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Abstract

Marine traffic is a significant source of disturbance to the bottlenose dolphin pop-
ulation in the Istanbul Strait, Turkey. To determine the importance of this threat,
behavioral data together with sighting data of both dolphins and marine vessels were
assessed for 2012. The current study suggests that the Istanbul Strait is used mostly
as a foraging ground for bottlenose dolphins. Nonetheless, in the same area there is
intense marine traffic as well as increase of industrial fishing activities in autumn.
The findings of this study indicated that high-speed ferries and high-speed boats
were the most significant source of disturbance. Moreover, increased densities of fish-
ing vessels resulted in a drastic decline of dolphin sightings. This study highlights
that vessel type, speed, distance, and density have a cumulative negative effect on
dolphins. In order to mitigate the impacts of vessels, it is necessary to establish man-
aged areas in the Istanbul Strait. Such proposed areas should limit speed and density
of marine traffic and have specific restrictions on vessel routes. We propose three dif-
ferent seasonal managed areas according to their values as critical habitat for bottle-
nose dolphins in the strait.

Key words: marine traffic, bottlenose dolphin, Tursiops truncatus, behavioral disrup-
tion, critical habitats, managed areas.

Bottlenose dolphins (Tursiops truncatus) are commonly found in continental shelf
waters throughout their global range (Notarbartolo di Sciara 2002) notably coincid-
ing with areas of high human density and coastal/oceanic usage (Notarbartolo di
Sciara and Birkun 2002). According to the IUCN Red List of Threatened Species
(IUCN 2014), while the Mediterranean subpopulation of bottlenose dolphins are
classified as vulnerable (VU) under A2cde categories, the Black Sea subspecies (Tursi-
ops truncatus ponticus) is in greater risk of decline and classified as endangered (EN)
under the same categories mentioned previously.
In general, interactions between marine traffic and cetaceans have been the focus of

considerable research effort over the last decade due to the extensive overlap of human
activities with dolphin habitats (Nowacek et al. 2001; Lusseau 2003a, 2005, 2006;
Williams et al. 2006). Intense and increased use of coastal and maritime areas has
created environmental pressure on the Mediterranean and Black Sea (European
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Commission 2013). Due to the semi-enclosed nature of those basins, any anthropo-
genic impact to marine life is identified as a conservation threat (Hoyt 2005) and sub-
sequent effects on the natural environment would be particularly severe
(Notarbartolo di Sciara and Birkun 2002).
Cetaceans react to marine traffic either with short or long-term behavioral changes.

These can manifest as distinct behavioral changes or abandonment of the affected
habitat, respectively (Bejder et al. 2006a, b). The biological importance of these
short-term behavioral changes needs to be understood. Lusseau (2004) noted that
behavior budgets are directly related to an animal’s energy budget, thus changes in
an animal’s behavior patterns, even if short-term, result in energy depletion for that
individual. These individual effects can eventually contribute to long-term conse-
quences for the population.
Marine protected areas (MPAs) aim to protect habitats that either encompass the

entire population or serve unique functions for the species, such as habitat patches for
feeding, socializing, breeding, or resting. Identifying critical habitats for cetaceans, in
particular those of unique functions, is the first step toward good management of
MPAs for cetaceans (Hoyt 2005).
The Istanbul Strait (41�130–41�00

0
N, 29�080–28�59

0
E) lies between the Black Sea

and Marmara Sea. It is 31.7 km long and 3.6 km wide at the northern entrance and
2.8 km wide at the southern entrance. It is one of the narrowest straits in the world
with a minimum distance of 698 m between the European and Asian coasts. The
depth of the strait varies from 35 to 110 m midstream, with an average of 60 m
(€Ozsoy et al. 2000) (Fig. 1). Heavy domestic and international marine traffic is found
in the Istanbul Strait. In 1936, when the Montreaux Treaty was signed, the number
of vessels passing through the Istanbul Strait was only 4,500 per year, whereas today
about 46,000 vessels pass through the Istanbul Strait annually (Anonymous 2013).
Official statistics reported that on average 130 commercial cargo vessels and 2,500

Figure 1. Observation stations in the Istanbul Strait, Turkey. Coverage of land based survey
is shown in light gray.
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domestic vessels pass through the strait per day (Istanbul Port Authority 2011,
Anonymous 2013).
Concomitant with its economic value for shipping, fishing, and recreation, the

