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Background

HELCOM HOD 53-2017 welcomed and approved the final draft of the HELCOM Maritime Assessment
(document 3-12) together with the technical comments to the HELCOM Maritime Assessment provided by
Germany (Document 3-21) (HOD 53-2017 outcome para 3.27).
HELCOM HOD 53-2017 agreed to publish the HELCOM Maritime Assessment (document 3-12) in the HELCOM
BSEP series after implementing the corrections in document 3-21 and noted that the Secretariat is going to
carry out proofreading and final layout, including redrawing of figures, before release. (HOD 53-2017
outcome para 3.28).
This document includes the draft Chapter 13 on ‘Fishing activity in the Baltic Sea’ and the related
methodological Annex 3.
The complete finalised and lay-outed report will be published during February 2018.

Action requested
The Meeting is invited to take note of and use the material and the forthcoming release of the HELCOM
Maritime Assessment.
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13. FISHING ACTIVITY
IN THE BALTIC SEA
Introduction
Fishing activities in the Baltic Sea can be divided roughly to two main types:
commercial and recreational fishing. Recreational fishing refers to fisheries
as a leisure activity and takes place mainly in the coastal areas of the Baltic
Sea. Commercial fishing includes mainly activities of vessels registered in
national fishery vessel registers (Figure 13.1.).
Overall, the mechanization of commercial fishing between the 1950s–
70s profoundly changed, and centralized, the industry resulting in the
general long-terms trend towards fewer fishermen working in larger vessels
catching more fish (Figure 13.2). On one hand, the bigger and more effective trawlers, tankers and gear have ensured large catches. On the other
hand, suction pumps, sorting machines, refrigeration units and filleting
machines have eased handling and transportation of bulk catch.
Fisheries in the Baltic Sea land annually in the order of 7–800 000 tonnes
of fish (ICES, 2017, Lassen, 2011). The target species include herring (Clupea
harengus), sprat (Sprattus sprattus), cod (Gadus morhua), European flounder (Platichthys flesus), salmon (Salmo salar) and sea trout (Salmo trutta)
and a number of coastal species, e.g. vendace (Coregonus albula), pike (Esox
lucius), perch (Perca fluviatilis), pike perch (Sander lucioperca) and garfish
(Belone belone) (in the southern Baltic only). In the western parts of the
Baltic Sea and Kattegat there are fisheries targeting other flatfishes, as well
as Norwegian lobster and prawn. Eel (Anguilla anguilla) fishery has diminished during the last 30 years (Lassen 2011).
In terms of volume the main species targeted by commercial fishing in
the Baltic Sea include, in decreasing importance, Atlantic herring and sprat
(midwater trawls) as well as cod (demersal trawls). These three species constitute together about 95% (ICES, 2017) and that of herring and sprat alone
nearly 90% of the commercial catch in terms of volume (STECF, 2017).
Even if fishing uses boats and ships, and in this way a pollution source
similar to shipping (see first chapters), the main environmental impact of
fishing activity is the direct effects it has on the biodiversity of the Baltic
Sea. Fisheries impact naturally the targeted fish stocks, but depending on
the gears used, may also have an effect on the sea bed and its fauna and
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Figure 13.1.

In the Baltic Sea (excluding the Kattegat area) in millions of tonnes, Source: ICES
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flora (bottom trawling) or other species including marine mammals and sea
birds (incidental bycatch). Also derelict gears (e.g. “ghost nets”) are a fisheries related environmental issue. These may cause mortality of fish and other
fauna in the Baltic Sea for a long period after they have been lost at sea.

Fishing activities in the Baltic Sea
Based on the latest available figures the total commercial fisheries fleet
of EU Member Countries operating in the Baltic Sea, excluding Kattegat,
consisted in 2015 of around 6192 registered vessels, 9% of which were large
scale (LSF) vessels, while 91% were small scale (SSF) vessels (STECF 2017). In
addition to EU vessels, an unquantified number of Russian vessels operate
in the Baltic Sea.
Commercial fishing activities, particularly that of larger vessels (>12m),
are relatively well known as they are closely monitored by various data
collection activities, for EU members as part of the Common Fisheries Policy
implementation. Inversely, the activities of smaller coastal vessels, very much
like leisure boats, in the Baltic Sea remain to be described in their full spatial complexity.
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Large scale fishing vessels
In 2015 there were around 557 EU flagged industrial vessels in the large
scale fishing (LSF) vessel category operating in the Baltic Sea (STECF, 2017).
These LSF vessels operating in the Baltic Sea used as main gear either
demersal (“bottom”) trawls, targeting mainly species such as cod (Gadus
morhua) as well as various flatfish species, or alternatively midwater trawls,
targeting mainly herring and sprat. While cod is caught mainly for human
consumption, herring and sprat are mostly caught to produce fish meal and
fish oil for animal feed (including aquaculture) (Lassen, 2011). LSF vessels
landed 91% of the total catch in terms of volume, 60% in weight and 40%
in landing value (STECF, 2017).
In 2015 the largest vessel segment of the LSF category operating 80% or
more in the Baltic (24-40m) included 14 Lithuanian demersal trawlers and
148 midwater trawlers (49 Latvian, 26 Estonian, 41 Polish, 23 Finnish and 9
Lithuanian) (STECF, 2017).
The fishing activities of larger vessels (usually >12 m) are monitored
closely by their flag states, using mandatory procedures like obligatory
landing as well as technologies like Vessel Monitoring System (VMS) and
fisheries control cameras installed on deck.
Figures 13.3. illustrates the main target species in the Baltic Sea: cod,
herring, sprat and flatfish as well as which gears are used to catch them.

