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ABSTRACT
This article presents an analysis of regulatory compliance in a Brazilian gillnet fishery, based on Vessel Monitoring System 
(VMS) tracking data. Satellite transmissions records, interpreted as proxies for gillnet haulings events, were analyzed and classi-
fied using a neural network to assess the level of compliance of the gillnet fleet. Four key regulatory criteria assessed: (i) satellite 
tracking rules; (ii) net length; (iii) fishing exclusion zones; and (iv) temporal fishing closure. The findings on gillnet along the 
southern and southeastern Brazilian coast demonstrates a persistent pattern of non-compliance with critical regulatory meas-
ures, including net length restrictions, spatial closures, and uninterrupted transmission of vessel monitoring system (VMS) 
signals, even after a decade of regulatory enforcement. This combination of factors means that the greatest incidence of fishing 
effort, the main threat to several threatened species, especially the franciscana that occurs in areas of greater fishing effort.

1   |   Introduction

Incidental mortality in both artisanal and commercial fisher-
ies, herein referred as bycatch, is the most significant imme-
diate threat to marine mammals (Hall et al. 2000), with many 
thousands of individuals killed annually worldwide (Read 
et  al.  2006). In the southwest Atlantic Ocean, the franciscana 
dolphin Pontoporia blainvillei (Gervais & d'Orbigny, 1844) is one 
of the cetaceans most seriously affected by bycatch mortality 
in gillnet fisheries (Prado et al. 2013, 2021; Secchi 2006; Secchi 
et al. 2021, 2022) and is currently classified as ‘vulnerable’ IUCN 
Red List of Threatened Species (Zerbini et al. 2017), and as crit-
ically endangered in the Red Book of Threatened Brazilian 
Fauna (ICMBIO 2018).

The franciscana is one of the smallest cetacean species and the 
only living member of the family Pontoporiidae. It is endemic 

to shallow waters (typically < 50 m of depth— (Do Amaral 
et al. 2018)) of the eastern coast of South America, with a non-
continuous distribution ranging from Itaúnas (18°25′S), Espírito 
Santo state, Brazil (Siciliano et  al.  2002) to Golfo San Matias 
(41°09′S), Chubut province, Argentina (Crespo et  al.  1998) 
(Figure  1). There are two areas in the northern range where 
franciscanas are extremely rare or absent: one situated between 
Barra de Itabapoana and Regência (21°18′S and 19°40′S respec-
tively, southern Espirito Santo State); the second between Macaé 
(22°25′S, southern Rio de Janeiro State) and Ubatuba (23°20′S, 
northern São Paulo State) (Siciliano et al.  2002). Franciscanas 
inhabiting the north of this second area, known as Franciscana 
Management Area I (FMA I—sensu Secchi et  al.  2003), are 
considered an Evolutionarily Significant Unit (ESU—Cunha 
et al. 2014). Recently, this unit was proposed to represent a new 
franciscana subspecies, Pontoporia blainvillei pukusi, geneti-
cally and morphologically differentiated and geographically 
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isolated from franciscanas to the south, which are grouped 
under the nominotypical subspecies Pontoporia blainvillei bla-
invillei (Nara et al. 2024).

Although bycatch in gillnet fisheries occurs throughout the spe-
cies distribution range (e.g., Secchi et al. 2021), very high and 
unsustainable mortality rates occur on the coasts of Rio Grande 
do Sul (FMA III), ranging from several hundreds to a few thou-
sands of individuals each year (Kinas 2002; Secchi et al. 2004, 
2021, 2022; Prado et al. 2013, 2021).

Despite the high mortality in Rio Grande do Sul coastal waters 
reported since the 1980s (e.g., Pinedo 1994; Secchi et al. 1997; 
Prado et al. 2013), the early 2000s was marked by rapid incre-
ment of the gillnet fishing effort, which, combined with the lack 
of effective regulatory measures, intensified sectoral and envi-
ronmental conflicts stimulating intense debate (Vasconcellos 
et al. 2014). In 2005, a series of meetings began aiming to reg-
ulate gillnet fishing in southern and southeastern Brazil. The 
concerns regarding the conservation and long-term viability of 
franciscana resulted in the publication of a National Action Plan 
for the species (Franciscana Action Plan—ICMBio 2010). This 
Action Plan strongly recommends urgent gillnet fisheries regu-
lation with significant reduction in fishing effort. Only in 2012, 
however, an Inter-ministerial Norm (INI 12/2012) was published 
jointly by the Ministry of Environment and Ministry of Fisheries 
and Aquaculture (Brasil 2012), which regulates gillnet fishing 
off southern and southeastern Brazil. The main objective of the 
norm was to establish management measures to regulate the 
gillnet fishing and gradually reduce the fishing effort, through 

the establishment of closed areas, seasons, limitation of the fleet 
and net size, and monitoring fishing location through remote 
vessel monitoring system (VMS) (Brasil  2012). Although the 
INI 12/2012 represents an important milestone in the process 
of marine fisheries regulation in Brazil, considering the recom-
mendations of the Franciscana Action Plan, the regulation was 
perceived as insufficient from the conservation perspective. As 
anticipated by researchers and conservation groups, the mortal-
ity rates of franciscana in the periods following the publication 
of the norm remained high and above sustainable levels (Prado 
et al. 2016; Secchi et al. 2021, 2022). This high mortality is also 
likely related to lack of enforcement and, hence, non-compliance 
with the measures implemented by the INI 12/2012.

The establishment of fishing effort control measures depends 
on efficient tools to monitor compliance (Anderson  1989; 
Dowling et  al.  2023). The introduction of vessel monitoring 
systems (VMS) as a monitoring and control tool revolutionized 
the study of the spatial–temporal distribution of fishing effort, 
providing data with high spatial resolution in ‘quasi-real’ time 
(Lee et al. 2010), allowing authorities to monitor fleet activity. 
By recording vessel positions at regular intervals, VMS allows 
regulatory agencies to monitor whether vessels are operating 
within authorized fishing zones, adhering to seasonal clo-
sures, and complying with marine protected areas (MPAs) re-
strictions (Witt and Godley 2007). Additionally, VMS data can 
be cross-referenced with logbook records and catch reports to 
identify discrepancies and potential illegal, unreported, and 
unregulated (IUU) fishing activities (Deter et  al.  2018). The 
high spatial resolution data generated by VMS also support 

FIGURE 1    |    Map showing the spatial distribution of franciscana population along the Brazilian coast (yellow areas), as well the Franciscana 
management areas (FMA).
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the enforcement of gear-specific restrictions and help in de-
tecting suspicious behaviors, such as loitering near no-take 
zones or rapid transits through regulated areas (Jennings 
et  al.  2012). In this study, satellite tracking transmissions, 
representing the gillnet haulings, were analyzed and trained 
with a neural network developed by Kroodsma et al.  (2018), 
Kroodsma et al. (2023), and used as a proxy to assess the level 
of compliance of the gillnet fleet that operates off southeastern 
and southern Brazil to the INI 12/2012, which came into force 
in 2013.