Istanbul Strait also plays a vital role for marine life. It has three major ecological
roles; as a biological corridor, a biological barrier, and an acclimatization zone
(€Ozt€urk and €Ozt€urk 1996). It is an important fishing ground and an important
habitat for cetaceans (€Ozt€urk and €Ozt€urk 1996, Atar and Ates� 2009). The bot-
tlenose dolphin (Tursiops truncatus), short-beaked common dolphin (Delphinus del-
phis), and harbor porpoise (Phocoena phocoena) are frequently observed in the area
(€Ozt€urk 1996).
Earlier findings suggest that minimizing vessel-dolphin interactions in critical

habitats may be an important element in the management of anthropogenic impacts
(Simmonds 2004, Anonymous 2010). This kind of management response requires
both information on dolphin abundance in those areas, and more fundamentally, an
understanding of how sensitive the animals are to different types of impacts. In order
to establish this understanding, it is necessary to create a detailed ethogram of behav-
iors for the affected population and to compare such behaviors across various levels of
impact (Lusseau 2003b). Thus, our approach was to define critical habitats based on
behavioral and sighting data of bottlenose dolphins within the Strait. This study aims
to delineate potential managed areas where both dolphins and marine traffic are con-
centrated, according to their critical habitat features.

Materials and Methods

Study Areas

To collect and analyze data on marine traffic and dolphin behavior, the Istanbul
Strait was divided into three sections: South (Ahirkapi Lighthouse), Middle (Ulus
Park, Rumeli Castle, and Hidiv Kasri), and North (Rumeli Kavagi, Garipce, Anado-
lu Lighthouse). Seven observation points were selected, spread along the strait, for
land-based surveys (Fig. 1, Table 1). Boat-based observations were made in the entire
strait from the southern entrance to the northern entrance.

Data Collection

Data were collected by systematic land and sea observations between 1 January and
30 December 2012. Observations were conducted at each observation point for a
minimum of seven hours per day over multiple days, resulting in fourteen land-based

Table 1. Coordinates and altitude of stations in the Istanbul Strait, Turkey.

Station Coordinates Altitude (m)

Ahırkapı Lighthouse 41°0022.49″N 28°5907.75″E 38
Ulus Park 41°3042.12″N 29°2010.89″E 30
Rumeli Castle 41°503.41″N 29°3020.55″E 44
Hidiv Kasri 41°6018.35″N 29°4025.25″E 90
Rumeli Kavagi 41°10040.81″N 29°4022.48″E 45
Garipc�e 41°12044.38″N 29°6036.22″E 45
Anadolu Lighthouse 41°1302.98″N 29°907.56″E 55
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surveys per month. Seasons were classified as autumn (September, October, Novem-
ber), winter (December, January, February), spring (March, April, May), summer
(June, July, August).
We recorded the position and activity of both vessels and dolphins via a FOIF

LP215L theodolite. Reference points for each observation site were selected and their
related azimuths were calculated in order to produce accurate horizontal and vertical
angle measurement via Pythagoras software (Gailey and Ortiz 2000). Reference
points were mostly landmarks at sea level and kept constant throughout the study.
When vessels were present concurrent with dolphins, coordinate points were recorded
for both the vessels and the focal dolphin group alternately. Although it was not
always possible, we attempted to record coordinates for dolphin groups at every sur-
facing. Vessel coordinates were taken at the moment the vessel entered and left the
observation area, as well as whenever a change in direction was made within the area.
If the focal group was out-of-sight for more than 10 min, the next sighting was
declared as a new group. On average, dolphin groups were visible up to approxi-
mately 3,000 m away from each shore station. Pythagoras Version 1.2 software was
used to transform theodolite readings into geographic positions, to visualize paths
and swimming velocity of dolphins and boats, and to estimate distances between
boats and dolphin groups (Gailey and Ortiz 2000).