Small scale fishing vessels
In terms of numbers the main part of the EU fishing fleet operating in the
Baltic Sea consists of around 5635 smaller SSF fishing vessels (STECF, 2017).
For European Maritime and Fisheries Fund (EMFF) purposes SSF vessels have
been defined as having an overall length of less than 12 m and not using
towed fishing gear.
These vessels use commonly different types of gears than the larger vessels. Usually various static or passive gear (FAO, 2016a), e.g. set gillnets and
longlines as well as fixed traps, without a defined main gear (categorized
as “PGP” or polyvalent passive gears) are used to target a wider variety of
species (STECF 2016). Smaller vessels employ more fishermen per landed fish
(STECF 2017) and tend to focus on catching higher value species for human
consumption (IFREMER, 2007).

Mapping commercial fisheries activities by AIS
It is possible to map commercial fishing effort using the VMS data (ICES
2016; Bergström & Fredriksson 2012). However, also AIS data is becoming
a viable basis for such mapping. AIS is compulsory for all EU fishing vessels
with a length more than 15 meters since 2014 (EU Dir 2011/15/EU), but is
also used on a voluntary basis by many smaller fishing vessels.
Following the methodology developed by Natale et al. (2015), the fishing effort in the Baltic Sea during 2015 was mapped for this report using
the HELCOM AIS data covering the entire Baltic Sea and a database of
fishing vessels. These maps, presented in Figures 13.1 and 13.4, show the
resulting maps, presenting fishing effort for each of the main fishing gears
based on AIS data. The complete methodology behind the maps is available
as Appendix 2. Please note that due to the lack of a vessel registry, fishing
vessels from Russia are not covered in these maps.
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FISHING EFFORT
In the Baltic Sea in 2014 (AIS data)
FISHING EFFORT IN KWh
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Figure 13.2.
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Recreational fishing
Recreational fisheries refers to fishing during leisure time and target an
even larger variety of species, but also species such as cod which are targeted by commercial fisheries. The species targeted by recreational fisheries vary depending on local circumstances. As an example, in Sweden and
Finland recreational catches are mostly perch (Perca fluviatilis), pike (Esox
lucius), pikeperch (Sander lucioperca) but also roach (Rutilus) (HELCOM
2017a).
Also sea trout and salmon are attractive species for recreational fishing
in the region, even if most of the activity takes place in estuarine and riverine areas. River restoration activities provide a way to recover lost spawning
grounds of such migratory species, and ensure sustainable growth of such
recreational fishing.
As recreational fisheries have, at least until recently, been less regulated
than commercial fisheries, and not under the same reporting obligations, it
is more difficult to get quantitative information on its definitive extent and
impact on a Baltic-wide scale. However, some recerational catches of salmon
and German data on receational catches of western Baltic cod are included
in ICES assessments (ICES 2017).
Even if there are no obligations some surveys on the catches of recreational fishing are carried out every year in Denmark and Sweden, and
every two years in Finland. For the other Baltic Sea countries, there is no
regular assessment of recreational catches but the number of fishing licenses are monitored in Poland, Estonia and Germany. In Estonia, recreational
catch data is available for some specific area such as rivers where salmons
are spawning (HELCOM 2017a).
Based on the available information recreational fishing may equal commercial catches of certain commercially fished stocks (HELCOM, 2017a). Further, recreational catches exceed commercial catches for non-internationally
assessed species such as the perch, the pike and the sea trout in Finland and
Sweden. However, in many areas including for example Denmark overall,
recreational catches are clearly smaller than commercial catches (Lassen
2011).
Recreational fishing is a coastal activity which likely peaks in densely
populated areas. Even if angling is perhaps the most common type of recreational gear also passive gears such as gill nets and fyke nets are allowed for
recreational fishermen in many Baltic Sea countries. However, in Germany,
these passive gears are allowed only for former commercial fishermen and
they are completely forbidden in Poland and Russia. In Poland only angling
and spearfishing is allowed for recreational fishermen.
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FISHING EFFORT WITH DIFFERENT GEARS IN THE BALTIC SEA

