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The Magellan Strait is a narrow passage connecting the Pacific and Atlantic oceans in South America. An average
of 2023 ships per year transit this corridor with 80% representing the international fleet. The southwestern part
of the Strait in Chile is an important summer feeding area for humpback whales. Considering the risk to whales of
Humpback whale feeding among dense ship traffic, the movements of 25 satellite-tagged whales relative to vessel density were
International maritime organization analyzed, to provide policy recommendations for protecting the species from vessel collisions. A total of 3694
Chile filtered whale positions from 21 individuals were obtained along the southwest passage. The daily range covered
by individual whales was 8.8 km, and <25 km on 90% of all days. Ship density in the same square kilometers
where whales were encountered was 0.27 per week, slightly more often than once per month, however this
encounter rate varied by 100-fold between individuals, depending on how often animals were in the central
shipping lane. One of the tagged whales stopped transmitting and washed up dead suggesting a ship strike. In the
last decade, four other humpback whales and three sei whales were killed by probable ship strikes, all near Isla
Carlos III, the core of the humpback feeding area. A 10-knot speed restriction and onboard observers are rec-
ommended during the five months of maximum whale abundance, applying to all merchant vessels traveling
through the Strait, between Cabo Holland and Isla Bonete north of Carlos III Island, for a distance of 28 nautical
miles (52 km).

1. Introduction Convergence [6], but cold coastal waters of South America and the
fjords of Patagonia, including the Corcovado Gulf and Magellan Strait,

The Magellan Strait of Chile is a vital shipping channel that simul- are also important [4,7-9]. Through genetic tests and

taneously harbors marine habitats diverse in depth, coastal morphology,
tides, and precipitation [1,2]. Upwelling in the narrow strait stimulates
primary productivity and nourishes a food chain that includes 21 species
of cetaceans [2,3]. One is the humpback whale (Megaptera novaeangliae),
which uses the narrow, western section of the Strait as a summer feeding
ground from November through April. The feeding distribution of
humpback whales overlaps with the heavily-used shipping route, espe-
cially in the narrowest section of the Strait [3-5].

Southeastern Pacific humpbacks migrate annually along western
South America between low-latitude breeding areas and high-latitude
feeding areas. The primary feeding sites for the stock G population are
along the west coast of the Antarctic Peninsula, south of the Antarctic
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photo-identification, whales feeding in the Magellan Strait are known to
breed between Peru and Nicaragua [4,9-13], and many individuals re-
turn each year to the Strait [4,10,14].

The humpback population in the Strait increased for the last decade
[14], but the current population of 86-100 animals [5] is small enough
that an even occasional ship strikes could have important consequences.
Herein, we describe detailed movements of feeding whales throughout
the Magellan Strait and its fjords by tracking satellite tags attached to
individuals. We assess movements of individual whales relative to ship
density in order to evaluate the potential of vessel collisions, and we
report injuries and fatalities observed during the course of the research.
Our goal is to provide policy recommendations for protection of whale
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Fig. 1. Map of the Magellan Strait with all humpback

whale satellite locations. The map is rotated 28.86°

clockwise so that the axis of the channel is horizontal.
Units are kilometers, describing a grid centered at
latitude —53.79102, longitude —71.99234. A) Entire
region with every whale observation. The blue rect-
angle is the study area, where all analyses were done.

B) The study area around Carlos III Island, where
most whales were observed. (For interpretation of the
references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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Fig. 2. Variation in daily distances covered by individual whales (km) as fitted
by a log-normal distribution (see Methods). The estimated median daily dis-
tance covered is marked with a black circle, and the horizontal dashed line
indicates the overall median of all whales (8.8 km). The heavy vertical lines
show 95% credible intervals around the median for each whale, demonstrating
statistically significant differences: the four least mobile whales moved signif-
icantly less (6-8 km daily) than the two most mobile (13-14 km daily). Dashed
vertical lines are 95th percentiles of the fitted log-normal for each whale, and
red marks are observed minima and maxima (for two whales, the maxima were
>100 km and off the graph). Whales are sorted left to right from the least
mobile to the most. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)

species based on firm evidence.

2. Materials and methods
2.1. Study area and population assessment
Magellan Strait is a 570-km channel that connects the Pacific and the

Atlantic Oceans and separates the southern part of South America from
Tierra del Fuego and the Fueguian archipelago. The Francisco Coloane

Coastal Marine Protected Area (CMPA) is located in the central section
of this long channel, where the Tortuoso and English passages narrows
to a width of ca. 2 km. We tagged whales in the Francisco Coloane CMPA
around Whale Sound and the Charles Islands off Isla Carlos III (53°37’S,
72°21'W). This population has been systematically studied for consec-
utive feeding seasons from 1999 to 2018, and a total of 190 individuals
have been identified and catalogued (Capella unpublished data) from
photographs and unique markings [15]. About 85% of marked animals
return from year to year [4,7,10,14]. The number of photo-identified
individuals increased from 18 in 1999 to 102 in 2017 but then
declined by 30 individuals from 2018 to 2020 [Capella unpublished
data].

2.2. Tagging procedures

Humpback whales were tagged during three expeditions in 2009,
2011 and 2016. We used Wildlife Computers SPOT5 and SPOT6 satellite
tags, model S193 and S303 (https://wildlifecomputers.com/spot-tag-
product-sheet-spot-303/), deployed with a modified pneumatic line-
thrower (model ARTS, Restech Inc., Bodg, Norway; https://restech.
no/product/arts-whale-tagger/) coupled to a LK-carrier (developed by
LKARTS, Bodg, Norway), widely used in satellite telemetry studies [16].
The use of the air-powered line thrower provides precision, avoiding the
deployment of tags on undesirable or sensitive areas of the body. Air
pressure ranged from 10 to 15 bars (10.2-15.3 kg/cm?). Each factory
transmitter consisted of a 2 cm diameter stainless steel tube case 17.5 cm
in length coupled to a custom-made stainless-steel spear with a 3 cm
triangular double-edged blade tip containing one to three pairs of 5 cm
barbs placed at 90° to one other. Total tag weight (transmitter and
spear) was 380 g. We tagged whales from 5 to 9 m long rigid-hulled
inflatable boats at a distance of 2-4 m from the whale. The trans-
mitters were attached to the whales about 10-25 ¢cm below and ahead of
the dorsal fin on right or left side. Our tag was designed to be attached
for short periods of time, not penetrating to muscle and connective tissue
[17]. A detailed description of tag configuration and tagging procedures
is provided elsewhere [18,19].

