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Abstract

The spatial–temporal distribution of cetacean species often

overlaps with fishing practices in the Mediterranean, having

direct and indirect consequences. This is the first long-term

study focusing on the effects of fisheries on the behavior of

T. truncatus in Montenegro. Focal group scan sampling was

used during surveys between September 2016 and August

2020 to create transition probability matrices using first-

order Markov chains for behavioral states in both control

(absence of fishery practices) and impact chains (presence

of fishery practices). Despite the low number of dolphin-

fishery interactions in Montenegro, results revealed that

the behavioral budgets of T. truncatus were significantly

altered both for commercial and artisanal fisheries. How-

ever, the magnitude of the threat differed between prac-

tices, with commercial fisheries altering three out of the

four behaviors in the behavioral budget while artisanal fish-

eries altered just one. Significant behavioral changes due to

disturbance can have negative consequences on the energy

budget of individuals and while the Montenegrin fishing

fleet is currently limited to 224 vessels, the significant

effects already witnessed are concerning for Montenegrin

bottlenose dolphins. To develop in-situ mitigation
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strategies, there is a clear need to better understand the

impact that fisheries interactions have on these individuals.
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1 | INTRODUCTION

A decline in fish stocks within the Mediterranean may have a knock-on impact on marine ecosystems, as changes to

prey populations impact higher trophic levels such as cetaceans (Bearzi et al., 2009, Hinz et al., 2009). Global marine

capture fisheries accounted for 84.4 million tons of landed fish in 2018, Mediterranean and Black Sea 1.31 million

tons of landed fish (FAO, 2020). Among all fisheries in the Mediterranean and Black Sea region, only 37.5% of fish

stocks were fished at a biologically sustainable level in 2017, with the annual yield of fish landed by fishermen

decreasing by 0.53 million tons from the 1980s to 2018 (almost 30%; FAO, 2020).

The reduction in fish stocks could mean that predators must expend more energy traveling larger distances to

find fish or must undertake more risky opportunistic feeding strategies such as net depredation (Powell &

Wells, 2011). One particular species under threat is the common bottlenose dolphin, Tursiops truncatus (Chilvers

et al., 2003; Consiglio et al., 1992; Pace et al., 2003). Classified as vulnerable and declining within the Mediterranean

(Bearzi et al., 2012), T. truncatus is a globally distributed cetacean species that inhabits both temperate and tropical

coastal waters (Genov et al., 2008; Holcer et al., 2014; Lusseau, 2004; Wells & Scott, 1999). The latest abundance

estimates for the Mediterranean population lie in the low 10,000 s (Fortuna, 2006). Due to the low population size

of T. truncatus, disturbance could be detrimental to the conservation status of this species. It is estimated that num-

bers have decreased by at least 30% since the 1940s across the whole Mediterranean Sea (Bearzi et al., 2012), and

by as much as 50% across the Adriatic Sea (Bearzi et al., 2004). The Adriatic Sea, regarded as an Ecologically or Bio-

logically Significant Marine Area (EBSA), covers a total surface area of 138,518 km2 (Macic, 2005). The coastal

waters of the Adriatic are thought to be primary hotspots for T. truncatus, attributable to their high accessibility and

opportunities for feeding (Bearzi, 2002). This exposes the species to an increased risk of disturbance due to their

overlapping presence with anthropogenic activities, such as fisheries, placing them in direct competition for

resources. Of the 1792 fishing vessels that operate in the Southern Adriatic, the Montenegrin fishing fleet comprises

224 fishing vessels (FAO, 2020; Montenegro Ministry of Agriculture and Rural Development, 2015), including

191 small scale vessels, 13 benthic trawlers, and 20 pelagic trawlers and purse seiners (FAO, 2020). The majority of

vessels remain within 8 nautical miles of the coast with only three licenses allowing exploitation of the operational

zone between 8 and 12 nautical miles off the coast (Montenegro Ministry of Agriculture and Rural

Development, 2015). The coastal distribution of these vessels put them at a greater chance of interacting with ceta-

ceans (Goran & Jelisavka, 2017).