MIDWATER TRAWL

BOTTOM TRAWL

Fishing effort in 2014

Fishing effort in 2014

33 700 kWh

46 600 kWh

1 kWh

1 kWh

NO DATA

NO DATA

NO DATA

NO DATA

GILLNET COMMERCIAL

RODS LINES

Fishing effort in 2014

Fishing effort in 2014

9 770 kWh

3 090 kWh

1 kWh

1 kWh

NO DATA

NO DATA

138

HELCOM MARITIME ASSESSEMENT

NO DATA

NO DATA

OTHER MARITIME ISSUES: CHAPTER 13 OF 20

DEMERSAL DANISH SEINE

PELAGIC PURSE SEINE

Fishing effort in 2014

Fishing effort in 2014

4 690 kWh

4 870 kWh

1 kWh

1 kWh

SECTION IV OF V

NO DATA

NO DATA

NO DATA

NO DATA

DEMERSAL LONG LINE

PELAGIC LONG LINE

Fishing effort in 2014

Fishing effort in 2014

2 070 kWh

1 550 kWh

1 kWh

1 kWh

NO DATA

NO DATA

NO DATA

NO DATA

MARITIME ACTIVITIES IN THE BALTIC SEA

139

SECTION IV OF V

OTHER MARITIME ISSUES: CHAPTER 13 OF 20

Environmental impacts of fisheries
Target species removals
Impacts of overfishing include depleted fish stocks and reduced biomass.
Since fisheries is typically focused on specific species and larger fish, it may
also cause structural changes to populations and the food web. Such changes in overall species composition, and a decreased size and age structure of
populations, have been seen both in the Baltic and adjacent areas (Cardinale et al. 2009; Eero et al. 2008; Svedäng & Hornborg 2014). Overfishing, and
the associated changes at population and ecosystem level, affect long-term
fishing opportunities and food provision, since the changes in population or
food web structure make the depleted stocks less productive and more vulnerable to environmental pressures (Berkeley et al. 2004; Stige et al. 2017).

Sea-bed disturbance by active bottom contact gears
Bottom contacting fishing gear causes surface abrasion. During bottomtrawling it may also reach deeper down into the sediment, causing subsurface abrasion to the seabed.
The substrate that is swept by bottom trawling is affected by temporary
disturbance, and bottom dwelling species are removed from the habitat
or relocated (Dayton et al. 1995). The impact is particularly strong on slow
growing sessile species which may be eradicated. Since the same areas are
typically swept repeatedly, and due to high density of trawling in some
areas, the possibility to recover may also be low for more resilient organisms, and a change in species composition may be seen (Kaiser et al. 2006;
Olsgaard et al. 2008).
In addition, the activity may mobilise sediments into the water, which
may be transported to other areas and cause smothering on hard substrates, or may release hazardous substances that have been previously
buried in the seabed (Jones1992; Wikström et al. 2016).

Incidental by-catch
In addition to the targeted species and size classes of fish, unselective fishing imposes mortality on smaller sized fish and non-target species of fish,
but also on mammals and birds, which are caught as incidental by-catch.
The unwanted catch of fish has been mostly discarded in the past, and has
been monitored and included in stock assessments for cod and some flatfishes. Since 2017, there is a discard ban in place for cod, sprat, herring and
salmon. In coming years, the effects of these measures are to be evaluated.

