  and  could  become  a useful  tool  for managers  using  VMS  data.

© 2016  Published  by  Elsevier  B.V.

1. Introduction

The emergence of global positioning surveillance in fisheries
presented an exceptional opportunity to map  fishing activity at a
high spatial resolution (Bastardie et al., 2010; Bertrand et al., 2008;
Fonseca et al., 2008; Gerritsen and Lordan, 2011; Gerritsen et al.,
2012; Jennings and Lee, 2012). In the search for a standardised and
comprehensive framework to analyse VMS  and logbook data, fish-
eries scientists developed algorithms for data processing, metier
identification, fishing set identification, coupling VMS  with logbook
data, and mapping fishing effort (Hintzen et al., 2012). But when
it comes to fishing activity identification, a one-fits-all approach
across fisheries or fleets is lacking and methods need to adapt to
the specific practices and behaviours of each fleet or metier.

In Europe, fishing vessels typically transmit VMS  data at 2 h
intervals (EC, 2009). To achieve reliable results, a matching between
the temporal resolution of VMS  tracking data and the timescales
of fishing activities is required (Postlethwaite and Dennis, 2013).
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Vermard et al. (2010) illustrated the need for observations to be
collected at a frequency that ensures synchrony with the timing of
behavioural switches (e.g. from steaming to fishing). The analysis
of VMS  data has been challenging (Bastardie et al., 2010; Vermard
et al., 2010), especially for fisheries such as purse seining that fish-
ing trips and fishing operations are typically short and take place
close to harbours (e.g. Stratoudakis and Març alo, 2002; Tsitsika
and Maravelias, 2008). Discrepancy between the temporal scale
of fishing activity and typical VMS  data resolution may  result in
unrecorded or misidentified fishing trips and fishing sets and pos-
sibly bias towards longer lasting trips (Postlethwaite and Dennis,
2013; Vermard et al., 2010). Despite the wealth of studies devel-
oped in the past ten years using both VMS and logbook data to
support fisheries and ecosystem policies (e.g. Campbell et al., 2013;
ICES, 2011; Martín et al., 2014; Witt and Godley, 2007) limited
attention has been paid to the quantification of such errors.

The Portuguese purse seine fishery is a characteristic example
of a single-gear, single-species fishery, targeting European sardine,
Sardina pilchardus (Walbaum)(Stratoudakis and Març alo, 2002).
The fleet consists of approximately 180 vessels, the majority with
an overall length between 18 and 24 m,  with an average gross ton-
nage of 50 and an average engine power of 200 kW (Silva et al.,
2015). Fishing trips take on average 8 h and fishing sets (shooting,
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closing and hauling the net and fish transfer on-board) last approx-
imately 1 h but some trips can last less than 4 h and a fishing set can
conclude in 30 min  (Feijó, 2012; Stratoudakis and Març alo, 2002).
In this study we develop a framework − hybrid of spatial analysis
and statistics – to evaluate bias and errors in fishing trips and fish-
ing sets’ identification, related to the mismatch between VMS  data
temporal resolution and fishing activity time scales, and apply it to
the Portuguese purse seine fishery.

2. Materials and methods

VMS  position, date/time and speed, and logbook trip date/time
data by vessel (anonymous identification) for Portuguese purse
seiners in the period 2000–2005 were provided by the Portuguese
Fisheries Directorate (DGRM). For the vessels equipped with VMS
during this period, common records for logbooks were available for
2003–2004.The number of vessels equipped with VMS  increased
from 26 to 85 during the period. The first five years of VMS  data
have a time interval between consecutive records of 10 min; since
2005, the interval becomes 2 h, the maximum complying with EU
regulations (EC, 2009).

2.1. Fishing trip and fishing set identification

Standardised processes for the analysis of VMS  and logbook data
were adapted to the specificities of the Portuguese purse seine
fishery. Two algorithms were applied to increase the chance of
identifying fishing trips. The first algorithm identifies trips based
on trip starting and ending dates from logbook data (logbook algo-
rithm, Bastardie et al., 2010). Since misreporting in logbooks can
result in missing trips a second algorithm (developed for trawlers
by Hintzen et al., 2012) based on locations flagged as inside or out-
side of harbours (here termed harbour algorithm) was applied; a
trip is defined as consecutive “outside of harbour” locations, con-
fined by two “inside harbour” locations. To avoid missing short trips
when fishing occurs very close to the harbour, as may  happen in
purse seine fishing, the threshold distance to harbour (a distance
used to identify points “inside/outside harbour”) was  decided by
testing distances from 1 to 2 km and evaluating the results by cross-
validating randomly selected identified trips with logbooks. Points
in harbours were defined as those less than 1.5 km from harbour
locations. Fishing trips were identified by first applying the logbook
algorithm and adding to its results any missing trips identified by
the harbour algorithm.

