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A B S T R A C T   

The present study, covering 2018–2022, evaluated the cetacean interactions with a bottom-set net fishery along 
the mainland Portuguese Southern coast (Algarve), estimating bycatch, depredation, gear damage and net length 
influence on Landing per Unit Effort (LPUE). The fishery employed various métiers (gillnets - mesh sizes: < 60, 
60–75, 80 and 220 mm; trammel nets - 120 inner and 640 mm outer panels). Observations from 655 hauls 
revealed depredation by bottlenose dolphins in 17.7 % of hauls, while bycatch (isolated events of 4 bottlenose 
dolphins and one common dolphin) occurred in < 1 %. Depredation typically results in heavy damage to the net 
and occurs throughout the year, with elevated rates observed during the spring and winter months. Depredation 
rates varied among métiers, being higher in gears targeting red mullet and hake. The impact of depredation on 
LPUE varied based on net length and the targeted fish species. However, when comparing LPUE in hauls without 
depredation, there was no significant influence on the total and hake LPUE for nets shorter or longer than 6 km (p 
> 0.05). Interestingly, in hauls targeting red mullets without depredation, nets shorter than 6 km had a 
significantly higher LPUE (p < 0.01) compared to nets 6 km or longer, suggesting that longer nets increase 
fishing effort due to prolonged soaking times and a higher likelihood of depredation.   

1. Introduction 

Fisheries bycatch, defined as the accidental capture of non-target 
species, is considered the main threat to marine mammal populations 
globally, with several thousand cetaceans killed annually (Read et al., 
2006; Schipper et al., 2008; Brownell et al., 2019). These encounters can 
be in the form of entanglement or entrapment in fishing gear resulting in 
major injuries and high pre/post release mortality (Read, 2008). The 
vulnerability of these populations to this threat is explained by their low 
potential population growth rates and late maturity (Wade et al., 2012; 
Peltier et al., 2016; Hall et al., 2017). All gears are responsible for 
cetacean bycatch but at different levels (Wade et al., 2021; Alexandre 
et al., 2022). Globally, gillnets (all types including drift, set, anchored 
and trammel) are responsible for a higher level of mortality (Wade et al., 
2021). This threat primarily impacts coastal areas and species but can 
also impact other species living offshore. Moreover, these interactions, 
which have been occurring for centuries, have increased in frequency 
and intensity in recent decades in some regions (Peltier et al., 2016), and 

while bycatch occurs primarily in coastal fisheries (Cruz et al., 2018), 
bycatch in more near shore fisheries, which include small size vessels 
(<9 m), can be significant and should not be neglected as fleets of this 
segment make up a large part of each countrýs fleet (Lewison et al., 
2014; Cruz et al., 2018; Alexandre et al., 2022). 

Furthermore, the potential negative economic consequences of in
teractions with cetaceans in fisheries make depredation the interaction 
of greatest concern to the fishers (Reeves et al., 2013). Depredation has 
been defined by Bearzi and Reeves (2022) as the removal or damage of 
marketable organisms as well as bait from fishing gear. Also, in order to 
remove fish trapped in the net, the dolphins frequently tear large holes 
in the net (Goetz et al., 2014). They may also twist the net as they 
attempt to remove the prey and may become entangled in it (Brotons 
et al., 2008a; Bearzi et al., 2011; Goetz, 2015). Even if damaged, fishers 
will continue to use the nets, but their effectiveness may be reduced. 
These facts exacerbate the anger of fishers who may, in some situations, 
retaliate (Bearzi et al., 2008a). While bycatch represents a species con
servation issue, in addition, depredation represents an economic 
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concern to fishers (Reeves et al., 2013; Lauriano et al., 2009), as well as 
an increased danger to the animal if it turns into a bycatch (Brotons 
et al., 2008a). 

Depredation has been usually associated with bottlenose dolphins in 
coastal areas (Lauriano et al., 2004, 2009; Brotons et al., 2008a, 2008b; 
Reeves et al., 2013; Alexandre et al., 2022; Baez et al., 2023). This is not 
only due to their opportunistic feeding behaviours attributable to their 
high cognitive function, together with an advanced ability to solve 
problems associated with generating new foraging opportunities 
(Blanco et al., 2001; Lauriano et al., 2009) but also their coastal distri
bution (Lauriano et al., 2009, Baez et. al., 2023), which overlaps with 
artisanal fleet fishing areas (Goetz et al., 2014, 2015; Alexandre et al., 
2022; Baez et al., 2023). Bottlenose dolphins are a species with high 
dietary diversity (Goetz et al., 2014; Giménez et al., 2017), although 
regionally and especially in Southern European Atlantic or Mediterra
nean waters, they have preferences for certain highly commercial spe
cies such as hake, Merluccius (Santos et al., 2007; Blanco et al., 2001; 
Giménez et al., 2017) and striped red mullet, Mullus surmuletus (Parda
lou and Tsikliras, 2020), usually targeted by bottom-set net fisheries. 
Thus, individuals have learned that gillnet and trammel net catches 
represent an easier and readily available food resource for them (Pen
nino et al., 2014, Bearzi and Reeves, 2022). 