Behavioral Sampling

A focal group sampling method was used to determine the main activity of the
group, rather than focal individual sampling. Group sampling allows for sampling of
multiple individuals simultaneously, as well as sampling of behaviors of multiple
groups and in this study, proved to be the best method based on less-than-perfect
observation conditions, particularly because a primary goal of this study was to deter-
mine if dolphin behaviors were affected by differing levels of marine traffic. Although
Altmann (1974) and Mann (1999) recommend focal individual sampling or scan
sampling instead of focal group sampling, due to the potential for observer bias,
observational conditions in this study required a less intensive sampling methodol-
ogy. Throughout the study, field observers simultaneously collected data on the focal
groups including coordinate, group size, composition (i.e., juveniles present), behav-
ior, distance to all vessels within 1,000 m, and reactions to vessels present. At many
of the observation points with dense marine traffic, (some sites having up to 50 ves-
sels within 10 min), there was not enough time to collect individual level data
together with the quantitative data on marine vessels. Therefore, to test the accuracy
of our group sampling, focal group sampling together with scan sampling were car-
ried out during the pilot study. The results from focal group and scan sampling were
similar. Thus, only focal group sampling method both for land and sea observations
was used for the rest of the study. The behavioral state of dolphins was sampled every
3 min after the first sighting. Behavioral states were defined as traveling, diving, sur-
face-feeding, resting and socializing, and milling (Table 2). The behavioral states
were defined to be mutually exclusive and cumulatively inclusive and as a whole, they
described the entire behavioral budget of dolphins. The behavioral states were similar
to those used in previous studies (Lusseau 2003a, Constantine et al. 2004), however,
they were modified for the Istanbul Strait according to our pilot study.
When the distance between marine vessels and dolphins was less than 400 m, mar-

ine vessel presence was recorded as “present” and if the distance was >400 m, it was
recorded as “absent.” The limit of 400 m was determined based on previous studies
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(Constantine and Baker 1997, Bejder and Samuels 2003, Lusseau 2003a, Bejder et al.
2006b) and subsequently, was termed the “reaction zone.” In addition, minimum dis-
tances were also estimated for neutral reactions of dolphins towards the vessels, and
this confirmed choice of the 400 m limit.
To determine the effect of marine vessels on dolphin behavior, behaviors both pre-

ceding and following vessel encounters were identified. Preceding behaviors were
defined as the core behavior of a focal group prior to a vessel encounter. The reaction
of dolphins to marine vessels was categorized as follows: (1) “Positive” when dolphins
were swimming toward vessels, (2) ”Negative” when dolphins were swimming away
from vessels, (3) ”Neutral” when dolphins did not change behaviors despite vessel
presence, and (4) ”Undetermined” when the reaction was not identifiable. In addition,
vessel type, approximate distance from the focal group, and total vessel abundance
was recorded within a 100 m, 400 m, and 1,000 m radius from the group.

Marine Vessel Sampling

Marine vessel presence was recorded every 10 min during land observations. Ves-
sels were classified into seven categories: high-speed boats (HSB), fishing boats (if the
length was <10 m) (FB), ferries (FE), high-speed ferries (HSFE) and fishing vessels (if
the length was >10 m and using a sonar system) (FV), and big (the length >200 m)
(BCS) and small commercial cargos (the length <200 m) (SCS).

Boat Surveys

Boat surveys were carried out for a minimum of 7 h, twice a month to collect
behavioral data in relation to marine traffic and to conduct a photo-ID study. GPS
points of both the research vessel and the dolphin groups were recorded using the
software, Logger 2010, Version 5. During boat surveys, a protocol was developed to
eliminate the potential effects of the observation vessel and to minimize its impact on

Table 2. Definitions of behavioral states.

Behavioral state Definition

Traveling Group is moving steadily in a constant direction with short and
relatively constant dive intervals.
Travel-fast: Group is moving steadily in a constant direction
with short dive intervals but the speed of the group is faster.
Travel-dive: Group is moving steadily in a constant direction but
the time spent underwater is more than the time spent at
the surface.

Diving Direction of group movement varies but is characterized with steep
dives and direction of the individuals are varies. Most likely
represents feeding behavior.

Surface-feeding Direction of all movements varies but is characterized by a great
deal of activity and splashing at the surface. Fish may also be
seen from the surface.

Resting and socializing Resting: Group is moving steadily in a constant direction at very
low speed with short dive intervals. Group activity level is very
low with no splashing at the surface.
Socializing: Diverse interactive behavioral events are present.

Milling No clear movements. Individuals face different directions.
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the focal dolphin group. As such, our observation vessel approached focal dolphin
groups from the side or rear of the group at an idle speed whenever possible. The focal
group was followed from a minimum distance of 50 m to a maximum of 400 m and
if the dolphins approached closer, our vessel speed was reduced or the engine was shut
off. Any changes in the behavior of the focal group due to the presence of the observa-
tion vessel were also recorded in order to measure our impact.