Tags were chemically sterilized and wrapped in plastic in the labo-
ratory. In the field, the tag and spear were sprayed with Neomycin
Sulfate - Clostebol Acetate (Neobol®) before deployment. Long-term
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Fig. 3. Map of the Magellan Strait with ship loca-
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ship location marked. Density is so high near the
center of the passage that fine variation is obscured.
B) The core study area, with ship density per km?
indicated by shading in order to show the variation
across the channel (see Methods). Where water is
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white, km grid cells never had a ship, while black are
cells averaged >1 ship daily. Three shades of gray
show ship density >1 weekly, > 1 monthly, and >0,
from darker to lighter. Whale locations are overlaid in
red. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web

version of this article.)
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assessment of percutaneous tagging in humpback whales in the study
area showed complete wound healing within two years of tagging, with
no impact behavior of individuals, including nursing, during and
immediately after tagging [19]. The Animal Care and Use Committee of
the Smithsonian Tropical Research Institute reviewed and approved the
tagging procedures.

2.3. Argos satellite locations

The transmission and accuracy of Argos satellite locations is influ-
enced by latitude, animal behavior (including movement speed or
feeding activity), sea conditions, the number of satellites in the sky, and
the number of transmissions during a satellite pass [20-22]. The
Magellan Strait has high winds (mean 32 km per hr, reaching 122 km per
hr) interacting with strong tidal currents [22], and whales are often
feeding beneath the surface on their diet of krill, lobster krill and Fue-
gian sprat [23-27]. These limitations forced tradeoffs in the number and
accuracy of positions we could collect. We utilized a wide range of Argos
location-accuracy classes 3, 2, 1, 0, A, and B, which are those having
errors of 0.15-5 km. This was necessary because the more accurate
classes (1-3) require more transmissions [20,28], so excluding the other
classes would have led to fewer locations. To conserve batteries, we set
the tags to transmit a maximum of 300 times per day, or 75 per 6-h bin,
with allowance for unused transmissions to carry over to the next day.
For transmissions to reach the satellite when the animal has surfaced,
fast and slow repetition rates (seconds) were set by the manufacturer to
41.5-47.5 s and 86.5-92.5 s, respectively [18].

We tagged 25 adult humpback whales, 5 in 2009, 2 in 2013 and 18 in
2016, but four failed to transmit. From the remaining 21 tagged whales,
we collected 3767 Argos locations on 98 different days, including 43
locations on 11 days in March 2009, 149 locations on 23 days in
May-June 2013, and 3575 locations on 64 days in March-May 2016. For
limitations to accuracy and transmission described above and outside
our control locations were concentrated between the hours of 1800 in
the evening and 0600 in the morning, universal time (UTC) (97.4% of all
positions). For this reason, we chose to define days as starting and
ending at noon UTC, not the usually definition based on midnight. Local
time is GMT-3, meaning our days began and ended at 9AM and that most
whale locations were between 1500 and 0300 local time. Using this
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definition, nearly all locations within the same ‘day’ were within a span
of 12 h, and nearly all locations on consecutive days were separated by
> 18 h. This offered a convenient way to map and measure whale
movements within a single day.

2.4. Screening for location error

To screen errors, we placed all whale positions on a map of the area
[29] and found a few positions on land, some far from water. Argos’
self-reported location quality was not a predictor of this. We thus
decided to further screen positions to filter out errors that could have
large impacts on descriptions of movements. This began with daily maps
of each animal’s positions, connected by lines indicating time sequence.
We highlighted all positions on those maps that were >10 km from any
other position the same day, and we identified every consecutive pair
within a day >10 km apart or requiring movement at >10 km per hour
(or kph). After some work, though, we amended the speed criterion,
flagging only movement >10 kph if the time difference was >15 min.
That was necessary because there were quite a number of positions just
minutes apart, and a position error of only 200 m would then appear to
require high speed swimming (also, small errors in time of the satellite
reports would lead to erroneous speeds).

These criteria led to 180 flagged positions, and all were examined
individually on the maps. The next criterion we used, which was easier
to check visually than via computer calculations, was whether multiple
points supported long or fast movements. Thus, if a whale suddenly
appeared >10 km away, we checked what happened next. This led to 73
obvious errors: cases where a whale moved suddenly a long distance and
then immediately back to where it was. The other 107 flagged positions
included rather substantial movements but supported by multiple po-
sitions at both ends, so we accepted those as valid. Removing those 73
conspicuous errors reduced the sample size from 3767 whale positions
to 3694.

2.5. Daily movements

For each whale within each day (as defined above), we calculated the
greatest straight-line distance between any pair of locations. This esti-
mates the linear range covered by the whale on that day. The
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Table 1

Foraging time of 17 humpback whales relative to nearby ship density as esti-
mated by the time budget model (see Methods). Whales are identified by their
tag numbers, and for each the number of Argos positions collected is given. The
column <1 ship y ! gives the fraction of those positions in grid cells where fewer
than one ship passed per year (i.e. within the same one-km grid cell); those are in
fjords or close to the shore. Following is the fraction of locations where more
than one ship passed weekly, always near the center of the Strait. Each fraction
includes 95% credible intervals in parentheses. The final column is the mean
number of ships passing weekly in all grid cells in which the whale was observed.
Whales are sorted by the fraction with <1 ship y ™%, i.e. from those often near
ships to those seldom near ships. The total in the last row is based on the fixed
effect of the hierarchical model, which is the average of all the whales.

Whale Positions  fraction <1 ship fraction >1 ship Mean ships
y ! wk ! weekly

149478 143 0.194 (0.14, 0.213 (0.17, 0.25) 0.697
0.26)

149466 189 0.375 (0.32, 0.122 (0.09, 0.15) 0.407
0.44)

149479 126 0.403 (0.33, 0.102 (0.07, 0.14) 0.335
0.49)

149470 249 0.407 (0.35, 0.019 (0.01, 0.03) 0.123
0.47)

149464 152 0.465 (0.39, 0.059 (0.03, 0.09) 0.205
0.55)

149460 244 0.475 (0.41, 0.084 (0.06, 0.11) 0.279
0.54)

149480 190 0.475 (0.42, 0.027 (0.01, 0.05) 0.129
0.54)

149474 407 0.477 (0.43, 0.076 (0.05, 0.10) 0.254
0.52)

149471 253 0.482 (0.43, 0.121 (0.10, 0.15) 0.456
0.54)