Many species of cetaceans can be found in the waters of the Iberian 
Atlantic (Vingada and Eira, 2018). The most abundant coastal species 
are the short-beaked common dolphin (Delphinus delphis) and the bot
tlenose dolphin (Tursiops truncatus) (Goetz et al., 2014; Alexandre et al., 
2022). Bottom-set nets (trammel and gill nets) are considered the gear 
most prone to cetacean interactions (bycatch and depredation) off the 
mainland Portuguese coast (Vingada and Eira, 2018; Alexandre et al., 
2022). Along the southern coast, commonly referred to as the Algarve, 
while bottlenose dolphin density per square kilometer mirrors that of 
the western coast (Gilles et al., 2023), apprehensions regarding depre
dation in bottom set nets are heightened. This is attributed to the nar
rower continental platform in the southern region, consequently 
elevating the risk of dolphin habitat overlap with artisanal (local and 
coastal) fisheries (Alexandre et al., 2022). 

The objective of this work was to study the extent of interaction 

between cetaceans and the bottom-set net fishery along the mainland 
Portuguese southern coast operated by local (< 9 m) and coastal (> 9 m) 
vessels, from 2018 to 2022. Our work focused on characterising inter
action (depredation or bycatch) level by month and season, by mesh 
size, the impact on Landings Per Unit Effort (LPUE), the level of gear 
damage, and the influence of net length on the LPUE. 

2. Materials and methods 

2.1. Study area 

The study area included the waters off the mainland Portuguese 
southern coast (Fig. 1), also known as the Algarve, comprising a small 
area of the south-west coast (~50 km), from Odeceixe (37◦26’ N - 8◦47’ 
W) to Cape São Vicente (37◦1′ N - 8◦59′ W), and the Southern coast 
(~170 km extension), from Cape São Vicente to Vila Real de Santo 
António (37º11’ N - 7º25’ W). This coastal region has a very narrow 
continental shelf (5–20 km wide) influenced locally by upwelling events, 
mostly occurring in the south-western area. The southern area is also 
influenced by the more saline and warm waters of the Mediterranean 
Sea (Cunha, 2001; Bettencourt et al., 2004). Geographically, the Algarve 
is divided into two sub-regions, known as the windward region from 
Odeceixe to Quarteira (37º04’ N 8º06’ W) towards the west, and the 
leeward region from Quarteira to Vila Real de Santo António, towards 
the east. 

2.2. Data collection and monitoring 

The data were collected between November 2018 and November 
2022. Negative direct interactions (namely, bycatch and depredation) 
between cetaceans and fishing gears were studied based on data 
collected using two sampling or monitoring methods: (1) Scientific 
Observers at sea (SO); and (2) Vessel crew Observers (VO) – more spe
cifically fishers who voluntarily filled in paper logbooks designed spe
cifically for the project, following instructions and training from SOs. 
For both methods, data obtained included: fishing gear and net char
acteristics (length and mesh size of the net), vessel activities during the 

Fig. 1. Map of the study area with the sampled fishing harbours and hauls with or without interactions. No interactions (n = 534), depredation (n = 116), bycatch (n 
= 5). 
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fishing trip (timing of haul operations, namely net shooting, soaking, 
and hauling times), location of the haul (Latitude and Longitude), fish 
catch (weight in kg per species), cetacean presence within the field of 
observation during hauling, which takes place on the port side of the 
vessel, and type of interaction (bycatch with or without mortality and/ 
or depredation). The number of hauls for each fishery was dependent on 
the fisheŕs choice in each vessel to use different mesh sizes to target 
specific species. The technical team maintained constant contact with 
the fishers to monitor the logbooks and the VO entries. Depredation 
from bottlenose dolphins was considered when fish catch or gear was 
damaged (usually, catches are either partially eaten and fish remains 
may present teeth marks left behind or when eaten as a whole, the net 
presents a hole, as the animals usually eat the entangled fish and rip the 
net completely; Revuelta et al., 2018). 

2.3. Data analysis 

The interaction rates for each type of mesh used were calculated 
separately for depredation and bycatch. Bycatch rate is the number of 
animals caught per haul obtained by the ratio of the number of animals 
observed bycaught per number of hauls observed. Depredation rate is 
the proportion of hauls depredated obtained by the ratio of number of 
hauls observed with depredation per total number of hauls observed. 
These rates were calculated for seasons, months, type of gear (gill or 
trammel), mesh used, and the target fish species. Seasons were described 
as winter (January to March), spring (April to June), summer (July to 
September) and autumn (October to December). Fishing métiers were 
identified based on the mesh sizes used by the skippers in the study area 
and the target fish species, as defined by national regulations of the 
Portuguese Directorate-General for Natural Resources, Safety and 
Maritime Services (www.dgrm.mm.gov.pt). 