2   |   Methodology

2.1   |   Data

Satellite tracking data obtained from the Vessel Monitoring 
System (VMS) of the southeastern and southern Brazilian 
bottom gillnet fleet were used to assess the level of compli-
ance with regulations. The data were shared by the Brazilian 
Ministry of Fisheries and Aquaculture (MPA), covering the 
period 2016 to 2023. The sample represents all tracking trans-
missions from 258 vessels, containing 14,479,656 messages, 
broadcasted at 1 h frequency, which include vessel identifier 
(shipname and license code), location (coordinates), time-
stamp, speed and course. The VMS dataset underwent a 
systematic cleaning and standardization process to ensure 
the spatial and temporal consistency of subsequent anal-
yses. Initially, date and time formats, coordinate systems, 
and vessel identifiers were verified and standardized, while 
duplicate or incomplete records were removed. Spatial filters 
were then applied to exclude positions located on land or geo-
graphically implausible, alongside temporal filters to correct 
inconsistencies in record ordering and eliminate excessively 
long gaps between transmissions. Speeds between consecu-
tive positions were calculated to identify and discard values 
incompatible with vessel operational capabilities. Finally, ves-
sel trajectories were segmented into individual trips, yielding 
in a cleaned dataset suitable for assessing fishing effort and 
regulatory compliance. After the cleaning process, additional 
environmental and spatial features were incorporated into the 
dataset to support subsequent analyses, including bathymet-
ric depth and distance from the shoreline. Vessel tracks were 
then classified at voyage level, defined as the period between 
the vessel's departure from port and its arrival at the next port 
of call. Additionally, information on license type and physi-
cal characteristics (gross tonnage and length) of vessels from 
the general fishing registry, which were made publicly avail-
able by the MPA and incorporated in the VMS dataset. The 
processing, organization, and analysis of the data, as well as 
map production, were carried out using the statistical compu-
tational software R (R Core Team 2025).

2.2   |   Labeling and Training Neural Network to 
Predict Fishing Sets

A complete gillnet fishing operation consists of three phases: 
net deployment (setting), a waiting period, and net retrieval 
(hauling). The time elapsed between the beginning of setting 
and the end of hauling is referred to as the soaking time. In 

this study, setting and hauling events within the same fishing 
set were classified separately, yielding two independent esti-
mates of net length per set. The initial training dataset com-
prised nine vessels, with data collected by onboard observers 
from the Institute of Oceanography of the Federal University 
of Rio Grande, specifically the LADIPP (Fisheries Population 
Dynamics Laboratory) and ECOMEGA (Marine Megafauna 
Ecology and Conservation Laboratory), as well as NEMA 
(Center for Environmental Education and Monitoring). The 
dataset includes timestamped geographic coordinates mark-
ing the start and end of each fishing set, covering both net 
setting and hauling operations. The VMS data were labeled 
using the observer dataset, whereby all VMS transmissions 
occurring between the start and end of setting and hauling 
events were labeled accordingly, and all remaining positions 
were assigned the label “other” (i.e., activities not related to 
a fishing set). Because setting and hauling operations often 
occur in close spatial proximity, VMS positions associated 
with these two phases may partially overlap in geographic 
space, reflecting the localized nature of gear deployment and 
retrieval (Figures S1 and S2). Using these labeled data as train-
ing input, we trained a new version of the transformer based 
model with the same architecture as the model described in 
Kroodsma et al. (2023).

The model incorporates a suite of predictor variables derived 
from vessel movement data to distinguish fishing activity 
from non-fishing behavior. These variables primarily describe 
vessel speed, turning angle, bathymetry, distance from shore, 
and the temporal persistence of movement patterns, which 
together capture the characteristic slow, sinuous trajectories 
associated with fishing, in contrast to the faster and more lin-
ear movements typical of transit behavior. After training an 
initial model, it was applied to a sample of 100 vessels over 
a 2-year period (2018–2019) within the VMS dataset. Each 
position received a classification of “setting,” “hauling,” or 
“other,” Consecutive positions sharing the same fishing classi-
fication (either setting or hauling) were then joined into a sin-
gle fishing event with a start and end time. Predicted sets were 
plotted on a map, and potential areas with false positives were 
identified visually. A sample of 18 vessels not used in the ini-
tial training was randomly selected, and the tracks from these 
areas with their predicted labels were then checked, relabeled, 
and added to the training data to help improve the accuracy 
of the model, giving a final training set of 27 vessels. Labeled 
track lengths averaged about 3 weeks of fishing activity, and 
tracks were selected to fall between 2016 and 2023, diagram 
of the modeling steps in Figure S3. The methodological work-
flow was synthesized and rendered using the Gemini 3 Flash 
(Google 2026) generative AI tool, based on the operational pa-
rameters and model architecture described in this study.

A test set was then created to evaluate the final model. 24 
vessels not used in training were selected from 3 size catego-
ries (9 vessels in 10–20 GT; 6 vessels in 20–50 GT; 8 vessels in 
> 50 GT, 1 vessel with unknown size), with track lengths of 5 
consecutive days each, selected randomly to fall between 2016 
and 2023. These tracks were then labeled to create the ground 
truth. The ground truth and predictions were then compared. 
If there was overlap between the ground truth fishing event 
and the predicted fishing event of the same category (set or 
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haul), this was counted as a true positive (TP). If a predicted 
fishing event had no overlapping ground truth fishing event 
with the same category, this was counted as a false positive 
(FP). If a ground truth fishing event did not overlap with a 
predicted fishing event of the same category, this was counted 
as a false negative (FN). The precision and recall of setting 
and hauling were then computed overall and for each vessel 
size category, where precision is TP/(TP + FP), and recall is 
TP/(TP + FN). The visual inspection and labeling of vessels 
showed that although setting techniques vary, the pattern of 
settings, hauls, and engagement in other activity is distinc-
tive and relatively easy for analysts to differentiate. Gillnet 
settings generally take place at higher speeds (median 5.4 
knots, interquartile range (IQR) = 5.39), compared to haul-
ings, which occur at slower speeds (median = 1.62 knots, 
IQR = 0.48), and follow a similar path to the setting operation. 
Either the fishing vessel stops for a few hours near the end of 
the set, and then hauls in the reverse direction, or the vessel 
travels back to the start of the set, and hauls in the same di-
rection. The locations of the start and end of settings often 
match closely the start and end locations of the haul. Other ac-
tivities showed a bimodal distribution, the first mode around 
0.5 knots (median 0.53 knots, IQR 0.53 knots), and the sec-
ond mode around 5.3 knots (median = 5.39 knots, IQR = 1.07 
knots). Lower speeds in the ‘other’ category likely indicate 
soaking time or anchorage, whereas higher speeds are indica-
tive of transit (Figure S4). For validation purposes, predicted 
setting and hauling events were expected to be comparable 
in length. The similarity of their distributions was assessed 
using a Kolmogorov–Smirnov test.