149483 281 0.488 (0.44, 0.054 (0.04, 0.08) 0.192
0.54)

149475 318 0.509 (0.46, 0.075 (0.05, 0.10) 0.251
0.56)

149472 259 0.587 (0.53, 0.077 (0.05, 0.10) 0.270
0.65)

149461 323 0.588 (0.54, 0.069 (0.05, 0.09) 0.235
0.63)

149484 191 0.636 (0.57, 0.087 (0.06, 0.11) 0.374
0.70)

149468 78 0.691 (0.61, 0.000 (0.00, 0.00) 0.007
0.79)

149481 86 0.712 (0.63, 0.000 (0.00, 0.00) 0.006
0.80)

129270 143 0.817 (0.77, 0.005 (0.00, 0.02) 0.031
0.88)

Total 3632 0.406 (0.27, 0.079 (0.04, 0.11) 0.266
0.64)

distribution of daily ranges was fitted to a log-normal distribution, with
whale as a random effect, using a Bayesian parameter-fitting method
[30-32]. Before fitting the model, four whales were excluded because
they had too few positions on too few days: the three whales tracked in
2009 each had <31 locations, and one whale in 2016 that had only 19
locations on three days. The 17 whales included in the model had at least
79 locations each over at least 15 days; one was tagged in 2013 and the
rest in 2016. The model produced a hierarchical distribution, each
whale’s distribution nested within the total population distribution. The
log-normal was selected because the daily ranges were conspicuously
skewed, nearly all <10 km but occasionally >100 km, even after
removing the obvious errors. The Bayesian parameter-fitting procedure
produced credible intervals on the median daily movement of each
whale. We judged differences between whales as statistically significant
if their 95% credible intervals did not overlap.

To map daily positions of each whale, an ellipse was drawn around
all daily locations. The ellipse was calculated by fitting a two-
dimensional Gaussian surface around the positions, which amounts to
fitting the probability of observations. The maximum of this surface
equals the mean position of the whale on that day. The edge of the
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Fig. 4. Histogram describing proportion of time whales spent at varying ship
densities, as fitted by a hierarchical Bayesian model (see Methods). The black
curve is the average of all whales, or the fixed effect. The red is the whale killed
by a ship. The light gray lines are the 16 other whales (all those with at least 75
locations). The whale that was killed was an outlier in how much time it spent
in areas with high ship density. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)

ellipse was defined as the position where the probability fell to 5% of the
maximum. Details of the procedure are provided in Ren et al. [33].
These ellipses were used only on maps to illustrate daily positions, not
for any other statistics.

2.6. Ship density

Real-time commercial vessel track data from the global Automatic
Identification System (AIS) network were obtained for ships traveling
the Magellan Strait over 21 months, from November 2014, through July
2016, thus spanning most of whale tracking in March-May 2016.
Initially, we had hoped this meant a complete track for each ship pass-
ing, but instead, the AIS reports only sporadic positions for each vessel.
Our use of the vessel locations is thus limited to an overall estimate of
the density of ships in different parts of the passage and to calculations of
travel speed in some cases. To estimate ship density, a rectangular area
of 310 by 105 km around the Magellan Strait was defined as the study
area, and it was gridded into square kilometers (Fig. 1). In each square
kilometer, the number of individual vessels was tallied on each day, and
summed over all days (i.e. the number of unique vessel-date combina-
tions). We regard this as an estimate of the number of ships that entered
each square kilometer over the 21 months, and we refer to it as the
number of ship visits per square kilometer. Because the vessel tracks are
incomplete, we understand that it is an underestimate of the true
number of ship visits, but we assume that it offers an unbiased estimate
of relative ship density across the study area.

The number of ship visits per square kilometer was expressed on a
weekly basis, dividing the total number of ship visits by 91 weeks, the
length of the observation period. Since the total number of ships
observed in the passage did not vary seasonally, we used the weekly
average of ship visits in a given square kilometer cell from November
2014, to July 2016 as an estimate of the density of ships that a whale
would encounter when it enters that cell.

We also used the 21 months of vessel tracks to create a profile of the
speed of ships traversing the Strait. We started with every vessel record
that included locations on both sides of the line defined by x = 0 in
Fig. 1. From those, we extracted records where the two positions span-
ning the line were within 2.5 h and within 70 km, since these were most
likely straight tracks within the Strait, and calculated the vessel speed
(distance/time). We excluded intervals <0.5 h because they may exag-
gerate small errors in location. This led to 1455 speed records from 776
unique vessels; 52 of the vessels were included four or more times, and
one (the Anoka) passed 108 times. Regardless of the duplicate records, it
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Fig. 5. Movements of the whale tagged 129270. The
top portion is a map showing all observations, with
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positions shown by blue or red dots (the reds are those
identified as errors). Ellipses are drawn around each
set of daily observations (see Methods). The lower
portion shows the whales position through time, but
in only one dimension, the distance along the Strait
(x-axis of the map). The horizontal dotted lines indi-
cate days, and the blue (or red) points the exact x-
position of the whale at an exact time; lines connect
the mean daily positions, but are interrupted when a
whale was missed on a day. The x-axis of the map is
aligned with the x-axis of the graph, so that locations
on the map can be linked to locations in time. (For
interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of
this article.)
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is a sample of the speeds at which ships traveled near the whales.

2.7. Risk of ship encounters

The estimated number of ship visits per square kilometer cell is an
index of the risk of ship encounter for a whale in that cell. We calculated
the mean risk for each whale by averaging ship density across all the
cells in which it was observed. For example, if half a whale’s locations
were in grid cells where ship density averaged one per week and the
other half had zero ships, the mean risk score is 0.5 ships per week.

To describe a complete risk profile for each whale, we estimated the
distribution of risk scores of all its locations. This is a time profile: the
fraction of time spent at a given risk. Risk distributions are often highly

50

skewed, with most time spent at low risk accompanying occasional very
high risk. To generate such a distribution, we modeled the unadjusted
count of ship visits across grid cells — an integer — as a negative binomial
distribution. The negative binomial can be highly skewed, in which case
most counts are zero, but it can approach a non-skewed, Poisson dis-
tribution. The negative binomial was fitted to the entire set of whale
locations in a hierarchical model, with whale as a random effect. To
illustrate the risk profile, the fraction of time spent at different ship
density was calculated from the two parameters of the negative binomial
for each whale (mean m, clumping parameter k). For example, with m =
24 and k = 0.184, we expect 7.8% of locations to have >91 ships
(equivalent to 1 ship weekly, since ship observations spanned 21
months = 91 weeks). The Bayesian parameter-fitting routine produced
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Fig. 6. Movement diagram for whale 149478, the one found dead with evidence of a ship strike. See Fig. 5 for details.

statistical inference via credible intervals of the estimated time budget
for each whale.