To determine the impact of depredation on the fishing gears, three 
gear damage levels were established based on the fisheŕs perception, 
balancing the number of holes and the intensity of net panel damage 
according to the net length, as low (few, dispersed, small holes; easy to 
mend), medium (25–50 % of the net unusable), and high (more than 
50 % of the net is unusable), where the length of a net panel is 50 m. The 
rate of damage to the fishing gears by depredation events was calculated 
as the number of depredation events causing damage to nets for a given 
damage level divided by the total number of events where depredation 
was observed. LPUE was calculated as the weight of fish species landed 
(kg) divided by the total length of the net (km). Moreover, the LPUEs 
were calculated for total catch as well as separately for hake and red 
mullet since these were species of high commercial value among the 
targeted fish species and also a favoured depredation target. This was 
followed by a pairwise comparison of the LPUEs between hauls with and 
without depredation to infer the effects of depredation on LPUEs in 
different fishing métiers. Similar comparisons were also performed to 
determine the effects of net length (< 6 Km and ≥ 6 Km) and depre
dation on the LPUE. The 6 Km threshold was chosen since it approxi
mately coincided with the midpoint of the range of nets that were 
sampled, which ranged from 1 Km to 13 Km. 

The LPUE data for each group were tested for normality and ho
moscedasticity using Shapiro-Wilk and Bartlett tests, respectively. Since 
the assumptions of normality were not satisfied, Wilcoxon-rank sum 
tests were applied to make statistical comparisons between groups. 
Likewise, Pearson’s chi-square goodness of fit tests were used to 
compare the rates of interaction and damage between different groups. 
This was followed by post-hoc analyses consisting of pairwise compar
isons between pairs of proportions, with Holm’s adjustment. The alpha 
value was set at 0.05 and comparisons with p < 0.05 were deemed 
significant. All the analyses were performed using the software RStudio 
(R Core Team, 2023, version 4.3.0). The figures were created using the 
package "ggplot2" (Wickham, 2016). The maps were created using QGIS 
Desktop (version 3.30.0). 

3. Results 

Overall, 655 fishing hauls were registered in 11 vessels (35 % by SO 
and 65 % by VO; Table 1). The predominant form of interaction was 
depredation, which was observed in 17.7 % of the total observed hauls 
and occurred in all sampled métiers. Usually, depredation events 
included in most cases, both damaged catch (Fig. 2 A-C) and damaged 
gear (Fig. 2 B-D). The rate of depredation obtained from SÓs was 0.109, 
while that of VÓs was 0.215. Bycatch occurred in less than 1 % of the 
observed hauls and in three of the five sampled métiers (60 – 75 mm, 
120 mm, and 220 mm nets). Three bycatch events were observed on the 
eastern side of the Algarve, and two in the western area (Fig. 1). All the 
bycatch events (n =5) were single animals. Out of the bycaught dol
phins, four were bottlenose dolphins and one was a common dolphin. 
Three bycatch events were recorded by VÓs (all bottlenose dolphins) 
and two bycatch events by SÓs (one bottlenose dolphin and one com
mon dolphin), corresponding respectively to a bycatch rate of 0.007 and 
0.008 cetaceans per haul. 

Despite the observation effort being higher off the coast of Olhão 
(Fig. 3A), depredation events occurred throughout the study area, were 
very coastal (within the 200 m isobath), and with two notable hotspots- 
one off the coast of Olhão within the 50–100 m isobaths and the other to 
the west of Quarteira in very shallow waters (<50 m) (Fig. 3B). 
Furthermore, higher number of depredation events were observed in the 
cold season (Fig. 3C) throughout the study area, while during the 
warmer season (Fig. 3D), depredation was more intense west of 
Quarteira. 

3.1. Seasonal and spatial characteristics of the interactions 

Seasonally, more hauls were observed in the summer (n = 235), 
followed by spring (n = 173), winter (n = 126), and autumn (n = 121). 
The depredation events were observed throughout the year. The rate of 
depredation was higher in winter (0.214), followed by spring (0.208), 
autumn (0.190), and summer (0.127); Table 2. However, no statistically 
significant differences were found between the seasons (χ2 = 5.28, df =
3, p > 0.05). The depredation events only occurred with bottlenose 
dolphins. Contrary to this, the bycatch events occurred with both bot
tlenose and common dolphins, resulting in 100 % mortality but were 
uncommon with respect to depredation rates and occurred only in the 
spring and summer with similar rates (0.011 and 0.013, respectively). 

Fig. 4 shows the monthly rates of bycatch and depredation. Overall, a 
significant difference was found in the rate of depredation between 
months (χ2 = 21.173, df = 11, p < 0.05). March and November pre
sented the highest depredation rates (0.352 and 0.293 per haul), while 
February, September, and July had the lowest depredation rates of 
0.128, 0.121 and 0.093 per haul, respectively. The post-hoc pairwise 
comparison analysis revealed significant differences in the depredation 
rates between March and July (p < 0.05). The bycatch events only took 
place in May, June, August, and September. 

