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Abstract

From 1989 to 1992, systematic cetacean surveys were carried out twice weekly

along a trans-regional fixed transect in the Central Tyrrhenian Sea, utilising pas-

senger ferries as research platforms. Using the same protocol and supervised by

the same investigators, the research restarted in 2007, providing the opportunity

to compare consistent data over a long 20-year period. The monitored transect

(Civitavecchia-Golfo Aranci) runs along a strategic area just outside the south-

eastern border of the Pelagos Sanctuary. Over the last two decades, an increas-

ing trend of temperature and salinity, in the deep and intermediate layers, has

been documented in the region, as well as general changes over the Mediterra-

nean basin. These changes, together with the increasing impact of some pres-

sures (e.g. maritime traffic) may have led to changes in oceanographic and

anthropogenic features and, subsequently, in cetacean presence and distribution.

The research aimed to verify whether any changes occurred in the pattern of

cetacean occurrence over the 20-year period along the representative transect in

the Central Tyrrhenian Sea. Data from 90 summer weekly runs undertaken in

the 1990s were compared with data obtained from 95 runs undertaken in the

2000s. Each ferry run was considered an independent statistical unit: the

encounter rate (ER = number of sightings per hour spent on effort) was calcu-

lated to compare relative abundance between periods, years and months. Spatial

analysis was performed on geographical data using Kernel analysis to map the

distribution of sightings. Logistic regression (GLM) was performed to compare

habitat preference. Total encounter rate in the 1990s (ER = 0.59 ± CI 0.08) was

significantly lower (P < 0.01) compared with the 2000s (ER = 0.94 ± CI 0.15).

The same seven out of eight species known for their regular presence in the

Mediterranean Sea were sighted in both the investigated periods. The most

common species were striped dolphin (Stenella coeruleoalba), fin whale (Balae-

noptera physalus) and common bottlenose dolphin (Tursiops truncatus). Neither

the pilot whale nor any other rare or occasional species were sighted during the

6 years of the study. Despite the time span, no dramatic changes were observed

for any species, bar fin whale, in terms of distribution, relative abundance,

group size or habitat preference. Sightings of fin whale have surpris-

ingly increased (+300%, P< 0.001), and their spatial and temporal distribution

and habitat preference showed a radical difference between the two periods. The

2000s surveys confirmed the existence of high density areas of cetaceans, espe-

cially of fin whale, and the consequent necessity of specific legislative acts for

cetacean conservation.
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Introduction

Long-term monitoring of cetacean presence, relative

abundance and distribution is essential to promptly

detect variation that can be related to changes in the

environmental factors, providing evidence to improve

conservation and adaptive management of marine eco-

systems (Evans & Hammond 2004; Donovan 2005). The

assessment of trends in distribution and abundance of

cetacean population over time is a key pillar to fulfill

the requirement of the EU legislative frameworks on bio-

diversity such as the Habitat Directive (1992) and, spe-

cifically, the Marine Strategy Framework Directive

(2008).

The cost of research and lack of methodological consis-

tency have been the main problems in the development of

long-term monitoring programs of cetacean populations

(Oakley et al. 2003; Donovan 2005). Due to their low

costs, standard routes, speed and height of the observation

point, ferries are efficient and cost-effective platforms for

long-term monitoring programs of cetaceans (Kiszka et al.

2007). Ferries allow for repetitive surveys along a fixed

transect which can be conducted regularly throughout

progressive years, thus providing information on long-

term patterns within a particular area of interest (Mac-

Leod et al. 2008). This method has been accepted by the

Joint Nature Conservation Committee for regular conser-

vation assessments of cetaceans in the UK (Brereton et al.

in press). It has also been used to assess the impact of

maritime traffic in deep sea waters (Crosti et al. 2011).

From 1989 to 1991, dedicated surveys along a fixed-

transect in the Central Tyrrhenian Sea were carried out

twice a week using passenger ferries as research platforms.

The collected data provided new information about some

species and their distribution in the region (Marini et al.

1997). In 2007, the research restarted in the same area,

under the same protocol and supervision of the same

investigators (Arcangeli et al. 2008), giving the opportu-

nity to compare consistent data over a long period.

