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Abstract
With an expected further increase in marine traffic comes progressive negative environmental impacts on cetaceans. This study investigates the impact of motorised vessel presence on Delphinus delphis and Tursiops truncatus behaviour in the eastern Aegean Sea using a time budget analysis of their behaviour in the presence and absence of motorised marine traffic.  Behaviour was categorised using an ethogram and BORIS software was used to obtain the total duration of each state and category for the time budget analysis (Elias et al., 2021; Friard and Gamba, 2016). When comparing the percentage frequency of time per sighting that D. delphis and T. truncatus were visually observed from the research vessel exhibiting each behaviour in the presence and absence of marine traffic, the results showed that feeding, socialising, and travelling were more prevalent in vessel presence, whilst energy intensive behaviours such as, diving, porpoising and sharking were the opposite. A key finding of this study was that there was no significant difference in the percentage time either species spent resting in the presence or absence of vessels. Additionally, the results found that both species exhibited different changes in behaviour during vessel presence and absence. This study concludes that increased travelling and stress behaviours can have biologically significant consequences on the physical fitness, energetic budget, health, and reproductive output of D. delphis and T. truncatus populations. Improving our understanding of how marine traffic intensity can impact the short and long-term behaviour of these populations is essential to aid in their preservation.
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Introduction
With more than 220,000 vessels navigating through its waters yearly, the Mediterranean Sea is one of the busiest waterways in the world (Inch et al., 2018). As global shipping is expected to grow by 4% per year, shipping activity in the Mediterranean will also increase in the number of routes, traffic intensity, and size of ships (WWF, 2022). With this growth comes increasing negative environmental impacts, such as chemical pollution, noise pollution, and collisions with cetaceans (WWF, 2022). Whilst transportation of goods and fishing is essential, many shipping and navigational routes cross habitats that are vital to numerous highly mobile marine mammal species (Inch et al., 2018).
Delphinus delphis, the short-beaked common dolphin, and Tursiops truncatus, the common bottlenose dolphin, are two of the Mediterranean sea’s resident species (Inch et al., 2018; Figures 1 and 2). Their populations are of high concern for conservationists, due to their role in the ecosystem as apex predators (Inch et al., 2018). Delphinus delphis was once abundant and widely distributed in the Mediterranean but is now classified as ‘endangered’ in the International Union for Conservation of Nature’s (IUCN) Red List of Threatened Animals, due to population declines since the 1960s (Inch et al., 2018). Additionally, Tursiops truncatus is classified as ‘vulnerable’ by the IUCN in the Mediterranean Sea, following a decrease in population size in recent decades (Mussi et al., 2019).

[image: An image of Delphinus delphis, the short-beaked common dolphin (Husic, 2021) leaping out of the water, displaying its grey body and white stomach against a backdrop of waves.]
Figure 1. Delphinus delphis, the short-beaked common dolphin (Husic, 2021).
[image: An image of Tursiops truncatus, the common bottlenose dolphin (Wells and Scott, 2017) leaping out of the water, displaying its grey body and longer snout against a backdrop of waves.]
Figure 2. Tursiops truncatus, the common bottlenose dolphin (Wells and Scott, 2017).