The main target species of trawlers in Montenegrin waters are European hake (Merluccius merluccius), red mullet

(Mullus barbatus), deep-water pink shrimp (Parapenaeus longirostris), common squid (Loligo vulgaris), shortfin squid (Illex

coindetii), octopus (Octopus vulgaris and Eledone spp.), and the Norway lobster (Nephrops norvegicus) (RAC/SPA -

UNEP/MAP, 2013). The catch of small-scale fisheries is understood less well (RAC/SPA - UNEP/MAP, 2016) but it is

thought that European pilchard (Sardina pilchardus) and European anchovy (Engraulis encrasicolus) are heavily fished

in northern parts of the country and that bogue (Boops boops) make are large part of artisanal catch (RAC/SPA -

UNEP/MAP, 2013). Of these species, M. merluccius and L. vulgaris have been found in the stomach of a T. truncatus

necropsied in the Adriatic while M. barbatus, I. coindetii, O. Vulgaris, Eledone cirrhosa, S. pilchardus, Sepia officinalis,
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Conger conger, and E. encrasicolus have been found in T. truncatus necropsied elsewhere in the Mediterranean (Bearzi

et al., 2008; Blanco et al., 2001, Miokovic et al., 1999). Stable isotope analyses within the Adriatic have demon-

strated that T. truncatus are able to alter their prey dependent on availability (Holcer, 2012), and it is therefore likely

that bottlenose dolphins in Montenegro are preying on many of the same species that are being fished. The spatial

and diet overlap increases the probability of interactions between T. truncatus and fishing vessels. Prolonged expo-

sure to fishing practices is believed to cause both short- and long-term impacts on T. truncatus (Bejder et al., 2006;

Constantine et al., 2004; Pennino et al., 2016). Short-term responses show behavioral changes, such as, lengthened

dive intervals, increased swimming speed, fewer resting periods, and changes in acoustic behavior (Bas et al., 2017;

Bejder & Samuels, 2003; Lusseau, 2003, 2004; Lusseau & Higham, 2004; Stockin et al., 2008). However, short-term

behavioral changes exhibited by cetaceans can be difficult to extrapolate into population impacts (Williams

et al., 2006) compared to long term consequences that may include increased injury and mortality rates as a result of

vessel strikes, bycatch, and entanglement (Consiglio et al., 1992; Defran & Weller, 2006; Hazelkorn et al., 2016;

Stockin et al., 2008).

Cetacean interactions with humans often exhibit a trade-off between perceived risk and reward, so individuals

and populations may tolerate disturbance in order to stay in a preferred feeding habitat (Bejder et al., 2006).

T. truncatus are opportunistic feeders and have been found to associate with trawlers during the retrieval of gill nets,

having displayed evidence of net depredation (Au, 1993; Hazelkorn et al., 2016; Pace et al., 2003; Perrin

et al., 1994), highlighting the behavioral plasticity of T. truncatus to take advantage of anthropogenic activity (Pace

et al., 2003).

Markov Chain analysis is a widely employed technique in the field of behavioral biology that measures the

effects of extrinsic disturbance factors contributing to change from one event to another (Christiansen et al., 2010;

Kassamali-Fox et al., 2015; Lusseau, 2004; Meissner et al., 2015; Stockin et al., 2008). The current study uses this

methodology to estimate the impact of different fishing practices on the behavior of T. truncatus by comparing both

the control (absence of fisheries within a 400 m radius of dolphins) and impact chains (presence of fisheries within a

400 m radius of dolphins). This radius is based on the distance which a behavioral response was induced due to ves-

sel presence in previous literature (Bas et al., 2015; Bedjer & Samuels, 2003; Constantine & Baker, 1997). These can

be used to assess the effects of fishing practices (commercial and artisanal fishing boats) within the 400 m radius

zone of dolphins, with the aim of highlighting anthropogenic impacts on T. truncatus behavioral budgets. Greater

understanding of marine mammal and fisheries interactions are needed to assist in marine management.

2 | METHODS

2.1 | Survey area

The survey area covers the entire coastline of Montenegro, using a combination of fixed land and boat survey sta-

tions (Figure 1). Surveys were carried out between September 2016 and August 2020 with an aim of conducting at

least one boat survey and three land surveys a week, although this was not always possible due to weather condi-

tions and other unforeseen circumstances (e.g., an absence of data collection from April to June 2020 due to restric-

tions imposed by the coronavirus pandemic). Data collection was obtained between 05:00 and 21:00, with each

survey lasting a minimum of 3 hr.

2.2 | Data collection

A total of six predetermined theodolite stations were selected to best represent Montenegrin waters: north (Herceg

Novi and Luštica Bay), middle (Petrovac and Bar), and south (Utjeha and Ulcinj) (Figure 1). All stations were at least
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20 m above sea level to ensure accurate theodolite readings, while taking into account optimal vantage points for

cetacean observation (Table 1). Land surveys were conducted either in the morning (beginning with sunrise) or the

afternoon (ending with sunset).