The study was conducted in the Central Tyrrhenian

Sea, in a strategic area just beyond the southeastern bor-

der of the Pelagos Sanctuary. This is considered an eco-

logical corridor within whale migration patterns in the

Central Mediterranean Sea (Marini et al. 1997) and has

been identified as a favorable area for Cuvier’s beaked

whale (Ziphius cavirostris) (Gannier 2011). The Central

Tyrrhenian Sea is considered a priority conservation area

and has been proposed as a Specially Protected Area of

Mediterranean Importance under the protocol on Special

Protected Areas and Biological Diversity in the context of

the Barcelona Convention (UNEP 2010). Moreover, the

Italian Government recently established an ‘Ecological

Protection Zone’ (D.P.R. 209/2011) within the

Tyrrhenian Sea, boosting conservation measures extend-

ing national jurisdiction beyond country boundaries.

During the last two decades (from 1988 to 2006)

changes in temperature and salinity trends at deep and

intermediate levels were documented in the Central

Tyrrhenian Sea, with clear accelerations observed since

the 1990s (Gasparini et al. 2005; Schroder et al. 2006).

General changes have also been seen across the Mediter-

ranean basin (IPCC 2007; Barale et al. 2008; EEA 2008).

This situation may have led to changes in the oceano-

graphic features which drive prey availability and, conse-

quently, cetacean range and distribution (Gambaiani

et al. 2009; MacLeod 2009; Simmonds & Eliott 2009). In

addition, the increasing intensity of some pressures,

including maritime traffic (Abdulla & Linden 2008), may

have had an impact on species size and distribution.

The research aimed to assess whether any changes

occurred in the pattern of cetacean occurrence over this

20-year period along the representative transect in Central

Tyrrhenian Sea. In particular, the research aimed to iden-

tify any changes in species presence and composition,

relative abundance, distribution, and relation to environ-

mental variables.

This paper presents the results of one of the longest

quantitative comparisons on temporal differences of ceta-

cean species in the Mediterranean Sea.

Material and Methods

Study area

Systematic surveys were conducted along a trans-regional

fixed line transect in the Central Tyrrhenian Sea between

Civitavecchia (CIV, Central Italian peninsula) and Golfo

Aranci (GA, Sardinia). The transect is almost 118.5 nauti-

cal miles long and crosses several cetacean habitats, such

as shelf, shelf-edge, deep sea and canyons. The transect

runs almost perpendicular to coasts, to any expected den-

sity gradient, and across the direction of whale migration,

as suggested by Evans & Hammond (2004).

The currents in the study area are influenced by the

Tyrrhenian cyclonic circulation and the eastward jet-like

force generated by the wind blowing from the Strait of

Bonifacio. This force determines important quasi-station-

ary gyres (Boniface gyre), which enhance the vertical

motion of the sea (Astraldi & Gasparini 1994).

Data collection

Two series of 3 years of seasonal monitoring, from early

June to the end of September, were compared: 1990–92
(1990s) versus 2007–2009 (2000s). During the investigated

periods, surveys were conducted twice a week in ‘passing
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mode’ (Wall et al. 2006), using ferries as observation

platforms for dedicated surveys (Donovan 2005). The ‘on

effort’ period was considered only under fine weather and

sea conditions (Beaufort scale � 3).

Two or three dedicated and expert cetacean observers

were located on both sides of the ferry command deck,

15–18 m above sea level. Each observer focused primarily

on a 130° arc ahead of the ship and continuously scanned

the area with the naked eye plus an occasional scan with

binoculars. Binoculars and some photographs were used

to confirm sightings and to assess species and group size.

Group size was considered to be a group of animals seen

at the same time, showing similar behavioral characteris-

tics and <1000 m from each other (Canadas et al. 2005).

Data analysis

Each ferry run (survey) was considered an independent

statistical unit. The Spearman coefficient correlation

between outbound and return, and autocorrelation

between weekly runs in the same direction, were under-

taken to assess independency of the dataset. An autocor-

relation index was set as the critical value, as it was

assumed that the data between two successive outbounds

(or returns) at the minimum time distance of a week

were independent.

Due to variation in visibility during the survey and

changes in the sea state, the ‘on effort’ period was not

continuous and differed according to the run. For this

reason and due to the fact that, along the transect, a

sighting could be considered an event more than a state

(Martin & Bateson 1993), relative abundance was mea-

sured as encounter rate (ER = number of sightings per

hour spent ‘on effort’) (Evans & Hammond 2004; Wall

et al. 2006).

