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Abstract As part of monitoring, control and surveillance of marine fisheries, a logbook monitoring and vessel 

monitoring system (VMS) were introduced for multi-day fishing. The present study investigates the possibility of 

using VMS data to validate logbook records of fishing locations of multi-day fishing vessels. The data from 1,424 

multiday vessels were fitted with VMS, which was operated from May 2017 to April 2018. During the period, there 

were 17,626 fishing trips and 66,717 fishing occasions. In the VMS tracks where the locations were flooded, drift 

gillnet-operated vessels were seen as a condensed zig-zag pattern, while longline fishing vessels as curve-shaped 

tracks, and ring net fishing vessels as condensed locations had irregular-shaped clumps. The differences in coordinates 

of fishing locations in the logbook records matched with the tracks predicted by VMS in multi-day boats of three gear 

types indicating that almost all fishing operations were within ±10º of both latitudes and longitudes and further around 

70% of fishing locations had less than 1 arcminute of a difference. Therefore, VMS track data can be used to verify 

and validate logbook records of fishing locations in multi-day vessels. 
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INTRODUCTION 

 

After the adoption of the United Nations 

Convention on the Law of the Sea (UNCLOS) by 

maritime countries in 1982, a new legal framework 

for ocean resources provided rights and 

responsibilities for the coastal states to manage and 

use fishery resources within the areas of their 

national jurisdiction. Regional Fisheries 

Management Organisations (RFMOs), which have 

been established by countries with fisheries 

interests in a given geographical area, are generally 

responsible for managing fish stocks under the legal 

provisions of UNCLOS. In the Indian Ocean, the 

RFMO focuses on highly migratory fish species, 

(particularly tuna species), known as the Indian 

Ocean Tuna Commission (IOTC), which develops 

and provides guidelines for legally binding 

conservation and management measures for 

member states to implement (IOTC 2018). 

In this regard, monitoring, control and 

surveillance (MCS) of marine fisheries, which is the 

mechanism for implementation of agreed policies, 

plans, or strategies for oceans and fisheries 

management (Flewwelling 1995), has been 

recognized globally for sustainable management of 

mailto:dileepad@wyb.ac.lk


12 
Nuwan D.P. Gunawardane et al. 

 

marine fisheries. Illegal, unreported and 

unregulated (IUU) fishing is treated as actions, 

which do not comply with national, regional, or 

global fisheries conservation and management 

obligations. The IUU includes, according to the 

definition of the FAO international plan of action to 

prevent, deter and eliminate IUU fishing (IPOA-

IUU), inter alia fishing activities conducted by 

national or foreign vessels in waters under the 

jurisdiction of a state (i.e., exclusive economic zone 

or EEZ), without the permission of that state, or in 

contravention of its laws and regulations (FAO 

2001). The IUU fishing is a major threat to the 

sustainable management and conservation of world 

fisheries (Petrossian 2015). 

The international plan of action to prevent, deter 

and eliminate IUU fishing adopted by FAO in 2001 

(FAO 2001), has been endorsed by the European 

Community. Accordingly, European Union has 

established a system to prevent, deter and eliminate 

IUU fishing (European Union 2008). Following 

non-legally binding international instruments 

framed under the UNCLOS, many maritime 

countries have implemented regulations to prevent 

IUU fishing under the national MCS strategies (Kao 

2015). In Sri Lanka, a logbook monitoring system 

was introduced in 2012, as part of MCS for multi-

day fishing. However, Sri Lanka failed to fulfill the 

international standards for preventing IUU fishing. 

As a result, European Commission (EC) issued a 

‘yellow card’ to Sri Lanka in November 2012 under 

the legal provisions of EC Council Regulation No. 

1005/2008 concerning the export of fish and fishery 

products to EU countries. The EC requested the 

fisheries authorities of the country, to avoid Sri 

Lanka being identified as a non-cooperating 

country, to establish and implement an action plan 

to rectify the shortcomings of plans to prevent IUU 

fishing. As the fisheries authorities have unheeded 

EU directives, EC issued a ‘red card’ to Sri Lanka 

in January 2015, specifying the number of 

shortcomings in Sri Lanka’s efforts to act against 

IUU fishing (Gunawardane and Fernando 2016). 

These shortcomings include the failure to adopt an 

adequate legal framework to implement 

international law obligations, the lack of an 

adequate and efficient monitoring system, the lack 

of a deterrent sanctioning system, and the failure to 

comply with international obligations including the 

recommendations and resolutions of RFMOs, and 

the United Nations IPOA-IUU. 