3.2. Interaction rates by métier and target fish species 

Higher rates of depredation were observed for the smaller mesh-size 
categories of < 60 mm gillnet (0.359 per haul), 80 mm gillnet (0.284 per 
haul), and 60 – 75 mm gillnet (0.231 per haul). In contrast, significantly 
lower depredation rates (χ2 = 41.615, df = 4, p = 0) were observed in 
the nets with larger mesh sizes of 120 mm trammel net (inner mesh size; 
0.107 per haul), and 220 mm gillnet (0.009 per haul). This was also 
confirmed by the post-hoc pairwise comparisons, wherein the 120 mm 
trammel nets and the 220 mm gillnets had significant pairwise differ
ences in depredation rates in all the pairwise comparisons (p < 0.01), 
while the smaller mesh sizes showed no such statistically significant 
differences among them. 

Interaction rates between the dolphins and the fishing vessels were 
also calculated based on the species being targeted by those vessels to 
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deduce whether cetaceans have a preference for certain fish species 
(Fig. 5). Depredation was observed for all the mesh sizes and several 
targeted species, albeit with varied intensities. The highest rates of 
depredation were observed in métiers targeting red mullet, which use 
mesh sizes below 60 mm (0.25 per haul) and mesh size 60–75 mm (0.22 
per haul), and in the métier targeting hake that uses 80 mm mesh-sized 
nets (0.25 per haul). The highest bycatch rate was observed in the 
220 mm mesh size gillnets that targeted monkfish (Lophius spp.) (0.017 
cetaceans per haul). Other than that, two bycatch events were noted for 
the mesh sizes between 60 – 75 mm targeting red mullet, and a single 
bycatch event in the case of the 120 mm trammel net that targeted soles 
(Table1). 

3.3. Effect of depredation on landings per unit effort (LPUE) and net 
length 

Concerning the impact of depredation on the LPUE (Fig. 6), the 
depredation only affected significantly the LPUE of the 60 – 75 mm 
mesh size gillnets category that targets red mullet, for which the LPUE in 

trips with depredation had a significantly lower LPUE as compared to 
the trips without depredation (Wilcoxon- rank sum test, W = 1381.5, p =
0). The pairwise comparisons between trips with and without depre
dation for all the other métiers were found to be non-significant (p >
0.05). 

Comparisons of LPUE in hauls without depredation made between 
nets longer and shorter than 6 km showed that the net length did not 
influence the overall LPUE (p > 0.05; Fig. 7A). The same was true in the 
case of the 80 mm mesh-sized gillnets that targeted hake. However, the 
LPUE in hauls without depredation for red mullets targeted by the nets 
with mesh sizes ranging between 60 – 75 mm, was significantly higher 
in the nets below 6 km as compared to those greater than or equal to 
6 km (W = 6661, p < 0.01). 

Also, depredation significantly reduced the LPUEs for both length 
categories (< 6 km: W = 17764, p < 0.05; ≥ 6 km: W = 12388, p = 0; 
Fig. 7A). In the case of the métier targeting hake, a slight decrease of 
LPUE of hake due to depredation was observed in nets < 6 km in length 
and the opposite in nets > 6 km, but these differences were not statis
tically significant (p > 0.05; Fig. 7B). On the other hand, a reduction in 
the LPUE of red mullets (Fig. 7C) due to depredation was significant in 
the nets that were shorter than 6 km (W = 965, p < 0.01), but not in 
those that exceeded 6 km in length (p > 0.05). 

Data on net damage due to depredation were available for a total of 
61 hauls, where bottlenose dolphins were conspicuously observed in the 
vicinity of the vessel in 36 hauls and were not observed in 25 hauls 
(Fig. 8). The dolphins were observed during all three damage categories. 
The rate of damage differed significantly between the three categories 
(χ2 = 12.426, df = 2, p < 0.01), with the rate of damage due to depre
dation being significantly higher in the ’medium damage’ (p < 0.01) and 
’high damage’ (p < 0.01) categories than the ’low damage’ category. 
Within the ’high damage’ category, the proportion of hauls with 
depredation with observations of bottlenose dolphins significantly 
exceeded the ones that did not (χ2 = 6.533, df = 1, p < 0.05). However, 
such observations were not evident for the ’medium’ and the ’low’ 
damage categories (p > 0.05). 

4. Discussion 

4.1. Distribution of depredation and bycatch events in time and space 

This study presents for the first time a direct characterisation using 
onboard observations of the level of cetacean interactions (bycatch or 
depredation), with nets of different mesh sizes used in a bottom-set net 
fishery operating in a Portuguese mainland coast area, namely in the 
southern coast-Algarve. The two cetacean species observed to interact 
with bottom-set net fishing vessels were bottlenose dolphins and com
mon dolphins. 

All the depredation events (n = 116) involved bottlenose dolphins 
and were observed throughout the whole Algarve region. This validates 
the results of a previous study using harbour inquiries to fishers in the 
area, that reported a high association of bottlenose dolphins with vessels 

Table 1 – 
Summary table with sampling effort and interactions observed (depredation and bycatch) per gear (G – gill net; T – trammel net) and mesh type. N – total number of 
hauls sampled; DDE – Delphinus delphis; TTR – Tursiops truncatus.  