A theodolite (Sokkia DT5A) was used to find the horizontal and vertical angles between the observer and the

T. truncatus groups and marine vessels. Pythagoras v. 1.2. software was used to convert these angles into geographical

positions. As well as recording data on the number of marine vessels, their type (FB (fishing boat), FV (fishing vessel),

HSB (high-speed boat), RB (research boat), SB (sailing boat), FE (ferry) HSFE (high-speed ferry), CS (cargo ship), CR

(cruise ship), and JET (jet-ski), their activity, and their distance from cetaceans was recorded following the methodology

used by Bas et al. (2017, 2018). This study focused particularly on fisheries data and fishing activity was divided into

two separate categories: commercial fishing vessels (FV), consisting of trawlers and purse seiners (>12 m in length) and

artisanal fishing boats ((FB), consisting of smaller purpose-built fishing boats and other recreational boats where fishing

F IGURE 1 Study area including total coverage of land and boat survey efforts.

TABLE 1 Land station coordinates and altitudes.

Land station Coordinates Altitude (m)

Herceg-Novi 42.2710�N 18.3224�E 84

Luštica Bay 42.3869�N 18.6592�E 103

Petrovac 42.1230�N 18.5554�E 108

Bar 42.0710�N 19.0418�E 23

Utjeha 41.0301�N 19.0752�E 78

Ulcinj 41.5518�N 19.1243�E 33
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gear was clearly visible (<12 m in length)). This study also included boats identified in the aforementioned categories

that were not actively fishing as previous studies have shown bottlenose dolphins to interact with boats and scavenge

on discards even when vessels were not actively fishing (Durden, 2005; Powell & Wells, 2011).

Boat surveys were conducted using 6 m or 12 m motorboats or sailing boats; traveling at an average speed of

4 knots (Awbery et al., 2019). However, in the case of T. truncatus presence, speed was reduced until idle, while ensur-

ing the path of the focal group was not blocked and an observational distance of between �50 m and 400 m was

maintained. The geographic position of the survey boat was recorded every 3 s using a GNSS (global navigation satel-

lite system) receiver paired with the software Logger v. 2010. In the presence of T. truncatus, the distance of the group

from the research vessel and their bearing was used to calculate the true coordinates of the focal group (Bas

et al., 2018). As with the land-based surveys vessel type, activity and distance from the dolphin group was recorded.

The predominant behavior of the focal group was determined at the start of each 5 min sampling interval using

an instantaneous focal group scan sampling method following the methodology of Bas et al. (2017, 2018). For each

sampling interval, the behavioral states of individuals within the focal group were scanned and the number of individ-

uals partaking in each behavioral state definition was recorded (Table 2). Behavioral state recordings were dependent

upon the surfacing of the focal group at the start of each 5 min scan sample period, and were either defined as div-

ing, socializing units (socializing, resting, or milling), surface-feeding, or travelling. If the focal group was not observed

after the last 5 min scan sample, the sampling interval was discarded and restarted upon the focal group being

observed again at the surface of the water. In order to differentiate between focal groups at any one time, each

group was numbered. If a group became absent for more than 20 min, a resighting would be considered a new group

as it was difficult to ascertain if individuals belonged to the previous focal group. The minimum and maximum size of

the focal group and their distance to marine traffic were also recorded.

2.3 | Data analysis

To measure the impact of commercial and artisanal fisheries, control and impact chains were created. Impact chains

represent the presence of fishery related vessels within a 400 m radius of the focal group (defined as the interaction

TABLE 2 Ethogram of all T. truncatus behavioral states used in this study, (adapted from Bas et al. 2017).

Behavioral states Descriptions

Diving (DV) Characterized by steep dives with long intervals (>10 s). Distances of less than 200 m traveled

in >60 s.

Socializing units

(SU)

Important cohesive behaviors including Socializing, Resting and Milling

Socializing (SOC): Engaged in diverse interactive events. Physical contact with other individuals

may be observed. Body contact and aerial events such as full leaps are often observed.

Resting (RE): Observed within a tight group (<5 m apart) with slow swimming speeds of <2 kn

within a range of 100 m in 60 s. Low group activity detected with no splashes evident.

Milling (MI): Nondirectional movement and no changes in group direction. Group cohesion

remains similar. Short dive intervals may be observed.

Surface-feeding

(SU-FE)

Typically observed in the presence of fish and birds while dolphins are at the surface. Motions

include rapid circular dives, uncoordinated re-entry leaps and rapid directional changes.

Traveling (TR) Individuals move persistently at a speed of >4 kn. Distances of minimum 200 m in <60 s are

reached with short and constant dive intervals.

Approaches to

boats (AP)

Individuals either bow ride or persistently remain within 10 m of the boat.

Undetermined

(UND)

Behavior of the focal group could not be identified.

RUDD ET AL. 5



zone). This limit was chosen because vessels ≤400 m from focal groups have previously demonstrated significant

behavioral responses and directional changes (Bas et al., 2015, 2017; Beider & Samuels, 2003; Constantine &

Baker 1997; Lusseau, 2003). If no marine vessels were present within the interaction zone, regardless of the type

and activity of the vessel, the behavior was included in the control chain and represented the absence of the vessels

within the interaction zone.