As part of the road map to revoke the EU fish 

export ban, fisheries authorities of Sri Lanka 

introduced a vessel monitoring system (VMS) in 

late 2015 and made it compulsory for all multi-day 

fishing vessels for obtaining certificates for the 

export of fish and fishery products. For the 

implementation of measures to prevent IUU fishing, 

which might include fishing in EEZs of other 

maritime states, illegal trans-shipment of fish 

catches without reporting, etc. several management 

measures have been taken by the Sri Lankan 

government, which included amongst others, 

making it compulsory submission of a logbook by 

every fishing boat to enter fisheries harbours 

(Sandaruwan and Weerasooriya 2019). As a result, 

however, upon realization of shortfalls in recording 

correct fishing locations in the logbook recording 

systems, attempts were made by fisheries 

authorities of Sri Lanka to validate logbook records 

using VMS data, as reported elsewhere (e.g., 

Gerritsen and Lordan 2011; Chang 2011). 

Verification of logbook data using VMS data is 

a widely used procedure in many fisheries 

elsewhere. For example, in the California 

groundfish (i.e., demersal fish) fishery, attempts 

were made to assess the accuracy of logbook data 

using VMS data (Thomas-Smyth 2013). Palmer and 

Wigley (2009) have shown that VMS-based 

methods of the positioning of fishing locations, 

although not a replacement for logbook-based 

methods of reporting, could be used to validate and 

improve the accuracy of logbook data of fishing 

vessels in northeastern U.S. fisheries. In the Danish 

Skagerrak–Kattegat fishing fleets, 52–56% of the 

VMS positions were perfectly matched, 14–18% 

partially matched and 30% failed to match the 

logbook data (Bastardie et al. 2010). The worldwide 

need for processing, analyzing and visualizing 

logbook and VMS data for MCS of marine fisheries 

is exemplified by the availability of open-source 

software for the purpose (Anon. 2021a). 

Although the EU lifted the fish import ban and 

delisted Sri Lanka (White 2016), to avoid the future 

risk of re-introduction of the EU ban, long-lasting 

solutions are needed to be introduced for effective 

national MCS strategies. Logbook records 

essentially consist of fishery-dependent data, but it 

is often proclaimed that scientific analyses based on 

them are questionable due to the notion that logbook 

data are unreliable and not verified as accurate 

(Gunawardane 2016). To our knowledge, 
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falsification of logbook data may occur 

unintentionally due to the reason that fishers do not 

record fishing locations simultaneously with fishing 

operations, but at a later stage with a guestimate of 

latitude and longitude coordinates, making the 

recorded location potentially different from the 

actual fishing location. It was also not uncommon 

that there were instances of intentional 

misrepresentation of fishing locations, especially 

when fishing operations were performed illegally, 

for example in an illegitimate area such as an EEZ 

of another country. As VMS tracking data may 

contain duplicate values for a given fishing location, 

before matching logbook data with VMS data, 

certain cleaning-up procedures are necessary. In the 

present analysis, an attempt is made to investigate 

the possibility of using VMS data to validate 

logbook records of fishing locations of multi-day 

boats operated from 21 fisheries harbours of Sri 

Lanka over a period of 12 months from May 2017 

to April 2018. 

 

MATERIALS AND METHODS 

 

The data in the present study were from 1,424 

multiday vessels fitted with VMS and operated in 

both EEZ and high seas. They were operated from 

21 fishery harbours of Sri Lanka over a period of 12 

months from May 2017 to April 2018. During this 

period, 17,626 fishing trips  having 66,717 fishing 

occasions,   had been recorded by the Fisheries 

Monitoring Centre (FMC) in Sri Lanka. Raw VMS 

data (n = 2,262,340) of these fishing trips and 

fishing occasions were received from the FMC. 

 

The fishery 

 

During 2017-2018, there were 1,281 -1,346 in-

board multi-day boats (IMULs) engaged in high- 

seas fishing and 2,850-3,300 IMULs engaged in 

fishing within the EEZ (Anon. 2021b). These boats 

are mainly engaged in drift gillnetting, tuna 

longlines and flotsam-associated fisheries using 

surrounding nets. In Sri Lanka, fisheries authorities 

labeled these encircling nets as ring nets, although 

they exactly do not conform to the definition of the 

Food and Agriculture Organization of the United 

Nations (FAO 2022) (i.e., a form hybrid between a 

purse seine and a lampara net). In the present study 

too, the term ‘ring net’ is used to describe flotsam-

associated surrounding nets. This fishing method is 

ubiquitous in the IMUL operated from the fishery 

harbours of southern Sri Lanka (Ariyarathna and 

Amarasinghe 2012). The total duration of a fishing 

trip of an IMUL varies from 5 to 30 days 

(Hewapathirana et al. 2015), which essentially 

depends on the fish holding capacity in the vessel, 

limited deck space and the manual operation of 

fishing gear. 