3. Results
3.1. Whale positions
The 3694 filtered whale positions were concentrated along the

southwestern side of the passage and up several inlets. They appeared
less often in the center and the northeastern side of the Strait (Fig. 1).

3.2. Daily movements

The overall median daily range covered by a whale was 8.8 km, and
whales moved <25 km on 90% of all days with at least four observa-
tions. The least mobile whale (tag 149468) ranged a median of 5.6 km
per day, while the most mobile (tag 149471) ranged a median of 14.1
km; based on 95% credible intervals of the median, there was significant
variation among whales (Fig. 2). There were movements >50 km on 8 of
432 days, and >110 km on two days. Those outliers demonstrate the
usefulness of treating daily range size as a log-normal variate.
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Table 2

Vessel speeds through the Magellan Strait, November 2014, through July 2016.
Each entry is a count of the number of vessels traversing the Strait in a given
category of speed and vessel type. For example, there were 303 occasions on
which a cargo ship traversed at a speed between 10 and 15 knots. The fastest
passage was a 51 kT cargo ship at 40 knots. The final column is the median gross
kilotonnage of ships in each category.

Vessel type <5 5-10 10-15 15-20 20-25 >25 Kilotons
Cargo 11 227 303 126 23 9 24.1
Tanker 3 82 96 50 20 3 53.8
Passenger 10 31 23 11 2 1 2.7
Other 37 216 138 28 5 0 0.1
Total 61 556 560 215 50 13

3.3. Ship density encountered by whales

As expected, ships were greatly concentrated in the center of the
Strait, where whales spent relatively little of their time (Fig. 3). Indeed,
55% of all whale sightings were in 1-km grid cells where no ships were
observed. The mean density of ships in the same square kilometers
where whales were present was 0.27 per week (Table 1), that is, whales
encountered ships within the same kilometer slightly more often than
once per month. This average comes about by spending a small amount
of time where ships passed more than weekly with a large amount of
time where few ships passed (Fig. 4). Whales varied substantially in their
encounter rates, from 0.02 to 0.83 per week, and there was statistically
significant variation among whales based on 95% credible intervals
(Table 1).

3.4. Individual whale movements

Movements of whales throughout their tracking period are illus-
trated for four individual animals (Fig. 4). Whale 129270 had a low rate
of ship encounters (Fig. 5), and whale 149478 had the highest (Fig. 6).
Movement charts for the remaining tagged whales are shown in Sup-
plementary Material.

3.4.1. Whale 129270

This was a female, tracked for just 23 days but observed every one of
those days. Its median daily movement was 8.3 km, close to the average
for all whales (Fig. 2). It concentrated its activity in two areas, around
km = —30 and km = +20 (x-axis, Fig. 5). Since it was usually in inlets
south of the main channel, it had a low encounter rate with ships, 0.03
per week (Table 1).

3.4.2. Whale 149478

This 10.5-year-old female had been with a calf in earlier years, 2012
and 2014, but was not in 2016. It was seen 13 consecutive days, the last
sighting at km = 0 toward the north side of the passage on March 29,
2016 (Fig. 6). It moved steadily during those 13 days, and many of its
locations were away from shore, close to the shipping lane. As a result, it
had the highest encounter rate with ships, nearly one per week (Table 1).

Marine Policy 118 (2020) 103990

It was found dead on April 4, 2016 at Dawson Island, 76 km east of its
last satellite record. It was probably dead when the Argos satellite
stopped receiving it on 30 March.

3.5. Vessel speeds

Of 1455 records of vessels traversing the Strait near the whale
feeding sites, 58% (838) were traveling faster than 10 knots (18.5 kph).
Large cargos and tankers were faster, with 66% of records >10 knots
(Table 2).

4. Discussion
4.1. Whale-vessel collision records

An average of 2023 ships per year (range 1586-2773) pass through
the Magellan Strait according to 12-year record (2007-2018), of which
77.9% represent the international fleet [34]. The history of ship colli-
sions with whales is difficult to record in general and even more so in an
area as isolated as the Magellan Strait. Collisions may simply go unno-
ticed, due to the size of the ships (many 300 m in length) compared to
whales (less than 15 m), and even if noticed ships may not report them.
However, long-term monitoring by scientists in the area shows that
these incidents have been occurring in recent years. Four of the whales
identified in the area and returning regularly show signs of non-lethal
impact of ships in the past: two with a partial mutilation of the tail
and two with scars or wounds to the flanks, though it is not certain the
injuries were caused in the Strait. There have been, though, five fatal
incidents involving humpback whales and three involving sei whales
near Carlos III Island in the past 10 years, all documented with the
support of local fishermen, the Office of the Ministry of the Environ-
ment, and researchers (Table 3). This includes the incident we describe
here, whale 149478, killed soon after March 30, 2016 then stranded on

Fig. 7. Tanker transiting at considerably speed the core feeding area near
Carlos III Island and a nearby humpback whale.

Table 3

Summary of humpback (Megaptera novaeangliae) and sei (Balaenoptera borealis) whales fatalities reported in Magellan Strait between 1999 and 2020.
Date Species Site Coordinates Whale class Source Observations
11.02.01 Mn Isla Carlos IIT 53°36'S, 72°19'W Adult Authors 0Old bone remains
01.05.09 Mn Whale Sound, Isla Santa Ines 53°44'S, 72°27'W Adult Authors Stranded dead, semi decomposed
03.05.10 Mn Isla Carlos III 53°35'S, 72°21'W Juvenile Fishermen Stranded dead, semi decomposed
15.04.11 Mn Near Cape Froward 53°53'S, 71°21'W Calf Fishermen Floating dead
25.06.13 Bb Jeronimo Channel 53°20'S, 72°26'W Adult Environment Ministry Stranded dead, semi decomposed
01.07.15 Mn Whale Sound, Isla Santa Ines 53°40'S, 72°28'W Adult Fishermen Stranded dead, semi decomposed
25.04.16 Mn Isla Dawson 53°56'S, 70°51'W Adult This study Stranded dead, fresh, partial necropsy
14.11.17 Bb Peterel Point, Brunswick Penn. 53°42'S, 71°58'W Adult Authors Stranded dead, semi decomposed
7.03.20 Bb Faro Punta de Palos, Bahia Chilota 53°17'S Adult Authors Stranded dead, fresh, full necropsy