Ghost nets
Abandoned, lost, or discarded, fishing gear is termed ’ghost nets’ and pose
a threat to marine life since they continue fishing not only fish, but also
birds and marine mammals and can be considered as posing an especially
large risk to marine life. Experiments have shown that the catching efficiecy
of lost gillnets amounts to approximately 20 % of the initial catch rates
after three months, and around 6 % after 27 months (WWF Poland 2011).
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Fishing regulations in the Baltic Sea
EU Fisheries Policy in the Baltic Sea
The regional fisheries commission, International Baltic Sea Fisheries Commission (IBSFC), established with the 1973 Gdansk Convention (Anon. 1973) was
discontinued on the 31st of December 2005.
Today the overall regional fisheries management regime in the Baltic
Sea, including spatial measures, is in the global context somewhat special,
as the European Union (EU) member countries in the region have, according
to the EU treaty, delegated powers in fisheries matters to the EU. EU member countries in the region have, nevertheless, the task and certain freedom
to implement the EU level decisions EU Common Fisheries Policy (CFP) and
may impose stricter requirements to their own fleets.
Within the ongoing regionalization of the CFP, the high level group of
the regional co-operation body, BALTFISH, established by a memorandum
of understanding in 2013 (Anon. 2013), prepares and pre-consults regional
proposals on fisheries measures to be considered and adopted by the EU
Agriculture and Fisheries Council.
The needed CFP data collection activities in the Baltic Sea are coordinated in a dedicated group (Regional Coordination Group, RCG) consisting of
Baltic Sea coastal countries which are members of the EU. Implementation
of the data collection is based on the EU multiannual programme on data
collection (EU-MAP) but implemented by the EU member countries based
on national data collection programmes.
Another EU body, the Baltic Sea Advisory Council (BSAC) provides stakeholder advice on management of fisheries in the Baltic Sea.

EU-Russia co-operation
In 2009, the EU and the Russian Federation concluded a new agreement on
fisheries and living marine resources of the Baltic Sea (Anon. 2009a), establishing the Joint Baltic Sea Fisheries Committee, a bilateral fisheries body in
order to fill the gap left by the closure of the IBSFC in 2005.

ICES
Authorative scientific advice on the status of fisheries stocks is provided by
the International Council for the Exploration of the Seas (ICES 1964).

1992 Helsinki Convention & HELCOM
Based on the 1992 Helsinki Convention as well as later HELCOM decisions,
including the 2007 Baltic Sea Action Plan (BSAP), the HELCOM group on
ecosystem based sustainable fisheries (HELCOM FISH), originally established
in 2008, involves environmental and fisheries authorities of all Baltic Sea
states and the EU as well as interest groups for regional negotiations on
fisheries –environment issues. HELCOM FISH is currently the only regional
intergovernmental body which includes all coastal countries (EU countries
and Russia) on an equal footing in fisheries related negotiations beyond
science.
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Future perspectives
Enhanced co-operation between fisheries and environmental organisations
As a part of global developments towards a more coherent marine governance there is a need for enhanced cooperation and collaboration at the
regional level in the fisheries and environment theme, supported by continuous exchange of information and lessons learned, exploring of shared
objectives, and addressing issues of common interest (SOI 2016).
Besides the HELCOM FISH group, providing a joint platform for both
fisheries and environment authorities to reduce the environmental impact of fisheries, there is also a need for closer co-operation between the
regional bodies focusing on fisheries management (BALTFISH and EURussia agreement as well as BSAC) as well as regional marine environment
management work carried out mainly within HELCOM. First steps for this
enhanced cooperation has been taken during 2016-2017 but this work
needs to be intensified in order to help the coastal countries and the EU to
achieve regionally coherent policies related to the Baltic Sea marine environment and its resources.

Improved information on incidental catches of birds
and mammals in the Baltic Sea
The monitoring of incidental by-catches of birds and mammals in the Baltic
Sea is currently rudimental and little facts are available, or available compiled region wide, on the actual levels of these catches to enable considering further measures. Besides some small scale national initiatives, the only
species covered by the existing regular data collection in the EU framework
is harbour porpoise (Phocoena phocoena) which is not observed in the
entire Baltic Sea area. The ongoing work around the new EU fisheries policy
data collection might enable more information to emerge in the future
but this would need additional resources. Close co-operation between the
authorities working with marine environment and fisheries is needed to
optimise incidental bycatch data collection across sectoral boundaries.

Promoting the development and use of
alternative fishing gears and devices
Initiatives in the Baltic Sea region have recently tested a number of alternative gears, both passive (e.g. fish pots as well as fixed and automatized
longlines,) and active (e.g. trawls with escape windows) as well as related
equipment, such as sound (“pingers”) and visible light devices, in order to
reduce incidental bycatch (HELCOM 2017c). If developed further and deployed commercially, these could provide a means to reduce the incidental
bycatches and at the same time allow for commercial fisheries operations.
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Assessing and addressing ghost nets
The numbers of derelict gears lying on the seabed have been studied in
recent initiatives in some parts of the Baltic Sea. A regional synthesis of the
information could help in considering regional measures. Further, the concrete impacts of derelict gears are currently less known.
All coastal countries in the world adopted the Code of Conduct for Responsible Fisheries (FAO 1995). Unfortunately at the moment there are no
global standards on marking fishing gear. FAO is working on the finalisation
of the draft guidelines on marking of fishing gear. After Technical Consultation in February 2018, the International Guidelines will be submitted for
adoption by the FAO Committee on Fisheries (COFI 33) in July 2018.