2.3   |   Assessing the Compliance of the Gillnet 
Regulation

Four criteria for compliance with the legislation were assessed: 
(i) satellite tracking rules; (ii) net length; (iii) fishing exclusion 
zones; and (iv) temporal fishing closure.

2.3.1   |   Satellite Tracking Rules

Vessel monitoring system is mandatory for all vessels > 15 m 
and or 50 gross tonnage (Brazil 2006). The INI 12/2012 estab-
lishes VMS for all gillnetters > 15 gross tonnage authorized 
to operate off southeastern and southern Brazil. Furthermore, 
VMS is mandatory for all vessels authorized to operate under 
the fishing authorization to fish with surface and bottom gill-
net along the Rio Grande do Sul state coastline (Brazil 2013). 
Vessels that are remotely monitored must comply with the 
requirements determined in the VMS standard (Brasil 2006). 
The two main aspects related to the compliance of VMS 
regulation were assessed: the VMS coverage (the number of 
vessels effectively monitored) and data transmission (unin-
terrupted transmission for more than 5 h—hereafter referred 
to as VMS transmission gap). To assess the VMS monitoring 
coverage in terms of the number of vessels tracked relative to 
the regulatory standard, we applied the technical criteria for 
mandatory monitoring (i.e., all vessels with license 2.13, and 
all other vessels with gillnets > 15 gross tonnage [gt]) to the 
public registry data. This allowed us to identify vessels subject 

to mandatory monitoring and compare them with those ac-
tually transmitting VMS data, with results expressed as both 
total vessel counts and percentage of VMS coverage. In order 
to assess the compliance within the VMS data transmission, 
the 5 h interruptions were identified individually, to identify 
transmission gap, the time difference between consecutive 
transmissions was first calculated, according to Equation (1), 
and the value of the time difference was assigned to the sub-
sequent transmission.

where ti,v is the time interval between two consecutive transmis-
sions; ti,v is the timestamp of the i-th transmission from vessel v 
and ti−1,v is the timestamp of the immediately preceding trans-
mission from the same vessel.

A VMS transmission gap is defined as a time interval between 
consecutive VMS transmissions exceeding 5 h. A transmission 
gap begins with the last transmission before an interval > 5 h 
and ends with the first transmission when the VMS signal is 
re-established (Figure  S5). The number of VMS transmission 
gaps was grouped by voyages and aggregated by vessel class, 
according to the fleet segmentation by gross tonnage (GT) es-
tablished in the gillnet regulation. Results were expressed as the 
total number of voyages, the number of voyages without trans-
mission gaps, and the number of voyages with at least one gap. 
To assess VMS transmission compliance by vessel class, a VMS 
Voyage Transmission Gap Indicator was calculated following 
Equation (2).

where VGIk is the VMS Voyage Transmission Gap Indicator for 
vessel class k, Nkgap is the number of voyages with at least one 
VMS transmission gap in vessel class k, and Nktotal is the total 
number of voyages recorded for vessel class k. The indicator is 
expressed as a percentage.

Additionally, the duration and spatial distribution of VMS trans-
mission gaps were analyzed to investigate potential non-random 
patterns in data interruptions. Gap durations were evaluated to 
identify intervals long enough to encompass a complete fishing 
operation (setting, soaking, and hauling), which may indicate in-
tentional interruptions rather than technical transmission fail-
ures. The spatial distribution of gaps was assessed by comparing 
the distance from shore at gap positions with the distribution 
of all VMS positions. Differences between the two distributions 
were statistically evaluated using a Kolmogorov–Smirnov test.

2.3.2   |   Maximum Length of Gillnets

Following the INI 12/2012, the maximum total net length of a 
fishing set was established according to four vessel size classes: 
I: 0–10 gross tonnage (GT), II: 10–20 GT, III: 20–50 GT and IV: 
> 50 GT. From 2016 onwards, after a period of adjustment of the 
norm, between 2012 and 2015, the maximum total length of the 
nets was settled at 3000, 7000, 10,000 and 13,000 m, respectively. 
To calculate the total length of a fishing set, all positions asso-
ciated with each fishing event were converted to line segments 
separately for setting and hauling, and the total length of each 

(1)ti,v = ti,v − ti−1,v

(2)VGIk = NkgapNktotal100
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segment was then estimated. The length of the nets for each ves-
sel class was calculated and compared over time.

2.3.3   |   Fishing Exclusion Areas

A mosaic of 10 no-fishing areas was established by the norm, 
7 of them are defined by distances from the coast (1, 3, 4, and 5 
nautical miles) and 4 are polygons further offshore (Figure 2). 
As geographic references we used the Natural Earth (Massicotte 
and South 2024) world map to represent the coastal limits; the 
state limits were represented through the regulation n. 122 of the 
National Institute for the Environment and Natural Resources 
(IBAMA—Instituto Brasileiro do Meio Ambiente e Recursos 
Naturais Renováveis) (Brazil  2006) which defines state limits 
projection within the Brazilian EEZ for fisheries management 
and control of fishing fleet operations, these geographical ref-
erences were used to create buffers of distance from shore and 
the Albardão lighthouse location was acquired through the 
Brazilian Hydrography Center (2026). The polygons represent-
ing the exclusion areas were built following the geographical 
coordinates stated in the annex of the INI 12/2012 (Table  1, 
Figure 2). The QGIS software was used to create the polygons 
(QGIS Development Team  2024). Fishing sets were repre-
sented as linestrings connecting all recorded positions within 
each hauling event. The occurrence of fishing activity within 

exclusion areas was determined by the spatial intersection be-
tween the exclusion area polygons and the sets' linestrings. The 
number of fishing sets intersecting each exclusion area was then 
quantified.