Natural Dolphin Behaviours
Ethograms are catalogues of behaviours that a group of animals may exhibit (Elias et al., 2021). They are used to categorise the two states (diving and swimming) and six categories (feeding, porpoising, resting, sharking, socialising, and travelling) of types of behaviour in dolphins (Elias et al., 2021). States are used to describe long-duration behaviours. Events, such as bow-riding and leaping, describe short-duration behaviours whereas categories are a combination of the state and event to make a more specific behavioural record (Pennino et al., 2016).
[bookmark: _Hlk160446214][bookmark: _Hlk160455472][bookmark: _Hlk160745833]Cetaceans naturally dive for feeding, mating, and predator avoidance (Ponganis, 2015; Beurteaux, 2017). Dolphins also dive to communicate underwater; they use echolocation to navigate and locate prey (Alaska Sea Grant, 2013). They often hunt nocturnally where feeding behaviour regularly occurs close to the water surface (Elias et al., 2021; Neri et al., 2022). Porpoising is when dolphins leap out of the water whilst swimming (Weihs, 2002). It is used as a more energetically advantageous method of swimming longer distances, as it reduces drag associated with continuous underwater swimming (Au and Weihs, 1980; Au et al., 1988). Resting in dolphins is usually nocturnal and can include surface, bottom, and swim resting (Gnone et al., 2001; Sekiguchi and Kohshima, 2003). Dolphins exhibit unihemispheric slow-wave sleep or resting, whereby they shut off one side of their brain at a time. They also typically only rest for a few hours at a time (Lyamin et al., 2008). Sharking occurs when a dolphin swims just below the surface of the water with its dorsal fin above the waves (Elias et al., 2021). The reason for sharking is dependent on the situation at the time, it can be observed during feeding, however, it can also show that the dolphin is highly active and curious, or in other situations, behaving in a tranquil or inconspicuous manner (Ritter, 2002; Heithaus and Dill, 2009). Dolphins depend on socialising for communicating, mating, hunting and defence (Wells et al., 1987; Lusseau et al., 2003). Travelling is when a dolphin is swimming in a consistent direction with regular surfacing intervals (Elias et al., 2021). New et al. (2013) found that travelling behaviour was exhibited when in fear as a means of escape and associated with hunger to meet the necessity to feed.
Short-Term Effects of Vessel Presence on Dolphin Behaviours
[bookmark: _Hlk160747809][bookmark: _Hlk160446136]Dolphins are renowned for approaching and interacting with vessels, therefore the increase in marine traffic could cause a change in their short and long-term behavioural trends (Hawkins and Gartside, 2009). Behavioural responses to vessels can be related to engine noise, the physical vessel presence, or a combination of the two (Pennino et al., 2016). A study published in 2006 by Lusseau shows that the travelling and diving behaviour of T. truncatus becomes more frequent in the presence of motorised marine traffic, and they tend to avoid vessels which are intrusive and unpredictable such as recreational vessels and motorboats, as a stress response. Similarly, a study by Miller et al. (2008) shows an increase in dolphin travelling behaviour and a decrease in feeding behaviour in the presence of high-speed vessels. However, studies by Miller et al. (2008) and Papale et al. (2011) show that feeding behaviours can be initiated in the presence of fishing vessels, with dolphins actively pursuing and feeding off the by-catch expelled from the boats, suggesting that not all marine traffic has an immediate negative impact on the dolphin’s energy budget, especially if they are receiving a meal which might have otherwise cost them more energy to hunt themselves (Bonizzoni et al., 2023). 
Results from Hawkins and Gartside (2009) show that T. truncatus’ travelling behaviour declines but socialising increases when vessels are present. Lusseau (2006) discusses that socialising via visual and physical communication may provide an efficient way to communicate in a noisy environment such as in the presence of marine traffic. However, Papale et al. (2011) states that fast boats cause an interruption of all activities and reduce the frequency of behaviours related to feeding, socialising, and resting. They also show that when boats are within 200 m, resting behaviour is absent and diving behaviour is less frequent (Papale et al., 2011). However, a study carried out by Neumann and Orams (2006) indicates that species of dolphins that usually exhibit schooling behaviour, such as D. delphis, are less likely to be disturbed by vessel presence.
Long-Term Effects of Vessel Presence on Dolphin Behaviour 
Overall, studies show that the presence of long-term marine traffic induces stress in dolphins, thus impacting their activity budgets, which further leads to a decline in population health (Neumann and Orams, 2006; Miller et al., 2008). Lusseau (2006) concludes that increased stress, area avoidance and decreased resting, feeding, and socialising have biologically significant consequences on the energetic budget, physical fitness, health and reproductive output of individuals and their population. In addition, Miller et al. (2008) state that slower growth rates and a decline in an individual’s health due to reduced foraging efforts could result in lower fecundity for females and decreased competitive ability for males. Results from Inch et al. (2018) show that in areas with high vessel presence, the number of sightings of D. delphis and T. truncatus decreases, and they relocate to areas with fewer disturbances. The resulting long-term effects may be more detrimental and could include decreased survival rates or permanent emigration (Neumann and Orams, 2006).
Although the impacts of vessel presence on cetaceans have been studied in many areas, very little is known about the short and long-term effects of marine traffic on the behaviour of both D. delphis and T. truncatus in the Aegean Sea. There is a need for further research in this field of study to analyse whether the impacts of vessel presence on dolphin behaviour are influenced by vessel type, distance, and noise emission. The results of current studies demonstrate some of the short-term effects, but it is unclear whether these effects will contribute to long-term challenges such as population displacement, reduced health, and reduced viability of the population (Miller et al., 2008). This study aimed to increase the available data and knowledge in this field of study to improve understanding of how the increasing threat of marine traffic intensity can impact the short and long-term behaviour of cetaceans. The results of this study can help to design and develop conservation measures to aid the preservation of not only species in the Aegean Sea but global cetacean populations as well.
Research Objectives and Hypotheses
This study aimed to analyse the impacts of vessel presence on Delphinus delphis and Tursiops truncatus behaviour in the eastern Aegean Sea in the summer and autumn of 2021 and 2022. This was achieved through a time budget analysis of the behaviour of the two species in the presence and absence of motorised marine traffic. 
Null Hypotheses:
1. Neither species exhibit changes in behaviour in the presence of marine traffic compared to behaviours in the absence of marine traffic. 
2. Delphinus delphis and Tursiops truncatus exhibit the same changes in behaviour in the presence of marine traffic.

Alternative Hypotheses:
1. Both species exhibit changes in behaviour in the presence of marine traffic compared to behaviours in the absence of marine traffic. 
2. Changes in behaviour exhibited by Delphinus delphis are different from those exhibited by Tursiops truncatus in the presence of marine traffic.
3. Diving and travelling behaviours are more prevalent in the presence of marine traffic.
4. Feeding, porpoising, resting, sharking, and socialising behaviours are more prevalent in the absence of marine traffic.