70°27'W
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Fig. 8. Proposed navigation pathway for speed limit of vessels transiting the Magellan Strait. Black dashed line indicates current path as on international navi-
gational charts (Admiralty chart No. 4266, Chile, Estrecho de Magallanes, Paso del Hambre to Paso Tortuoso, Edition 2005 revised 2016). Red dashed line indicates
the section of the strait where speed should be reduced to 10 knots: between Isla Bonete in Paso Inglés north of Carlos III Island (coordinates 053° 49°.979 S - 071°
42°.273 W) and Cabo Holland (coordinates 053° 34°.368 S - 072° 20°.028 W), for a distance of 28 nautical miles (52 km). (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

Dawson Island in April, showing a broken and dislocated lower jaw. The
sixth stranded recently showing multiple internal and external traumas.
In these latest case (Table 3), there was certainty of the impact of a ship,
while in the others no collision was documented but wounds are
consistent with ship strikes, and entanglements are unlikely because no
fishing nets were observed and there is little net-fishing in the area. We
recognize the need for a reliable necropsy to produce an accurate
inference on the causes of death, but this is nearly impossible in remote
areas where transportation is limited [35,36].

At a weekly encounter rate of 0.27, and assuming whales spend 6
months per year in the Magellan Strait, the average humpback whale is
within ~1 km of a vessel on seven occasions each year. Given a popu-
lation of 93 whales [5], there would be 650 occasions in which whales
and ships were nearby. Unfortunately, the information available to us is
insufficient to be more precise about those encounters, since both whale
and ship locations were spotty and subject to error (see Fig. 7). Gende
et al. [3] argue on reasonable grounds that even one fatality every three
years could reduce the population size, so 650 events where whales and
ships were in the same kilometer of water suggests more than a negli-
gible risk. In fact, in the study area five fatalities on humpbacks were
detected in nine years (Table 3). The loss is even more significant when
females die, and in the study area half the sightings were females
10-12.5% were mother-calf pairs [14]. Pairs might be the most sus-
ceptible to vessel strikes.

More directly, in a sample of just 21 whales with satellite tags, one
female was struck and killed. The fact that the victim’s encounter rate
with ships was far higher than any of the other whales is significant. For
13 consecutive days, it was often near the center of the passage, and was

likely killed 29-30 March, between Carlos III Island and Cabo Holland in
the Magellan Strait. Its final transmissions were near the center of the
Strait where the passing vessels are concentrated.

5. Conclusions and recommendations

A variety of results indicate that collisions with whales are more
frequent and harmful when ships travel at higher speeds [37-41]. Such
incidents can be lethal to both adults and young whales [42]. The [43]
documented 1200 strikes annually, with many more strikes undetected
or unreported. Recognizing this risk, the International Maritime Orga-
nization (IMO) together with the International Whaling Commission
(IWC), the Government of Belgium and the International Fund for Ani-
mal Welfare (IFAW) published recommendations to seafarers in several
languages about practices designed to reduce the risk of collisions with
whales. There are currently several mechanisms approved by the IMO,
for example, Traffic Separation Schemes, Areas to Be Avoided, Recom-
mended Routes and vessel speed restrictions [44], and there are addi-
tional local measures, including Marine Protected Areas, Seasonal
Dynamic Management Areas, and speed limits [45-47]. Conn & Silber
[45] considered vessel speed restrictions “a powerful tool” for reducing
mortality of large whales. “To date, there is no technological solution
available and hence, for large commercial ships the only current miti-
gation measures shown to be effective involve routing ships or reducing
speed’review in Ref. [36]. We report here that nearly two-thirds of the
large vessels in the Magellan Strait exceed the recommended 10 knot
speed limit.

The inland waters of the Magellan Strait are an important feeding
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area for the humpback whale of the Southeast Pacific [4,7], and they
also provide feeding areas for southern right whales (Eubalaena australis)
[48] a critically endangered species [49]. Additionally, the sei whale
(Balaenoptera borealis) frequents the Magellan Strait during the summer
to feed, with increasing numbers of reports around Carlos I1I Island [50]
and three records of dead whales.

The nation of Chile has passed laws aimed at the protection and
conservation of cetaceans in its waters, including Decree 276 (2004)
creating the Francisco Coloane Coastal Marine Protected Area in the
Magellan Strait, Decree 230 (2008) declaring the Natural Monument to
Cetaceans, Decree 179 (2008) prohibiting whale captures, and Law
20.293 (2008) modifying the Fishing Law to protect cetaceans. To
comply with these laws, we recommend a vessel speed restriction within
the Strait of Magellan to help reduce the risk of lethal collisions with
cetaceans. Currently, there are no speed restrictions for transiting the
entire Strait. To the extent that it is safe, ships should proceed at a speed
not exceeding 10 knots from December 1 to April 30 of each year. This
recommendation would apply to all merchant ships traveling in both
directions along the Magellan Strait between Isla Bonete in Paso Inglés
north of Carlos III Island (coordinates 053° 49°.979 S - 071° 42°.273 W)
and Cabo Holland (coordinates 053° 34°.368 S - 072° 20°.028 W), for a
distance of 28 nautical miles (52 km) (Fig. 8), 9.1% of the total length of
the Magellan Strait. The proposed speed should be mandatory for all
types of commercial vessels larger than 200 tons, and compliance should
be assessed during the whale feeding season by local authorities. In
addition, we recommend placing a mandatory observer onboard all
commercial vessels, as has been suggested for other remote areas [51,
52].

We believe a speed restriction is most reasonable, given that a shift in
vessel routing around the Magellan Strait [53] is unlikely due to the cost
to shipping. In addition, we suggest that large (over 30 m) and fast
whale-watching vessels that have started tourist operations in the
feeding area also be subject to these restrictions. Fostering the recovery
of large whale populations post-whaling requires mechanisms that the
risks posed by shipping to increasingly dense aggregations of animals.

Funding

This project was partially sponsored by the Smithsonian Tropical
Research Institute (STRI), the Smithsonian Institution, WhaleSound L.T.
D., and the Secretaria Nacional de Ciencia, Tecnologia e Innovacién
(SENACYT) of Panama. Sponsors were not involved in any part of this
research.

Declaration of competing interest

The authors declare no conflict of interest with authorities or AIS
data provider.