 

Nature of data 

 

The present analysis was based on two types of data 

from the multi-day fishing boats, i.e., log book data 

provided by multi-day boat skippers and VMS data 

of the FMC. Since 2012, the Department of 

Fisheries and Aquatic Resources (DFAR), Sri 

Lanka had introduced manual logbooks to collect 

location-wise catch data, to meet the obligatory 

requirements of IOTC resolutions and as a crucial 

step in managing IUU fishing. Furthermore, since 

2015, logbook data were decisively combined with 

the offshore/deep-sea fisheries management process 

of Sri Lanka under the road map to revoke the EU 

fish export ban. Log sheets of each multiday fishing 

vessel were collected and verified in the fishery 

harbours. Here, the fisheries officer on duty at the 

harbour inspects the vessels and compares the 

harvest landed with the details given in log sheets. 

Certified log sheets related to the fishing operations/ 

trips are collected and data are entered into a 

database held in a SQL server. Logbook data 

consisted of, amongst others, data on the latitude 

and longitude of the fishing location. 

Since 2015, fishing activities of all the vessels 

having licenses to fish in the offshore/deep-sea have 

been monitored by VMS. Although the VMS 

signals do not indicate whether a vessel is fishing, 

navigating, or stationary, there have been several 

attempts to use the information on vessel speed to 

infer whether a VMS record corresponds to fishing 

activity (e.g. Murawski et al. 2005; Walter et al. 

2007; Palmer and Wigley 2009; Lee et al. 2010; 

Gerritsen and Lordan 2011). 

Each vessel had a text file of VMS records of 

each fishing trip, which contained the data on the 

course speed of the boat in four-hour time intervals, 

latitudes and longitude of the position recorded in 

four-hour time intervals, and whether the boat is 

located within EEZ of Sri Lanka or high seas at a 
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particular point. The text files of VMS records of 

the above vessels, collected from the FMC of Sri 

Lanka, contain various VMS signals or alerts 

including location data in every 4-hr time intervals 

coded as TPREP and ‘all clears’ coded as ALCLR, 

the signals received in less than 30-min time 

intervals that represent flooding in the map to 

identify fishing locations. Through the signal type 

TPREP, the location and the speed of the vessel can 

be used for the analysis. 

 

Matching logbook data with VMS data 

 

Data logs are generally required to be filled by the 

skipper of the boat at the sea during fishing 

operations. They contain, amongst others, details of 

fishing locations based on the readings of GPS 

available at the fishing boat. However, as mentioned 

above, the reliability of logbook data is questionable 

due to perceived malpractices of data log recording. 

As such, verification of data logs for their accuracy 

is important. For this purpose, fishing locations 

were inferred from VMS data assuming cruise 

speed could be determined from the nature of VMS 

records, which would represent whether the vessel 

is fishing, navigating, or stationary (Mendo et al. 

2019). As mentioned above, VMS tracking data 

may contain duplicate values for a given fishing 

location. As such, VMS data were cleaned before 

analysis. 

 

Cleaning the VMS data 

 

In Sri Lanka, FMC treats the reference speed of 3 

knots or less as the vessel’s cruising speed during 

fishing. However, verification of fishing at this 

cruise speed was needed through auxiliary evidence 

such as statements of crew members and logbook 

data. This was necessary because low vessel speed 

could also occur due to reasons other than fishing 

such as cruising in search of a fishing location, 

slowing down due to weather conditions, engine 

troubles, etc. As the VMS tract corresponds to fish 

movement, the animal-movement tracking 

approach in wildlife research is appropriate for 

tracking fishing vessels using VMS data. As such, 

an approach similar to cleaning animal-movement 

tracking data in wildlife studies, where the speed, 

distance, and angle filter are used, was adopted in 

the present analysis (Gurarie et al. 2009). This 

process identifies maximum and minimum speed 

parameters, maximum distance traveled, and the 

angle that three consecutive points create. The speed 

of < 3 knots, which was considered the general 

vessel cruising speed during fishing, was filtered 

and included for the analysis of VMS data. For the 

angle filter, a conservative minimum angle size of 

15° was used (Fig. 1), which was assumed to be 

useful to remove erroneous data points (i.e., spikes) 

in the data track. From this procedure, a zig-zag 

pattern or sudden changes in direction of the vessel 

could be detected. The instances that fishing 

locations are clearly shown in the track are known 

as VMS flooding. In these instances, instead of the 

standard time interval of 4 hrs for receiving VMS 

data, the system was adjusted to receive data for 

shorter time intervals (i.e., time intervals of a few 

minutes). VMS signal type, ALCLR represented the 

locations of the vessels that were received in less 

than 30 min. time intervals when flooding was 

plotted on a map to identify the fishing locations. 

