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Abstract

The migration patterns of humpback whales in the southwestern Atlantic have not been studied in
detail. Humpback whales that winter off the coast of Brazil migrate south to offshore waters around
South Georgia and the South Sandwich Islands. This project uses data collected from satellite tags
attached to humpback whales off the coast of Brazil between 2003 and 2019 to establish what paths
they take and whether they use oceanic features, in particular seamounts, during their migrations.
The results show that this population of humpbacks leave the Brazilian coast using two different
paths, cross over multiple seamounts, including the Rio Grande Rise, and most of them use a direct
path to their feeding grounds. The results indicate that humpback whales may use seamounts during
their migration, although further research is required to understand their potential use of seamounts
during their migration.
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Introduction
Humpback whales (Megaptera novaeangliae)

Humpback whales are a pan-global species of baleen whales. They are found in all major oceans
(IWC, 2021a). Due to their behavior near the surface, which includes breaching and tail slapping, and
their preference for continental shelfs, they are the focus for many whale watching operations and
one of the most commonly observed whales (IWC, 2021b). Humpbacks produce complex
vocalisations, which may be the most widely heard and recognised noise from a marine animal. They
are the sixth largest whale species.

The population of humpback whales in this study winter off the coast of Brazil and migrate to
Antarctic waters during the summer months to feed. There is limited interchange with other
populations and for management purposes they are considered a distinct population.

Feeding
Humpbacks feed on krill and small fish by straining huge quantities of water through their baleen

plates. In the Southern Hemisphere they feed primarily on krill (Euphausia superba) (Kawamura 1994)
and can consume up to 2,000 pounds of food a day during the summer months (NOAA, 2021). They
generally engage in very limited feeding during their migrating and breeding seasons, and therefore
must build up fat reserves during the summer months.

Humpbacks sometimes engage in coordinated feeding when the fish that they feed on are found in
high abundances (Valsecchi et al. 2002). Coordinated feeding includes the use of bubble nets (Wiley
et al. 2011) and vertical lunge feeding (D'Vincent et al. 1985). Bubble netting is an elaborate and
complex behavior, whereby multiple animals work together to release a stream of bubbles around a
shoal of fish, trapping them in an area for feeding (Wiley et al. 2011). This behavior appears to be
performed by an opportunistic grouping of individuals, rather than through kin groups (Valasecchi et
al. 2002). Humpbacks are largely solitary, although mothers remain with their calves for the first year
of their life (Valasecchi et al. 2002). Beyond the first year, humpbacks do not seem to remain with



related individuals, even when engaging in cooperative feeding (Valasecchi et al. 2002). This
behavior is therefore likely a form of reciprocal altruism (Valasecchi et al. 2002).

Breeding and migrations
Humpbacks undertake long annual migrations. They breed in tropical and sub-tropical waters during
the winter months, before migrating to higher latitudes to feed during the summer.

Female humpbacks produce one calf during the breeding season. Their gestation period is typically
12 months and calves are about 14 ft when they are born (Chittleborough 1958). The mother
lactates for over 11 months (Chittleborough 1958), during which time the calf remains with her. They
tend to produce one calf every two or more years, but some individuals produce two calves in two
years (Chittleborough 1958). Humpbacks in the Southern Hemisphere reach sexual maturity
between ages 10 to 12 (Best 2020).

Male humpbacks produce long complex songs during the breeding season. Their songs may last for
half an hour and are made up of repeated, complicated phrases (Payne & McVay 1971). These songs
are believed to be for the purpose of attracting a mate and perhaps to intimidate other males in the
area (Tyack 1981). All humpbacks within the same population sing the same song and different
populations exhibit different dialects (Winn et al. 2008). A population’s song may change over time
and can evolve to incorporate the songs of immigrant whales (Noad et al. 2009). Mothers and calves
also produce non-song vocalisations to remain in contact with one another and possibly modify
these vocalisations in response to a perceived threat (Zoidis et al. 2008).