Preceding and succeeding behavioral states were recorded for control and impact chains in order to create the

transition probability matrix for the Markov chains. Preceding behavior represents the first recorded behavioral state

(at time t) of the focal group while succeeding behavior was defined as the follow-up behavior (at time t + 5 min) of

the preceding behavior. Two-way contingency tables formed from preceding and succeeding behaviors were created

for both control and impact chains. The contingency tables were used to investigate the temporal dependency of

behavioral states calculating the number of times that a preceding behavior transitioned to a succeeding behavior

(Christiansen et al., 2010, 2013; Lusseau, 2003; Meissner et al., 2015). During the creation of contingency tables, a

minimum of three consecutive sampling units (≥15 min) were deemed required to form a control chain. The impact

chain considered any presence of fishery related vessels (≥5 min) and included the sampling period directly before or

after a vessel presence in the impact chain as it was likely the boat was in the vicinity and so should not be disre-

garded. Similarly, if there was a small interruption (≤10 min) where a different vessel category was present between

two sets of sampling periods where fishing vessels were present then this data was also added to the relevant impact

chain. Transition probabilities between behavioral states were calculated using the following formula as in

Christiansen et al. (2010):

pij ¼ aij
P4

j¼1aij
,
X4

j¼1

pij ¼ 1

where pij represents the transition probability from the preceding behavioral state, i, to the following behavioral

state, j (i and j range from 1 to 4, as a total of four behavioral states were studied, aij is the number of transitions

observed from behavior i to j and
P

aij is the total number of observations, where i is the preceding state

(Christiansen et al., 2010).

Sample sizes for resting, milling, and socializing were too small to include them individually in the analysis. As

these are all important cohesive behaviors and crucial when attempting to establish critical habitats and future con-

servation strategies (Lusseau & Higham, 2004), these behaviors were combined as socializing units and analyzed

together as in Bas et al. (2017).

Before proceeding, an exploratory analysis of the effect of survey type (land vs. boat), season, and presence of

fishing vessel (vs. control), on transition probabilities was performed using a generalized linear model with the Gauss-

ian family and identity link function. Numerous models were tested comparing these variables with the Akaike's

information criterion (AIC) values used to select the most suitable model. This model retained the presence of fishing

vessels and season, which were both found to have a significant effect on the probability of a particular behavioral

transition occurring. We found no significant effect of any interaction between presence of fishery vessel and season

found in any of the models and so they were further investigated independently. We also found no significant differ-

ence between behavioral transition observed in land-based and boat-based surveys in any of the models combined

these two data sets.

Using the statistics package R (version 3.6.1), a time series of states was created for the control and impact

chains. Diving was the first state listed in the transition probability matrix, so, was arbitrarily assigned as the initial

state. The second behavioral state was randomly assigned based on the transition probability of moving from diving

to each of the succeeding states. This process of the behavior being randomly selected based on the previous state

and its associated transition probabilities was repeated until 1,000 behavioral states were created. A burn-in period

of the first 100 states was removed to ensure that the time series began with a random behavioral state (removing
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the bias of assigning diving). The simulation was limited to 24 hr (288 time steps) in order to estimate the dolphin's

cumulative diel behavior (as in Clarkson et al., 2020; Perez-Jorge et al., 2017), and the number of recorded states for

diving, socializing units, surface-feeding, and traveling were divided by the total states to give the proportion of time

spent in each behavioral state.

In order to investigate any potential effect that season has on behavior a similar methodology was used with the

data divided into spring (March–May), summer (June–August), autumn (September–November), and winter

(December–January). With the data subdivided, the number of impact behavioral transitions collected per season

were deemed too small for meaningful analysis (commercial fisheries: n = 10–19, artisanal fisheries: n = 13–51) and

so just the control data was analyzed (n = 60–138) by season.

3 | RESULTS

3.1 | Survey effort

A total of 598 surveys (2,084 hr 53 min) were conducted between September 15, 2016, and August 24, 2020

(Table 3). Of these, T. truncatus were encountered on 195 surveys with a total of 309 focal groups which resulted in

the collection of 1,780 five-minute sampling units (148.3 hr) of behavioral data. Of these data, travelling and diving

accounted for the majority of observed behaviors representing 43.3% and 33.4%, respectively. Socializing units and

surface-feeding accounted for 10.2% and 7.3%, respectively, while the remainder of observations consisted of

approaches to boats (3.8%) and undetermined behaviors (2.0%).