The identification of fishing sets was based on speed patterns
(Hintzen et al., 2012). The beginning of the set is signalled by a
rapid drop in velocity from 7 to 9 knots to lower than 3 knots; low
speed is maintained for 30–60 minutes, while the net is set and
hauled, and the end of the set is signalled by a rapid increase in
velocity (Diana Feijó, personal communication). Consecutive drops
and increases in speed (difference between consecutive points >5
knots) were flagged as the beginning and end of fishing sets. This
complex speed pattern was sought because absolute speed values
(e.g. speed <3 knots) could depict other activities, such as repairs.

2.2. Bias and error quantification

The 10 min  VMS  data were re-sampled to create datasets of
20 min, 30 min, 60 min  and 2 h, referred to as resampled datasets
(Supplementary Material). The fishing trip and fishing set iden-
tification algorithms (Section 2.1) were applied on each dataset.
The following statistical approaches were employed to compare
the 10 min  dataset with each of the resampled datasets. To quantify
missing trips, we calculated the percentage of trips not identified in
the resampled dataset and trip duration for each dataset. To quan-
tify trip duration bias, the Wilcoxon rank sum test was applied to

Table 1
Percentage of trips identified in resampled datasets, and corresponding median trip
duration, assuming the 10 min  data allow for the identification of all trips-100%.

Time interval (min) Identified trips (%) Median Trip Duration (h)

10 – 4
20  84 10
30  77 11
60  67 13
120 58 18

assess if trip duration differs between the 10 min  and each of the
resampled datasets. To quantify the error in fishing set identification
the 10 min  dataset was  compared to each of the resampled datasets
using the McNemar’s test for paired observations (McNemar, 1947).
The McNemar’s test is a nonparametric test used to compare the
effect of a factor on related or paired samples. Common points (geo-
graphic positions) between the 10 min  and the resampled datasets
were treated as paired samples. The factor, i.e. the time interval
between consecutive points, is hypothesized to affect the identi-
fication of a point as fishing set (or not). The test is based on a
standardised normal test statistic: Z = (r12-r21)/sqrt(r12-r21), where
r12 is the number of points identified as non-fishing points in the
10 min  dataset but as fishing points in the resampled dataset (false
positives) and r21 is the number of points flagged as non-fishing
points in the resampled dataset but as fishing points in the 10 min
dataset (false negatives).

To quantify the error of the identified location of the fishing sets,
for each trip, the distance between the fishing sets in the 10 min  and
each of the resampled datasets was calculated. The derived distance
vectors were interpreted as systematic errors of the fishing set loca-
tion estimates, due to lower data resolution (without accounting for
error of trip identification).

To test if the fishing set identification algorithm gives similar
spatial (point) patterns at different temporal resolutions of the VMS
data, we  applied an approach that combines the average Nearest
Neighbour Distance statistic (NND, distance between each point
and its closest neighbouring point) and a randomization process
(Monte Carlo; Manly, 2006). If the patterns are the same, we can
hypothesize that fleet-level average NND between points labelled
as “fishing” in the 10min and the resampled datasets is zero. The
probability distribution for NND was retrieved applying Monte
Carlo permutations iteratively at the vessel level and averaging
NDD values for the whole fleet (Supplementary Material).

All workflows were developed in R 2.15.3 (R Core Team, 2013)
and ArcGIS (ESRI, 2011).

3. Results

Using the combination of the logbook and the harbour algorithms
increased the number of identified fishing trips in comparison to
the use of the logbook algorithm alone. For the 2 h dataset, the num-
ber of trips identified increased by 19%, when we  added the trips
identified with the harbour algorithm to those identified by the log-
book algorithm (the analysis was restricted to 2003–2004, when
logbooks are available for VMS  equipped vessels).

The comparison of VMS  data at different temporal resolutions
showed that the number of identified trips decreased and median
trip duration increased significantly (p < 10−15 for all Wilcoxon
tests) as the interval between consecutive records increases from
10 min  to 2 h (Table 1). 58% of the trips with a four times longer
median duration were identified in the 2 h resampled dataset com-
pared to the 10 min  dataset.

The McNemar’s test showed that as the temporal resolution
decreases so does the percentage of points “correctly” identi-
fied as fishing operations (p< 0.001; Table 2). For example, 7%
of the fishing sets are missed in the 2 h resampled dataset in
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