In the Southern Hemisphere, humpbacks tend not to feed during their breeding season in the austral
winter/spring (Chittleborough 1965). After breeding, mating and calving in warmer waters during the
winter, humpbacks undertake long migrations to richer feeding grounds at higher latitudes, where
their prey species are found in high abundance. Humpback whales have the one of the longest
migrations of any mammal (Robbins et al. 2011). Every population migrates annually between their
low-latitude breeding grounds in tropical or semi-tropical waters, to rich, high-latitude feeding
grounds in higher latitudes during the summer months (IWC, 2021a), except for the Arabian Sea
population, which remains in the same area year round (Minton et al. 2008) and may migrate
longitudinally within their range (e.g., Wilson et al. 2018).

Threats and conservation status
Humpback whales are globally classified as Least Concern and their populations are increasing
(Cooke 2018). They have been listed in Appendix | by CITES since 1975 (Cooke 2018).

Commercial take and subsistence hunting

Humpback whales were heavily overexploited by the whaling industry until the moratorium on
commercial whaling in 1985. An estimated 20,000 humpbacks were caught by whaling operations
during the 20™ century in the Southern Hemisphere (Allison 2017). About 2,000 were taken off the
coast of Brazil, but far more were taken in Antarctic and sub-Antarctic waters (Cooke 2018), where



humpbacks from Brazil migrate in the summer. Several thousand were also taken off the coast of
Brazil in the 19™ century (de Morais et al. 2017), but this population is estimated to be near their pre-
exploitation size currently (Zerbini et al. 2019). The population of humpback whales that winter off
the coast of Brazil has increased to 25,000 individuals in 2019 (Zerbini et al. 2019).

The estimated population size of humpbacks in the Southern Hemisphere was 97,000 individuals in
2015 (Cooke 2018). While this is an increase from 60,000 in 1942, and the particular population
considered in this study are thought to have fully recovered, it is still below the pre-whaling
estimated population of 138,000 (Cooke 2018).

The commercial take of all large whales, including humpbacks, was banned by the International
Whaling Commission in 1982 for all signatories (IWC, para 10(e)). Iceland, Norway and Japan still
engage in commercial whaling, although only within their territorial waters (IWC, 2021) and some
countries engage in ‘scientific whaling’. Subsistence hunting of some whale species is allowed under
the Convention for Regulation of Whaling of the IWC, but does not occur in Brazil (IWC, 2021 (b)).

Fishing

Humpbacks are known to become entangled in fishing gear (Ryan et al. 2016, Johnson et al. 2005).
Scar-based studies have been conducted to assess humpback whale entanglement in fishing gear
and have found evidence of entanglement in all populations studied (Fleming & Jackson 2011).
Humpbacks are most frequently caught in pots lines and gillnets (Johnson et al. 2005).
Entanglements may only result in minor injuries, but may also have more serious consequences. In
Scotland, three of twelve reported entanglements of humpbacks resulted in a fatality (Ryan et al.
2016). On the eastern seaboard of the USA humpbacks are the most common species observed in
fishing gear entanglements (Glass et al. 2009). Entanglement may also have long term reproductive
effects; one study found that females with entanglement injuries had fewer calves than those without
injuries from fishing gear (Robbins & Mattila 2001).

Ship Strikes

Humpbacks are also vulnerable to ship strikes, particularly as they spend a significant amount of time
in coastal waters (Cooke 2018). They are the second most commonly reported species involved in
ship strikes (Fleming & Jackson 2011). Member states are encouraged to report ship strikes to the
IWC, but very few of them do so and therefore the total numbers of injuries and fatalities are
unknown (Cooke 2018). Ship strikes may cause blunt trauma and deep wounds due to propellors
and can either cause injuries, death or strandings (Fleming & Jackson 2011). Mitigation measures
include speed reductions and shifting of major shipping routes in areas of high whale densities (IMO
2007).