River restoration best practices
Rivers are the paths which migratory fish like salmon and sea trout take
upstream to their spawning grounds. Thus, the river and stream conditions
directly influence the status of several migratory fish populations, which
spend part of their life in the sea.
During the last centuries, many streams and waters in the region have
been subjected to intensive modifications such as straightening and dredging of streams for log driving, water level control, hydro-power developments as well as decreased water quality. In many cases such river and
stream modifications have collapsed the natural fish production capacity.
The changes in energy production, timber transportation and how we
spend our leisure time have created interest to restore river and stream environments and their fish populations. To follow up public interest, several
municipalities in the coastal countries of the Baltic Sea have recently implemented river restoration activities.
River and stream restoration ranges from smaller interventions, such as
adding gravel and riverside vegetation, to complete reconstruction of physical features, including natural meandering and removal of dams. As a fringe
benefit, river restoration includes also often increased attention also to the
water quality and thus, reduction of riverine pollution to the Baltic Sea.
As restoration activities are costly there is a need to intensify sharing of
best practices in order to restore degraded riverine habitats in the coastal
countries. An example of recent work is the regional workshop on river restoration organised in Denmark in May 2017 (HELCOM 2017d) as well as the
RETROUT project, funded by Interreg and implemented during 2017–2020.
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MAPPING FISHING ACTIVITIES IN THE BALTIC SEA USING AIS DATA

ANNEX 2: Mapping fishing
activities in the Baltic Sea
using AIS data
Introduction
The original objective of this study was to produce an overall analysis of
the fisheries activities in the Baltic Sea, presented in the form of GIS maps,
figures and tables, and a description of the analyses performed. Original
plans involved using a VMS dataset (vessel monitoring system used to track
fishing vessels above 12 m length) from the year 2008 to 2012 for producing
these maps. However, during the initial work with the VMS dataset the
presence of non-fishing positions in the dataset were discovered. Since
the dataset lacked information on vessel speed these steaming positions
could not be corrected retrospectively. It was therefore decided that an AIS
dataset with data from 2014 would be used instead, and that an evaluation
of working with AIS (Automatic Identification System) data as a tool for
fishery management should be included in the objectives.
The AIS system is an automatic tracking system used on ships and by
vessel traffic services for identifying and locating vessels by electronically
exchanging data with other nearby ships and AIS base stations. The AIS has
been progressively extended in the EU to medium-large size fishing vessels
and has become compulsory since May 2014 for all fishing vessels of more
than 15 meters of length (EU Dir 2011/15/EU). This makes the AIS system
interesting as a tool for mapping of fishing activities.
Figure 1 illustrates the jurisdictional zones that affect fisheries in the
Baltic Sea. The rules at sea is a subject to international law, notably to
the United Nations Convention on the Law of the Sea (UNCLOS). UNCLOS
defines the conditions for States to extend sovereignty or jurisdiction over
the oceans. In this regard, a coastal state has the possibility to claim different levels of access and rights at sea through declaration of different
types of zones (Figure 1). Full sovereignty is exerted over territorial waters,
which may be declared up to a maximum of 12 nautical miles (nm) from the
coast baseline. Beyond the territorial water limits, a coastal state may also
claim for exclusive economic zones (EEZs), to a maximum extent of 200 nm
from the coast line. In both such zones, the rights for the exploitation of
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Figure 1. Sea delimitations based on
international law (UNCLOS).
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marine living resources (i.e. fishing) belong exclusively to the coastal state.
However, some of the rights, i.e. the fishing, in both of these zones can be
permitted to foreign vessels. In the absence of an EEZ claim, a coastal state
may also exert sovereign rights over fishing only, by claiming an exclusive
fishing zone. ‘High seas’ correspond to sea areas not subject to any claim by
a coastal state. Access to fishing in the high seas is possible to vessels of any
country (Weissenberger 2015).
The main aim of this study was to produce maps that describe the spatial distribution of the different fishing methods, hereafter referred to as
fisheries, used within the Baltic Sea, and analyse their interaction with other
types of maritime activities as well as the likely spatially relevant environmental effects. The secondary aim was to test the usability of AIS as a tool
within the fishery management. In Natale et al. (2015) AIS data of Midwater
trawl activities were tested and in this study we evaluated their method for
different fisheries in the Baltic Sea.