Methodology
Study Area
The Aegean Sea, which covers roughly 214,000 km2, forms a part of the Mediterranean Sea and is situated between Greece and Turkey (Inch et al., 2018; Chirosca and Rusu, 2020). Boat surveys were carried out along the south coast of Samos Island, Greece, in the eastern Aegean Sea in the summer and autumn of 2021 and 2022 (Figure 3). The marine environment around Samos Island in the eastern Aegean Sea supports a diverse array of motorised vessels. Traditional small-scale fishing boats are used by the local fishing industry, whilst larger fishing vessels operate in the deeper, more distant waters, targeting larger or more migratory species (Archipelagos Institute of Marine Conservation, 2011). Sailing boats, yachts and small motorboats are often used for recreational purposes and are part of the region's tourism industry. Ferries and cargo boats are primary modes of transport, facilitating the movement of passengers and goods between Samos, other islands, and the mainland (Archipelagos Institute of Marine Conservation, 2011).

[image: Maps of the study area. A map in the bottom left showing the larger map's placement in Europe. The orange box shows the location of the study area in the Mediterranean Sea. The larger map shows the Aegean Sea and a red box outlines the location of the study area in the Aegean Sea.]
[image: Map of the study area. An orange box outlines the 1,000 km2 study area on the south coast of Samos Island. A red point locates the starting point of each survey, the port Marina of Pythagorio.]
Figure 3. Maps of the study area. (a) The orange box shows the location of the study area in the Mediterranean Sea and the red box shows the location in the Aegean Sea. (b) The 1,000 km2 study area is shown inside the orange box. The red point locates the starting point of each survey, the port Marina of Pythagorio.
Resources and Equipment
Data was collected through boat surveys onboard a research vessel, the Aegean Explorer, provided by the Archipelagos Institute of Marine Conservation (Archipelagos Institute of Marine Conservation, 2011). The boat was a 21.74 m motorboat with two 450 hp engines (Archipelagos Institute of Marine Conservation, 2023). The crew consisted of six to ten trained observers, a supervisor, and a captain. Boat-based visual surveys were only carried out during daylight hours and under good weather conditions (Beaufort Sea State ≤ 3) for the crew’s safety and because sightings were harder to observe in harsher conditions (Wheeler and Wilkinson, 2004). A risk assessment was written and adhered to throughout the study.
Data Collection	
Opportunistic vessel-based surveys were carried out within the study area in the summer and autumn of 2021 and 2022. During surveys, a PAMGuard Recorder Module was set to record the survey route and sightings' GPS coordinates (Gillespie et al., 2009). Throughout the surveys, the boat maintained a maximum speed of 7 knots to minimise the disturbance to dolphins. To spot them, the sea surface was continuously scanned, from the boat to the horizon using binoculars from all angles by three to four trained observers. 

When a pod of Delphinus delphis or Tursiops truncatus was sighted, the boat decreased in speed and followed the pod until it was lost from view. During a sighting, vessel presence or absence (excluding the research vessel) was attained by scanning the sea surface from the boat to the horizon using binoculars. Behavioural data was collected by recording the pod using a SONY HDR-CX240 video camera. At the start of the video, the boat survey number, sighting number, date, time, and species, were clearly stated. The videos were narrated throughout, stating the behaviours exhibited using an ethogram (Elias et al., 2021; Table 1). Behaviour was collected using the focal group sampling method of noting the behaviour exhibited in at least 50% of the individuals (Mann, 2001). Table 1 below contains two behavioural states (diving and swimming) and six behavioural categories (feeding, porpoising, resting, sharking, socialising, and travelling) (Elias et al., 2021).










Table 1. Ethogram used in this study. 
	Behavioural States and Categories
	Description

	Diving
	Dolphin dives in, no steadily directional movement – often occurs when feeding.



	Swimming
	Dolphin is swimming below 1m underwater, randomly at any speed. Categories occur while swimming.



	Feeding
	Dolphin is feeding close to the surface of the water; frequently moving in circles and diving in different directions; often indicated when birds are concentrated in an area.



	Porpoising
	Dolphin is travelling fast in repetitive abrupt lunges over the water surface with shallow submergences in between; rapid forward progress in dorsal position. 



	Resting
	Dolphin is logging near or on the surface of the water. 



	Sharking
	Dolphin is swimming just below the surface of the water with its dorsal fin above the waves; without rhythmic up-and-down movement; looks like a shark fin.



	Socialising
	Dolphins are in almost constant physical contact with each other, often displaying surface behaviours and no steadily directional movement.



	Travelling
	Dolphin is swimming in a consistent direction with regular surfacing intervals.


Source: Elias et al. (2021).

Data Analysis
After the surveys, the sighting videos were analysed using BORIS (Behavioural Observation Research Interactive Software), a software that allows the analysis of observations from videos using an ethogram (Friard and Gamba, 2016). Using BORIS, the total duration of each state and category was obtained and a time budget analysis was produced for each sighting (Friard and Gamba, 2016). The marine traffic and behavioural data from each sighting were later entered into an excel document.

Using QGIS version 3.34.0-Prizren, a map was created to show the distribution of D. delphis and T. truncatus pods recorded during the surveys (QGIS.org, 2024). To analyse the frequency of each behavioural category with and without marine traffic, each sighting was categorised into individual datasets by species, year, and season. Seasons were calculated using the equinox and solstice dates for each year (Time and Date AS, 2023). Within these datasets, the frequency of each behavioural category was indicated in percentage time per sighting alongside vessel presence or absence.