3.2 | Transition probabilities and behavior budgets

T. truncatus were sighted within a 400 m vicinity of marine vessels in 971 sampling units (54.6% of the recorded

time) of which 293 sampling units (16.5% of the recorded time) belonged to fishing practices. Fisheries interactions

were observed during a total of 157 sampling units (8.8% of the recorded time) for artisanal fisheries and 136 sam-

pling units (7.6% of the recorded time) for commercial fisheries. Once the data rules detailed in the methodology had

been applied this left 65 sampling units in the presence of commercial vessels and 127 in the presence of artisanal

vessels (Table 3).

The temporal dependence of behavioral states was significantly altered in the presence of both fishing practices.

Of the 16 possible behavioral transitions, five changed significantly in the vicinity of artisanal fishery, while nine

behavioral transitions changed in the presence of commercial fishing vessels. While the continuation of socializing

units significantly decreased (.55 to .40), the probability of socializing following diving behavior significantly

TABLE 3 Survey effort for each season and survey method (land or boat) alongside the number of Tursiops
truncatus behavioral transitions recorded in each situation.

Season

No. behavioral transitions Survey effort (hr) Behavioral transitions per 100 hr of survey

FV FB Control Land Boat Total FV FB Control

Spring 18 13 138 370.37 135.48 505.85 3.56 2.57 27.28

Summer 18 48 60 408.58 226.42 635 2.83 7.56 9.45

Autumn 10 51 93 408.97 156.71 565.68 1.77 9.02 16.44

Winter 19 15 80 318.75 59.6 378.35 5.02 3.96 21.14

Total 65 127 371 1,506.67 578.21 2,084.88 3.12 6.09 17.79
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increased (.05 to .18) in the presence of artisanal fisheries. Furthermore, while the probability of surface-feeding

followed by diving behavior significantly decreased (.31 to .11), the probability of travelling as a succeeding behavior

of surface-feeding significantly increased (.14 to .33). However, when diving or traveling was the preceding behavior,

no significant alteration in the succeeding behavior was noted in the vicinity of artisanal fisheries.

On the contrary, the probability of maintaining the same behavioral states in the presence of commercial fishing

vessels was significantly decreased for diving (.60 to .48), surface-feeding (.50 to .29), and traveling (.69 to .46),

whereas the probability of continuing to engage in socializing behavior only declined by 5% (.55 to .50). The probabil-

ity of traveling as a succeeding behavior of socializing significantly decreased (.31 to .00) in the vicinity of commercial

fishing vessels. Furthermore, the probability of surface-feeding as a succeeding behavior of diving (.07 to .24) and

travelling (.05 to .15) significantly increased and the probability of diving behavior as a succeeding behavior of social-

izing (.12 to .50), surface-feeding (.31 to .50), and traveling (.21 to .31) significantly increased within the interaction

zone of commercial fishing vessels (Figure 2).

There was a significant difference between the control and impact budget in the presence of both fishery prac-

tices. The dominant behavior was traveling, making up 45% (95% highest posterior density interval [HPD] 0.35–

0.55), followed by diving behavior, making up 35% (95% HPD 0.26–0.43) of the control budget. The probability of

these activities remained similar in the presence of artisanal fisheries with traveling behavior reaching 48% (95%

HPD 0.38–0.57) and diving behavior slightly dropping to 33% (95% HPD 0.26–0.41) in the impact situation. How-

ever, in the presence of commercial fishing vessels, diving behavior became the dominant behavior and formed 45%

(95% HPD 0.39–0.51) of the impact budget. Regarding the individual behavioral states, only surface feeding behavior

significantly decreased from 10.0% (95% HPD 5.2–15.6) in the control budget to 2.4% (95% HPD 0.3–5.2) in the

impact budget, in the vicinity of artisanal fisheries (Figure 3a), whereas three out of four behavioral states showed

significant alteration in the vicinity of commercial fishing vessels. Diving behavior significantly increased to 45%

(95% HPD; 0.39–0.51) in the impact budget. Surface feeding behavior significantly increased to 20% (95% HPD

0.15–0.25) in the impact budget from 10% (95% 0.05–0.16) in the control budget. Lastly, traveling behavior signifi-

cantly decreased and formed 22% (95% HPD 0.15–0.28) of the impact budget in the presence of commercial fishing

vessels (Figure 3b).

It was deemed unlikely that research boat type influenced T. truncatus behavior (χ2 = 5.15, df = 6, p = .52). Sim-

ilarly, when T. truncatus were in an impact situation with a fishing vessel as a closest vessel, there was no significant

difference in behavior regardless of whether the research boat was within 100 m, within 100–200 m, or further than

200 m of the dolphin group (χ2 = 2.33, df = 6, p = .88), and thus, it was the additional presence of the research boat

F IGURE 2 Markov chains representing probabilities for observed T. truncatus behavioral state transitions in the
absence of and in response to fisheries, displayed for control (C) and impact (I) chains: FB (artisanal fisheries) and FV
(commercial trawlers). The four behavioral states are diving (DV), socializing units (SU), surface-feeding (S-F), and
traveling (TR). Values represent transition probabilities (percentages), Those with a change in 5% or more have been

displayed in red (decrease) and green (increase) to highlight the biggest changes.
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is thought to have limited effect. However, there were only a limited number of “impact” sampling units from boat-

based surveys, and this should be investigated further as more data is collected.