Mesh size 
(mm) 

Gear 
type 

Target 
species 

Average soaking time in 
hours (± SE) 

Hauls 
(N) 

Depredation 
events 

Depredation 
rate 

Bycatch 
events 

Bycatch 
rate 

Species 
bycaught 

< 60 G Multi- 
species 

5.83 (± 1.89)  39  14  0.359  0  0 0 

60–75 G Red mullet 9.41 (± 0.53)  216  50  0.231  2  0.009 2 TTR 
80 G Hake 20.42 (± 0.61)  116  33  0.284  0  0 0 
120 T Soles, 

Cuttlefish 
36.17 (± 1.67)  169  18  0.107  1  0.006 1 TTR 

220 G Monk fish 88.16 (± 2.97)  115  1  0.009  2  0.017 1 TTR + 1 DDE 
Total     655  116    5   4 TTR þ 1 

DDE  

Fig. 2. Evidences of depredation by bottlenose dolphins showing damaged 
catch (A, B, C) and gear (B, C, D) during hauling events. 
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operating bottom-set nets, with more depredation declared on the 
leeward (eastern) side of the Algarve (Alexandre et al., 2022). Moreover, 
the results of the studies conducted in nearby regions off Iberia and the 
Mediterranean (Báez et al., 2023; Alexandre et al., 2022; Goetz et al., 
2014; Bearzi et al., 2011; Brotons et al., 2008a, 2008b) have also shown 
that bottlenose dolphins are known to be strongly associated with 
depredation events. Indeed, in response to declining fish stocks, in
dividuals of this species have learnt that fish targeted in gillnets or 
trammel nets represent a more accessible meal for them (Bearzi et al., 
2006; Pennino et al., 2014). A possible explanation for the lack of 
depredation by common dolphins in our study is that the fish targeted by 
the fishing boats studied using bottom-set nets are not the most 
preferred by this species. Common dolphins along the Portuguese 
mainland coast prefer small pelagic fish, having sardines as their fav
oured prey (Silva, 1999; Marçalo et al., 2018). Moreover, common 
dolphins are the species most commonly associated with purse seine 
fisheries operating in Portuguese mainland waters (Marcalo et al., 2015; 
Dias et al., 2022). 

From a seasonal point of view, depredation occurred throughout the 
year. Although the rate of depredation peaked in winter and spring, the 
seasonal differences were not statistically significant, which is in line 
with other studies (Pardalou and Tsikliras, 2020). These results also 
suggest that bottlenose dolphins are present in the Algarve region 

throughout the year. Moreover, refining the temporal resolution by 
studying the variations of depredation on a monthly scale, we observed 
small monthly variations in line with a study in the Balearic Islands- 
Mediterranean by Brotons et al. (2008a), also indicating a decrease in 

Fig. 3. Intensity of observations effort and interaction (depredation and bycatch) level; A – Heatmap of all the observed hauls; B – Heatmap of hauls with in
teractions; C – Heatmap of hauls with interactions in winter and spring (colder season); D - Heatmap of hauls with interactions in summer and fall (warmer season). 
Color gradient shows intensity of interaction (hot colors – higher interaction; cold colors – lower interaction; Black dots show the locations of the monitored hauls). 

Table 2 
Summary table of interaction (depredation and bycatch) rate by season. N – total 
number of hauls sampled.  

Season Hauls 
(N) 

Depredation 
events 

Depredation 
rate 

Bycatch 
events 

Bycatch 
rate 

Summer  235  30  0.127  3  0.013 
Autumn  121  23  0.19  0  0 
Winter  126  27  0.214  0  0 
Spring  173  36  0.208  2  0.011  

Fig. 4. Interaction rates (per haul) between cetacean and fishing gear by 
month. (Red columns: Represent the rate of bycatch; Turquoise columns: 
Represent the rate of depredation); Sample size (n): January = 41, February =
47, March = 54, April = 35, May = 69, June = 90, July = 86, August = 75, 
September = 37, October = 53, November = 41, December = 27). 
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depredation in the summer months. They attributed these variations to 
the local oceanographic conditions prevailing in that area, which 
directly influence the abundance and distribution of prey species. 
Similar seasonal fluctuations in depredation rates have been observed in 
other parts of the Mediterranean (Bearzi et al., 2011; Feliu-Tena et al., 

2023) 
Of the total number of cetacean bycatch events that occurred during 

the data collection period (n = 5), 4 were bottlenose dolphins and 1 was 
a common dolphin. As all the dolphins involved in depredation events 
were bottlenose dolphins, they were most likely accidently entangled in 

Fig. 5. Interaction rate per haul by mesh size for the different target species in each métier. (Red columns: Represent the rate of bycatch; Turquoise columns: 
Represent the rate of depredation, G- Gill nets; T – Trammel nets, inner mesh size); Sample size (n): < 60 mm = 39, 60 – 75 mm = 216, 80 mm = 116, 120 mm = 169, 
220 mm = 115). 

Fig. 6. Boxplots showing the variation in the landing per unit effort observed from hauls with different mesh sizes and the impact of depredation. Horizontal line: 
Median, first and third quartile, range of observed values and outliers for each category are shown. G- Gill nets; T – Trammel nets, 120 mm inner mesh size); Sample 
size (n): < 60 mm = 39, 60 – 75 mm = 216, 80 mm = 116, 120 mm = 169, 220 mm = 115). 