The two analysed periods were each grouped in 3 years

of monitoring. Data from 90 weekly runs undertaken in

the 1990s (1990, 1991 and 1992) were compared with

data obtained from 95 runs in the 2000s (2007, 2008 and

2009) (Table 1). We primarily analysed whether differ-

ences occurred in species presence, ER and mean group

size during the two investigated periods. Data were com-

pared with the Kruskal–Wallis (KW) test and Mann–
Whitney (MW) as a post hoc test between pairs. Yearly

and monthly analyses, to test whether differences

occurred in inter-annual and intra-annual variability,

were performed only on the more commonly sighted fre-

quent species. The data analysis package PAST (Hammer

et al. 2001) was used.

Geographical data were interrogated by performing

spatial analysis with a GIS program (software ARCGIS

9.3). The Kernel smoother for point pattern analysis of

occurrence-only data (Hengl 2009) was used, after testing

for independency of the dataset, to map higher density

areas of species distribution assessed over 70% of the

sightings (smoothing factor = hcv; volume level = 0.70).

Habitat preference

To be able to compare changes in habitat preference over

the time period, logistic regression such as generalized

linear model (GLM) was performed on the main ecogeo-

graphical variables (EGVs). According to Praca et al.

(2009), presence–absence methods such as GLM are rec-

ommended for modeling habitat suitability of cetaceans,

especially when, as in our case, data are systematically

recorded, collected within the same protocol, and the

observation effort is significant and equally distributed

across the investigated area. Depth, slope, aspect (slope

direction) and distance from the coast were chosen as

EGVs, while chlorophyll a (Chl-a) and sea surface tem-

perature (SST) were not considered due to the lack of

satellite-derived data in the early 1990s.

Binary logistics regression with the logit link function

was performed for the three most sighted species (striped

dolphin, fin whale and common bottlenose dolphin) and

the AIC (Akaike information criterion) was used to

account for the accuracy of the model. The statistical

software R Development Core Team (2005) was used for

the analysis.

The research area was divided into cells of 1 9 1 km

and, for each investigated period, only the cells which

intercepted at least one track line ‘on effort’ were selected

for further analysis. The mean ‘cell effort’ values were cal-

culated as the number of km travelled within each cell

(Fig. 1). The values for the central point of each cell were

obtained for each EVG. The seabed aspect values were

converted from a circular variable (degree) into two com-

ponents: sine (aspect easting, E) and cosine (aspect

northing, N).

Table 1. Total effort and sightings during the two investigated periods

Years Period

Total

no. of

runs

Total

no. of

hours in

good

weather

conditions

Total

no. of

sightings

1990 30 May–21 Sept. 35 238 155

1991 19 May–11 Sept. 23 152 89

1992 25 May–26 Sept. 32 212 100

2007 26 May–29 Sept. 32 152 113

2008 15 June–27 Sept. 27 107 91

2009 29 May–27 Sept. 36 148 172

Total 1990–1992 90 603 344

Total 2007– 2009 95 406 376
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The presence data were compared with absence (pseudo

absence) data. Presence cells were defined as cells, on the

survey track, where one or more sightings occurred (value

of 1), whereas absence cells were defined as cells where no

sighting occurred (value of 0). To reduce the bias of false

absence data (animals present but not detected) and con-

sidering the large number of cells with zero, cells with no

sightings, twice the number of cells with presence, were

selected among those with higher effort. This resulted in a

greater mean effort for absence cells compared with pres-

ence cells (Table 2).

Results

‘On effort’ differences were recorded over the two in-

vestigated periods, mainly due to differences in the

weather and sea conditions. In the 1990s, 344 sightings of

seven cetacean species (ER = 0.59 ± CI 0.08 sightings per

hour) were recorded, compared with 376 sightings

(ER = 0.94 ± CI 0.15) of the same species in the 2000s

(MW P < 0.01) (Table 1). In both investigated periods

the most commonly sighted species were striped dolphin

(Stenella coeruleoalba), fin whale (Balaenoptera physalus)

and common bottlenose dolphin (Tursiops truncatus)

(Fig. 2). The results showed a surprising increase in ER

of fin whale (+300%, MW P < 0.001) whereas ER of the

other commonly sighted species such as striped dolphin,

common bottlenose dolphin and Cuvier’s beaked whale

(Ziphius cavirostris), showed no significant difference. In

both periods, sperm whale (Physeter macrocephalus), com-

mon dolphins (Delphinus delphis) and Risso’s dolphin

(Grampus griseus) were spotted only sporadically. Long-

finned pilot whale (Globicephala melas) was not sighted

either in the 1990s or in the 2000s.