2.3.4   |   Temporal Fishing Closure

Annually, between May 15 and June 15, gillnet fishing for ves-
sels with more than 20 gross tonnage is prohibited to fish any-
where in the study region. Hauling events that occurred within 
this period and number of vessels violating the norm were quan-
tified. We examined whether the number of VMS transmission 
gaps varied across periods of the year in order to assess whether 
there is a seasonal pattern of device disabling coinciding with 
the closed period.

3   |   Results

3.1   |   Model Prediction

The model was applied to 279 vessels that fished from 2016 
to 2023, resulting in the detection of 198,790 gillnet settings 
and 229,128 haulings. Overall, the model achieved a precision 
of 85% across all labels (74% for setting and 87% for hauling) 

FIGURE 2    |    Map showing the fishing exclusion areas for gillnet (red areas), according Inter-ministerial Norm 12,2012, as well the Franciscana 
Management Areas (FMA - sensu Secchi et al. 2003). Areas 1,2,3,4—Art 5° off shore exclusion areas; Area 5—Art 6° 1 nm from the coast; Area 6—
Art 7° 5 nm Albardão; Area 7—Art 8° 1 nm 20 km north and south Patos Lagoon mouth; Area 8—Art 9° 15 nm Jubatiba National Park; Area 9—Art 
10° 4 nm Brazil/Uruguay border until Paraná/São Paulo states border; Area 10—Art 10° 3 nm Paraná/São Paulo states border until Espírito Santo/
Bahia states border.
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and a recall of 82% (66% for setting and 85% for hauling), 
confusion matrix and metrics can be found in Figure S6 and 
Table S1. The detection of setting events was 13% lower than 
the haulings, the 1-h ping rate may explain this reduction in 
the ability to detect setting events, since this activity takes 
about 1 to 2 h for the vessels with smaller nets, presenting 
one to two geographic positions, while hauling can last from 
4 to 6 h, with more transmissions. The number of haulings 
was consistent through the years in the FMA II and FMA III 
(~12,500 ± ~1200 [142 ± 6 vessels]; ~15,600 ± ~1700 [190 ± 7 
vessels]). Furthermore, in FMA I the number of sets was 
lower, ~760 ± ~400 [47 ± 11 vessels], and oscillated along the 
years with a reduction in 2022 and 2023 (Table S2). The set-
ting events took place at higher speeds (5.4 knots) compared to 
the hauling events (1.62 knots). Setting events lasted on aver-
age 1.33 h with an interquartile range (IQR) of 1 h, while haul-
ing took on average 5 h-long (median = 4.98 h, IQR = 1.8 h). 

The duration of a fishing set (soak time), defined as the time 
difference between start setting and end hauling was about 
14 h (median 13.92 h, IQR = 2.54 h). The median traveled 
distance during the setting was 19.51 km (IQR 7.21 km) and 
during the hauling it was 18.62 km (IQR 5.6 km) (Figure  3). 
A Kolmogorov–Smirnov test indicated a statistically signifi-
cant difference between the distributions of setting and haul-
ing event lengths (D = 0.172, p < 0.001); however, the overall 
difference was moderate, and the distributions were largely 
similar. Given that hauling events were more numerous than 
setting events and yielded more robust estimates due to their 
longer duration, hauling events were adopted as a proxy for 
net length estimation.

3.2   |   Assessing the Compliance

3.2.1   |   Satellite Tracking Rules

3.2.1.1   |   VMS Coverage.  Considering all vessels registered 
in 2023 (6855), there were a total of 348 vessels meeting the phys-
ical characteristics to use VMS. Between 2016 and 2023, 263 
gillnet vessels broadcast VMS positions. It means that the VMS 
coverage is 76%; a total of 85 vessels were not visible through 
VMS (Table S3).

3.2.1.2   |   VMS Voyage Gaps.  The Brazilian legislation 
defines any VMS broadcast interruption longer than 5 h as a 
transmission gap. The number of VMS gaps was assessed at voy-
age level by vessels class I (< 10 GT), II (10 GT to 20 GT), III 
(20 GT to 50 GT), and IV (> 50 GT). Between 2016 and 2023, 
the monitored gillnet fleet performed a total of 32,111 voyages. 
The number of voyages with at least one gap transmission lon-
ger than 5 h is 5832, which corresponds to 18% of total voyages 
assessed. Vessels under gross tonnage class between 20 and 50 
GT showed approximately 25% of the voyages with at least one 
gap. Vessels larger than 50 GT presented nearly 16% of voyages 
with gaps. Vessels between 10 and 20 GT had about 12% of voy-
ages with gaps (Table 2).

The median duration of gap transmission events was 14.68 h 
(q25% 6.01 h, q75% 52.22 h) and varied among gross tonnage 
classes (Table 3). Smaller vessels (class I) presented the shortest 
median gap duration (6.99 h; IQR = 2.51 h). The longest median 
gap duration occurred in vessel class III (17 h; IQR = 47.41 h). 
Vessels class II and IV presented a very similar median gap dura-
tion (12.76 h; IQR = 38.71, for class II and 12.8 h; IQR = 43.33 h).

3.2.1.3   |   VMS Gaps Distribution.  The location of VMS 
gap events was distributed along the entire fishing ground, 
following a similar distribution of the fishing effort (Figure 5). 
The FMA III showed the main gap events (~70%), followed by 
FMA II (~30%) and FMA I (< 1%), Table  S4. The gap events 
occurred mostly near the shore, with a mode around 5 nm 
from the shore (Figure 4). The density distribution of the dis-
tance from the shore of the number of VMS transmissions, 
grouped by 0.01 × 0.01 degrees, showed a smooth decrease 
from the coast to more distant locations, while the distri-
bution of transmission interruptions in relation to distance 
from the coast showed a large concentration around 5 miles 
away from the coast. Assuming that transmission gaps occur 

TABLE 1    |    Fishing exclusion areas description.