Data Analysis

SPSS 20 statistical package was used to carry out the statistical analyses on the spa-
tio-temporal patterns of dolphin sightings. Dolphin sightings, the number of marine
vessels present, reactions of dolphins under different vessel types and vessel densities,
behavioral states, and behavioral transitions under seasons, sections, and marine vessel
presence were analyzed. General log-linear analyses were carried out to determine if
there was a relation between dolphin sightings and seasons or sections. Moreover,
general log-linear analyses were also employed to examine the effect of season and sec-
tion on the number of marine vessels. The Z-test for proportions was employed to
analyze the effect of different marine vessel types on the reaction of dolphins. Even
though the type of marine vessels is an important factor on dolphin reaction, it is by
no means the only potentially important element. Therefore, the impact of overall
marine vessel density must also be examined. As such, the number of marine vessels
within a 400 m radius from a dolphin group was counted for every ten minutes and
the relation to the behavioral reactions of dolphin groups were also analyzed through
the Z-test for proportion. General log-linear analysis was conducted to examine the
effect of marine vessel presence, season, and section on the likelihood of transitions
between preceding (state at time t) and following behavior (state at time t + 3 min),
as described in Lusseau (2003a, 2004) and Lusseau et al. (2009). Therefore, whether
the observed count of following behavior (F), given preceding behavior (P), was influ-
enced by the marine vessel presence (M), seasons (S), and sections (L) was tested. Fol-
lowing Lusseau et al. (2009), the effects of different factors were tested by comparing
different fitted models using a likelihood ratio test. The model’s null hypothesis sta-
ted that following behaviors were independent of marine vessel presence, season and
location, given preceding behavior, as indicated by PF, MSLP. All possible models
were tested and the best fitting model was chosen through the lowest Akaike Infor-
mation Criterion (AIC). The importance of each factor was also tested using a likeli-
hood ratio test. For example, if boat effect was introduced to the null model, the
significance would have been found by subtracting the goodness of fit and degrees of
freedom between the first and later model (G2 = G2

first model – G
2
later model), which is

the likelihood ratio testing the significance of the addition of the factors with degrees
of freedom equal to difference in the degrees of freedom between the two models.
Thus, the effect of different factors can be tested at various stages by adding the effect
of different models that have already considered other factors.
Esri ArcGIS software was used to create a GIS environment that included the dis-

tribution of dolphin sightings and marine vessel presence in the area. Dolphin sight-
ings were mapped for each season. The “Kernel Density” function was used to create
a raster map for dolphins and marine vessels within a circular neighborhood for each
raster grid cell of 30 m with a radius of 500 m for dolphins. Kernel density data were
processed by mask extraction. Mask extraction extracts the cells of a raster that corre-
spond to the areas defined by a mask. Later, percent volume contour has been used to
visualize the core zones for dolphins and marine vessels. We present the impact of
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marine vessels visually by overlaying the core zones both for vessels and dolphins in
each season through percent volume contour.

Results

Seasons, Sections, and Dolphin Sightings

In total, we conducted surveys for 156 d (920.10 h), of which 28 d were boat sur-
veys and 128 d were land surveys. Bottlenose dolphins were encountered on 88 d and
focal groups were followed for a total of 113.45 h. General log-linear analyses of dol-
phin sighting data showed that dolphin sightings were significantly affected from
seasons, sections and their interaction terms (P < 0.05). Dolphins were encountered
more often during spring and summer than autumn and winter. The sighting rate for
spring, summer, autumn, and winter was 77%, 62%, 34%, and 30%, respectively.
Although the largest number of sightings occurred during spring, there was no sig-
nificant difference in sighting rates between spring and summer (P = 0.79). Accord-
ing to the parameter estimates, sightings did occur significantly more often in spring
than in autumn or winter. With regard to the assigned sections of the strait, dolphins
were spotted significantly more in the south and north sections than the middle. The
sighting rate for south, middle, and north section was 85%, 21%, and 48%, respec-
tively. When the interaction factor between seasons and sections were considered, the
autumn and winter sightings of the middle and north sections were significantly less
than the spring sightings of south sections (P < 0.05) (Fig. 2). However the seasonal
sightings of the south section weren’t significantly different than each other
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Figure 2. Sighting frequency of bottlenose dolphins for each section and season.
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(P > 0.05). Moreover, autumn sightings for north section dropped from 80% to
around 10% (Fig. 2). Additional examination of dolphin density maps showed sea-
sonal differences and dolphins tended to inhabit in both the North and South sections
more frequently than middle section. Also, during spring and summer in the North
section, the highest dolphin densities were found within 400 m from the shore, while
in the South section the highest dolphin densities occurred during autumn and win-
ter 2,000 m off the Ahirkapi station (Fig. 3).