3.3 | Seasonal differences

Generally speaking, the seasonal control results were reflective of the overall control budget with summer, autumn,

and winter dominated by traveling behaviors as with the overall control budget being notably higher in summer

(52.7%, 95% HPD 44.8–60.4 compared to 45%, 95% HPD 0.35–0.45; Table 4, Figure 4). While diving was the most

commonly observed in spring, traveling in spring was very similar to the overall control budget (44.7%, 95% HPD

0.35–0.54). A much lower proportion of diving was seen in summer (19.5%, 95% HDP 13.9–25.3; Table 4, Figure 4).

Socializing made up the highest proportion in summer and autumn (22.8%, 95% HPD 17–30.2 and 25.6%, 95% HPD

16.7–34.7, respectively) and this was considerably higher than the control (10.0%, 95% HPD 5.2–15.6). In contrast

socializing was considerably lower than the overall control in spring and winter (1.5%, 95% HPD 0.3–2.8 and 4.7%,

95% HPD 1–8.7, respectively). Surface-feeding was considerably higher in winter (23.3%, 95% HPD 13.5–33) than

the control 10% (5.2–15.6), while other seasons were marginally lower (Table 4, Figure 4).

There was also seasonal variation in the number of times T. truncatus were in an impact situation. T. truncatus

were least likely to be recorded in the absence of boats in summer with just 9.45 transitions in the control zone per

100 hr of effort (Table 3). The highest number of interactions with artisanal fishing boats was in summer and autumn

F IGURE 3 The effect of artisanal vessel interactions and commercial vessel interactions, respectively, on dolphin
behavioral budget (difference in proportion of time spent in each behavioral state between impact and control
situations). Each subfigure represents the distribution of estimated effects obtained from the Monte Carlo
simulation (i.e., 1,000 iterations) for a specific behavioral state (DV = diving, SU = socializing units, SF = surface-
feeding, TR = traveling). The red dashed vertical lines represent the mean value of each distribution, while the red
solid vertical lines represent zero (no effect).
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TABLE 4 Seasonal changes in probability of Tursiops truncatus transitioning into each behavioral state.
DV = diving, SU = socializing units, SF = surface-feeding, TR = Traveling, HPD = highest posterior density interval.

DV (95% HPD) SOC (95% HPD) SF (95% HPD) TR (95% HPD)

Spring 47.2% (38.5–55.6) 1.5% (0.3–2.8) 6.7% (2.8–11.5) 44.7% (35.4–53.8)

Summer 19.5% (13.9–25.3) 22.8% (17–30.2) 5% (2.8–7.3) 52.7% (44.8–60.4)

Autumn 33.1% (24.7–41) 25.6% (16.7–34.7) 6.8% (2.4–11.8) 34.5% (24.7–45.8)

Winter 29.5% (24–36.5) 4.7% (1–8.7) 23.3% (13.5–33) 42.5% (33.7–51)

Overall 34.8% (26–43.1) 10.5% (4.9–6.3) 10% (5.2–15.6) 44.6% (35.8–53.5)

F IGURE 4 Seasonal behavioral budget for Tursiops truncatus. Each subfigure represents the distribution of
estimated effects obtained from the Monte Carlo simulation (i.e., 1,000 iterations) for a specific behavioral state

(DV = diving, SU = socializing units, SF = surface-feeding, TR = traveling). The red dashed vertical lines represent
the mean value of each distribution, while the blue dotted line represents the annual mean.
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with 7.56 and 9.02 behavioral transitions recorded per 100 hr of effort. Spring and winter had the highest number of

interactions with commercial fisheries with 3.56 and 5.02 behavioral transitions recorded per 100 hr of effort

(Table 3).

4 | DISCUSSION

Increasing human pressure on the world's oceans is negatively impacting marine ecosystems. No area is thought to

be exempt from anthropogenic influence, with >40% of habitats affected by multiple drivers (Halpern et al., 2008).