Sightings of fin whale did not show any important

inter-annual difference in the 1990s (mean ER = 0.088 ±
0.014), but differences in inter-annual ERs were detected

in the 2000s (KW P < 0.01) with the lowest values

detected in 2007 (ER = 0.18 ± 0.033) and the highest ER

detected in 2009 (ER = 0.53 ± 0.083). Other species did

not show any major inter-annual difference.

Over the years (Fig. 3), total cetacean ER was similar

among the different months in the 1990s, whereas in the

2000s it showed two maxima in June and August, mostly

determined by fin whale sightings. In fact, fin whale

showed a relative higher ER at the beginning and end of

the season (June and September) in the 1990s, whereas in

the recent years the species has shown significantly higher

ERs in June and August (KW P < 0.01). By contrast, sight-

ings of striped dolphin did not show any significant intra-

annual difference in ER between the investigated periods.

The mean group size (Fig. 4) was almost the same for

all species in both investigated periods. Only common

bottlenose dolphins were spotted in smaller groups dur-

ing recent years compared with the past.

The output of the Kernel analysis for fin whale (Fig. 5)

showed a significant change in distribution, being more

concentrated in the central-western side of the transect

during the 2000s compared with the 1990s triennium.

Both periods confirm the importance for the species of

the area between 20 and 50 nautical miles northeast of

Sardinia.

Fig. 1. Map showing number of grid cells surveyed within the study area: ‘cell effort’ is calculated as number of km surveyed in good weather

conditions per cell of 1 9 1 km (period 1990–92 on left and 2007–2009 on right).
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The same analysis conducted on the other most sighted

pelagic species, striped dolphin (Fig. 6), did not show

such a remarkable change. Striped dolphin were distrib-

uted along all the pelagic areas of the transect, with a

slight preference for the western side during more recent

years.

The common bottlenose dolphin was sighted mostly

along the Sardinian continental shelf in both the investi-

gated periods (Fig. 7). Interestingly, some sightings

occurred in deep sea waters in both periods, albeit in dif-

ferent positions: more on the eastern side of the transect

in the 1990s, and concentrated in the high density area

northeast of Sardinia in the 2000s.

Habitat preference

The results of the generalized linear model are shown in

Table 2. The GLM P-values indicate that for striped dol-

phin in the 1990s, no EGVs showed any association with

the sightings, whereas in the 2000s, only aspect N had a

strong influence on the preference of the habitat.

Compared to the 2000s, the common bottlenose dol-

phin distribution in the 1990s was influenced by depth,

and not only in the aspect E. However, it should be

noted that the numbers of sightings of this species were

relatively small during both the investigated periods and

so it was not possible to assess habitat preferences.

Table 2. Presence data compared with absence (pseudo absence) data.