Behavioral Differences Across Seasons

Also, significant relationships exist between dolphin behaviors and seasons (G2 =
119,699, df = 12, P ≤ 0,0001). The most dominant behaviors overall were traveling,
surface feeding and diving for all seasons. According to the Z-test for proportions,
traveling behavior was significantly higher for spring and summer, diving was high-
est for autumn and winter, and surface-feeding was significantly highest for winter.
Socializing and resting behavior were extremely rare in all seasons and sections.
Approximately 40% of resting and socializing behavior was observed in spring and
30% in winter. During autumn, no resting was recorded and socializing was only
sighted on three occasions.

Marine Vessel Traffic

Marine vessel traffic was significantly related to both seasons and sections of the
Istanbul Strait (P < 0.05). Irrespective of season, the middle section of the strait had
significantly more marine vessel traffic than any of the other sections (P < 0.05). Each
section possesses the highest number of vessels during autumn months. While south
and middle section had the least traffic in spring, north section held the least traffic
in winter months.

Reaction of Dolphins Towards Marine Vessels

Over half of the time (54.8%), marine vessels appeared together with dolphins
inside the reaction zone (within a 400 m radius of the focal group). Based on Z-
test for proportions, dolphins showed the highest number of negative reactions
toward high-speed ferries and high-speed boats (Z-test, P < 0.05) (Fig. 4). While
54% of reactions were negative towards HSBs, it was 95% for HSFEs. Fishing
boats typically elicited neutral reactions by 86% and highest positive reaction
were recorded for big cargo ships (Fig. 4). Mapping the area used by boats to
most likely to induce a negative reaction (HSFEs and HSBs) in dolphins revealed
that there was considerable overlap of core zones preferred by dolphins with areas
most often used by HSFEs and HSBs in all seasons (Fig. 5). Although HSFEs
appear to greatly disturb dolphins, they occurred least often while fishing boats,
ferries and high-speed boats, occurred most often in 400 m zone with dolphins
(Fig. 4).
Notably, dolphins appear to react not just to specific vessel types, but also to the

overall density of vessels in their habitat. Dolphins displayed the most negative reac-
tions when the density of vessels within the reaction zone was higher than two,
regardless of type, and displayed the most neutral reactions when there was 0–1 vessel
in the reaction zone (Z-test, P < 0.05).
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Figure 3. Bottlenose dolphin density per km2 for each season: Spring (March, April, May),
Summer (June, July, August), Autumn (September, October, November), and Winter
(December, January, February).
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Behavioral Transitions

Based on focal group sampling, 1,825 behavioral transitions were recorded and of
these, 780 occurred with no vessels and 1,045 with vessels within the reaction zone.
In order to determine which factors most impacted changes in dolphin behavior, we
assessed reaction zone vessel densities, season and section effects on the first order
behavioral transitions using a five-way log-linear analysis. The model considering
marine vessel and season effects (MPF, SPF, MSLP) and the marine vessel model
(MPF, MSLP) had lower AIC values and thus were found to be the best-fitting mod-
els by far (Table 3). Neither the null model, indicating that no factors effected behav-
ioral transitions, nor the saturated model, which considers all interactions, provided a
significant improvement on the explanation of the data variances. Thus, marine vessel
presence and marine vessel presence together with seasons are the best models to
explain the behavioral transitions of bottlenose dolphins in the Istanbul Strait.
The significant effect of each factor to the model was also analyzed. Adding the

marine vessel, season and location factor to the model caused significant changes on
the models. While marine vessel and season were considered the most important fac-
tors on the behavioral variance, location was considerably low in its effect despite
being present in most of the best models. Its presence alone did not provide any
information to the models.