[bookmark: _Hlk159503977][bookmark: _Hlk159503938]Firstly, the D. delphis summer 2021 dataset was analysed using R Studio version 2023.09.1+494.pro2 (RStudio Team, 2020). The percentage of time per sighting spent diving without marine traffic was tested for normality using the Shapiro-Wilk statistical test (Shapiro and Wilk, 1965). This was repeated for the percentage of time spent diving with marine traffic. If the results for both variables were normally distributed, a Bartlett test was conducted to test for homogeneity of variances (Arsham et al., 2011). If the results showed that both sets were normally distributed, a parametric Welch Two Sample T-test was conducted to compare both variables to understand whether there was a significant difference in the percentage of time diving with or without marine traffic (Lu and Yuan, 2010). If the results of the Shapiro-Wilk or Bartlett tests did not meet the assumptions of normality or homogeneity, a non-parametric Wilcoxon Rank-Sum test was conducted to compare both variables to understand similarly whether there was a significant difference in the percentage time diving with or without marine traffic (Wilcoxon, 1945). This method of statistical analysis was repeated for each behavioural category and each dataset. Boxplot graphs were designed to visualise the impact of marine traffic on behaviour by plotting the relative frequencies of each observed category and its relation to vessel presence or absence.
Results
In total, Delphinus delphis was sighted 124 times (Figure 4); 49% was in the presence of marine traffic, whilst 51% was in its absence (Table 2). Tursiops truncatus was sighted 42 times in total (Figure 3.1); 57% was with marine traffic, and 43% was without (Table 2).
[image: A map of the study area with coloured dots illustrating where sightings were recorded. The orange box outlines the location of the study area. The light blue dots represent sightings of T. truncatus in 2021, dark blue dots represent T. truncatus sightings in 2022, pink dots represent D. delphis sightings in 2021 and red dots represent D. delphis sightings in 2022. All dots are fairly evenly spread across the south coast of Samos Island.
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Figure 4. A map of the study area illustrating where sightings were recorded. The orange box shows the location of the study area. The light blue dots represent sightings of T. truncatus in 2021, dark blue dots represent T. truncatus sightings in 2022, pink dots represent D. delphis sightings in 2021 and red dots represent D. delphis sightings in 2022.

Table 2 below includes both species (Delphinus delphis and Tursiops truncatus) and the number of sightings recorded in the presence and absence of marine traffic during each season and year. MT = Marine Traffic.
Table 2. The number of sightings of each species recorded in the presence and absence of marine traffic. 
	Species
	Dates
	No. of sightings with MT
	No. of sightings without MT

	D. delphis
	Summer 2021
	20
	17

	
	Autumn 2021
	15
	17

	
	Summer 2022
	12
	16

	
	Autumn 2022
	14
	13

	T. truncatus
	Summer 2021
	6
	6

	
	Autumn 2021
	10
	6

	
	Summer 2022
	4
	3

	
	Autumn 2022
	4
	3


Source: Authors.
When comparing the frequency of D. delphis and T. truncatus exhibiting each behaviour in the presence and absence of marine traffic, the results found that feeding and travelling were more prevalent in vessel presence, whilst diving, porpoising, sharking and socialising were more prevalent in vessel absence (Table 3). There was no significant difference in the percentage time D. delphis or T. truncatus spent resting with or without marine traffic (Table 3).

Table 3 includes all behavioural categories, the species (Delphinus delphis and Tursiops truncatus), and dates whereby a significant difference in behaviour in the presence and absence of marine traffic was calculated. W = Wilcoxon Rank-Sum test. t = Welch Two Sample T-test.

Table 3. A summary of the statistical analysis results of each behavioural category in the presence or absence of marine traffic.
	Behaviours
	Species
	Dates
	Statistical Results (prevalent in:)

	[bookmark: _Hlk158294493]Diving
	D. delphis
T. truncatus
	Summer 2021
Autumn 2022
	Absence (W = 96.5; p < 0.05)
Absence (W = 0; p < 0.05)


	Feeding
	T. truncatus
T. truncatus
	Autumn 2021
Autumn 2022
	Presence (W = 52; p < 0.01)
Presence (W = 52; p < 0.05)


	Porpoising
	T. truncatus
	Autumn 2021
	Absence (W = 15; p < 0.05)


	Sharking
	T. truncatus
	Autumn 2021
	Absence (t5.04 = -2.04; p < 0.05)


	Socialising
	D. delphis
	Summer 2022
	Presence (W = 133; p < 0.05)


	Travelling
	D. delphis
D. delphis
	Summer 2021
Autumn 2022
	Presence (W = 234.5; p < 0.05)
Presence (W = 0; p < 0.05)


Source: Author.