The TPREP signals, which represented the standard 

location data for 4-hr time intervals were also 

plotted on the same map to calculate the angle of the 

consecutive data points of VMS data. Also, in this 

approach, points that did not contain heading 

(bearing) information could be included. In such 

instances, the haversine formula (Chang and Yuan 

2014; see below), which would determine the great-

circle distance (d) between two points on a sphere 

given their longitudes and latitudes was used to 

calculate a bearing field.  
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Fig 1 Diagrammatic representation of calculating the angle of the consecutive VMS location data 

 

Haversine formula: 

𝑑 = 2r arcsine [√sin2 (
∅1 − ∅2

2
) + cos ∅1cos∅2 sin

2(
∂1−∂2

2
)
] 

 

 

Here, the distance (d) was calculated using the 

haversine formula at two positions P1 = (ø1, ∂1) and 

P2 = (ø2, ∂2), where ø and ∂ represent their latitude 

and longitude, respectively.  

For each fishing trip, selecting individual VMS 

points that represent the actual fishing activity 

would be necessary. For this purpose, a crude 

distance selection was made. The following three 

different ‘matched’ fishing data sets were used in 

the analysis (Thomas-Smyth 2013). 

(1) In the first option, the fishing date and position 

given by the skipper of the boat were 

considered as the main reference value. The 

VMS alerts were generated in 4 hrs time 

intervals, and as such, the fishing location 

might not be 100% matched with the VMS 

location even if the skipper has recorded the 

exact catch location. Therefore, a buffer of 4 

hrs was applied in the analysis. For this 

purpose, the time buffer was converted into 

distance assuming that the maximum distance 

of boat travel within 4 hrs (when fishing) was 

12 nautical miles or approximately 0.020o (at a 

speed of maximum 3 knots). This was based on 

the distance between one degree of longitude, 

which was about 60 nautical miles at the 

equator. Since most of the fishing locations of 

multiday boats operating off Sri Lanka were 

close to the equator, the distance in nautical 

miles was divided by 60 to convert the 

distances to a degree of latitude and longitude. 

(2) Secondly, it was possible that fishing 

operations of Sri Lankan multiday fishing 

vessels could be extended up to 10-12 hrs. The 

fishing location reported by the skipper thus 

could be any location within that time period. 

Therefore, the second option was to consider 

VMS points within a time period of 12 hrs 

from the fishing location provided, so that the 

buffer of 12 hrs was applied. Here, it was 
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assumed that the maximum distance of a boat 

travel during an operation (when fishing) was 

36 nautical miles or approximately 0.60o (at a 

speed of maximum 3 knots per hrs). The 

distance buffer was calculated based on the 

same assumptions above. 

(3) In the third option, all VMS points within the 

exact time frame of the logbook fishing date 

were selected. Here, the fishing date given by 

the skipper of the boat was considered as the 

reference value and all VMS points within that 

date (24 hrs) were considered as the possible 

catch locations. It was also possible that the 

skipper records one fishing location within a 

day, and this location might not necessarily be 

the location where the fishing took place. 

Therefore, it was necessary to consider the 

matches during the day to determine the 

possible catch locations. Here, no distance 

calculation was adopted since all possible 

locations were considered. However, the 

distance difference between the nearest VMS 

location and the reported location was 

calculated using a latitude/longitude distance 

calculator (NOAA 2019) to determine the 

accuracy of the skipper’s records. 

Speeds of greater than 10 knots were considered 

as outliers, and in any case, were automatically 

removed when the data were filtered by speed < 3 

knots. Also, boats representing less than 0.05% of 

the dataset of speed limit distribution were removed 

from the analysis. Fishing locations from logbook 

records and those which were predicted by VMS 

tracks, having filtered by speed < 3 knots, were 

categorized into grid values of one-degree square 

(60 × 60 nm). If both values overlaid within a grid, 

the two location values were treated as similar. 

In the multiday fishing fleet operating off Sri 

Lanka, there are three types of boats targeting large 

pelagic fish species, viz. drift gillnet boats, longline 

boats and ring net boats. In the VMS tracks, normal 

reporting locations and flooding locations (i.e., rare 

situations of generally <1% due to some technical 

problems in transponders), where fishing was 

assumed to be performed, could be easily identified. 

As such, all these locations were mapped using that 

data that were recorded in a single file of a SQL 

database. To judge the types of fishing operations in 

the flooding locations of the VMS tracking maps, 

their patterns were visually identified also using 

auxiliary evidence such as statements of crew 

members and logbook data. Here, the comparison of 

the VMS and logbook track data were done by 

MySQL script and Microsoft queries in MS excel 

(data merge function). Visualization of the overlap 

of the flooding and VMS tracks was performed via 

Google maps. 