Exclusion 
area Description Area (km2)

1 Offshore fishing 
exclusion area

2994.36

2 Offshore fishing 
exclusion area

13,896.35

3 Offshore fishing 
exclusion area

42,585.72

4 Offshore fishing 
exclusion area

11,801.03

5 Prohibition of fishing up 
to one nautical mile from 

the coast for all vessels

6331.11

6 Prohibition of fishing up to 
five nautical miles from the 
boundary Brazil–Uruguay 

to Albardão lighthouse

757.04

7 Exclusion area around 
Lagoa dos Patos mouth

77.96

8 Prohibition of fishing 
up to 15 nautical miles 
offshore of the Restinga 

Jurubatiba National Park

1068.71

9 Prohibition of fishing 
up to four nautical miles 
from the coast for vessels 
> 20 GT, from Albardão 
lighthouse to the limit of 

Paraná and São Paulo states

8178.04

10 Prohibition of fishing up to 
three nautical miles from the 
coast for vessels > 20GT, from 
limit of Paraná and São Paulo 
states to the limit of Espírito 

Santo and Bahia states

10,948.31
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7Fisheries Management and Ecology, 2026

randomly, they should present a distribution similar to that 
of all positions. The distributions between vessels with 
and without interruptions were, however, statistically dissim-
ilar (KS test: D = 0.35, P-value < 2.2e−16).

3.2.2   |   Fishing Nets Maximum Length

Assuming that the distance traveled during predicted hauling 
events provides an approximation of gillnet length, the overall 

distribution of estimated net lengths is strongly concentrated 
between approximately 15 and 22 km, with a median value of 
18.62 km (IQR = 5.60 km) (Figure  5). This concentration indi-
cates a prevalent use of long gillnets, with comparatively fewer 
short deployments, resulting in a left-skewed distribution. Clear 
differences emerge when net lengths are examined by gross 
tonnage (GT) class (Figure  6; Table  4). Estimated median net 
lengths increase consistently with vessel size, from 6.12 km 
(IQR = 2.99 km) for Class I vessels to 19.44 km (IQR = 4.17 km) 
for Class IV vessels. Class II and Class III vessels exhibit 

FIGURE 3    |    Frequency distributions of vessel speed (nautical miles per hour) (top left), fishing event duration (hours) (top right), and distance 
traveled (kilometers) (bottom) for fishing activities classified by the model using VMS data. Distributions are shown separately for setting and haul-
ing events.

TABLE 2    |    Summary of voyages compliance in relation to gaps (at least one transmission interval > 5 h) from vessels class I (< 10 GT), II (10 GT 
to 20 GT), III (20 GT to 50 GT), and IV (> 50 GT). Number of vessels, total voyages, total voyages without gaps, total voyages with gaps, and voyages 
gap indicator.

Vessel class Vessel number Total voyages Non gap voyages Voyages with gaps Voyages gap indicator

Class I 1 254 244 10 3.94%

Class II 53 6322 5524 798 12.62%

Class III 78 9812 7359 2453 25%

Class IV 116 15,723 13,151 2572 16.36%

Total 248 32,111 26,278 5833 18.17%

 13652400, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/fm

e.70074 by Spanish C
ochrane N

ational Provision (M
inisterio de Sanidad), W

iley O
nline L

ibrary on [13/07/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 Fisheries Management and Ecology, 2026

intermediate median values of 13.05 km (IQR = 7.58 km) and 
17.19 km (IQR = 5.80 km), respectively. This progressive in-
crease reflects the greater operational capacity of larger vessels 
and their ability to deploy longer fishing gear. When comparing 
estimated net lengths with the legal maximum limits defined 
for each GT class (black vertical lines in Figure 7), a consistent 
pattern emerges. In all classes, the median estimated net length 
lies close to, and in several cases exceeds, the corresponding 
legal threshold, indicating that a substantial proportion of haul-
ing events occur at or near the regulatory limit. This pattern is 
particularly evident for Class III and Class IV vessels, where the 
bulk of the distribution is concentrated above the legal limit, 
suggesting systematic use of oversized nets rather than isolated 
exceedances. In contrast, Class I vessels show greater disper-
sion around the limit, with a larger fraction of events occurring 
below the maximum permitted length. Across the study period 
(2016–2023), estimated net lengths remained relatively stable 
within each vessel class, with annual medians consistently close 
to the long-term class-specific values. Larger vessels (Class IV) 
exhibited a slight increasing trend over time, with median val-
ues progressively moving further above the legal limit, whereas 
smaller classes showed no clear temporal trend. These results 
suggest persistent gear deployment practices throughout the 
study period, rather than short-term fluctuations or episodic 
changes. Finally, the distributions display both short-distance 
values and extreme observations, which must be interpreted 
in light of the methodological approach adopted. Because net 
length is inferred from hauling distance, some events may cor-
respond to partial hauls, shorter deployments, or interrupted 
operations, contributing to additional low-distance values and 
reinforcing the left tail of the distributions. Despite this uncer-
tainty, the strong alignment of median and interquartile values 
with the upper end of the legal limits across vessel classes in-
dicates that the main patterns observed are robust, reflecting 
consistent operational behavior rather than artifacts of the es-
timation process.

3.2.3   |   Fishing Exclusion Areas

A total of ten fishing exclusion areas were assessed, compris-
ing coastal buffer zones ranging from 1 to 4 nautical miles and 
polygonal areas over the continental shelf. In addition to the 
number of fishing sets, the total length of gillnets deployed 
within each exclusion area was estimated in kilometers, pro-
viding a more precise measure of fishing effort. Irregular fish-
ing activity was detected in all coastal buffer exclusion areas. 
The 4 nm exclusion zone for vessels larger than 20 GT—ex-
tending from the Albardão lighthouse to the border between 
Paraná and São Paulo states—presented the highest level of 
non-compliance, with 12,365 fishing sets (5.4% of the total) 
and an estimated 137,805 km of gillnets deployed between 
2016 and 2023. This was followed by the 3 nm exclusion area 
for vessels larger than 20 GT, which recorded 3660 fishing 
sets (1.6%) corresponding to approximately 30,099 km of nets. 
The 1 nm coastal buffer applicable to all vessels accounted for 
2889 irregular fishing sets (1.26%) and 20,322 km of deployed 
nets. The Albardão exclusion area—a 5 nm buffer polygon 
in the extreme south of Brazil—registered 1745 fishing sets 
(0.76%), totaling 19,072 km of nets. Offshore exclusion poly-
gons located over the continental shelf generally exhibited 
much lower levels of irregular fishing effort, with the notable 
exception of Area 2. This large polygon overlaps the core of 
the gillnet fishing grounds, extending approximately from the 
30 m isobath to near the limit of the Brazilian EEZ. In this 
area alone, 75,702 irregular fishing sets (33.04% of the total) 
were recorded, corresponding to an estimated 1,127,238 km of 
gillnets—representing by far the highest concentration of ille-
gal fishing effort among all assessed exclusion zones (Table 5, 
Figures S7–S19).