CRediT authorship contribution statement

Héctor M. Guzman: Conceptualization, Methodology, Investiga-
tion, Data curation, Writing - original draft, Writing - review & editing,
Supervision, Funding acquisition. Juan J. Capella: Methodology,
Investigation, Writing - review & editing. Carlos Valladares: Supervi-
sion, Project administration, Funding acquisition. Jorge Gibbons: Re-
sources, Supervision, Project administration. Richard Condit:
Methodology, Software, Formal analysis, Writing - original draft,
Writing - review & editing.

Acknowledgement

We thank Subsecretaria de Pesca y Acuicultura (SUBPESCA) for
providing the research permits (exempt resolution 2112/2016) to work
in the Magellan Strait. We thank Jeffrey D. Adams from NOAA’s Na-
tional Marine Fisheries Service for the IAS data. This is a partial

Marine Policy 118 (2020) 103990
contribution of the Migramar Network.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.marpol.2020.103990.

References

[1] S. Panella, A. Michelato, R. Perdicaro, G. Magazzu, F. Decembrini, P. Scarazzato,
A preliminary contribution to understanding the hydrological characteristics of the
Strait of Magellan: Austral spring 1989, Bollettino di Oceanologia Teoretica ed
Applicata 9 (2-3) (1991) 107-126.

[2] J. Gibbons, J.J. Capella, A. Kusch, J. Carcamo, The southern right whale Eubalaena
australis (desmoulins, 1822) in the strait of Magellan, Chile, Anales Instituto
Patagonia (Chile) 34 (2006) 75-80.

[3] S.M. Gende, A.N. Hendrix, J. Acevedo, S. Cornejo, The Humpback Whale
Population at Risk of Ship Strikes in the Strait of Magellan, Chile, International
Whaling Commission, 2014. SC/65b/SH18.

[4] J. Acevedo, C. Mora, A. Aguayo-Lobo, Sex-related site fidelity of humpback whales
(Megaptera novaeangliae) to the Fueguian Archipelago feeding area, Chile, Mar.
Mamm. Sci. 30 (2) (2014) 433-444, https://doi.org/10.1111/mms.12048.

[5] C.C. Monnahan, J. Acevedo, A. Noble-Hendrix, S. Gende, A. Aguayo-Lobo,

F. Martinez, Population trends for humpback whales (Megaptera novaeangliae)
foraging in the Francisco Coloane coastal-marine protected area, Magellan Strait,
Chile, Mar. Mamm. Sci. 35 (2019) 1212-1231, https://doi.org/10.1111/
mms.12582.

[6] P.T. Stevick, A. Aguayo, J. Allen, I.C. Avila, J. Capella, C. Castro, K. Chater, M.
H. Engel, F. Félix, F. Florez-Gonzalez, A. Freitas, B. Haase, M. Llano, L. Lodi,

E. Munoz, C. Olavarria, E. Secchi, M. Scheidat, S. Siciliano, A note on the
migrations of individually identified humpback whales between the Antarctic
Peninsula and South America, J. Cetacean Res. Manag. 6 (2004) 109-113.

[7]1 J. Gibbons, J.J. Capella, C. Valladares, Rediscovery of a humpback whale,
Megaptera novaeangliae, feeding ground in the Straits of Magellan, Chile,

J. Cetacean Res. Manag. 5 (2) (2003) 203-208.

[8] R. Hucke-Gaete, D. Haro, J.P. Torres-Florez, Y. Montecinos, F. Viddi, L. Bedrinana-
Romano, M.F. Nery, J. Ruiz, A historical feeding ground for humpback whales in
the eastern South Pacific revisited: the case of northern Patagonia, Chile, Aquat.
Conserv. Mar. Freshw. Ecosyst. 23 (2013) 858-867.

[9] J. Acevedo, A. Aguayo-Lobo, J. Allen, N. Botero-Acosta, J. Capella, C. Castro, D.
R. Luciano, J. Denkinger, F. Felix, L. Florez-Gonzalez, F. Garita, H.M. Guzman,
B. Haase, G. Kaufman, M. Llano, C. Olavarria, S.P. Aldo, J. Plana, K. Rasmussen,
M. Scheidat, R.S. Eduardo, S. Silva, T.S. Peter, Migratory preferences of humpback
whales between feeding and breeding grounds in the eastern South Pacific, Mar.
Mamm. Sci. 33 (2017) 1035-1052.

[10] J. Capella, B. Galletti Vernazzani, J. Gibbons, E. Cabrera, Coastal migratory
connections of humpback whales, Megaptera novaeangliae Borowski, 1781, in
southern Chile, Anales Instituto Patagonia, Ser. Cs. Nat. (Chile) 36 (2) (2008)
13-18.

[11] J. Capella, J. Gibbons, L. Florez-Gonzalez, M. Llano, C. Valladares, V. Sabaj,

Y. Vilina, Migratory round-trip of individually identified humpback whales of the
Strait of Magellan: clues on transit times and phylopatry to destinations, Rev. Chil.
Hist. Nat. 81 (2008) 547-560.

[12] H.M. Guzman, F. Felix, Movements and habitat use by Southeast Pacific humpback
whales satellite tracked at two breeding grounds sites, Aquat. Mamm. 43 (2017)
139-155.

[13] J. De Weerdt, E.A. Ramos, T. Cheeseman, Northernmost records of southern
hemisphere humpback whales (Megaptera novaeangliae) migrating from the
Antarctic Peninsula to the Pacific coast of Nicaragua, Mar. Mamm. Sci. (2020),
https://doi.org/10.1111/mms.12677.

[14] J. Capella, J. Gibbons, Y. Vilina, L. Flérez-Gonzalez, V. Sabaj, C. Valladares,
Abundance, population structure and fidelity of humpback whale in the Strait of
Magellan, Chile, in: Report to Scientific Committee of the 64th Annual Meeting of
the International Whaling Commission, Panama, SHWP2 [Available from IWC
Office], 2012.

[15] S.K. Katona, H.P. Whitehead, Identifying humpback whales using their natural
markings, Polar Rec. 20 (128) (1981) 439-444.

[16] M.P. Heide-Jgrgensen, L. Kleivane, N. @len, K.L. Laidre, M.V. Jensen, A new
technique for deploying satellite transmitters on baleen whales: tracking a blue
whale (Balaenoptera musculus) in the North Atlantic, Mar. Mamm. Sci. 17 (2006)
949-954.