The above filters were then used to match the 

VMS locations with the fishing occasions reported 

by skippers via the logbook data. Here, both the 

logbook locations and VMS data were recorded in a 

SQL database. Both data sets were converted to MS 

Excel® tables. The three filters (i.e., speed, angle 

and distance buffers) were applied to VMS data and 

data that were not matched with them were 

removed. If a location matched with VMS data via 

the above three filters, such location was considered 

as a matched location, otherwise, it was categorized 

as an unmatched location. Matched locations were 

determined for all three filtered separately and in 

combination. Percentage-matched locations were 

then calculated as an index of the accuracy of the 

logbook data of skippers. 

 

RESULTS 

 

Distributions of speed limits recorded by VMS 

alerts matched with the nearest fishing locations for 

the boats of all three fishing methods are shown in 

Figure 2. There were 982 VMS alerts representing 

less than 0.05% of the dataset of speed limit 

distribution, which was removed from the analysis. 

The speed levels between 0.1- 3.0 knots were 

considered to indicate fishing activities, and those 

between 3.0 – 8.0 knots indicated steaming of the 

vessel. 
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Fig 2 Frequency distribution of vessel speed by gear types. (A) Drift gillnet boats; (B) Longline boats; 

(C) Ring net boats 
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The patterns of VMS tracks of the three 

methods of fishing operations of multi-day boats are 

shown in Figure 3. Here, fishing operations of drift 

gillnet boats were illustrated as condensed zig-zag 

patterns (Fig. 3A). The VMS tracks of longline 

fishing vessels had curve-shaped tracks (Fig. 3B). 

The VMS tracks of condensed patterns having 

irregular-shaped clumps were considered as fishing 

operations of ring net fishing vessels (Fig. 3C). 

However, these patterns could only be seen in 

high-frequency flooding maps. In normal tracks 

based on 4-hr time intervals, all vessel movements 

were seen as zig-zag patterns. Hence, locations of 

zig-zag patterns recorded as angles <15°, were 

assumed to be of the speed of ≤3 knots representing 

fishing operations. As mentioned above, the VMS 

signal type, ALCLR represented flooding data. The 

positional data of the multi-day boats of three 

fishing methods of logbook records and 

corresponding positions predicted by VMS through 

three buffers (i.e., 4 hr, 10-12 hr and 24 hr) in 

selected grids are shown in Figure 4. They indicate 

the relative accuracy of VMS-based prediction of 

fishing positions. 

Speed and cause (angle) were adopted for 24 hrs 

buffer to find out the possible matches (Thomas-

Smyth 2013). Here, VMS positions of a speed of 

less than 5 or 3 knots with an average cause (angle) 

of ≥15º were compared with fishing locations 

provided by skippers of the boats of all three fishing 

gear types. Data harmonized with the above criteria 

within one day (24 hrs) were considered as matched. 

The mean deviations (in degrees) of reporting 

locations and matching with locations of VMS 

prediction for drift gillnet boats, long line boats and 

ring net boats were determined separately. 

For occasions where the speed was ≤3 knots and 

the cause ≥15º, 12 hrs and 4 hrs filters were applied. 

Results for boats using each gear type are given in 

Table 1. It was, therefore, evident that 75.2% (= 100 

– 24.8) boats were reporting fishing within 12-24 

hrs after fishing and that 89.7% (= 100 – 10.3) boats 

were reporting their fishing location after 4 hrs 

(Table 1), which must have been resulted due to the 

differences of reporting of the fishing location.  

The VMS location data matched with fishing 

locations provided by skippers for the boats in 24 

hrs buffer for speed filter of ≤ 5 knots and of ≤ 3 

knots categorized according to the three types of 

fishing gears used (Table 2). Based on the 

assumption that boats would be reducing their speed 

down to 3 knots when fishing, there were only 4.7% 

(= 85.1% - 80.4%) occasions, where boats were 

fishing within the speed range of 5 to 3 knots (Table 

2). 

The VMS location data matched with fishing 

locations provided by skippers for the boats of three 

gear types in a 24-hr buffer for speed and cause 

(angle) limits are given in Table 3. There were only 

0.09% (= 81.6% - 81.5%) occasions where boats 

were fishing within the range of 5 to 3 knots with a 

cause (angle) of ≥15º (Table 3). Therefore the 3 

knots limit could be applied as the reference limit 

for fishing speed for boats of all three gear types.  

The mean deviations (in degrees) of reporting 

locations and matching with locations of VMS 

prediction for drift gillnet boats, longline boats and 

ring net boats were 0.963 ± 0.009, 1.142 ± 0.010 and 

1.496 ± 0.022 respectively, with the overall mean 

deviation of 1.266 ± 1.856 (Table 4). Also, 

differences of greater than 10 degrees were 

considered as outliers. However, in 4 hrs buffer, 

only around 10% of the matching was possible. This 

was due to the reason that a single fishing operation 

that could last for a longer period, i.e., >12 hrs, 

would predict more than one VMS location for a 

single fishing occasion in 4 hrs intervals. In 12 hrs 

buffer, there was <25% matching with logbook 

records indicating that most of the fishermen were 

reporting fishing occasions 12-24 hrs after fishing. 