3.2.4   |   No-Fishing Season

Annually, from May 15 to June 15, the use of bottom gillnets 
by Class III or larger vessels (> 20 GT) is prohibited in juris-
dictional waters of southeastern and southern Brazil. This sea-
sonal closure applies specifically to bottom gillnet operations 
and does not constitute a general fishing ban for vessels that 
are licensed and equipped to operate other fishing gears. The 
Brazilian industrial gillnet fleet is largely composed of poly-
valent vessels; however, during the study period, the vessels 
included in this analysis were licensed as bottom gillnetters 
and regularly operated this gear throughout the year. Fishing 
activity during the closed season was therefore evaluated 
specifically to detect potential non-compliant bottom gillnet 
operations, rather than to quantify total fishing effort by all 
possible gears. Gear type was inferred from VMS-derived fish-
ing behavior patterns previously validated for bottom gillnet 
operations, including vessel speed, heading stability, duration 
of fishing events, and spatial consistency with known gillnet 
fishing grounds. These movement characteristics are distinct 
from those associated with other gears commonly used by 
polyvalent vessels, such as longlines or pots and traps, which 
exhibit different operational profiles. As such, the fishing sets 
identified during the closure period are interpreted as bottom 
gillnet deployments. Although the closed season substantially 
reduced fishing activity, a small number of irregular bottom 
gillnet sets were detected during this period (mean = 28.3 sets 

TABLE 3    |    Statistics of the duration of VMS gaps events per gross 
tonnage (GT) class.

Class I Class II Class III Class IV

Number of 
voyages

10 792 2445 2567

Number of 
gaps

10 1326 5419 5266

Min 5 5 5 5

q25 5.75 6.01 7.00 6.00

Mean 11.02 117.03 92.47 86.74

Median 6.99 12.61 17.00 12.72

q75 8.26 44.72 54.41 49.05

Max 47.83 3893.06 4352.42 4370.27

IQR 2.51 38.71 47.41 43.05

Note: Number of voyages, number of gaps, minimum durations (hours (h)), 
quantile 25% (h), mean (h), median (h), quartile 75% (h), maximum duration 

(h), and interquartile range (h). Values ​​highlighted in bold represent the 
distribution of the median and 25th and 75th percentiles.
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9Fisheries Management and Ecology, 2026

per year; SD = 13.9). Most non-compliant activity occurred 
on the first and last days of the closure. Between 2016 and 
2023, an average of 94.1 fishing sets per day (SD = 43.9) was 
recorded outside the closed season, compared to only 3.3 sets 
per day (SD = 4.1) during the closure (Figure 8). The number 
of vessels involved in irregular activity ranged from 8 in 2023 
(8 sets) to 31 vessels in 2021 and 2022 (42 and 41 sets, respec-
tively) (Table S5), indicating that non-compliance was limited 
to a small subset of the fleet. The daily number of VMS trans-
mission gaps was also compared between fishing and non-
fishing periods using a Kolmogorov–Smirnov test. The test 
indicated no significant difference between the distributions 

during the closed and open fishing seasons (D = 0.11, p = 0.88), 
suggesting that the overall patterns are similar across periods. 
This result indicates no evidence of increased VMS disabling 
during the non-fishing period.

4   |   Discussion

Estimating the gillnet length through the VMS system pres-
ents some challenges related to inherent sources of uncertainty, 
which need to be taken into account. The three main uncer-
tainties are: (i) The transmission rate influences the ability to 

FIGURE 4    |    Upper left panel: The spatial distribution of VMS transmission gap events of the gillnet fishing fleet operating off southern and 
southeastern Brazil, accumulated over the period 2016–2023 with a resolution of 0.5 degrees. Upper right panel: The spatial distribution of all VMS 
positions of the same fleet over the same period and resolution. Lower panel: Distribution of the number of positions, grouped at 0.01° intervals as a 
function of distance from the coast. Yellow represents all VMS positions, blue indicates the last recorded position before a transmission gap exceeding 
5 h, and the red line marks the five nautical mile boundary from the shore.
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10 Fisheries Management and Ecology, 2026

accurately identify the start and end times of fishing sets. As 
tracking transmissions occur at regular one-hour intervals, fish-
ing events that begin or end within a transmission interval may 
be under- or overestimated. For example, if a haul starts 30 min 
before a transmission is recorded, this portion of the activity is 
not detected; (ii) The behavior of gillnets in the water can af-
fect the precision of net length estimation. The composition of 
the net material and the geometry of its mesh confer a degree of 

elasticity which, combined with current dynamics, can result in 
either an increase or decrease in the effective length of the net. 
Numerical simulations of hydrodynamic interactions involving 
bottom-set gillnets suggest that smaller gillnets are less affected 
by strong currents than larger ones (He 2006; Guo et al. 2024), 
and (iii) No direct ground truth is available for the actual size 
of gillnets deployed during fishing operations. Estimates of net 
length are commonly derived from indirect sources, including 

FIGURE 5    |    Distance traveled (km) during predicted hauling events.

FIGURE 6    |    Distance traveled (km) during predicted hauling events. Black vertical line represents the net limit by gross tonnage class, white 
dashed line represents the median of the distribution.
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11Fisheries Management and Ecology, 2026

observer records, landing monitoring programs, or self-reported 
information from skippers. These data are generally based on the 
reported length of individual net panels multiplied by the num-
ber of panels used, rather than on direct in situ measurements. 
Consequently, such estimates are subject to uncertainty and may 
not fully capture variability in net configurations or operational 
practices. Although recent studies have proposed methods to 
estimate average net length by vessel class and to explore con-
sistency with landing data (Sales Henriques et al. 2023), these 
approaches still rely on proxy information and should be inter-
preted with caution. In this context, the net length values used 
in the present study are best viewed as approximate indicators 
of relative fishing effort, rather than as precise measurements 
of deployed gear. This uncertainty should be considered when 
interpreting both the magnitude of estimated fishing effort and 

the spatial patterns of non-compliance reported here. While the 
observed patterns are internally consistent, future studies incor-
porating dedicated in  situ observations, experimental deploy-
ments, or independent validation datasets would be necessary to 
more robustly quantify gillnet length and to reduce uncertainty 
associated with indirect estimation methods. Smaller vessels 
operate with smaller nets and therefore the duration of fishing 
activity is shorter; the one-hour VMS data transmission rate 
may be insufficient to detect short-duration events. Besides the 
uncertainty related to the estimates on the net size, the findings 
in this study correspond to the similar net length described for 
the same fleet before the regulation (Pio et al. 2012). The net size 
among the vessel class is around 30% larger than permitted, in-
dicating that the measure designed to reduce fishing effort does 
not have the desired effect.