Anthropogenic Noise

Although the exact effects of anthropogenic noise on humpback whales is unknown, it is likely to be
causing some physical or behavioral impact (Fleming & Jackson 2011). There is evidence that
anthropogenic noise is associated with a change in feeding calls in humpback whales in Alaska



(Doyle et al. 2008). Additionally, increased noise from ships directly impacts feeding activity; bottom
feeding humpbacks had a lower descent rate and fewer side-roll feeding events in the presence of
ship engines (Blair et al. 2016). There is also evidence that male humpback whales lengthened their
songs while low-frequency active (LFA) sonar was ongoing (Miller et al. 2000) and the length
remained altered for up to two hours after the LSA sonar ceased (Fristrup et al. 2003). Whales may
avoid or move out of areas with high levels of noise (Weilgart 2007). The long-term impacts of
increased anthropogenic noise on humpbacks are not fully understood (Fleming & Jackson 2011),
but may include damage during early development (Weilgart 2007) and unknown negative
cumulative effects (Fleming & Jackson 2011).

Pollution

Humpback whales can accumulate pollutants in their fatty blubber, such as lipophilic compounds
and pesticides through inhaling polluted air or through bioaccumulation (Fleming & Jackson 2011).
Pollutant contamination may be a factor in lower reproductive rates for female humpback whales in
southern California (Krahn et al. 2004), where large amounts of DDT were dumped in the last century
(Kivenson et al. 2019). However, the impacts of contamination on humpback whales, including that
from petroleum and wastewater, are not understood yet (Fleming & Jackson 2011).

South Western Atlantic Humpbacks
Whales

The southwestern Atlantic humpback
whale population (also known as
breeding stock “A” by the IWC (IWC,
2011) winters off the coast of Brazil.
The population was estimated to be
made up of 6,406 individuals in 2005
and the population was increasing in
2010 (Andriolo et al. 2010) and is Brazil

believed to be nearly their pre-
exploitation numbers (Zerbini et al.,
2019). Humpbacks occur along much
of the Brazilian coast and their main

Natal ®

breeding habitat ranges from as far
north as Natal (5° South) (Zerbini et al.
2004) (Fig. 1) and as far south as Arraial Abrolhos Bank
do Cabo area (23° South) (Andriolo et Linhares

al. 2010) (Fig. 1). This population Besnard Bank
breeds mainly around the Abrolhos Vitoria

Bank (Fig. 1), but they may also breed
further north (Zerbini et al. 2004). The
abundance of humpbacks around the
Abrolhos Banks begins to increase in

Rio de Jan.equArrail do Cabo

Figure 1: Map of humpback whale wintering ground. 5



early July and peaks in September (Morete et al. 2003). It is during this time that calves are born and
mating occurs. By late November most of the whales have started their migration south (Morete et
al. 2003).

Throughout the 20th century it was unclear where the exact feeding grounds for the humpback
whales that wintered in Brazil were located (Stevick et al. 2004). IWC defined six different
management areas for baleen whales in Antarctic waters (IWC 1998). It was suggested that
humpbacks from Brazil migrated to Area Il, near South Georgia or the Antarctic Peninsula area
(Stevick et al. 2004). However, a study of individually identified humpbacks in the Antarctic
Peninsular did not support the latter theory (Stevick et al. 2004). Satellite telemetry studies
demonstrated that these humpbacks migrated to offshore feeding areas around South Georgia and
the South Sandwich Islands (Zerbini et al. 2006; 2011, Horton et al. 2020).

Although the feeding grounds for the population of humpbacks that winters in Brazil have been
identified, little is known about the paths they take and features they use during their migrations.

Seamounts

Seamounts are submarine mountains rising over 1000m from the seafloor, although the term is used
interchangeably to describe any undersea feature rising over 100m from the seabed (Yesson et al.
2011). Seamounts create upwellings bring an increase in local productivity to seamounts, making
them important areas for both primary and secondary productivity in open ocean. The upwelling
transport nutrients to surface waters as currents are forced upwards by the bathymetry of the
seamounts (Pitcher et al. 2007). This nutrient rich water leads to an increase in plankton and smaller
fish that feed on plankton (Boehlert & Genin 1987)

Seamounts are important foraging areas and migration stops for larger pelagic marine species. The
abundance of prey around seamounts draws in many larger predatory species, such as tuna (Holland
& Grubbs 2007) and beaked whales (Johnstone et al. 2008).