The difference in coordinates of latitude and 

longitude for matched VMS and logbook records of 

fishing locations of multi-day boats of three gear 

types are shown in Figure 4. They indicate that the 

differences in almost all fishing operations of multi-

day boats of all three fishing methods were within 

±10º of both in latitudes and longitudes. Of the 

vessel movements, there were 66,717 instances of 

fishing operations, 89,553 instances of potential 

fishing activities and 26,134 instances of potential 

cruising predicted by VMS alerts. 

The percentage frequency distribution of the 

differences of fishing locations in the logbook 

records and VMS predictions of these 66,717 

fishing operations by multiday boats is shown in 

Figure 5. This indicates that approximately 70% of 

fishing operations had a difference in a fishing 

location of less than 1 arcminute (1 arcminute ~ 1 

nautical mile; Anon. 2003).  
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Fig 3 Flooding (yellow colour) and normal (black colour) VMS data of [A(i)] a drift gillnet vessel, [A(ii), (iii)] two enlarged portions of VMS 

track; [B(i)] a longline vessel, [B(ii), (iii), (iv] three enlarged portions of VMS track; [C(i)] a ring net vessel, [C(ii), (iii)] two enlarged portions of 

VMS track 
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Table 1 Number of matched occasions and percentages in each gear type with speed filter of ≤ 3 knots 

and the angle of ≥15º for two distance filters of 12hrs and 04 hrs 

 

Table 2 VMS location data matched with fishing locations provided by skippers for the boats of three 

gear types in 24 hrs buffer for speed filter of ≤ 5 knots and of ≤ 3 knots 

 

 

Fishing 

occasions 

Number of matched occasions with 

speed filter of ≤ 5 knots 

Number of matched occasions with 

speed filter of ≤ 3 knots 

No. % No. % 

Drift 

gillnets 26,424 23,001 87.1% 22,993 87.0% 

Longline 33,817 28,366 83.9% 25,183 74.5% 

Ring net 6,476 5,439 84.0% 5,428 83.8% 

Overall 66,717 56,806 85.1% 53,604 80.4% 

 

Table 3 VMS location data matched with fishing locations provided by skippers for the boats of three 

gear types in 24-hr buffer for speed and cause (angle) limits 
 

 

Table 4 Deviation of reported fishing location from matched VMS locations (in degrees) 

 

Gear type Fishing occasions Mean deviation (in degrees) Standard deviation (in degrees) 

Drift gillnet 26,424 0.963 1.413 

Longline 33,817 1.142 1.930 

Ring net 6,476 1.496 1.739 

Overall 66,717 1.266 1.856 

Gear 

Type 

Fishing 

occasions 

Number of matched occasions with  

speed filter of ≤ 5 knots and the 

angle of ≥ 15º 

Number of matched occasions with 

speed filter of < 3 knots and the 

angle of ≥15º 

No. % No. % 

Drift 

gillnets 26,424 21,818 82.6% 21,807 82.5% 

Longline 33,817 27,451 81.2% 27,424 81.1% 

Ring net 6,476 5,171 79.8% 5,160 79.7% 

Overall 66,717 54,440 81.6% 54,391 81.5% 

Gear 

Type 

Fishing 

occasions 

Number of matched occasions with  

speed filter of ≤ 5 knots and the 

angle of ≥ 15º 

Number of matched occasions with 

speed filter of < 3 knots and the 

angle of ≥15º 

No. % No. % 

Drift 

gillnets 26,424 21,818 82.6% 21,807 82.5% 

Longline 33,817 27,451 81.2% 27,424 81.1% 

Ring net 6,476 5,171 79.8% 5,160 79.7% 

Overall 66,717 54,440 81.6% 54,391 81.5% 
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Fig 4 Graphical representation of the difference latitude and longitude coordinates for matched VMS and 

logbook records of multi-day boats of three gear types. [A(i)] drift gillnet boats; [B(i) longline boats; [C(i)] 

ring net boats. Representative grids showing deviation of fishing locations predicted by VMS (black dots) 

and those of logbook records (white dots), the corresponding locations of which are linked. [A(ii)] drift 

gillnet boats; [B(ii) longline boats; [C(ii)] ring net boats. Note: One degree is approximately 60 nautical 

miles near the equator. 
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Fig 5 The percentage frequency distribution of the differences of fishing locations in the logbook records 

and VMS predictions of 66,717 fishing operations from multiday boats (1 arcminute ~ 1 nautical mile) 

 

 

 

DISCUSSION 

 

The present study shows that the accuracy of 

logbook records of fishing locations can be verified 

with reasonable reliability by using VMS track data 

based on the VMS alerts related to vessel speed of 

<3 knots and with the cruise angle records ≥ 15º. 