[17] J. Robbins, A.N. Zerbini, N. Gales, F.M.D. Gulland, M. Double, P.J. Clapham,

V. Andrews-Goff, A.S. Kennedy, S. Landry, D.K. Mattila, J. Tackaberry, Satellite tag
effectiveness and impacts on large whales: preliminary results of a case study with
Gulf of Maine humpback whales, in: Report No. SC/65a/SHO5 to Scientific
Committee of the 65" Annual Meeting of the International Whaling Commission,
South Korea, 2013.

[18] H.M. Guzman, C.G. Gomez, C.A. Guevara, L. Kleivane, Potential vessel collisions
with southern hemisphere humpback whales wintering off Pacific Panama, Mar.
Mamm. Sci. 29 (2013) 629-642.

[19] H.M. Guzman, J.J. Capella, Short-term recovery of humpback whales after
percutaneous satellite tagging, J. Wildl. Manag. 81 (2017) 728-733.


https://doi.org/10.1016/j.marpol.2020.103990
https://doi.org/10.1016/j.marpol.2020.103990
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref1
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref1
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref1
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref1
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref2
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref2
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref2
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref3
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref3
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref3
https://doi.org/10.1111/mms.12048
https://doi.org/10.1111/mms.12582
https://doi.org/10.1111/mms.12582
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref6
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref6
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref6
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref6
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref6
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref7
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref7
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref7
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref8
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref8
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref8
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref8
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref9
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref9
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref9
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref9
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref9
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref9
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref10
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref10
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref10
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref10
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref11
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref11
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref11
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref11
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref12
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref12
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref12
https://doi.org/10.1111/mms.12677
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref14
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref14
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref14
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref14
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref14
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref15
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref15
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref16
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref16
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref16
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref16
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref17
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref17
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref17
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref17
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref17
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref17
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref18
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref18
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref18
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref19
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref19

H.M.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

Guzman et al.

D.C. Douglas, R.C. Weinzierl, S. Davidson, R. Kays, M. Wikelski, G. Bohrer,
Moderating Argos location errors in animal tracking data, Methods Ecol. Evol. 3 (6)
(2012) 999-1007.

S. Christin, M.H. St-Laurent, D. Berteaux, Evaluation of argos telemetry accuracy in
the high-arctic and implications for the estimation of home-range size, P1oS One 10
(11) (2015) 1-18.

N. Butorovic, Metereological Summary Year 2015," Jorge C. Schythe" Station (53°
08’S; 70° 53’0; 6 Msnm), vol. 44, Anales del Instituto de la Patagonia, 2016,

pp. 89-98.

D. Haro, L. Riccialdelli, J. Acevedo, A. Aguayo-Lobo, A. Montiel, Trophic ecology
of humpback whales (Megaptera novaeangliae) in the Magellan Strait as indicated
by carbon and nitrogen stable isotopes, Aquat. Mamm. 42 (2016) 233-244.

M. Hamame, T. Antezana, Vertical diel migration and feeding of Euphausia
vallentini within southern Chilean fjords, Deep Sea Res. Part II Top. Stud.
Oceanogr. 57 (7-8) (2010) 642-651.

L. Guglielmo, R. Minutoli, A. Bergamasco, A. Granata, G. Zagami, T. Antezana,
Short-term changes in zooplankton community in Paso Ancho basin (Strait of
Magellan): functional trophic structure and diel vertical migration, Polar Biol. 34
(2011) 1301-1317.

M.J. Diez, A.G. Cabreira, A. Madirolas, J.M. De Nascimento, G. Scioscia,

A. Schiavini, G.A. Lovrich, Winter is cool: spatio-temporal patterns of the squat
lobster Munida gregaria and the Fuegian sprat Sprattus fuegensis in a sub-Antarctic
estuarine environment, Polar Biol. 41 (2018) 2591-2605.

L.R. Castro, S. Soto-Mendoza, F. Gonzélez-Saldias, Ontogenetic and short-term
fluctuations in the residence depth of young pelagic stages of Munida gregaria in
different zones of northern Patagonia, Prog. Oceanogr. 174 (2019) 173-184.
D.P. Costa, P.W. Robinson, J.P. Arnould, A.L. Harrison, S.E. Simmons, J.

L. Hassrick, D.E. Crocker, Accuracy of ARGOS locations of pinnipeds at-sea
estimated using Fastloc GPS, PloS One 5 (1) (2010).

Humanitarian Data Exchange, Chile Administrative Level 0, 1, 2, and 3 Boundaries,
2016. https://data.humdata.org/dataset/chile-administrative-level-0-country-1-re
gion-region. (Accessed 23 June 2016).

A. Gelman, J. Hill, Data Analysis Using Regression and Multilevel-Hierarchical
Models, Cambridge University Press, 2007.

R. Condit, J. Reiter, P.A. Morris, B.J.L. Boeuf, Lifetime survival and senescence of
northern elephant seals, Mirounga angustirostris, Mar. Mamm. Sci. 30 (2014)
122-138.

H.M. Guzman, R. Condit, Abundance of manatees in Panama estimated from side-
scan sonar, Wildl. Soc. Bull. 41 (2017) 556-565.

H. Ren, R. Condit, B. Chen, X. Mi, M. Cao, W. Ye, Z. Hao, K. Ma, Geographical
range and local abundance of tree species in China, PloS One 8 (2013), €76374.
DIRECTEMAR, Boletin Estadistico Maritimo. Direccion General del Territorio
Maritimo y de Marina Mercante, Armada de Chile, 2018. https://www.directemar.
cl/directemar/site/edic/base/port/boletin_maritimo.html.

M.J. Moore, J. van der Hoop, S.G. Barco, A.M. Costidis, F.M. Gulland, P.D. Jepson,
K.T. Moore, S. Raverty, W.A. McLellan, Criteria and case definitions for serious
injury and death of pinnipeds and cetaceans caused by anthropogenic trauma, Dis.
Aquat. Org. 103 (2013) 229-264.

F. Ritter, S. Panigada, Collisions of vessels with cetaceans—the underestimated
threat, in: second ed., in: S. Shepperd (Ed.), World Seas: an Environmental
Evaluation, vol. 3, Academic Press, London, 2019, pp. 531-547.

10

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Marine Policy 118 (2020) 103990

A.S. Jensen, G.K. Silber, Large Whale Ship Strike Database, US Department of
Commerce. National Oceanic and Atmospheric Administration. NOAA Technical
Memorandum NMFS-OPR, 2003, p. 37.