Discussion

Bottlenose dolphins in the Istanbul Strait exhibited an abundance of both feeding
and traveling behavior in all seasons and were rarely observed, in the same area,
socializing or resting. Marine vessels were present together with bottlenose dolphins,
within a 400 m radius of the group, in over 54% of the observations in present study.
Such substantial marine vessel presence not only results in visible disturbances to dol-
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phin behaviors, but appears to be a significant driver of behavioral transitions in these
animals. Since short-term changes in behaviors can eventually impact energy budgets
of dolphins, we have combined behavioral data with location information to identify
critical dolphin habitats and thus propose three managed zones for bottlenose dol-
phins in the Istanbul Strait.

Figure 5. Overlapped core zones for bottlenose dolphins, HSBs and HSFEs under seasons in
the Istanbul Strait.

Table 3. AIC values for all the models researched. The combination of main effects shown
as “+,” the interaction shown with “*.” G2 = goodness of fit, df = degrees of freedom, AIC =
Akaike Information Criterion.

Model G2 df AIC

MV+SEASON 136,788 228 –319,212
MV 213,306 264 –314,694
MV+SECTION 173,521 240 –306,479
MV+SEASON+SECTION 103,284 204 –304,716
MV*SEASON 79,859 192 –304,141
SECTION+MV*SEASON 45,934 168 –290,066
MV*SECTION 156,531 216 –275,469
SEASON+MV*SECTION 84,852 180 –275,148
SECTION 261,647 252 –242,353
SECTION+SEASON 192,394 216 –239,606
SEASON 242,722 240 –237,278
NULL 329,471 276 –222,529
MV+SEASON*SECTION 73,475 132 –190,525
SECTION*SEASON 161,453 144 –126,547
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Dolphins occurred most frequently in spring and summer across all three sections
of the strait, while in winter, dolphins congregated in the southern section. This peri-
odic use of different areas, combined with the notably high frequency of traveling
and feeding behavior across all seasons, suggests that the Istanbul Strait serves as a
foraging habitat for the bottlenose dolphins.
According to the stomach content analysis of bottlenose dolphins, several species

of fish such as Mediterranean horse mackerel (Trachurus mediterraneus), turbot (Scoph-
thalmus maximus), bluefish (Pomatomus saltatrix), garfish (Belone belone), golden grey
mullet (Liza aurata), and whiting (Merlangius merlangus) were found in their diet
(C�elikkale et al. 1988, Dede 1999). Based on an analysis of fisheries data, numerous
species, most notably horse mackerel and bluefish, migrate from the Marmara Sea to
the Black Sea in spring, while European anchovy (Engraulis encrasicolus), horse mack-
erel, bluefish and Atlantic bonito (Sarda sarda) migrate back to the Marmara from
the Black Sea in autumn (€Ozt€urk et al. 2002, Dede et al. 2014). The occurrence of
known fish migrations coinciding with our observations of dolphins’ seasonal habitat
use indicate that the Istanbul Strait, in three locations in particular (See Fig. 3), con-
stitutes a substantial bottlenose dolphin foraging ground.
According to a photo-identification study run concurrent with this study, not only

the resident individuals but also nonresident individuals visited the strait to forage in
spring and summer months (AAB, AA€O, B€O, unpublished data). These more tran-
sient dolphins appeared alongside residents during the spring fish migration but were
less likely to appear during the autumn fish migration.
The Istanbul Strait is also important for the fishing industry. In Turkey, it is the

second biggest fishing ground after the Black Sea (TUIK 2011). Both small-scale
artisanal fisheries and large-scale commercial fisheries are active in the area. 13 fishery
cooperatives and 17 fishing ports are located in the strait, with 14 of the 17 ports
located in the north section alone (€Ozt€urk et al. 2006). The northern section is sub-
jected to intense purse seining from September to mid-April, and the middle and
southern sections are utilized by artisanal fishing year-round. Although the current
study was not specifically focused on fisheries, substantial numbers of commercial
fishing vessels were recorded with an average of 100 vessels daily, during autumn and
winter in the middle and north sections. Sometimes more than 50 vessels could be
sighted at a time.
Even though socializing and resting behavior of dolphins was rarely seen in the