Diving was found to be more prevalent without marine traffic in D. delphis in the summer of 2021 (Figure 5a); W = 96.5; p < 0.05) and in T. truncatus in the autumn of 2022 (Figure 5b; W = 0; p < 0.05). Conversely, there was no significant difference in the percentage time that D. delphis spent diving with or without marine traffic in autumn 2021 (t26 = 0.43; p = 0.668), summer 2022 (W = 102; p = 0.798) and autumn 2022 (W = 88; p = 0.902; Figure 5a). Equally, there was no significant difference in the percentage time that T. truncatus spent diving with or without marine traffic in summer 2021 (t9.57 = 0.23; p = 0.823), autumn 2021 (W = 34; p = 0.704) and summer 2022 (t3.28 = 0.96; p = 0.401; Figure 5b). 
[image: Boxplots showing the percentage time for each sighting (%) that Delphinus delphis exhibited diving behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. 2021 had significantly lower percentages than 2022.]
[image: Boxplots showing the percentage time for each sighting (%) that Tursiops truncatus exhibited diving behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. Autumn 2022 had a large difference between absence and presence data.]Figure 5. Diving behaviour boxplots. Boxplots showing the percentage of observational time for each sighting (%) that (a) Delphinus delphis and (b) Tursiops truncatus exhibited diving behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. 
[bookmark: _Hlk160453982]The percentage of time T. truncatus spent feeding in the autumn of 2021 (W = 52; p < 0.01) and autumn of 2022 (W = 52; p < 0.05; Figure 6b) were significantly higher with marine traffic. Inversely, there was no significant difference in the percentage time that T. truncatus spent feeding with or without marine traffic in the summer of 2021 (Figure 6b; W = 18; p = 1). Similarly, there was no significant difference in the percentage time that D. delphis spent feeding with or without marine traffic in summer 2021 (W = 142.5; p = 0.401), autumn 2021 (W = 152; p = 0.308), summer 2022 (W = 98.5; p = 0.914) and autumn 2022 (W = 78.5; p = 0.513; Figure 6a). There was no feeding behaviour in T. truncatus recorded in the summer of 2022. 
[image: Boxplots showing the percentage time for each sighting (%) that Delphinus delphis exhibited feeding behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. This boxplot shows very low percentage averages.]
[image: Boxplots showing the percentage time for each sighting (%) that Tursiops truncatus exhibited feeding behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. Summer 2022 had no data. Autumn data for both years had large differences in percentage feeding in absence and presence.]
Figure 6. Feeding behaviour boxplots. Boxplots showing the percentage of observational time for each sighting (%) that (a) Delphinus delphis and (b) Tursiops truncatus exhibited feeding behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. 
Porpoising was found to be more prevalent without marine traffic in T. truncatus in the autumn of 2021 (Figure 7b; W = 15; p < 0.05). Inversely, there was no significant difference in the percentage time that D. delphis spent porpoising with or without marine traffic in summer 2021 (W = 177; p = 0.676), autumn 2021 (W = 107; p = 0.297) and autumn 2022 (W = 97.5; p = 0.375; Figure 7a). There was no porpoising behaviour in T. truncatus recorded in the summer of 2021, summer of 2022, and autumn of 2022 or in D. delphis in the summer of 2022.
[image: Boxplots showing the percentage time for each sighting (%) that Delphinus delphis exhibited porpoising behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All plots show very low percentage averages, showing zero apart from Autumn 2021.]
[image: Boxplots showing the percentage time for each sighting (%) that Tursiops truncatus exhibited porpoising behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All plots show very low percentage averages, showing zero apart from Autumn 2021.]
Figure 7. Porpoising behaviour boxplots. Boxplots showing the percentage of observational time for each sighting (%) that (a) Delphinus delphis and (b) Tursiops truncatus exhibited porpoising behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. 
There was no significant difference in the percentage time D. delphis spent resting with or without marine traffic in summer 2021 (W = 150; p = 0.129), autumn 2021 (W = 129.5; p = 0.922), summer 2022 (W = 104; p = 0.279) and autumn 2022 (W = 97.5; p = 0.374; Figure 8a). Equally, there was no significant difference in the percentage time that T. truncatus spent resting with or without marine traffic in the summer of 2021 (Figure 8b; W = 15; p = 0.405). There was no resting behaviour in T. truncatus recorded in the autumn of 2021, summer of 2022, or autumn of 2022.
[image: Boxplots showing the percentage time for each sighting (%) that Delphinus delphis exhibited resting behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All data shows an average percentage of zero.]
[image: Boxplots showing the percentage time for each sighting (%) that Tursiops truncatus exhibited resting behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All data shows an average percentage of zero.]
Figure 8. Resting behaviour boxplots. Boxplots showing the percentage of observational time for each sighting (%) that (a) Delphinus delphis and (b) Tursiops truncatus exhibited resting behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. 