The effect of marine vessels, specifically dolphin tours, on the behavioral alterations of bottlenose dolphins has

largely been reported on in previous literature (Christiansen et al., 2010; Christiansen & Lusseau, 2015; Constantine

et al., 2004; Heiler et al., 2016; La Manna, 2013; Luis et al., 2014; Lusseau, 2003, 2004; Stockin et al., 2008). Few

studies, however, have focused on the effect of fisheries on bottlenose dolphins' behavioral budgets (Durden, 2005;

Genov et al., 2008; Pace et al., 2003; Powell & Wells, 2011). The current study is the first to consider the impact of

fisheries on the under-studied population of T. truncatus in Montenegrin waters, South Adriatic. As in many studies

on the effect of tourism boats (Christiansen & Lusseau, 2015; Clarkson et al., 2020; Constantine, 2004; Heiler

et al., 2016; Lusseau, 2003, 2004; Stockin et al., 2008), significant changes were found in T. truncatus behavior, both

in the presence of commercial fishing vessels, and artisanal fishing boats (Figure 3a, b). Based on these results, com-

mercial fishing vessels significantly affected three out of four predetermined behavioral states, suggesting that the

behavioral budget of the species considerably changes in the presence of commercial fishing vessels. Whereas, in

the presence of artisanal fishing boats, T. truncatus generally engaged in behavioral states that were similar to the

control situation with only surface feeding considerably declining in the entire budget in the presence of artisanal

fisheries. Despite artisanal fisheries appearing to have somewhat less of an impact on the dolphins, the decline of an

important feeding behavior should not be overlooked.

The control behavioral budget of T. truncatus had two clear dominant behaviors, traveling comprising 45% of the

time, and diving comprising 35%. In the presence of artisanal fishing boats, the time taken by these two behaviors

was not found to change. However, diving was the predominant behavior in the budget in the presence of commer-

cial fishing vessels and its dominance may indicate that dolphins demonstrated a behavioral shift, favoring foraging

in close proximity to commercial fishing vessels within Montenegrin waters.

In addition to the increase in diving, surface-feeding behavior also showed considerable increase in the vicinity

of commercial fishing vessels. The significant increase both in surface feeding and diving behavior indicates the

development of opportunistic feeding behaviors by the species. This behavioral alteration is consistent with previous

studies that have demonstrated that T. truncatus can adapt to changing conditions by developing new foraging tech-

niques and a tolerance for fishing vessel disturbance if the cost-to-benefit balance seems to work in their favor

(Chilvers et al., 2003; Jaiteh et al., 2012; La Manna et al., 2013; Lusseau et al., 2009; Stockin et al., 2008). Individuals

can begin to rely on trawling activity as a method of receiving provisional food resources (Lusseau et al., 2009; Stokin

et al., 2008). However, the dependence on fishing vessels for food sources come with severe costs associated with

natural behavioral alterations, entanglement, and collision risk (Brotons et al., 2007; Jaiteh et al., 2012; Pace

et al., 2003; Zappes et al., 2013). The continued reliance on human activity for food is likely to interfere with the abil-

ity of the individuals to attain prey and increase the chance of displacement from their optimal foraging grounds

(Lusseau et al., 2009). Further, this may increase existing negative opinions regarding dolphins held by fishing com-

munities, which may result in severe direct and indirect consequences for the species itself. These may include

increased line output to counteract damage or loss of nets which could increase the risk of bycatch, or even direct

culling by fishers to reduce number of “pests” (Geraci et al., 2019; Pardalou & Tsikliras, 2018; Snape et al., 2018). In

stark contrast to this, the decrease in traveling behavior seems to coincide with the increase in diving and surface-

feeding behavior in the vicinity of commercial fishing vessels which suggests that habitat usage and home range of

Montenegrin dolphins may be altered in the presence of commercial fishing vessels, which eventually has the
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potential to lead to temporary or permanent habitat displacement. Thus far in the Adriatic, trawling has been shown

to effect fine-scale distribution (Bonizzoni et al., 2020) and even cause dolphins to leave protected areas (Plesli�c

et al., 2015).

There were also noticeable seasonal variations in behavior, with socializing being at its highest during summer

and autumn (Figure 4), which is likely due to mating behaviors and interactions with new calves following a

12-month gestation period (Blasi et al., 2020; Weller 1998). This period coincided with the highest number of transi-

tions in which dolphins were in the presence of artisanal fishing boats as well as the lowest amount of control transi-

tions per unit of effort suggesting that T. truncatus are more likely to be in the vicinity of vessels during these

seasons. These data are supported by an increase in tourist and recreational activities in these seasons and it is also

possible that defensive cohesive demonstration in response to increased density of boats has been erroneously

recorded as socializing behavior (Clarkson et al., 2020). These results are in contrast with the findings of Vermeulen

et al., (2015) who reported socializing peaking in winter and spring in Patagonia and more locally with Bearzi

et al., (1999) in Croatia who reported no consistent patterns in behaviors with significant difference in seasonal

behaviors between years. As more data are gathered in Montenegro, an investigation into interannual variability of

behavior would be beneficial.