Strait, spring had the highest observation rate of such behaviors, almost none
occurred during autumn. Commercial fishing vessels occur more frequently during
autumn and winter as well. The increased traffic of commercial fishing vessels during
autumn and winter may explain the overall reduction in those behaviors. Whether
these behaviors simply decreased in the overall behavior budget due to the marine
traffic density in the area or are conducted elsewhere, such as in the Marmara or Black
Sea, is not known. However, similar behavioral changes have also been reported for
bottlenose dolphins, dusky dolphins (Lagenorhynchus obscurus), and killer whales
(Orcinus orca) exposed to increased marine vessel disturbance (Barr and Slooten 1999,
Constantine et al. 2004, Lusseau 2005, Ribeiro et al. 2005).
As mentioned in Lusseau (2003a), an individual’s behavior budget is directly tied

to its energy budget: a dolphin that must leave its foraging ground to rest or socialize
is increasing its energy expenditure with every relocation. Although bottlenose
dolphins in the Istanbul Strait may be adapting to the dense marine traffic by moving
to other areas to conduct specific behaviors, this short-term reaction can eventually
result in long-term energy depletion for the affected individuals. Without any
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protective measures, these short-term effects accumulate and may lead to abandon-
ment of the area in the long run.
Our results indicate that marine vessel presence not only results in visible behav-

ioral disturbance but also drives behavioral transition. Moreover marine vessel pres-
ence together with seasons was also an important factor on the behavioral transition.
It is possible that differences in behavioral transitions could be related to how differ-
ent dolphin groups use the strait across different seasons.
Many factors such as vessel type, vessel speed, vessel density, and distance from the

focal group, collectively affect the dolphins in the Istanbul Strait. Among all the ves-
sels, high-speed ferries and high-speed boats caused the greatest negative impact,
while dolphins rarely reacted to small artisanal fishing boats. Dolphin reactions were
primarily determined by the vessel speed and the predictability of the vessel routes.
High-speed vessels caused the most negative reactions because of their speed and
unpredictable courses. Similar disturbances by speed boats have been reported in sev-
eral studies on both odontocete and mysticete species (Ng and Leung 2003, Lemon
et al. 2006, Bearzi et al. 2008, Carrillo and Ritter 2008). Both the type of the nearest
vessel and the overall density of marine vessels in the surrounding area were impor-
tant factors in determining the reaction of the dolphin group. Our results demon-
strated that dolphins tended to show negative reactions when vessel density around
the dolphins was high, irrespective of vessel type. If a focal group was surrounded by
two or more vessels in the reaction zone, a negative reaction was more likely to be
elicited. Additionally, there was no significant difference in reaction between 2–5
and >5 vessels. This suggests that after a critical threshold, in this case two vessels
within a 400 m radius of the focal group, dolphin groups negatively react regardless
of vessel type.
Vessel presence does not only result in behavioral changes; it can also cause imme-

diate physical impacts for dolphins. Some dolphins were observed with sizeable fin
nicks or completely chopped dorsal fins. During this study, we recorded some high-
speed boats going as fast as 100 km/h with no predictable routes. It is highly likely
that such high-speed does not give dolphins enough time to escape from the area and
could result in serious injuries to the animals.
As demonstrated by this study, the southern and northern ends of the Istanbul

Strait and the northernmost portion of the middle section, near Hidiv Kasri are
critical habitats for the bottlenose dolphins. Dolphins were also present in the
southern end of the Istanbul Strait year-round. While there is a resident popula-
tion (AAB, AA€O, B€O, unpublished data) in the south, seasonal and transient
groups also arrive during the spring and summer season to forage. The northern
end of strait was only favored during spring/summer. While the middle section,
with the highest vessel density, was the least favorable habitat and had the fewest
dolphin sightings across seasons, it is critical to remember that the middle section
is a vital spring and summer migration corridor between northern and southern
sections (Fig. 3). Therefore, we propose that the southern and northern ends of
the Istanbul Strait are priority areas for the establishment of managed areas. The
northern end of the Istanbul Strait accommodates a high density of bottlenose
dolphins during spring and summer, while the southern end of the Istanbul Strait
serves as critical habitat during autumn and winter. The northernmost portion of
the middle section appeared to have special importance for dolphin foraging dur-
ing the spring season.
Since it is important to keep the vessel density down to <2 vessels within the 400

m reaction zone of any dolphin group, the overall vessel density must be limited.
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Figure 6. Proposed managed areas in light gray with seasonal priorities noted.