A. Marçalo et al.                                                                                                                                                                                                                                



Fisheries Research 278 (2024) 107100

7

fishing nets while feeding close to or from the net (Terranova et al., 
2022). During navigation, cetaceans can detect fishing gear using visual 
and acoustic systems (Kastelein et al., 2000). However, Dolman and 
Moore (2017) explain that echolocation may be reduced as a result of 
distraction, such as fleeing from predators, playing with other cetaceans, 
curiosity, or imprudence, which leads to bycatch. Furthermore, Pennino 
et al. (2014) explained that high dolphin depredation implies an 
increased risk of bycatch. As for the common dolphin found dead, this 
species does not usually feed on the target species from bottom-set nets, 
this bycatch and subsequent death is most likely associated with 
distraction. This is particularly notable given the large number of fixed 
nets used in the area, where common dolphins, the most abundant small 
cetacean species in western Iberia, are frequently reported to be 
bycaught (Vingada and Eira, 2018; ICES, 2023). Furthermore, it is likely 
that the bycaught individuals could be young/immature, which may be 
inexperienced and hence, more prone to getting entangled (Byrd and 
Hohn, 2017). 

The bycatch in this study was low for the four years of study, only 
observed in spring and summer at similar rates and evenly distributed 
between 4 months of the year: May, June, August and September. While 
it is evident that these months are close to each other, it would be far too 
ambitious to deduce a relation between the occurrence of these events 
and their temporality, given the small number of individuals. None
theless, we can further discuss these numbers as mortality in gillnets are 
by far the most serious threat to the survival of coastal dolphin pop
ulations (Read et al., 2006; Wade et al., 2021). In our study, if we extend 
the bycatch findings from the 11 examined fishing boats to the entire 

fleet of approximately 360 fishing vessels operating bottom-set nets in 
the Algarve region (EC, Fleet Register, 1.1.0.0), the potential impact on 
the bottlenose population, for instance, could be substantial. As the 
latest coastal bottlenose dolphin population density estimate for the 
Algarve coast is approximately 1431 individuals (CI: 28–5043 in
dividuals; Gilles et al., 2023), the estimated yearly bycatch of bottlenose 
dolphins for the entire fleet is 2.3 % (about 33 bottlenoses per year) of 
the local population size and in line with values presented in the work of 
Alexandre et al. (2022) (2.4 % for bottom-set nets) in the area. Never
theless, it is crucial to approach the provided extrapolated values 
cautiously. This caution stems from the dependence on various unac
counted variables, including the seasonal fishing efforts across all gear 
types and the distribution of different cetacean species in the region. It is 
worth noting that these species are highly mobile, as highlighted by 
Vingada and Eira in 2018. 

4.2. Nets and mesh size that are the most problematic for dolphins and 
their selectivity for fishing 

Our analyses showed that the small mesh-sized net categories, i.e. <
60 (G), 60–75 (G), and 80 (G) suffered a considerably higher rate of 
depredation compared to the big mesh-size categories, 120 (T) and 220 
(G), respectively. This result is in agreement with the findings of Par
dalou et al. (2022), who noted lower net damage due to depredation in 
larger mesh-sized nets. They attributed this to the fact that larger mesh 
sizes tend to be more species selective in their catch, and when targeting 
less favoured prey, are less likely to be depredated by bottlenose dol
phins. Taking into account that bottlenose dolphins feed opportunisti
cally and target multiple species, we attempted to calculate the 
depredation rates individually for gear type targeting a specific species 
to determine the gear and target species most prone to depredation in 
the Algarve. It was found that red mullet (Mullus surmuletus) was the 
most depredated species, with high depredation rates (0.25 and 0.21) in 
the two smallest mesh-size categories, respectively < 60 (G) and 60 – 75 
(G). Such high rates of depredation in the < 60 (G) category are because 
although this category is only supposed to target small soles, fishers tend 

Fig. 7. Boxplots showing the influence of net length on LPUEs with and 
without depredation. Horizontal line: Median, first and third quartile, range of 
observed values and outliers for each category are shown). Turquoise -hauls 
with depredation; White columns - hauls without depredation; Sample sizes (n): 
A) All species = 655, B) Hake (80 mm gillnet) = 116, Red mullet (60 – 75 mm 
gillnet) = 216). 

Fig. 8. Level of net damage per haul (Low, Medium, High) as a result of 
depredation events. Turquoise columns: Represent the rate of damage when 
bottlenose dolphins were observed; White columns: Represent the rate of 
damage when bottlenose dolphins were not observed); Sample size (n): Low =
9, medium = 23, high = 30). 
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to use these nets to also target red mullets (A. Marçalo pers. Obs.), which 
are more profitable. This was not unexpected since several studies in the 
past have indicated red mullets to be a preferred prey item for bottlenose 
dolphins and that nets targeting red mullets are frequently depredated in 
the Mediterranean (Gazo et al., 2008; Rocklin et al., 2009; Pardalou and 
Tsikliras, 2018, 2020). 