In contrast to socializing, surface feeding was predominant in the winter, possibly due to increased energy

demands with lower water temperatures or due to less prey availability and therefore an increased search time

(Brager 1993;Miller et al., 2010; Weller 1998). Winter was also the season with the most recorded transitions per

unit effort in the presence of commercial fishing vessels. No seasonal fisheries data are available for Montenegro but

in neighboring Croatia the highest catches were common sole, Solea solea and Sepia officinalis (Mati�c-Skoko

et al., 2017). While S. solea has not been recorded as a prey species of T. truncatus, S. officinalis has, as has Merluccius

merluccius, Conger conger, and Octopus vulgaris (Bearzi et al., 2008; Blanco et al., 2001; Miokovic et al., 1999), which

were also found to form a relatively high proportion of Croatian catches in winter (Mati�c-Skoko et al., 2017). It is

therefore likely that during winter the high level of interactions with fishing vessels is due to an overlap in fishing

interests between dolphins and fishermen.

A limitation of this study is that specific details on vessels in the impact situation were not collected. Artisanal

fishing boats in this study included small purpose-built fishing boats with outboard engines and as well as other

motorboats that had visible fishing gear. Commercial vessels included trawlers (including beam and pelagic) as well

as purse seiners. While different vessel types produce different frequencies (Richardson & Würsig, 1997,

Weilgart, 2007), they also produce different source levels (Erbe et al., 2019; Richardson & Würsig, 1997) dependent

on size, type and age. In addition to this, trawlers and purse seiners have different fishing gear and methodologies,

and future studies should refine these broad vessel categories into finer categories to investigate differences to dol-

phin response that these different vessel types may have.

The Mediterranean and Black Sea has 86,500 fishing vessels, comprising both artisanal and commercial vessels;

12.3% of which are in the Adriatic Sea (FAO, 2018). Capture production in Montenegrin fisheries has increased from

734.8 to 1015 tons between 2006 and 2018 (FAO, 2020). Commercial vessels within Montenegro had average land-

ings of 787 tons in 2014 with a 13.1% increase between 2015 and 2016 (FAO, 2018). In addition, the Montenegrin

fleet has increased rapidly in size over recent years, reaching 224 from 128 in 2015 (FAO, 2020; Montenegro Minis-

try of Agriculture and Rural Development, 2015). An increase in fleet size directly results in an increase in the fre-

quency of human-wildlife interactions (Hoyt, 2001), specifically when threatened species distribution overlap with

the human pressure as with T. truncatus.

While short-term effects on the behavioral budget of T. truncatus were exhibited during this study, the long-

term effects of behavioral budget change on fitness, reproductive success or population size are likely to not be seen

for up to 30 years, due to the longevity of the species (Constantine et al., 2004). The results of this study suggest

that artisanal fisheries form a more sustainable method of fishing with relatively less impact on the threatened

T. truncatus populations in Montenegro, yet the significant decline in surface-feeding behavior still must be consid-

ered and thus the interaction should be minimized. At this stage it is unclear how much of an impact on the
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population this behavioral change could have, however, changes to important behaviors such a feeding and socializ-

ing units are likely to affect the population if prolonged. Future research should aim to determine whether this

decline is attributed to the artisanal fishery or merely just to marine vessels independent of their activity since the

presence of boats alone can affect behavioral budgets (Bas et al., 2017; Christiansen, 2013; Papale, 2012). A similar

study in Montenegro reported that when tourist vessels were within 400 m of bottlenose dolphins, surface-feeding

was nonexistent despite it comprising 7.6% of the behavioral budget in the absence of nontargeted tourist vessels

(Clarkson et al., 2020) and thus further investigation into the possible effect of vessel type is required.

Despite the low number of commercial fishing activities in Montenegro, compared to neighboring countries, the

significant alterations in the behavior of T. truncatus are concerning, particularly when coupled with the reported

effects of the tourist industry. The results of this study form an important contribution to understanding the effect

of fisheries on T. truncatus in Montenegro and directing future fishing management and mitigation decisions within

the Mediterranean Sea. Improving our understanding of how different types of vessels are affecting behavior of

T. truncatus in Montenegro and highlights the importance of considering different vessels classes separately.

This study has important implications for conservation management. The two vessel categories were shown to

have different effects on T. truncatus behavior, as well as having different effects to tourist vessels (Clarkson

et al., 2020) within Montenegrin waters. This suggests that generic management plans are unlikely to be sufficient

and highlights the importance of understanding how animals like T. truncatus may be affected by multiple different

stressors when considering their conservation. Decision makers in Montenegro have taken the first steps towards

the conservation of the marine environment. The authors urge that this information be used to inform and adopt

management and conservation policies, including the use of fishing protected areas in order to minimize the effect of

marine vessels on the vulnerable populations of T. truncatus.
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