In the early 2000s, there was little evidence that large marine mammals, such as humpback whales,
visited seamounts for foraging or during their migrations (Pitcher et al. 2007). However, in recent
years numerous studies have found that humpbacks do spend time at seamounts (Garrigue et al.
2015, Derville et al. 2020, Derville et al. 2018, Dulau 2017).

Although it has been shown that other populations of humpback whales deviate towards and use
areas around seamounts for some period, this has not been studied for the population of humpback
whales that breeds in Brazil. It is currently unknown what features they use during their migrations
and whether seamounts are important navigation markers or stop off points.

This project will begin to look at the routes that this population of humpback whales take during
their migration into Antarctic waters and whether they deviate towards seamounts or spend more
time around them during their migrations.



Understanding the movement patterns of animals allows for effective management and conservation
strategies to be implemented. If humpbacks are using seamounts during their migration then shifting
shipping routes to avoid them will reduce anthropogenic noise and potentially minimize the risk of
ship strikes. Creating no fishing zones will reduce the number of humpbacks that become entangled
in fishing gear. The Brazilian government is currently attempting to expand their continental waters
to allow them to carry out mining on the Rio Grande Rise. Assessing whether the Rise is an important
feature for these humpbacks will help to develop an understanding of how mining this area may
impact them. Mining will not only increase noise pollution, driving whales away from this area, but
may also increase sediment suspension, leading to difficultly in navigation and an accumulation of
suspended particles and pollutants.

Methods

The data for this study were collected using satellite telemetry PPT tags implanted into the whales.
All whales were tagged off the coast of Brazil from a ridged hull inflatable boat (Zerbini et al. 2006,
Horton et al. 2020). From 2003 until 2008 tags were implanted into the whale using an extended
fibreglass pole. After 2008 they were implanted using a modified pneumatic line-thrower. Tags were
implanted close to the dorsal fin. Biopsies were carried out to determine the sex of the whale. The
size was an indication of age classes and the presence of a calf was also included in the data.

Telemetry data was downloaded from Argos and Wildlife Computers portals. A total of 168 whales
were tagged throughout the whole study. Data from 2003 to 2012 was collected using PTT SPOT
tags with location classes of error of 3, 2, 1, 0, A, B, Z, with 3 being the highest accuracy and Z the
lowest. The second data set used the Argos SPLASH10 tags and had the same error classification, as
well as error radius, semi-major and minor error axis and ellipse orientation error. The tags use the
Doppler shift and put out VHS signals. To combine the two data sets, the average of these four
types of errors was calculated for each classification (3, 2, 1, 0, A, B, Z) for the SPLASH data and the
averages for each classification were assigned to the SPOT data. The individual whales were
identified using the tag number and the year that the whale was tagged (e.g. 87765.09). The
datasets were then combined in R, along with the metadata, which included information about the
tagging location and sex of the whale.

Plots were created in the open-source software R using the package ggplot2 to assess whether error
radius, error axis and ellipse orientation error increased with increasing latitude. The graphs showed
that error did not increase with latitude and therefore only locations classified as “Z" were removed.

The data were filtered in R so that only the locations above 19.5° south were included in the dataset,
as this study focused on the migratory behavior of humpback whales. This was the latitude at which
the whales left the breeding grounds and began to migrate south. Whales with fewer than 50
locations recorded north of 19.5° south were removed from further analysis as their tags stopped
transmitting before the individual initiated their migration towards higher latitudes. Once the date



format was changed to UTC, the data was then filtered by speed. Speeds above 18km/h (Derville et
al. 2019) were filtered out on R using the package ArgosFilter, because these speeds were
biologically implausible and therefore likely to be a position error.

The completed data set was then inputted into Arc GIS. Locations on land, while the tag was being
tested before deployment, were identified and then removed on Arc GIS. All the data were
projected in Robinson’s world projection, which gives a fairly accurate representation of the poles,
but looks less distorted than more accurate representations of the poles. After all the whale tracks
were imported in Arc and displayed, 14 tracks were found to be from whales that had not left the
Brazilian coastline by the time the tags stopped transmitting, so these tracks were removed from the
study. A total of 47 whales were included in the final analysis.