Sharking was found to be more prevalent without marine traffic in T. truncatus in the autumn of 2021 (Figure 9b; t5.04 = -2.04; p < 0.05). Conversely, there was no significant difference in the percentage time that T. truncatus spent sharking with or without marine traffic in summer 2021 (W = 17.5; p = 1) and summer 2022 (W = 6; p = 1; Figure 9b). Equally, there was no significant difference in the percentage time that D. delphis spent sharking with or without marine traffic in summer 2021 (W = 170; p = 1), autumn 2021 (W = 103; p = 0.271), summer 2022 (W = 80; p = 0.344) and autumn 2022 (W = 93; p = 0.925; Figure 9a). There was no sharking behaviour in T. truncatus recorded in the autumn of 2022.
[image: Boxplots showing the percentage time for each sighting (%) that Delphinus delphis exhibited sharking behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All data shows low percentage and little discrepancies.]
[image: Boxplots showing the percentage time for each sighting (%) that Tursiops truncatus exhibited sharking behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. Autumn 2022 and Summer 2021 have percentage averages of zero. ]
Figure 9. Sharking behaviour boxplots. Boxplots showing the percentage of observational time for each sighting (%) that (a) Delphinus delphis and (b) Tursiops truncatus exhibited sharking behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022.
The percentage of time D. delphis spent socialising in the summer of 2022 was significantly higher with marine traffic than in its absence (Figure 10a; W = 133; p < 0.05). Inversely, there was no significant difference in the percentage time that D. delphis spent socialising with or without marine traffic in summer 2021 (W = 197.5; p = 0.363), autumn 2021 (W = 96; p = 0.237), and autumn 2022 (W = 90; p = 0.969; Figure 10a). Similarly, there was no significant difference in the percentage time that T. truncatus spent socialising with or without marine traffic in summer 2021 (W = 21; p = 0.405), autumn 2021 (t5.02 = -1.21; p = 0.282) and summer 2022 (t3.34 = 1.09; p = 0.349; Figure 10b). There was no socialising behaviour in T. truncatus recorded in autumn 2022. 
[image: Boxplots showing the percentage time for each sighting (%) that Delphinus delphis exhibited socialising behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All data shows small discrepancies.]
[image: Boxplots showing the percentage time for each sighting (%) that Tursiops truncatus exhibited socialising behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. Autumn 2021 and Summer 2022 show small discrepancies whilst the others have percentage averages of zero.]
Figure 10. Socialising behaviour boxplots. Boxplots showing the percentage of observational time for each sighting (%) that (a) Delphinus delphis and (b) Tursiops truncatus exhibited socialising behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022.