EGVs Mean value EGVs

Cell effort GLM

Presence Absence Estimate P AIC

S. coeruleoalba 1990s Intercept 13.2 ± 0.7 22.5 ± 0.5 �1.44E+00 *** 860.11

Depth (m) �1021 ± 24 2.36E-04

Slope (°) 2.31 ± 0.12 6.69E-04

Aspect N (cos) �0.09 �6.43E-02

Aspect E (sin) 0.004 1.18E-03

Dist-coast (m) 59,240 ± 1518 1.02E-06

S. coeruleoalba 2000s Intercept 16.4 ± 1.2 30.1 ± 0.8 �1.81E+03 *** 564.50

Depth (m) �1041 ± 29 �8.78E-04

Slope (°) 2.32 ± 0.14 2.12E-01

Aspect N (cos) �0.24 �9.48E-02 ***

Aspect E (sin) �0.019 1.35E-02

Dist-coast (m) 61,938 ± 1867 �2.70E-06

B. physalus 1990s Intercept 17.8 ± 1.7 34.7 ± 1.3 �3.79E+00 *** 174.95

Depth (m) �1012 ± 49 2.57E-03

Slope (°) 2.20 ± 0.26 �4.40E-02

Aspect N (cos) �0.18 �1.80E-01

Aspect E (sin) �0.006 3.53E-01

Dist-coast (m) 57,589 ± 3074 1.21E-04 ***

B. physalus 2000s Intercept 21.0 ± 1.1 37.2 ± 1 �2.36E+00 *** 458.02

Depth (m) �1066 ± 36 �1.69E-03 ***

Slope (°) 2.43 ± 0.11 8.39E-02

Aspect N (cos) �0.232 �7.85E-01 ***

Aspect E (sin) 0.153 4.15E-01 *

Dist-coast (m) 60,099 ± 1420 �1.59E-06

T. truncatus 1990s Intercept 12.5 ± 2.9 48.5 ± 2.3 1.99E+00 * 63.61

Depth (m) �55 ± 2 1.28E-03 *

Slope (°) 0.29 ± 0.03 �7.72E+00

Aspect N (cos) �0.010 6.26E-01

Aspect E (sin) 0.828 2.13E+00 *

Dist-coast (m) 25,670 ± 4803 1.53E-05

T. truncatus 2000s Intercept 21.4 ± 5.1 61.4 ± 1.8 �2.16E+00 ** 75.21

Depth (m) �429 ± 108 3.37E-03

Slope (°) 1.894 ± 0.51 �3.56E-01

Aspect N (cos) 0.045 �1.61E-02

Aspect E (sin) 0.762 2.09E+00 **

Dist-coast (m) 29,758 ± 7197 9.55E-05

1990s = 1989–1991; 2000s = 2007–2010; cell effort = number of sightings per km travelled within each cell.

***P < 0.001; **P < 0.01; *P � 0.05.
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Fin whale showed greater differences in the association

between EGVs and animal distribution over the 20 years.

In fact, whereas in the 1990s only the distance from the

coast could predict the presence of the species, in the

2000s, depth and other aspects were the variables strongly

influencing the distribution of the species in the study area.

Discussion

Dedicated monitoring along the fixed line transect using

ferries as observation platforms was confirmed to be a reli-

able and cost-effective method, enabling the collection of

consistent data over a long period of time. Moreover, with

fixed geographical variables, the detected changes in sight-

ings cannot be due to spatial heterogeneity and can conse-

quently be related to biological or ecological processes.

The same seven of eight species known to be sighted

regularly in the Mediterranean Sea were sighted in the

Central Tyrrhenian Sea in both the investigated periods.

Neither the pilot whale nor any other rare or occasional

species were sighted over the 6 years of the study.

For all species, bar the fin whale, distribution, relative

abundance and group size revealed no dramatic changes

during this extended period. In fact, sightings of fin
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whale have increased surprisingly, and their spatial distri-

bution showed a radical difference between the two

periods. Moreover, fin whale was frequently sighted dur-

ing the middle of the summer season (August) during

recent years, whereas it was mostly sighted at the begin-

ning and end of the season in the 1990s. This result high-

lights a change in the migration timing of the species

and/or in the use of the Central Tyrrhenian Sea area,

which was considered a migration route by Marini et al.

(1997) in the 1990s.

The results in habitat preference over the two investi-

gated periods demonstrated that significant differences

occurred exclusively for fin whale; over the 20-year per-

iod, this species was clearly driven by different geographi-

cal variables (mainly distance from the nearest coastline

in the 1990s and depth and aspect E in the 2000s).
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Fig. 4. Mean group size ± SE of sighted species during the two

investigated periods.

Fig. 5. Distribution of fin whale sightings compared: on the left, the uniform distribution recorded during 1990s (90) and, on the right, the hot

spot observed in 2000s (00). Kernel parameters: volume level = 0.70 (k70).

Fig. 6. Distribution of striped dolphin sightings compared: on the left, the distribution recorded during 1990s (90) and, on the right, the hot

spot observed in 2000s (00). Kernel parameters: volume level = 0.70 (k70).
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Since the early 1990s, significant changes have occurred

in the thermohaline circulation, with increasing tempera-

ture and salinity in the intermediate and particularly the

deep water layer (Gasparini et al. 2005). This process has

increased since the late 1990s (Schroder et al. 2006) and

the resulting environmental effects could bring occasional

but intense concentration in food availability in some

areas, with significant variations between years (Druon

et al. 2012). Although a comparison on environmental

parameters such as sea temperature and chlorophyll is

not possible due to a lack of data relative to the first per-

iod, further analysis related exclusively to the 2000s per-

iod (Arcangeli et al. in prep.) suggests the existence of a

relatively high productive area coinciding with the highest

occurrence of fin whale. This temporary availability, as

well as changes noted at the Mediterranean basin scale,

could help in the understanding of the different ERs and

spatial distribution observed during the present study.