A grid of 2,500 squares was created over the study area, with a length and height of around 48km
each. The count of points for each whale in each grid cell was calculated in Arc and displayed along
a colour gradient. The count of points for all the whales combined was also calculated using the
same fishnet grid. A straight line was drawn from the furthest northern point or the point at which
the whale left the coastline and the furthest southern point or the point at which it reached its
feeding grounds. This was determined to be the point at which the whale stopped heading in mostly
one direction and began a more meandering track.

A shapefile of world seamounts was downloaded from the data publishing website Pangea (Yesson
et al. 2020). The authors of the file used algorithms to predict the locations of global seamounts
based on global bathymetry SRTM v.11. A chi-squared test was carried to test whether sex
influenced the route whales took.

Results

Taggin

After the data were filtered for high errors, latitude, speed and number of locations, a total of 61
tracks were added to Arc. Of these whales, fourteen did not have migration data and so 47 whales
were left in the final analysis, 25 female, 15 males and the sex of 7 individuals was not identified (Fig.
2). Only one female whale was not accompanied by a calf, while none of the unidentified whales
were accompanied by a calf. The number of locations per whale was between 55 and 2,438. The
majority of locations had an accuracy of “B” (59.0%), followed by “"A"” (17.9%). All the whales
included in the analysis were tagged between 2003 and 2019. The tagging occurred between early
September and late November. The whales in the study were tracked for between 1 and 9 months.

Female | Male Unidentified
Accompanied by a calf 24 0 0
Not accompanied by a calf 1 15 7

Figure 2: Sex of the whales and presence of calves.



Starting Routes

The whales left the coastline using two different routes, one coastal and the other offshore

Thirty three of the whales used the offshore route (Fig.3). They followed the Besnard Bank opposite
a town called Linhares and then turned south. A total of 81.8% of whales that used this route
travelled directly over the Vitéria-Trindade range. Fourteen whales travelled along the coast until
they reached a point east of Rio de Janeiro, at which point they headed southeast, which is the
coastal route (Fig. 3). The Vitoria seamount is further north than where whales using this route start
their migration and none using this route travel over it. The sex of the whale did not significantly
impact which route the whale took (X?= 0.98, df = 2, p<0.05).

Female Male Unknown
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Figure 3: Number of whales migrating along different routes based
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The Rio Grande Rise

Twenty three of the whales (48.9%) travel directly over the Rio Grande Rise. A total of 41 whales
(80.9%) travel within 150km of the rise. There was a slightly higher number of location points per grid
cell around the Rio Grande Rise (Fig. 5). Many whales using the coastal route cross over the
seamount ridge north of the Rio Grande Rise.

Brazil

Antarctica

Esr, GEBCO, DeLorme, NaturalVue.

Figure 5: Count of location points per grid cell.
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Other Seamounts
Most of the whales that leave the Brazilian coast using the offshore route travel directly over the

Vitéria-Trindade seamount range (27 whales or 81.8%). Twelve whales travel directly over the
Almirante Saldanha seamount and 3 over the Sao Tome seamount (Fig. 6).

Brazil

Figure 6: Map of all whale locations and seamounts in the study area.
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Individual Variation
Three of the whales used a very different migration route (Fig. 7); one travelled further east until the

Mid-Atlantic Ridge and then followed the ridge directly south (87765.09, purple line). Another
travelled in a more southerly direction over the Argentine Basin (171995.18, pink line). The final
whale with a very different migration path travelled directly to the Rio Grande Rise before turning
around and travelling back to the Almirante Saldanha seamount, close to the point at which it
started its migration (120942.17, green line). All three whales were females with calves.

Brazil

ANtarctica i

Figure 7: Tracks of five whales. 10946.05 shows typical route 1 migration over Rio
Grande Rise. 111870.17 shows typical route 2 migration over ridge north of the Rio
Grande Rise. 87765.09, 120942.17 & 171995.18 show different migration routes.
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Discussion

This project aimed to establish what routes humpback whales took during their migrations from the
Brazilian coast to Antarctic waters and what features they may be using for socialising, opportunistic
feeding and navigation. Understanding which areas are important habitats for these whales can help
to inform future conservation actions, as well as guiding future research. Overall, most of the whales
use similar routes to each other, travelling in a south easterly direction over an area around the Rio
Grande Rise Seamount chain. All the whales use two routes at the beginning of their migration;
either leaving the coastline along the Besnard Bank or following the coastline until the point north of
Rio de Janeiro. Regardless of the route they take to leave the coast, many of the whales (48.9%)
travelled directly over the Rio Grande Rise. A total of 87.2% of the whales followed a course that
took them near the Rio Grande Rise.