Although not strictly comparable, somewhat similar 

approaches are reported to be used elsewhere. For 

example, Gerritsen and Lordan (2011) used otter 

trawl data, and Thomas-Smyth (2013) and Marzuki 

(2017) used groundfish trawl data, which in all 

cases were with high resolutions. Validation of 

fishing locations reported in the logbooks for tuna 

fisheries using VMS is reported in the tropical 

Atlantic Ocean (Punzon et al. 2016), and in 

Seychelles (Nieblas et al. 2019). Also, the present 

study has shown a reasonable and cost-effective 

alternative for monitoring fishing activities of 

multi-day boats operating off Sri Lanka, based on 

the VMS validation procedure adopted by FMC. As 

evidenced from this study, around 70% of fishing 

operations were with a difference of <1 arcminute 

in fishing location between logbook records and 

VMS prediction. The mismatching of about 30% of 

fishing locations of logbook records with the VMS 

predictions should probably be due to wrong 

reporting by the skippers. 

The present analysis, therefore, has shown that 

the fishing positions predicted by VMS through 
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three buffers provided a fairly reasonable approach 

to improve positional data collection. VMS data 

further facilitates to identify and prevent possible 

illegal trans-shipment of catches of multi-day 

fishing vessels. Most multi-day boats operating in 

Sri Lanka, target migratory tuna and tuna-like large 

pelagic fish species using long line and drift gillnets 

(Hewapathirana et al. 2018), most notably 

yellowfin tuna, Thunnus albacares (Bonnaterre 

1788) and skipjack tuna, Katsuwonus pelamis 

(Linnaeus 1758). These fisheries are of great 

importance to the national economy of Sri Lanka 

because the majority of the landings, especially T. 

albcares, are destined for the export market. 

Further, the fishery of multiday boats using ring 

nets is essentially a flotsam-associated fishery 

(Ariyarathna and Amarasinghe 2012) targeting 

‘shade-philic’ fish species such as Indian scad, 

Decapterus russelli (Rüppell 1830) and rainbow 

runner, Elagatis bipinnulata (Quoy and Gaimard 

1825) that are by and large, locally consumed. As a 

member state of the IOTC, the RFMO that focuses 

on highly migratory fish species in the Indian 

Ocean, Sri Lanka is legally bound to implement 

guidelines for conservation and management 

measures (IOTC 2018). Apart from this, Sri Lanka 

being a major exporter of fish and fishery products 

to the European Union has to fulfill the international 

standards for preventing IUU fishing, stipulated 

under the mechanism of the European Commission 

Regulation (EC) No. 1005/2008 (European Union 

2008). The implications of having a mechanism to  

detect correct positioning apart from monitoring of 

illegal fishing are that from the fisheries 

management point of view, such efforts would help 

control the utilization of the geographic, political 

and economic space by larger-scale economic and 

environmental conservation interests in the 

priorities in the ocean governance reforms, 

jeopardizing the substantial benefits of small-scale 

fisheries supporting many livelihoods (Cohen et al. 

2019).  

Therefore, having an improved logbook data 

system coupled with the VMS system might be 

useful for the enforcement of fisheries regulations 

under the guidelines of IOTC, which Sri Lanka has 

adopted to comply with. The logbook system that 

was introduced to the multiday fishery in 2011 took 

about 4 years to cover the multiday fleets. The 

logbook process was enhanced during the years 

2015 and 2016 under the roadmap to revoke the fish 

export ban, imposed by the EU in January 2015, 

based on IUU fishing concerns (Gunawardane and 

Fernando 2016). However, there was no cost-

effective method in Sri Lanka to validate the 

accuracy of fishing location records in fisheries 

logbooks, and subsequently, VMS was introduced 

in late 2015. Presently, the FMC of the Department 

of Fisheries and Aquatic Resources, Sri Lanka 

adopts the system depicted in Figure 6, for issuing 

catch certificates for exporting or for detecting IUU 

fishing, which facilitates issuing charge sheets for 

violating fisheries regulations. According to current 

practice, every vessel has to submit a departure form 

which is verified by a fisheries officer after 

inspection at the harbour, before departure. The 

details of the departure forms are verified by the 

coast guard at the harbour mouth. A copy of the 

departure form has to be kept in the vessel and will 

be re-checked with the conditions and details of the 

vessel upon arriving at the harbour. The catch data 

recorded in the log sheets are checked by the 

fisheries inspectors at the landing points. As a result, 

the effectiveness of this system for preventing IUU 

fishing has been evident due to a significant 

reduction in the rate of reported cases of IUU 

fishing from 35.2 per month to 1.25 per month 

respectively from September 2015 to January 2017 

(Fisheries Monitoring Centre (FMC) records 

accessed by NDPG).  