Method
AIS and fleet list data extraction
The positions of the currently known fishing vessels operating in the
Baltic Sea during the year 2014 were extracted from the HELCOM AIS data
network (9 countries). A list of vessels identified to be fishing vessels was
acquired from a ship information provider (www.vesselfinder.com) to cover
all IMO (International Maritime Organization) vessels. The IMO number is
a unique reference for ships and remains linked to the ship for its lifetime,
regardless of a change in name, flag, or owner. If the ship information
was not available with the provider (i.e. non-IMO ships), we used the ship
information from the AIS data. This list included MMSI (Maritime Mobile
Service Identifier, a unique number identifying ships at radio communication) and IMO numbers, dimensions, name, call sign and type of each vessel.
Vessels in this list included a number of EU and non-EU countries. Next, all
AIS equipped vessels of the Baltic Sea states identified as fishing vessels or
unknown were checked against online information providers to identify AIS
fishing vessels of the Baltic Sea states. Then information on VMS equipped
MARITIME ACTIVITIES IN THE BALTIC SEA
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vessels from the Baltic Sea EU countries was extracted from the EU fleet
register and merged with the AIS list to create an exhaustive list of all relevant Baltic Sea fishing fleet (AIS and VMS merged). Thus, a table of all the
Baltic Sea states fishing vessels was retrieved, including all the details of the
AIS list plus the power of the vessels and their primary and secondary gear
types (from the logbook, DCF level 4). Where gear types were not available,
a visual (from online provider picture) estimation of the gear used (DCF
level 3, rough estimate) was appended. In the AIS fishing fleet list, the fields
relative to power and gear type were drawn from the Baltic Sea fleet list using the call sign as linkage between the lists. Information on gear type and
power was still missing for a number of vessels from EU, non-Baltic, member
states. This gap was filled using their call signs and the logbook information in the EU fleet register. For non-EU flag vessels (e.g. Russia, UK, Canada,
USA etc.) a visual estimation of the gear was performed based on online
archives of images (e.g. www.marinetraffic.com). Some vessels did not have
available information on power in the EU fleet register (data gaps) or were
from non-EU countries. For these vessels a power was estimated based on
their lengths, using parameters from a power regression on the known
power/length of 665 vessels (R-sq = 0.65). This operation also allowed to
check and correct errors in the reported length of some vessels. The signals
of the fishing vessels in the AIS fishing fleet list were extracted from the
HELCOM AIS data for the year 2014 (following their MMSI number). Only
the signals within the Baltic Sea (cf. Article 1 of the Helsinki Convention)
were selected.

Data processing
The first step of the data handling was to exclude signals with a speed
lower than 0.5 knots and thereby excluding signals from ports and other
non-fishing positions. After that the time between sequent signals from a
specific vessel were calculated as the variable “Fishing time”. Fishing time
above seven minutes were removed based on the assumption that the AISsystem had been turned off prior to the signal, and thus, the vessel had not
been fishing. The limit was set to seven minutes based on the pattern of the
fishing time variable in a histogram (Figure 1). Combined with information
of engine power, the fishing time was used to calculate the effort in KWh.
The data were then divided into two separate datasets, one with information of primary gear type according to DCF level 4 (a detail level where
for instance bottom trawls are separated into PTB - Bottom pair trawl, OTB
- Bottom otter trawl, OTT - Multi-rig otter trawl and TBB - Beam trawl) and
one dataset without information on primary gear type. The main analysis
in this study was done on the dataset with detailed gear type information.
The second dataset were mainly used to illustrate how much spatial information was lacking when using this method. In the dataset with detailed
information on the gear type, all signals from gear types that only had one
vessel or few signals in total were removed, see Figure 2. The gear types
that were removed were DRB (Boat dredge, 1200 signals), GTR (Trammel
net, 700 signals) and GND (Driftnet, forbidden method, 30 000 signals). All
the bottom trawling gear types were merged together. Mid-water trawl
gear types were merged together in the same way, as well as the rod and
line -gear types.

214

HELCOM MARITIME ASSESSMENT

MAPPING FISHING ACTIVITIES IN THE BALTIC SEA USING AIS DATA

ANNEX II OF III

Figure 2. A histogram of every time
difference between two sequent signals
for every vessel. About 2 % of the signals had a difference exceeding seven
minutes.