Travelling was found to be more prevalent with marine traffic in D. delphis in the summer of 2021 (W = 234.5; p < 0.05) and the autumn of 2022 (W = 0; p < 0.05; Figure 11a). Inversely, there was no significant difference in the percentage time that D. delphis spent travelling with or without marine traffic in the autumn of 2021 (t28 = -1.27; p = 0.215) and the summer of 2022 (W = 96; p = 1; Figure 11a). Similarly, there was no significant difference in the percentage time that T. truncatus spent travelling with or without marine traffic in summer 2021 (t9.98 = 0.77; p = 0.459), autumn 2021 (W = 28; p = 0.869), summer 2022 (t4.37 = -0.32; p = 0.767) and autumn 2022 (W = 7.5; p = 0.564; Figure 11b).
[image: Boxplots showing the percentage time for each sighting (%) that Delphinus delphis exhibited travelling behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All plots shows differences except Autumn 2022 with little data,]
[image: Boxplots showing the percentage time for each sighting (%) that Tursiops truncatus exhibited travelling behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022. All plots show discrepancies.]
Figure 11. Travelling behaviour boxplots. Boxplots showing the percentage of observational time for each sighting (%) that (a) Delphinus delphis and (b) Tursiops truncatus exhibited travelling behaviour in the presence and absence of marine traffic in the autumn of 2021 and 2022 and the summer of 2021 and 2022.
Discussion
Project Goals and Major Findings
[bookmark: _Hlk161240982]This study analysed the impacts of vessel presence on the behaviour of both Delphinus delphis and Tursiops truncatus in the eastern Aegean Sea. This was achieved through a time budget analysis of the behaviour of both species in the presence and absence of vessels. When comparing the percentage frequency of time that D. delphis and T. truncatus exhibited each behaviour, with and without marine traffic, the results found that feeding, socialising, and travelling were more prevalent in vessel presence, whilst diving, porpoising and sharking were the opposite. While some of these results support the alternative hypotheses (porpoising, sharking, and travelling), others did not (diving, feeding, and socialising). Additionally, it was found that the activity budgets of both species were affected by the presence of marine traffic. However, vessel presence or absence did not affect the resting behaviour of either species. Furthermore, the results support the alternative hypothesis that both species exhibited different changes in behaviour during vessel presence and absence.
Interpretations
The results of this study support the alternative hypothesis that both species will exhibit changes in diving behaviour in the presence or absence of marine traffic. The results also support the null hypothesis that both species will exhibit the same changes in behaviour. However, the results do not support the alternative hypothesis that diving will be more prevalent in the presence of marine traffic. In line with the results of this research, dolphins are well known for interacting with vessels, therefore there may have been instances where the dolphins were surfacing to investigate the research vessel but as it was not a trawler or tourist vessel providing food, so they lost interest and proceeded to dive, increasing the frequency of diving in vessel absence (Neumann and Orams, 2006; Miller et al., 2008; Papale et al., 2011). The significant results of diving behaviour from this study contradict the claims of Lusseau (2006) who found that the diving behaviour in T. truncatus becomes more frequent and erratic in the presence of vessels (Lusseau, 2006).
The findings do not support the alternative hypotheses that both species will exhibit changes in feeding behaviour in the presence or absence of marine traffic or that feeding will be more prevalent in the absence of marine traffic. However, the results do support the alternative hypothesis that changes in behaviour will be different in both species. Similar to the results of this research, Hawkins and Garside (2009) alongside Papale et al. (2011) observed an increase in feeding behaviour in T. truncatus with fishing and tourist vessels (Papale et al., 2011). This is explained by dolphins actively pursuing and feeding off the by-catch or bait expelled from these vessels (Miller et al., 2008; Papale et al., 2011). Trawling vessels present in this study during the autumn period may have been fishing for T. truncatus prey species which could explain why T. trancatus feeding behaviour significantly increased when vessels where present in the autumn. D. delphis feeding behaviour however remained unchanged, suggesting they had little interest in feeding on vessel bycatch. The statistically significant results of this study contradict the claim by Inch et al. (2018) that with an increase in vessels, there is a higher potential for disruption in feeding activities (Inch et al., 2018). Neumann and Orams (2006) alongside Miller et al. (2008) found that high-speed vessels and close vessel proximity to dolphins cause a decrease in feeding behaviour (Neumann and Orams, 2006; Miller et al., 2008).
The outcomes of this study do not support the alternative hypothesis that both species will exhibit changes in porpoising behaviour in the presence or absence of marine traffic. However, they do support the alternative hypotheses that changes in behaviour will be different in both species and that porpoising will be more prevalent in the absence of marine traffic. Au and Weihs (1980) alongside Au et al. (1988) found that porpoising is used as a more energetically advantageous method of swimming longer distances underwater (Au and Weihs, 1980; Au et al., 1988). It may be that porpoising behaviour decreases in vessel presence as dolphins are known for changing their natural behaviours to investigate vessels therefore, suppressing porpoising behaviour (Hawkins and Gartside, 2009; New et al., 2013).Differing to the hypothesis and results, Hawkins and Garside (2009) found that porpoising behaviour increased in vessel presence which could be due to the reduction in the energetic costs of bow-riding in the slipstream of a vessel (Hawkins and Gartside, 2009).
The findings of this study support the null hypothesis that neither species will exhibit changes in resting behaviour in the presence or absence of marine traffic. The results do not support the alternative hypothesis that resting will be more prevalent in the absence of marine traffic. The results relating to the resting behaviour from this study contradict the claims of Lusseau (2006) that during resting, dolphins descend deeper into the water column when interacting with an intrusive vessel which could be linked to an avoidance of boat noise. Constantine et al. (2004) and Lusseau (2006) also found that surface-resting behaviour decreases as marine traffic increases (Lusseau, 2006). As resting behaviour usually occurs nocturnally and includes bottom and swim-resting, it was difficult to identify all forms of resting from the vessel-based surveys. Therefore, this may explain why there is limited resting behavioural data in this study as only surface-resting was recorded (Gnone et al., 2001; Sekiguchi and Kohshima, 2003). 
This study’s results do not support the alternative hypothesis that both species will exhibit changes in sharking behaviour in the presence or absence of marine traffic. However, they do support the alternative hypotheses that changes in behaviour will be different in both species and that sharking will be more prevalent in the absence of marine traffic. Contrary to the hypothesis and results, de Boer (2004) found that sharking behaviour is often related to feeding when close to trawlers (de Boer, 2004). Ritter (2002) and Heithaus and Dill (2009) both state that sharking can occur when dolphins are calm, this could explain why more sharking behaviour was seen in the absence of vessels; especially as New et al. (2013) states that close vessel proximity can induce fear in dolphins. Statistically significant changes in porpoising and sharking behaviour were found only in T. truncatus potentially because they are larger and stronger than D. delphis, so they have more energy to pursue the vessels for longer. Neumann and Orams (2006) also observed that D. delphis are less likely to be disturbed by vessel presence (Neumann and Orams, 2006).