 

 



24 
Nuwan D.P. Gunawardane et al. 

 

 
 

Fig 6 Fisheries data management system for multi-day boats in Sri Lanka 
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Even the logbook data recording system suffers 

its inherent weaknesses such as erroneous fishing 

locations that fishermen manually enter in the log 

sheets, and the practical difficulty of manually 

entering location data under the harsh conditions at 

sea especially due to the artisanal nature of the 

multi-day fishing vessels, validation of logbook 

records of fishing location is necessary to comply 

with IOTC guidelines and other international 

guidelines for monitoring high seas fisheries. This 

is of particular importance because, during the last 

15 years, there has been a phenomenal expansion in 

the size of the multi-day fishing fleet in the Sri 

Lankan fisheries sector (Haputhantri and Maldeniya 

2011). Thus, monitoring multi-day vessels has 

become a challenge in the current measures of 

fisheries management. 

Moreover, the MCS of marine fisheries is a 

critical issue for the sustainable management of 

marine fisheries (Flewwelling 1995). This has 

become essential more than before due to the reason 

that after implementing the road map to revoke the 

EU fish export ban, mechanisms to combat IUU 

fishing have to be in place as management 

measures. Further, the VMS data are normally 

transmitted at 4-hr time intervals, but logbook data 

are occasionally reported just after the fishing 

operation is concluded. Therefore, it is not possible 

to automate the verification, unless the VMS can be 

transmitted in a 30-minute time interval, which is 

impracticable due to the associated cost. 

Although this process is sufficient for fishing 

vessels to comply with legal requirements and law 

enforcement processes, it does not provide 

fishermen with a commercial advantage. As such, to 

seek the active participation of fishermen, 

possibilities of extending VMS-based monitoring 

for making other economic benefits to fishermen 

should be sought. It is reported that based on the 

cruise data of catch and effort of multi-day boats, 

VMS monitoring could be used to establish 

effective fish catch forecasting methods and catch 

allocation (Palmer and Wigley 2009). However, the 

overall difference in matched VMS and logbook 

records was narrower in ring net boats than in 

longline boats and drift gillnet boats (see Figure 4). 

This is mainly because the mode of operation of ring 

net in Sri Lankan waters is that the boat is allowed 

to drift with the ocean currents for several days until 

the crew members are convinced that a substantial 

quantity of fish is attracted to the flotsam before 

starting operation of ring net to encircle the fish 

schools (Ariyarathna and Amarasinghe 2012). As 

such, unlike in the boats of the other two fishing 

methods, skippers in ring-net boats have sufficient 

time for keeping accurate logbook records. 

The current manual logbook recording system 

is adequate for multi-day fishing vessels to comply 

with the fisheries management regulations of the 

FMC and their enforcement. Although this system 

is bound to false reporting, mainly due to practical 

difficulties encountered by fishermen working on 

relatively small vessels, after fisheries authorities 

have taken steps to verify logbook records using 

VMS data, fishermen are compelled to avoid false 

reporting. However, it must be noted that VMS 

should not be an alternative to replace logbook-

based methods of reporting. 

Logbook data recording is mandatory for multi-

day boats operating from Sri Lanka. Logbook and 

VMS data are now being used for the data 

verification system at the ‘High Seas Operation 

Unit’ of the DFAR of Sri Lanka. A verification 

report is now a compulsory requirement for fish 

exports. However, filling in the departure form, 

logbook data collection and verification and 

inspections are currently being conducted and 

reported manually. There are over 200 fisheries staff 

members assigned for the purpose, who are required 

to work in fisheries harbours 24 hours over a week 

on a rotational basis. Due to these inherent 

weaknesses in the logbook-based MCS of marine 

fisheries, an effective mechanism is necessary.  

The present study shows that VMS data can 

effectively be used for logbook data verification of 

multi-day fishing boats landed in fisheries harbours 

of Sri Lanka. The findings of the present study are 

of global significance for MCS of marine fisheries, 

especially to contribute to the global effort to deter 

IUU fishing. In fact, the carding system of the 

European Commission Regulation (EC) No. 

1005/2008, i.e., issuance of ‘yellow card’. 

motivated countries such as Thailand and Ghana to 

take action on IUU fishing (Sumaila 2019). Sumaila 

(2019), based on his analysis, also stated that the 

economic risk to fish exporting countries would 

increase significantly if the United States and Japan 

also instituted similar carding systems, which would 

in turn help to reduce IUU fishing worldwide. 
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