TIME DIFFERENCE BETWEEN SEQUENT SIGNALS
FREQUENCY

FISHING TIME (MIN)

AIS-data does not provide any information about when a boat has been
fishing or not. To retrieve this information from the data, a histogram for
each gear type was made of vessel velocity at each signal, see Figure 3. The
histograms generally consist of two Gaussian distributions, one at a lower
speed where the boat was likely fishing and one at higher speeds representing steaming. According to Natale et al. (2015) an appropriate formula to
calculate the speed limits for trawl fishing is ?±1.5*?, where ? is the mean
value and ? is the standard deviation of the first Gaussian distribution.
These limits gave a good fit for the mid-water trawl fishing but were not

GEAR TYPE
in the AIS data

GEAR TYPE
in this report

PTB
OTB
OTT

BT - Bottom trawl

TBB

OTM
PTM

LTL

MT - Mid-water trawl

RL - Rods and Lines

Figure 3. A complete list of gear types
of Baltic Sea fishing vessels in 2014 and
how they were treated in this report.
All the bottom trawling gear types
(PTB - Bottom pair trawl, OTB - Bottom
otter trawl, OTT - Multi-rig otter trawl
and TBB - Beam trawl) were merged
together. Mid-water trawl gear types
(OTM - Mid-water otter trawl and PTM
- Pelagic pair trawl) were merged together in the same way, as well as rods
and lines gear types (LTL - Trolling lines
and LHP - Hand and Pole lines).

LHP
FPO

FPO - Potting / creeling

GNS
LLD

LLD - Pelagic Long Lining

LLS

LLS - Demersal long lining

PS

PS - Pelagic purse

SDN

SDN - Demersal Danish seine

DRB
GTR

Removed

GND
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possible to use generally on all gear types. The Gaussian distribution of the
speed profiles for each gear type was analysed in the statistical software R
using the mixtools library and the function NormalmixEM2comp (Benaglia
et al. 2009). After a visual check of the speed histograms, the interval 0.5 4.5 knots was defined as fishing for all of the fisheries.
To verify the quality of the velocity values in the AIS data, the values
were compared with calculated velocity values based on the boat’s difference in position and time between two consecutive signals. The methods
did not differ significantly and the AIS data of velocity was considered to be
useful.
Maps of the fishing effort per gear type and in total were produced in
ArcGIS v. 10.3.1 by summarizing all the fishing efforts in 1*1 km squares.
The maps were then supplemented with polygons displaying no fishing
zones, cod fishing closures and the economic zone of Russia.
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Figure 4. Histogram of the vessel’s velocity at each signal for each gear type.
The red marks shows 1.5 * SD from the
mean of the first normal distribution in
the R function normalmixEMcomp2.
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Results and discussion
Maps of fishing activities
After applying the speed filter (0.5–4.5 knots) and excluding the minor gear
types (DRB, GTR and GND) the dataset consisted of 998 vessels and approximately 13 000 000 AIS signals. For 236 of the vessels included in the dataset,
corresponding to 24% of the fleet, detailed information on gear type was
not available. The AIS signals from these vessels made up approximately
10% of the total filtered dataset.
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Figure 6

Figure 5
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Figure 8
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Total fishing effort 2014
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Figure 13

Total fishing effort 2014

MIDWATER TRAWL 2014

Vessels without info
on gear type

Some non-fishing signals
remains despite speed filter
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35 300 kWh

33 700 kWh

Figure 16
Figure 16. Illustration of the fact that
non-fishing signals near harbours remains in the dataset despite the speed
filter, illustrated by Midwater trawl
fishery in the Bothnian Sea.

Figure 15
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The major gear types in the dataset were bottom trawl, mid-water trawl
and gillnet that together made up 99% of the total number of signals. In
Table 1 the effort for each gear type is presented. In Figure 5-13 the resulting maps describing the fisheries are presented. Bottom trawl (Figure 5),
Midwater trawl (Figure 6) and gillnet (Figure 7) were the most extensive
fisheries in terms of number of signals in the dataset. They were also the
fisheries that had the largest spatial distribution, where bottom trawl and
mid-water trawl occurred throughout the whole study area and gillnet
covered the major part of the Baltic Proper and Kattegat. The magnitude of
the other fisheries were less extensive.

Table 1. NUMBER OF VESSELS, GENERATED NUMBER OF AIS SIGNALS DEFINED AS
FISHING, AND FISHING TIME PER FISHERY
Fisheries

No. Vessels

No. Signals

Fishing time (h)