Likewise, hake is also known to be an important component in the 
diet of bottlenose dolphins (Blanco et al., 2001; Giménez et al., 2017, 
Ana Marçalo pers. comm.). This was also reflected in our analysis with 
the 80 (G) net category targeting hake also having a high rate of 
depredation (0.25). The trammel nets sampled in our study (120 (T) 
usually targeted cuttlefish and sole. Even though they were depredated 
upon, the rate of depredation was comparatively lower than those of the 
small-meshed gillnets. This is in corroboration with other studies sug
gesting the importance of those species as secondary prey items for 
bottlenose dolphins (dos Santos et al., 2007; Blasi et al., 2015; Giménez 
et al., 2017). The category least prone to depredation was 220 (G). This 
large-meshed gillnet is highly selective in targeting monkfish. This in
dicates that the monkfish are not a preferred prey species for the dol
phins. However, this métier had the longest average soaking time, which 
increases the probability of accidental bycatch. Also, the net twine from 
the monkfish nets is made of stronger (thicker in diameter) mono
filament compared to nets of smaller mesh sizes, making it more difficult 
to break away. This could explain the two bycatch events recorded from 
the 220 (G) nets. 

4.3. Catch and gear damage caused by interactions with cetaceans 

Depredation events, involving damage to fishing gear, direct removal 
of catch, and rendering the remaining catch unmarketable, can signifi
cantly impact a fishing vessel’s profitability (Alexandre et al., 2022; 
Garagouni et al., 2022). This study investigates the influence of depre
dation on the Landings Per Unit Effort (LPUEs) of various bottom-set net 
métiers in the Algarve. Contrary to our expectations, depredation did 
not result in reduced LPUEs across all métiers, except those employing 
mesh sizes between 60 and 75 mm, specifically targeting red mullet. The 
substantial loss of red mullets to depredation underscores their signifi
cance as prey for bottlenose dolphins. 

Despite a prevailing belief among the Algarve fishers that longer nets 
lead to increased fish landings (Ana Marçalo pers. Obs.), our examina
tion found no significant LPUE increase with longer nets for all landed 
fish. Actually, in vessels targeting red mullet, longer nets were associ
ated with significantly lower LPUEs. Therefore, although fishers can 
occasionally achieve higher catches using longer nets, it amplifies 
depredation risks due to extended soaking and hauling durations. 

Comparisons were also made to determine how net length influences 
depredation first, for all the species caught by all vessels combined and 
then separately for those targeting economically important species – 
hake and red mullet. There was an overall reduction of LPUE in both nets 
shorter and longer than 6 km when depredated. Similar results were 
obtained by Massaoud and Nakhla (2023), who noted 38 % and 37.7 % 
reductions in the LPUEs due to depredation by bottlenose dolphins on 
gillnets and trammel nets, respectively in fisheries along the coast of 
Teboulba, Tunisia (Western Mediterranean). Pennino et al. (2014) 
observed a significant reduction of CPUEs in trammel net operations 
with bottlenose dolphin interactions in the Archipelago de La Madda
lena, Italy (Western Mediterranean). In our studies, vessels targeting red 
mullets with nets less than 6 km in length also witnessed a considerable 
reduction of LPUE in trips with dolphin depredation. However, depre
dation did not result in a significant loss of LPUE in the vessels targeting 
hake for both the net length categories. Brotons et al. (2008a) estimated 
an annual loss of 3.4 % by weight of the total catch due to dolphin in
teractions in artisanal fisheries around the Balearic Islands. Further
more, the dolphins were observed to be selective towards a few species 
including red mullet, which led to a reduction in the CPUEs of those 
species. A study conducted in Sardinia showed that bottlenose dolphin 

interactions occurred primarily with vessels targeting red mullets and 
that a significant loss of catch took place only during the red mullet 
fishing season (Lauriano et al., 2004). Such preferential targeting of red 
mullets by the bottlenose dolphins could explain the large reduction in 
LPUE observed in the present study. However, it is evident, given the 
high rate of depredation in the 80 mm gillnets targeting hake, that the 
dolphins might also be targeting hake and hence, the absence of 
reduction in the LPUE is surprising. The probability of depredation has 
been shown to be correlated to the CPUE. That is, the higher the catch 
volume, the higher the chances of depredation (Rechimont et al., 2018). 
Hence, it could be possible in our case, that bottlenose dolphins pref
erably target net sets that had a high catch of hake over the ones that had 
a comparatively lower catch. This might have led to the reduction of 
LPUE in the sets with a higher hake catch and hence, there was no sig
nificant difference in trips with and without depredation. In general, 
assumptions on the reduction of catch due to depredation must be made 
prudently. That is because the CPUE depends on a variety of other fac
tors besides depredation, including resource availability and catch
ability, expertise of the crew, changes in the fishing area, as well as 
temporal changes in the weather and the local oceanographic conditions 
(Chávez-Martínez et al., 2022). 