The findings do not support the alternative hypotheses that both species will exhibit changes in socialising behaviour in the presence or absence of marine traffic and that socialising will be more prevalent in the absence of marine traffic. However, the results do support the alternative hypothesis that changes in behaviour will be different in both species. In line with the results and hypothesis, Pennino et al. (2016) concluded that socialising can be a behavioural response to vessels related to engine noise and physical vessel presence (Pennino et al., 2016). Similarly, it was found that vessel propeller noise can create a masking effect that reduces the potential for dolphin vocalisations as it is no longer an effective means to communicate (Saintignan et al., 2017; Hawkins and Gartside, 2009).  The significant socialising results of this study contradict the claims of Papale et al. (2011) that fast boats cause an interruption of all activities and reduce the frequency of socialising behaviour as this study found socialising behaviour to significantly increase for D. delphis during summer 2022. It is suggested that this result also contradicts New et al. (2013) who stated that socialising is a positive and playful interaction between dolphins which can be suppressed when they feel fear or stress, as it is assumed that the dolphins would be more stressed in the presence of marine traffic.
Moreover, the results of this study do not support the alternative hypotheses that both species will exhibit changes in travelling behaviour in the presence or absence of marine traffic. However, the results do support the alternative hypothesis that changes in behaviour will be different in both species and that travelling will be more prevalent in the presence of marine traffic. Opposing to the hypothesis and results, Constantine et al. (2004) and Miller et al. (2008) discovered that travelling behaviour increases with vessels that they perceive to be a threat (Constantine et al., 2004; Miller et al., 2008). Additionally, New et al. (2013) found that dolphins will automatically switch their activity to travelling if they experience fear caused by close vessel proximity (New et al., 2013). Travelling behaviour in D. delphis may be more affected by vessel presence as they are more curious than T. truncatus therefore, they might be more likely to surface to inspect vessels and then travel away when disturbed by them, increasing the frequency of travelling in vessel presence. 
Implications
This study found that feeding increases in the presence of vessels, which may be due to the bycatch from fishing vessels and the bait from tourist boats. With an increase in bycatch and bait, dolphins may begin to decrease natural hunting behaviours and acclimatise to receiving food easily from vessels. Additionally, consuming large amounts of bycatch may have knock-on effects on the ecosystem as dolphins are keystone species; they are vital to maintain ecological balance within the food web, without which trophic cascades could be triggered. An increase in close vessel encounters may increase the frequency of injuries by vessel propellers or fishing gear which can be fatal. Furthermore, dolphins may be negatively impacted by engine noise at such close range. A decrease in dolphin populations would have a large impact on the surrounding ecosystem as dolphins play key roles in nutrient cycling, maintaining habitat health and biodiversity (Amb Prasad, 2024).
It was found that the day-time resting behaviour was not affected by the presence of vessels. This could imply that dolphins are already becoming acclimatised to vessel presence. On one hand, these results illustrate that dolphins do not show signs of stress in the presence of vessels and could therefore coexist with them. However, this does not necessarily mean that a further increase in marine traffic will have a similar effect on dolphin behaviour, with increases in marine traffic come increased risks to cetacean health (Pennino et al., 2017). 
An increase in travelling behaviour in the presence of vessels is a cause for concern as dolphins expend more energy travelling. Increased marine traffic may have significant consequences on dolphins’ energetic budgets as they experience more stress and avoid areas of high vessel intensity. Therefore, less energy remains for foraging and reproduction, leading to a decrease in these populations which are already endangered or vulnerable (Lusseau, 2006; Miller et al., 2008).
Limitations and Recommendations
It is important to consider that analysing the effect of marine traffic can involve limitations, given that cetaceans spend most of their time underwater so some of their behavioural reactions will have been elusive to the observer. Furthermore, this study could only evaluate the summer and autumn seasons of 2021 and 2022 because it was restricted by the weather and sea state. These dates included dolphin mating and breeding seasons, which may have impacted their normal behaviour (Blasi et al., 2020). This also led to a limited sample size which may have affected the reliability of the results. The sample size differed between species as T. truncatus tended to be found in deeper areas that were further away from the starting point of each survey, most of the survey effort was focused in shallower areas, where D. delphis sightings were more common, whilst travelling to the T. truncatus common areas. Therefore, the D. delphis data may be more reliable as it has a larger sample size. There was occasional difficulty distinguishing between behaviours occurring further away and around other vessels, thus the behavioural budget analysis for these behaviours may be less accurate. Inter-observer variability must also be taken into consideration. 
Additionally, as feeding and resting behaviours often occur nocturnally, this study is not a complete reflection of how vessels impact these behaviours. Moreover, as this research was vessel-based, the absence of marine traffic data still included the research vessel, and dolphins did exhibit curiosity towards it. Therefore, this may have affected the validity of the results, yet impacts of marine traffic were successfully detected. Lastly, the impact that vessel type, intensity, speed, or distance has on the behaviour of dolphins cannot be concluded from this study. However, the short-term impacts of marine traffic presence on the behaviour of D. delphis and T. truncatus in the eastern Aegean Sea were successfully identified.
Further research could collect additional data over a longer period and wider study area to achieve more accurate results. This study found that the impacts on both species are different therefore they should be further observed independently. Additional research could consider ethogram events, which can provide a further understanding of how other types of behaviours are impacted by vessels. Future studies could also examine the effects of varying vessel types, speeds, and distances on the behaviour of cetaceans. Research on the short-term impacts of vessels is needed to mediate any potential long-term effects, such as reduced health, and viability of cetacean populations. Some research has been done on how to help dolphins predict the behaviour of research vessels, using acoustic cues (Lusseau, 2006). Implementing this strategy to all marine vessels could help to minimise the impact of marine traffic on these populations and can help human marine activities co-exist with minimal harm to cetaceans.
Conclusion
This study aimed to advance knowledge and understanding of the short-term impacts of vessel presence on the behaviour of Delphinus delphis and Tursiops truncatus in the eastern Aegean Sea using a quantitative activity budget analysis of the behaviour of both species in the presence and absence of marine traffic. The results found that feeding, socialising, and travelling were more prevalent in vessel presence, whilst diving, porpoising and sharking were the opposite. However, vessel presence or absence did not affect the resting behaviour of either species. Additionally, the results found that both species exhibited different changes in behaviour in the presence of vessels and across different seasons and years. This study concludes that increased travelling and stress behaviours alongside an increased dependency on bycatch and bait expelled from vessels could have significant consequences on the health, physical fitness, energetic budget, and reproductive output of D. delphis and T. truncatus populations. A further increase in marine traffic could have detrimental impacts on cetacean populations.
[bookmark: _Hlk161069864]Some of the limitations of this study include the limited sample size, difficulty distinguishing between certain behaviours, and vessel-based data collection. These should be taken into consideration surrounding the reliability and validity of the results. Further research could collect additional data over a longer period and wider study area to further increase the available data in this area. Additionally, future research could examine the effects of varying vessel types, speeds, and distances on the behaviour of cetaceans. 
This study has addressed a gap in knowledge by increasing the available data on the short-term impacts of marine traffic on dolphins in the eastern Aegean Sea. As there is limited available information regarding how sharking and porpoising behaviours are impacted by marine traffic, this research provides some understanding of this. The results of this study can help to design and develop conservation measures to aid the preservation of global cetacean populations.
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