Bottom trawl

442

7 245 487

267 428

Midwater trawl

150

3 056 234

132 051

7

18 349

813

Rods and lines
Potting/creeling

11

21 776

1 078

114

1 211 670

48 605

Pelagic long line

3

10 478

2 709

Demersal long line

4

36 911

1 828

Gillnet

Pelagic purse seine

5

13 709

559

14

42 875

1 299

Tot DCF Level 4

762

11 657 489

456 370

Tot DCF Level 3

236

1 343 475

55 859

Demersal Danish seine

Figure 14 illustrates the total fishing effort made by all fisheries included
in the analysis, and Figure 15 shows the fishing effort made from vessels
without detailed information on gear type. Approximately 10 % of the total number of signals defined as fishing lacked detailed (from the logbook,
DCF level 4) information of gear type. The general picture is that the extra
data follow the same spatial pattern as the rest of the data, suggesting that
the loss of these vessels from the detailed dataset did not distort the fishing
patterns observed. Almost no fishing was detected within the Russian EEZ
areas despite the fact that 31 Russian fishing vessels were included in the
analysis.
The main parts of the method used in this report were first developed
and tested by Natale et al. (2015). In their study, only Mid-water trawl data
were used. Here we show that their algorithm for separating fishing activity
from steaming worked well also on mid-water trawl data from the Baltic.
However, the speed interval determined by the algorithm for other fisheries did not match the data as well as for the Mid-water trawl (figure 4).
Therefore, after a visual check of the speed histograms, the interval 0.5-4.5
knots were defined as fishing for all different fishing methods studied. This
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interval worked fairly well, but there wasstill some evidence of steaming
vessels and signals close to ports left in the dataset (figure 16). This could
most likely be improved by setting the upper and lower speed limit for each
gear type separately. For passive fisheries we might lose signals when applying the lower speed limit to the filter since vessels often stand still when
hauling.

AIS and VMS comparison
Both VMS and AIS have their advantages and disadvantages. VMS offers a
satellite based communication system with bi-directional guaranteed communications where every signal is transmitted and received, but at a cost.
The costs per signal are shared between the user or fisherman and the authorities wishing to monitor them. AIS is primarily intended as a situational
awareness tool and as means to exchange pertinent navigation information
in near real-time and is used by ships and by vessel traffic services for identifying and locating vessels by electronically exchanging data with other
nearby ships, AIS base stations and satellites without a cost per message.
Therefore, AIS is a more economical solution but since it is an open system
there is no guarantee of message reception.
An advantage of AIS compared to VMS is the spatial resolution. The VMS
system sends out a signal every one to two hours, while the AIS messages
transmission rates range from 2 seconds to 3 minutes depending on speed
or rate of turn. The high spatial resolution makes AIS an interesting tool for
fishery management and science, for instance when comparing fishing with
other activities or protected areas at sea. However, one aspect to consider is
that there are areas with low AIS signal coverage. This is something to keep
in mind if using AIS as a management tool as it can be difficult to determine
if the absence of activity in an area is a true absence or a result of weak AIS
signal strength. In this analysis there were no indications of week signals affecting the results. By using AIS instead of VMS data we get spatial information on non-EU fishing vessels. However, the down side is that we lose some
detailed information on gear type for EU-vessels. Another important aspect
to consider when comparing AIS with VMS is that AIS is compulsory for fishing vessels of more than 15 meters while the corresponding length for VMS
is 12 meters. Thus, we lose some information on smaller vessels when working with AIS data compared to VMS. A common problem for both system
is that they do not cover vessels smaller than 12 meters and thus, we lack
information on a significant part of the fishery based near the coast.

Applications of AIS
Figure 17 illustrates an example of an overlay analysis between total fishing
effort and protected Natura 2000 areas in the Baltic Sea. We only show an
illustrating example since many of the protected areas are small and therefore it is difficult to illustrate the whole study area in one map. The analysis
showed that during 2014 fishing had occurred in 179 of 1053 areas. Figure
17 indicates that fishing can be quite extensive within Natura 2000 areas.
In Figure 17 the total fishing effort was used, but this analysis can be made
separately for each fishery. This makes it possible to make fishery specific
analysis, e.g. bottom trawl versus habitat destruction and bycatch estimations made by gillnet and so on.
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Figure 17. An example from the southern Baltic sea illustrating the overlap
between fisheries and protected Natura
2000 areas.
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FISHERIES AND
PROTECTED AREAS
Sites with no fishing
in Natura 2000
Natura 2000
1 kWh

62 200 kWh

Figure 18 illustrates the overlap between shipping routes and fishing
areas, to identify areas with a potential conflict of interests. Both shipping
routes and important fishing areas are here defined as 20 % of the raster
cells with the highest values in the study area. An area with both heavy
traffic and a lot of fishing activity is for example the area west of Gothenburg, on the border area between Skagerrak and Kattegat. Also, northwest
and north of Bornholm there are two smaller areas with a lot of fishing
that overlaps areas with high traffic frequency areas. Also, in the inlet to
the Gulf of Finland and in the southern parts of the Bothnian Sea there are
areas where shipping routes overlap with important fishing areas.
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Figure 18. The areas with highest
fishing effort in relation to areas with
the highest frequency of traffic, based
on the number of vessels passing per
month. The traffic data is from 2011
representing all shipping traffic that
particular year.
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