14 MARINE MAMMAL SCIENCE, VOL. **, NO. **, 2014



Any proposed protected areas should take into the consideration vessel type, vessel
speed, the distance of vessels from the dolphin group and the overall marine traffic
density in the area. Even though each factor has an impact by itself, all are mutually
inclusive and need to be considered in conjunction. Thus, in terms of mitigating ves-
sel impacts, it is vital to establish mandated limits on the routes and speeds of vessels,
like the “No Wake Zones” used in southern Florida for manatee (Trichechus manatus)
conservation (Nabor and Patton 1989). There is currently a 10 knot speed limit man-
dated within the strait, however it is routinely violated by recreational boaters and
ferries due to lack of enforcement. In the strait, it is also critical to limit marine traffic
density within 400 m of dolphin groups to avoid dolphin-vessel interactions. Because
of the economical importance of the Istanbul Strait, we propose managed areas that
are flexible across seasons, instead of being year-round limitations. The north section
covers 33 km2 and should be in effect for spring and summer. The middle section
covers 4 km2 and should be in effect for spring. Finally, the south section covers 17
km2 and should be in effect for autumn and winter (Fig. 6).
Unfortunately, the proposed areas have a history of serious ship accidents (€Ozt€urk

2002). Since 1936, international shipping has grown from 4,500 vessels to 46,000
vessels a year. Even though this increase has helped Turkey with its process of eco-
nomic growth, it has also created risk of shipping accidents. Collision rates in the
strait had reached alarming levels by the 1980s (Oral and €Ozt€urk 2006). From 1953
to 2002, there were a total of 461 accidents, some of which having substantial nega-
tive environmental effects (Otay and Yenig€un 2000, Akten 2004). Even though a
traffic separation scheme was adopted and applied successfully since 1994, 58 more
ship accidents were documented during 2004–2007 (Koldemir 2009). Areas most at
risk for shipping accidents include the southern end of the Istanbul Strait, the middle
section up to Sariyer and northern-most end of the strait (Otay & €Ozkan 2003 and
Akten 2004). Some of the most serious accidents have involved tankers carrying oil
through the strait and have threatened the lives of people as well as the marine envi-
ronment (Orakc�ı 2006). The Independenta collision that took place on the southern
entrance of the strait resulted in the tenth most serious oil spill in the world (Orakc�ı
2006).
The most risky areas for shipping collisions overlap with our proposed managed

areas in all three sections, most dramatically in the southern mouth of the strait. His-
torically, most of the ship accidents at the southern end of the strait occurred in Janu-
ary and February (Ece 2006). Because of this, present study provided evidence for a
significant bottlenose dolphin population at the southern end of the Istanbul Strait
during winter months, a managed area in the southern section of the strait has
become of critical importance.

Conclusions

Because identifying critical habitats is the first step towards the establishment of
effective managed areas, the current study defined the critical habitats necessary for
the continued survival of the bottlenose dolphin population within the Istanbul
Strait. These habitats are regularly used by dolphins for feeding, and occasionally, for
resting and socializing.
The Istanbul Strait is subject to heavy anthropogenic impacts, such as high marine

traffic density and industrial fishing activities. Our results indicate that dolphin
sightings and marine vessel sightings in the Istanbul Strait overlapped and dolphins
show behavioral transitions which may lead to long-term changes in their energy
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budgets or abandonment of the habitat, if preventative measures are not taken
quickly. The noted seasonal decline in dolphin sightings on commercial fishing
grounds could already be an example of such a change.
The study demonstrated that vessels traveling at high speeds with unpredictable

routes are most disturbing to dolphins. Although some vessel types, such as high-
speed ferries and high-speed boats, were more disturbing than others, higher densities
of vessels (>2 within 400 m) cause notable changes in dolphin behavior as well. Even
though there is a speed limit of 10 knots established for the strait, it is frequently vio-
lated by recreational and public transit vessels, specifically high-speed ferries and
high-speed boats. Our findings indicate that vessel type, vessel speed, intensity of
marine traffic, and distance from the dolphin group were all factors affecting the reac-
tions of dolphins. Even though each factor had an impact by itself, together they have
synergetic effects and must be considered together in assessing the threats to the
population.
In terms of mitigating vessel impacts, we propose establishment of three seasonal

managed areas where routes and speeds of vessels are restricted and the density of
marine traffic are controlled. These seasonal managed areas are based on critical forag-
ing habitat for bottlenose dolphins within the strait, and considered areas that have a
high overlap with high-speed vessels and historically suffer from a high risk of envi-
ronmentally damaging shipping accidents.
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