Striped dolphin populations did not show any signifi-

cant differences in either space or time. Although a morbil-

livirus epizootic heavily affected striped dolphin

populations in the Mediterranean Sea in 1990 (Di Guardo

et al. 1992; Aguilar & Raga 1993) and, to a lesser extent, in

2007 (Raga et al. 2008; Di Guardo et al. 2011), there does

not seem to be any clear consequence of the infection in

this area, as the number and size of sighted schools

remained relatively unchanged across both periods.

Surveys intercepted the bottlenose dolphin coastal hab-

itat for only a short period, as the transect ran perpendic-

ular to the coast line. However, results highlight the

efficacy of the method to monitor the occasional presence

of this species in deep sea waters. This presence was con-

firmed in both the investigated periods. Differences were

detected in the distribution of the sightings: toward the

Central Italian peninsula coast in the 1990s and further

west (toward Northeast Sardinia) during recent years,

coinciding with the relatively high density area detected

for fin whales. The increased presence of bottlenose dol-

phin in the northeastern area of Sardinia is coherent with

results of Dı́az López et al. (2005), which evidenced that

frequency of sightings of bottlenose dolphin in the area

of Golfo Aranci increased dramatically from 1991 to 2004

due to the realization of a fish farm in 1995.

Sightings of Cuvier’s beaked whale were less frequent

than sightings of the above-mentioned species, in line

also with the known elusive behavior of the species. How-

ever, Cuvier’s beaked whale showed a clear preference for

the Central Tyrrhenian Sea during all investigated years,

confirming the importance of the area already hypothe-

sized by other authors (Gannier & Epinat 2008; Gannier

2011).

Sightings of other cetacean species were extremely rare

and in some cases surprisingly low. This fuels concern for

Risso’s dolphin, long-finned pilot whale and common

dolphin, which were also rarely sighted along the other

transects monitored with a similar methodology in the

Central-western Mediterranean Sea (Arcangeli et al.

2010).

The low encounter rate of sperm whale may be attrib-

uted to the long dive behavior of the species. This can

lead to an underestimation of the relative abundance of

this species when using visual instead of acoustic method-

ologies (Mussi et al. 2005; Pavan et al. 2006). However,

the comparison of encounter rates recorded in the other

monitored transects using the same methodology reveals

a minor presence of this species in this area during the

summer months (Arcangeli et al. 2010).

In management terms, our results underline the impor-

tance of the Central Tyrrhenian Sea for all cetacean species,

especially for fin whale. We therefore recommend the

enforcement of conservation measures in the area, supporting

the institution of a SPAMI (UNEP 2010) or the enlarge-

Fig. 7. Distribution of common bottlenose dolphin sightings compared: on the left, the distribution recorded during 1990s (90) and, on the

right, the hot spot observed in 2000s (00). Kernel parameters: volume level = 0.70 (k70).
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ment of the Pelagos Sanctuary and the adoption of other

measures to be undertaken, for example, by maritime com-

panies to reduce the risk of collisions between large whales

and large vessels in cetacean high density areas.

It should be noted that as of 1 January 2012 the entire

Tyrrhenian Sea (including the Ligurian Sea) has been

declared an ‘Ecological Protection Zone’ (ZPE) by the

Italian Government (within the UNCLOS agreement) by

specific decree of the President of the Republic (D.P.R.

209/2011). The entire region of the North-West Mediter-

ranean Sea, also beyond country boundaries, is now sub-

ject to the legislative framework of Italian and EU laws

and of international agreements of which Italy is a con-

tracting party (including the Bern Convention and AC-

COBAMS). EU directive 2005/33/EC on the sulfur

content of marine fuel, for example, now applies across

this region and in international waters. However, despite

references in the decree to the protection of marine

mammals, no specific executive act has yet been

announced to reduce the impacts on cetaceans (e.g. mea-

sures to reduce the risk of ship strike along the main

shipping routes).
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