TABLE 4    |    Statistical summary of the distance traveled (km) during predicted hauling events by class tonnage.

Vessel class Min q25 Mean Median q75 Max IQR

Class I 1.77 4.40 6.27 6.12 7.39 14.00 2.99

Class II 1.00 8.91 12.83 13.05 16.49 235.97 7.58

Class III 1.00 13.70 16.62 17.19 19.51 1225.28 5.80

Class IV 1.00 17.18 19.15 19.44 21.34 14,515.30 4.17

FIGURE 7    |    Distance traveled (km) during predicted hauling events by year and gross tonnage class. The horizontal red line represents the net 
limit by gross tonnage class.
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12 Fisheries Management and Ecology, 2026

4.1   |   Impact of Non-Compliance on Franciscana 
Dolphins

High mortality rates in gillnet fisheries represent a major con-
cern for species conservation. In southern Brazil, gillnets became 
a great threat to franciscana between the late 1970s and early 
1980s. Since then, annual mortality has ranged from several 
hundreds to a few thousands of individuals (Secchi et al. 1997, 
2004; Prado et al. 2013). Based on mortality rates of franciscana 
in gillnet fisheries during the 1990s, Kinas  (2002) estimated a 
0.854 probability of population collapse in 30 years in FMA III, 
which would decrease to 0.496 if bycatch rates were reduced by 
half. Population viability analyses incorporating parameter un-
certainty indicated that the current levels of bycatch in the gill-
nets are unsustainable, with a high probability of decline across 

all FMAs over a 25-year period or three franciscana generations 
(Secchi and Fletcher 2004; Secchi 2006; Secchi et al. 2021, 2022). 
The strong evidence of the population decline of the franciscana 
and other conservation issues derived, in great part, from a lack 
of adequate fisheries regulation in Brazil, led to the implementa-
tion of the INI 12/2012 (Brazil 2012). Measures taken to reduce 
the impact on endangered species were based on reducing gill-
net fishing effort by limiting the length of nets, prohibiting the 
issuance of new fishing permits, and establishing no-take areas 
and periods. Prado et al. (2021) point out that even with full com-
pliance, these measures are insufficient to reduce the mortality 
of the franciscana to sustainable levels. This present study has 
shown that 10 years after the regulation, compliance with the es-
tablished measures is very limited. The gillnet fishing effort re-
mains at the same levels as before the norm came into effect. The 

TABLE 5    |    Number of fishing sets in each exclusion area, total fishing sets between 2016 and 2023. Number of non-compliant fishing sets and 
the proportion of the total fishing sets. Areas 1,2,3,4—Art 5° off shore exclusion areas; Area 5—Art 6° 1 nm from the coast; Area 6—Art 7° 5 nm 
Albardão; Area 7—Art 8° 1 nm 20 km north and south Patos Lagoon mouth; Area 8—Art 9° 15 nm Jubatiba National Park; Area 9—Art 10° 4 nm 
Brazil/Uruguay border until Paraná/São Paulo states border; Area 10—Art 10° 3 nm Paraná/São Paulo states border until Espírito Santo/Bahia states 
border.

Exclusion area Area (km2) Number of sets Net length (km) Proportion (%)

1 2994.36 0 0.00 0

2 13,896.35 367 4879.02 0.16

3 42,585.72 75,702 1,127,238.38 33.04

4 11,801.03 2 14.25 0

5 6331.11 2889 20,322.18 1.26

6 757.04 1745 19,071.68 0.76

7 77.96 193 986.86 0.08

8 1068.71 51 540.37 0.02

9 8178.04 12,365 137,805.16 5.4

10 10,948.31 3660 30,098.72 1.6

FIGURE 8    |    Average number of fishing sets per day, from vessels larger than 20 GT, between 2016 and 2023. Black line represents the average set 
per day, blue bars represent the interquartile range, and the yellow polygon represents the period of the annual closed season.
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gillnet's maximum sizes did not change, remaining on average at 
19 km of length, which is 30% above the maximum established 
size, similar to that used by the fleet before the establishment 
of the INI 2012 (Pio et al. 2012). Fishing sets were detected in 
nearly all areas where fishing is prohibited. Approximately 9% of 
these sets occurred in areas closer to the coast, where franciscana 
occurrence is high (Secchi et al. 1997; Danilewicz et al. 2009), 
thus posing additional risk of incidental capture. The four off-
shore prohibition areas were of little relevance for the conserva-
tion of the franciscana, as they are located in areas deeper than 
the species' offshore distribution limit (Danilewicz et al. 2009). 
These areas recorded few fishing sets because they are located 
outside the fleet's operation area, with the exception of the cen-
tral polygon, a strip 100 km wide by 400 km long, between 30 m 
deep and the EEZ limit. This area is located in the central-north 
portion of the gillnet fleet's fishing area and appears to have been 
completely ignored, with approximately 33% of all fishing sets 
occurring in this area. The rules defined for the use of vessel 
monitoring systems (Brazil 2006), especially the continuous and 
uninterrupted transmission of vessel positioning, showed a high 
degree of non-compliance, with approximately 18% of all fishing 
trips having at least one transmission gap lasting more than 5 h 
(the standard's tolerance limit). Moreover, the duration and dis-
tribution pattern of these transmission gaps was not random as 
could have happened due to equipment failure or transmission 
problems derived from meteorological and oceanographic con-
ditions. In that case, the expected spatial distribution should not 
differ from the distribution of all vms positions. Surprisingly, a 
very high concentration of transmission gaps was observed at the 
outer limit of coastal no-take areas, which differs from the total 
distribution of tracked positions. Furthermore, the median dura-
tion of the transmission gap was 12.74 h, which is slightly shorter 
to the median duration of a standard fishing operation found in 
this study (13.9 h) and also reported by Pio et al. (2012), which in-
cludes deploying the net, waiting time, and hauling. This pattern 
suggests purposeful disabling of the tracking device to enter a 
prohibited area, perform a fishing set, and leave the area with-
out this activity being detected by satellite tracking. The annual 
closed period, between May 15 and June 15, was the only measure 
assessed that showed a high degree of compliance. Vessels larger 
than 20 GT are prohibited from carrying out fishing activities 
during this period. Although they have a higher fishing power 
than smaller vessels, this portion of the fleet corresponds to < 1% 
of the total number of licenses in force. Annual closed seasons 
are commonly implemented to protect the reproductive period 
of the target species in fisheries (Cochrane and Garcia  2009). 
The primary target species of the gillnet fleet—whitemouth 
croaker (Micropogonias furnieri), argentinian croaker (Umbrina 
canosai) and striped weakfish (Cynoscion guatucupa)—exhibit 
peak reproductive activity between October and April (Cergole 
et al. 2005; Haimovici and Cardoso 2016; Haimovici et al. 2021, 
2022). Therefore, the close period does not overlap with the re-
productive season of the main target species. As a result, the 
measure appears ineffective in supporting the maintenance of 
these fish stocks as well as in benefitting the franciscana or any 
other threatened species given the low proportion of fishing fleet 
subject to this norm. The combination of intense fishing effort, 
and deficient regulatory measures (Prado et  al.  2021), such as 
poorly designed exclusion areas that fail to encompass signifi-
cant areas of franciscana occurrence, closed season temporar-
ily positioned outside the reproductive season of the target fish 