Use of Seamounts

This study suggests that certain seamounts may be important for humpback whales migrating
between Brazil and their feeding grounds in Antarctic and sub-Antarctic waters. The Rio Grande Rise
and the seamount ridge to the north of the Rio Grande Rise in particular appear to be significant
locations for most of the whales during their migration. Many whales modify their course to head
towards the Rio Grande Rise and some further modify their course while travelling over the Rio
Grande Rise or soon after they have moved south of it. The grid counts (Fig. 5) show that there is a
higher density of satellite transmissions over the Rio Grande Rise than over other areas they migrate
through.

Most of the whales using the offshore route at the beginning of their migration followed the shallow
water Besnard Bank before turning south and travelled over the Vitéria seamount. Almost half of the
whales that used the offshore route also travelled over the Almirante Saldanha seamount. These two
seamounts appear to be important locations for humpback whales using the offshore routes at the
beginning of their migrations.

Although this study demonstrates that this population humpback whales predominantly choose a
migration path that takes them over or near the Rio Grande Rise, further research is required to
ascertain whether they spend time over the Rise or modify their speed.

Although the importance of seamounts as offshore feeding grounds for many species such as billfish
and sharks (Kimley 1993) has been known for many years, the advent of satellite tracking for large
marine mammals has allowed scientists to more recently begin studying whether the same is true for
humpback whales. These studies have shown that humpback whales do spend time around
seamounts in many parts of the world. For example, humpback whales in both New Caledonia and
near Madagascar/Reunion Islands travel over and spend time near seamounts (Garrigue et al. 2015,
Derville et al. 2020, Dulau et al. 2017). Whales use the La Perouse Seamount, near Madagascar,
possibly as a breeding ground (Dualu et al. 2017). Humpback whales in New Caledonia were
commonly associated with seamounts during their migrations (Garrigue et al. 2015). The whales
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often remained in areas in close proximity to seamounts for periods of time and change their
behaviour near seamounts (Garrigue et al. 2015). Two seamounts were used extensively by whales in
this area; La Torche and Antigonia (Garrigue et al. 2015). Residency time of humpback whale also
increases in proximity to seamounts, as well as their dive depth (Derville et al. 2020). Although the
reasons for their increased residency time and deeper dives is currently unknown, several
hypotheses have been suggested (Derville et al. 2020).

Humpback whales’ increased dive depths around seamount may be for navigational purposes if they
may use seamounts to orientate themselves (Derville et al. 2020). Seamounts create eddies and
influence currents (Boehlert & Genin 1987), as well as having geomagnetic effects, which the whales
may use to navigate (Garrigue et al. 2015). Humpback whales carried out higher rates of deep, U
shaped dives in proximity to seamounts than in open ocean (Derville et al. 2020). This may be for
navigational purposes or for opportunistic feeding, as these dives are characteristic of feeding dives
(Derville et al. 2020). They may also be socialising around seamounts during their migrations, and
the dives are used to listen to or communicate with conspecifics (Derville et al. 2020).

Many of the whales in this study altered their direction of travel as they neared the Rio Grande Rise.
Whales that started their migration using the second route often followed the seamount chain north
of the Rio Grande Rise and then navigated either over the Rise or to the west of it. Other whales
changed direction over the Rise and then remained travelling in that direction until they reached
Antarctic waters. This suggests that these whales may be using the Rio Grande Rise for navigational
purposes.

Two different paths

The humpback whales observed in this study left the wintering grounds off Brazil using two different
routes. The group using the offshore routes started heading in a south westerly direction further
north, off the coast from Linhares (Fig. 4). They appeared to follow a shallow water contour east
along the Besnard Bank. Most whales using this migration pattern then turned south across the
Vitéria-Tridade ridge and followed the same course to the Rio Grande Rise.