G.K. Silber, J. Slutsky, S. Bettridge, Hydrodynamics of a ship/whale collision,

J. Exp. Mar. Biol. Ecol. 391 (1) (2010) 10-19.

S.M. Gende, A.N. Hendrix, K.R. Harris, B. Eichenlaub, J. Nielsen, S. Pyare,

A Bayesian approach for understanding the role of ship speed in whale-ship
encounters, Ecol. Appl. 21 (2011) 2232-2240.

D.W. Laist, A.R. Knowlton, D. Pendleton, Effectiveness of mandatory vessel speed
limits for protecting North Atlantic right whales, Endanger. Species Res. 23 (2014)
133-147.

M.F. McKenna, J. Calambokidis, E.M. Oleson, D.W. Laist, J.A. Goldbogen,
Simultaneous tracking of blue whales and large ships demonstrates limited
behavioral responses for avoiding collision, Endanger. Species Res. 27 (2015)
219-232.

A.S. Vanderlaan, C.T. Taggart, Vessel collisions with whales: the probability of
lethal injury based on vessel speed, Mar. Mamm. Sci. 23 (1) (2007) 144-156.
IWC-International Whaling Commission, Report of the Conservation Committee on
Ship Strikes, 2014. IWC/65/Rep05 Rev2.

G.K. Silber, A.S. Vanderlaan, A.T. Arceredillo, L. Johnson, C.T. Taggart, M.

W. Brown, R. Sagarminaga, The role of the International Maritime Organization in
reducing vessel threat to whales: process, options, action and effectiveness, Mar.
Pol. 36 (6) (2012) 1221-1233.

P.B. Conn, G.K. Silber, Vessel speed restrictions reduce risk of collision-related
mortality for North Atlantic right whales, Ecosphere 4 (4) (2013) 1-16.

A.S. Allen, The development of ships’ routeing measures in the Bering Strait:
Lessons learned from the North Atlantic right whale to protect local whale
populations, Mar. Pol. 50 (2014) 215-226.

J. Reimer, C. Gravel, M.W. Brown, C.T. Taggart, Mitigating vessel strikes: the
problem of the peripatetic whales and the peripatetic fleet, Mar. Pol. 68 (2016)
91-99.

J. Belgrano, M. Iniguez, J. Gibbons, C. Garcia, C. Olavarria, South west Atlantic
right whales Eubalaena australis distribution nearby the Magellan Strait, Anales
instituto Patagonia, Ser. Cs. Nat. (Chile) 36 (2) (2008) 69-74.

A. Aguayo-Lobo, J. Acevedo, J.L. Brito, C. Olavarria, R. Moraga, C. Olave, Southern
right whales Eubalaena australis (Desmoulins, 1822) off Chile: analyses of records
from 1976 to 2008, Rev. Biol. Mar. Oceanogr. 43 (3) (2008) 653-668.

J. Acevedo, A. Aguayo-Lobo, A. Gonzdlez, D. Haro, C. Olave, F. Quezada,

F. Martinez, S. Garthe, B. Cdceres, Short note occurrence of sei whales
(Balaenoptera borealis) in the Magellan Strait from 2004-2015, Chile, Aquat.
Mamm. 43 (1) (2017) 63-72, https://doi.org/10.1578/AM.43.1.2017.63.

S. Gende, L. Vose, J. Baken, C. Gabriele, R. Preston, A.N. Hendrix, Active whale
avoidance by large ships: components and constraints of a complementary
approach to reducing ship strike risk, Front. Mar. Sci. 6 (2019) 592.

K.R. Flynn, J. Calambokidis, Lessons from placing an observer on commercial
cargo ships off the US West Coast: utility as an observation platform and insight
into ship strike vulnerability, Front. Mar. Sci. 6 (2019) 501.

J.V. Redfern, E.A. Becker, T.J. Moore, Effects of variability in ship traffic and whale
distributions on the risk of ships striking whales, Front. Mar. Sci. 6 (793) (2020)
1-14.


http://refhub.elsevier.com/S0308-597X(20)30204-9/sref20
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref20
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref20
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref21
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref21
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref21
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref22
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref22
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref22
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref23
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref23
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref23
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref24
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref24
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref24
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref25
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref25
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref25
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref25
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref26
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref26
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref26
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref26
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref27
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref27
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref27
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref28
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref28
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref28
https://data.humdata.org/dataset/chile-administrative-level-0-country-1-region-region
https://data.humdata.org/dataset/chile-administrative-level-0-country-1-region-region
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref30
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref30
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref31
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref31
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref31
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref32
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref32
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref33
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref33
https://www.directemar.cl/directemar/site/edic/base/port/boletin_maritimo.html
https://www.directemar.cl/directemar/site/edic/base/port/boletin_maritimo.html
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref35
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref35
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref35
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref35
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref36
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref36
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref36
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref37
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref37
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref37
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref38
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref38
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref39
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref39
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref39
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref40
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref40
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref40
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref41
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref41
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref41
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref41
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref42
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref42
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref43
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref43
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref44
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref44
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref44
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref44
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref45
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref45
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref46
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref46
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref46
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref47
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref47
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref47
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref48
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref48
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref48
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref49
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref49
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref49
https://doi.org/10.1578/AM.43.1.2017.63
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref51
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref51
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref51
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref52
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref52
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref52
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref53
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref53
http://refhub.elsevier.com/S0308-597X(20)30204-9/sref53

	Humpback whale movements in a narrow and heavily-used shipping passage, Chile
	1 Introduction
	2 Materials and methods
	2.1 Study area and population assessment
	2.2 Tagging procedures
	2.3 Argos satellite locations
	2.4 Screening for location error
	2.5 Daily movements
	2.6 Ship density
	2.7 Risk of ship encounters

	3 Results
	3.1 Whale positions
	3.2 Daily movements
	3.3 Ship density encountered by whales
	3.4 Individual whale movements
	3.4.1 Whale 129270
	3.4.2 Whale 149478

	3.5 Vessel speeds

	4 Discussion
	4.1 Whale-vessel collision records

	5 Conclusions and recommendations
	Funding
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgement
	Appendix A Supplementary data
	References