species, and high level of non-compliance with current legisla-
tion, compromises the already limited efforts to reverse the fran-
ciscana population decline. Consequently, fishing effort remains 
concentrated in areas of high franciscana occurrence, making it 
the primary threat to this endangered small cetacean and other 
threatened taxa, thereby undermining efforts to halt the decline 
of franciscana populations and other species (Prado et al. 2021; 
Saüt et al. 2024).

4.2   |   Triggers for the Lack of Compliance and  
Violation of Regulatory Measures

Achieving compliance among fishers requires an understand-
ing of the factors that influence their behavior. Fishers are more 
likely to comply with regulations when the perceived conse-
quences of non-compliance are substantial. In general, higher 
penalties for rule violations are associated with increased com-
pliance, a pattern observed not only in fisheries management 
but across a wide range of regulatory contexts (Pyne  2012). 
However, while stricter penalties may be effective in developed 
countries, they are unlikely to substantially improve compliance 
in developing nations, where enforcement capacity is often lim-
ited and inspections can be more easily evaded. In such contexts, 
strengthening enforcement capacity is likely to be more effec-
tive than increasing penalties alone (Sutinen and Kuperan 1999; 
Sanaa 2015). The present study on gillnet compliance along the 
southern and southeastern Brazilian coast reveals a persistent 
pattern of non-compliance with critical regulatory measures, 
including net length restrictions, spatial closures, and uninter-
rupted transmission of vessel monitoring system (VMS) sig-
nals, despite a decade of regulatory enforcement. The sustained 
decline in fishing yields has made compliance with restrictive 
measures increasingly impracticable, as fishers face heightened 
economic pressures to maintain their livelihoods.

4.3   |   Concluding Remarks and Recommendations

Analysis of compliance with gillnet fishing regulations along 
the southern and southeastern Brazilian coasts revealed that 
the most prevalent infractions were related to violations of fish-
ing exclusion areas, excessive net lengths, and interruptions in 
vessel monitoring system (VMS) transmissions. These patterns 
indicate that non-compliance is widespread across different di-
mensions of regulatory measures, particularly those requiring 
active enforcement and monitoring at sea. Despite the existence 
of a regulatory framework aimed at controlling gillnet fishing ef-
fort, the persistence of infractions highlights a critical deficiency 
in enforcement capacity within Brazilian fisheries management. 
One of the fundamental challenges underlying these compliance 
issues is the limited availability of enforcement resources. Brazil 
lacks a structured national plan to combat illegal, unreported, 
and unregulated (IUU) fishing, and the regulatory agencies 
suffer from a chronic shortage of human resources dedicated to 
monitoring and enforcement activities. With a reduced number 
of agents and inadequate infrastructure, the capacity to carry 
out at-sea inspections or systematically verify compliance with 
spatial and gear-related regulations is severely constrained. In 
such a context, regulatory breaches often go undetected, allow-
ing illegal practices to persist with low risk of sanction (Nunes 
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et al. 2023). The experience from this study further underscores 
that enforcement strategies relying solely on the imposition of 
high fines are unlikely to be effective under conditions of lim-
ited surveillance. When the probability of detection is low, the 
economic calculus made by fishers often favors non-compliance, 
as the potential gains from illegal activities outweigh the small 
perceived risk of being apprehended. Therefore, increasing the 
frequency of enforcement actions—rather than merely elevating 
the severity of penalties—is critical to enhancing deterrence and 
promoting compliance. Frequent and visible monitoring efforts 
raise the perceived likelihood of detection, which, as shown in 
multiple studies, is a far more effective deterrent than severe but 
rarely applied punishments. Given the structural limitations of 
traditional enforcement mechanisms in Brazil, there is a press-
ing need to invest in electronic monitoring technologies, such as 
automated analysis of VMS and AIS data, onboard cameras, and 
remote sensing tools. These technologies offer the potential to 
extend the reach of enforcement authorities, allowing continu-
ous and cost-effective monitoring of fishing activities across vast 
and difficult-to-patrol areas. In particular, the analysis of VMS 
transmission gaps—as employed in this study—demonstrated 
the ability to identify likely instances of deliberate disabling of 
tracking devices, suggesting that electronic monitoring can sig-
nificantly contribute to identifying non-compliant behavior even 
without physical inspections. Moreover, considering the current 
enforcement deficits, broad and simple regulatory measures, 
such as complete seasonal closures, tend to be more effective than 
complex or spatially restricted regulations. Total fishing bans 
during critical periods minimize the need for detailed, location-
specific enforcement, thereby reducing the opportunities for in-
fractions and simplifying compliance monitoring. This approach 
could be particularly beneficial for the conservation of vulnera-
ble species such as the franciscana dolphin, whose distribution 
overlaps areas of intense fishing effort. Finally, the importance 
of transparency in tracking data cannot be overstated. Public 
access to VMS or AIS-derived data, within appropriate privacy 
safeguards, would enhance external oversight by stakeholders, 
including academia, NGOs, and civil society. Greater transpar-
ency not only strengthens accountability but also generates ad-
ditional deterrent effects, as fishers are aware that their activities 
may be independently monitored and scrutinized. In a context of 
limited governmental enforcement capacity, fostering a culture 
of transparency and shared monitoring responsibility is an essen-
tial component of modern, effective fisheries management.
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