The majority of the whales (70.2%) use this offshore migration path, leaving coastal waters further
north than the other route. In total 17 female whales, 10 males and 6 whales of unidentified sex
followed this route. One individual, 87760.08, started further south than Linhares and traveled north
first before following the Besnard Bank and turning southeast.

The group of whales using the coastal route closely followed the coastline until it bends to the west
at a point close to Rio de Janeiro (Fig. 4). At this point they left the coast in a south easterly
direction. They tended to head towards along a seamount ridge to the north west of the Rio Grande
Rise before following a more southerly route. Eight females, five males and one individual of
unidentified sex followed this route. The sex of the whale or presence of a calf did not appear to
influence which route each whale took at the beginning of their migration.

15



Individual Variation
The humpback whales followed two paths at the beginning of their migration south and many

followed a similar route to their feeding grounds in Antarctic waters. Many passed over Vitdria-
Trindade seamounts if they used the offshore route (Fig. 4) and most of the whales passed over the
Rio Grande Rise or migrated within 150km of it. However, there was substantial individual variation
between the routes taken by some of the whales.

While most whales headed in a south easterly direction over the Rio Grande Rise, one whale
travelled in a more easterly direction (Fig. 7). Whale 87783.09, which was tagged in 2009 and
tracked for five and a half months, travelled directly over the Colombia Seamount and then followed
the same course until it reached the Mid-Atlantic Rise. She then followed the Mid-Atlantic Ridge
directly south until it reached the South Sandwich Islands. When she reached the Mid-Atlantic Ridge,
she turned at an approximate 90° angle and followed it for over 600km. It is possible that she used
the ridge for opportunistic feeding or that oceanographic features around the ridge were used as
navigation cues towards the South Sandwich Islands as she followed, nearly parallel to the ridge until
she reached the feeding grounds. This whale was tagged further north that the other whales. It is
possible that there is a separate sub-population of humpback whales that breeds further north and
even has a different migration pattern from the rest of the population given the species known site
fidelity for certain habitats.

Another whale, 171995.18, followed a more southerly route across the Argentine Basin and arrived
at the feeding grounds further west than the other whales (Fig. 7). She avoided all seamounts in the
area during her migration.

A female with a calf (120942.17) traveled to the Rio Grande Rise before she turned around and
traced her original route back to the Almirante Saldanha seamount, where her tagged stopped
transmitting after one month (Fig. 7). As whales do not generally feed during their migration and this
female had a nursing calf with her, this behavior is believed to be unusual as it could have
substantially extended the time it took her to reach the feeding grounds. This behaviour has been
recorded for females and it has been hypothesised that this occurred because the whale suffered a
miscarriage (if pregnant) or a calf (if lactating). Returning towards the breeding grounds could
provide an opportunity to reproduce again if in fact the loss of the fetus or the calf occurred.
Although humpbacks generally fast while breeding and migrating, feeding has been observed in the
breeding grounds off the coast of Brazil (Pinto de Sa Alves et al. 2009) and in other areas outside
their feeding grounds (Derville et al. 2019). She may therefore have fed while over the Rio Grande
Rise and when she returned to Almirante Saldanha seamount.

The whales 87783.09, 171995.18 and 120942.17 were females with calves. However, as the majority
of whales in this study were females with calves, it is not clear whether this was the reason they used
a different migration route. Humpbacks’ calves are vulnerable to killer whale (Orcinus orca) attacks
(Pitman et al. 2015). Humpbacks are known to display defensive and aggressive behaviors when
threatened by killer whales, and group together (Ford et al. 2008). If the female whales with calves
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are travelling alone, they may choose different routes to avoid killer whales. In New Caledonia
maternal whales appear to avoid other whales in shallow water, leading to social segregation
(Derville et al. 2018). This segregation did not occur over the Southern Seamounts (Derville et al.
2018). Because the majority of whales in this study were females and they mainly followed typical
migration paths, without showing signs of social segregation. Therefore, the different routes chosen
by these whales may be due to individual personality or memory from previous migrations (Dall et al.
2004, Hertel et al. 2020).