4.4. Level of net damage from depredation 

Of all the sets that were assessed for net damage, a high percentage 
(49.2 %) belonged to the category of high damage, while 41.1 % had 
medium damage. The frequency of high net damage rose considerably 
when bottlenose dolphins were observed during the set, but that was not 
observed in the case of sets with medium and low damages. This implies 
that a substantial degree of net damage is attributable to depredation 
and that depredation events usually cause heavy damage to the net. This 
result is in line with several studies conducted in this region as well as in 
the adjoining regions of the Mediterranean Sea. Brotons et al. (2008a), 
in their study along the Balearic Islands observed that the number of 
large holes in the net increased sharply whenever there was a depre
dation event. An interview-based survey of fishers in the Algarve esti
mated heavy losses ranging from 7 % to 21 % of the total revenue in 
bottom-set net fisheries as a result of catch and gear loss due to depre
dation, with 80 % of the fishers affected (Alexandre et al., 2022). In 
South Sicily, net damage was shown to be the major negative impact of 
dolphin interactions with fisheries, since 36 % of all depredation events 
led to net damage (Geraci et al., 2019). Net damage, as a result of 
depredation, was almost unanimously reported by the small-scale 
fishers in the Gulf of Ambracia and the Inner Ionian Sea Archipelago, 
wherein 86 % of the respondents reported damaged gear due to dolphin 
depredation (Gonzalvo et al., 2015). Garagouni et al. (2022) reported an 
average of 0.59 % of the net’s surface area per set damaged due to 
depredation in Greece, while the damage was as high as 3.7 % per set in 
the waters along the coast of Cyprus, when dolphins were observed 
(Eastern Mediterranean; Snape et al., 2018). Likewise, a detailed study 
on interactions with trammel net fisheries off the coast of Valencia 
revealed that a single interaction event damaged between 0.39–1345 m2 

of the net (Feliu-Tena et al., 2023). Such gear damage invariable results 
in economic losses of varied degrees for the fishers (Brotons et al., 
2008a; Bearzi et al., 2011; Gönener and Özdemir, 2012), as they are 
compelled to purchase new fishing gear to replace the damaged one, get 
it repaired, or repair it themselves in which case the cost incurred is in 
the form of time. This has created a negative perception of dolphins 
amongst the fishing communities (Revuelta et al., 2018; Li Veli et al., 
2023). 

4.5. Study limitations and recommendations 

An important aspect of studying cetaceans and fisheries interactions 
also involves looking into the age and sex-class of the interacting in
dividuals to gain insights into which age group and sex class is more 
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likely to depredate and be caught in the fisheries. In bottlenose dolphins, 
the presence of calves is a driving factor for depredation on trammel net 
fisheries (Pennino et al., 2013). Several studies have indicated a prev
alence of males in interactions with fisheries (Morales-Rincon et al., 
2019; Powell and Wells, 2011), a trend also supported by the regional 
stranding network operating in the area (Fialho et al., 2023). Given that 
our data were collected by onboard observers combined with the 
log-book recordings from vessel-crew observers, it was not possible to 
ascertain the demographic parameters of the interacting groups, which 
remains a major limitation of our study. Furthermore, visual surveys of 
marine mammals have their limitations, in that, there is a high proba
bility of missing a cetacean when it is present (Evans and Hammond, 
2004). The detection probability of bottlenose dolphins has been shown 
to increase with a Passive Acoustic Monitoring (PAM) device attached to 
the net when compared to the conventional visual observations (La 
Manna et al., 2022). In future studies, we propose the combination of 
acoustic techniques with visual observations in the Algarve to amelio
rate the threat of missing dolphin interactions when they are present. 

Taking into consideration the findings of Alexandre et al. (2022), the 
interactions of bottlenose dolphins with bottom-set net fisheries can be 
extremely detrimental for both parties. On the one side, the fishers suffer 
heavy losses with severe socio-economic implications. While on the 
other, such interactions can alter the social dynamics of the dolphins 
(Pennino et al., 2013), while regular bycatch could imperil their 
population. 

We emphasize the need to engage in ongoing dialogue with fishers 
for testing and promoting measures that reduce interactions with ceta
ceans. While some measures, such as acoustic deterrent devices, have 
been implemented in successful pilot trials in the area (Marçalo et al., 
2021; ICES, 2023) or other nearby regions (Brotons et al., 2008b; Gazo 
et al., 2008; Gönener and Özdemir, 2012; Dawson et al., 2013; ICES, 
2023), scaling up the use of acoustic deterrents faces economic chal
lenges, potentially raising conservation concerns like habitat exclusion. 
We propose expanding sampling efforts by collaborating with more 
vessels and ports and employing species distribution models (Guisan and 
Zimmermann, 2000; Araújo et al., 2019; Carlucci et al., 2021) to offer 
comprehensive recommendations for minimizing dolphin-fishery over
lap on a spatiotemporal scale. This approach enhances precision in our 
analysis and interpretation. Despite limitations, this study establishes a 
crucial baseline for future conservation and fisheries management 
studies, revealing the extent of cetacean interactions with artisanal 
fisheries using bottom-set nets. 

CRediT authorship contribution statement 
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