Previous research has found that routes taken by humpbacks vary between individuals during their
migration (Garrigue et al. 2015) and feeding (Kennedy et al. 2014). Whales in these studies used
multiple migratory paths. However, from looking at the data in this study, it appears that humpback
whales in the southwest Atlantic used less variable routes. Although there were two that migrated
along a somewhat different path, most of the whales followed generally the same route until they
reached Sub-antarctic waters. Most of them traveled near the Rio Grande Rise and in a south
easterly direction. As they approached the feeding grounds, their tracks diverged as they neared
South Georgia, the South Sandwich Islands or the Falkland Fracture Zone.

Policy Implications

Climate change

Climate change may have several impacts on the migrations of humpback whales. The main impact
is that Antarctic krill (Euphausia superba) populations, the main source of food for humpback whales
in Antarctic waters, are likely to decrease (Flores et al. 2012). This may result in longer migrations for
humpback whales, increasing the cost of movement and decreasing the length of the feeding
season (Learmonth et al. 2006). The reduction in krill numbers is likely to lead to increased
competition over food and a potential decline in the numbers of humpback whales (Tulloch et al.
2019). Therefore, ongoing protection is needed to reduce these losses in the future (Tulloch et al.
2019), such as the formation of new Marine Mammal Protection Areas in areas that are important
habitats for them. Whale species with adaptable migration patterns may be more resilient to the
impacts of climate change (Tulloch et al. 2019), but as most of the whales in this population have a
fairly direct route to their feeding routes, it seems unlikely that their route will be changed.

Fishing and Shipping

Due to the fish-aggregating effects of seamounts, they often experience higher densities of fishing
than surrounding waters (O'Driscoll & Clark 2015). As Humpbacks are vulnerable to entanglement in
fishing gear (Ryan et al. 2016, Johnson et al. 2005), this increases their exposure to risk over
seamounts. Due to the fragility of habitats and species found on seamounts (Alder & Wood 2004), as
well as their potentially high levels of endemism (de Forges et al. 2000), there have been calls to
protect seamounts from destructive fishing practices, including from the United Nations General
Assembly (Resolution 61/105 in 2006). Seamounts are classified as vulnerable marine ecosystems
and should therefore be protected from fishing activity (Watling & Auster 2017). Creating marine
protected areas (MPAs) can have a beneficial impact on marine mammals (Gromley et al. 2012) and
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therefore protecting seamounts that humpbacks whales migrate over may help prevent future
population declines, as well as protecting other unique and valuable habitats and fauna.

A shipping route from Rio de Janeiro to Southern Africa crosses the path of these migrating whales
(Rodrigue 2016). Global shipping is expected to increase by 240-1,209% by 2050 (Sardain et al.
2019). As shipping increases, so too does the likelihood of ship strikes on whales, as well as
increasing marine anthropogenic noise. Policies such as reducing speed limits and/or creating novel
routes to avoid areas with high densities of whales during certain times of year will help to reduce
this threat. This study indicates that these policies may be useful in the areas surrounding the Rio
Grande Rise and the Vitéria-Trindade ridge while this population of humpbacks in migrating past
these areas.

Mining

The Rio Grande Rise was formed from volcanic activity at a continental fracture zone (Camboa &
Rabinowitz 1984). The rise has a ferromanganese crust, which is made up of iron and manganese
and also includes high levels of nickel and lithium (Benites et al. 2020). Currently, a Brazilian
company, International Seabed Authority, has a 15-year exploration contract, but the Brazilian
government is attempting to withdraw this (da Silva 2021). The Commission on the Limits of the
Continental Shelf is negotiating with Brazil over a significant change to the limit of their continental
shelf (DSM Observer, 2019). The Brazilian government is negotiating to include the rise into its outer
continental shelf (da Silva 2021) so that it can start mining the Rio Grande Rise.

Deep sea mining may affect humpback whales in several way. Firstly, deep sea mining will increase
anthropogenic noise (Drazen et al. 2020). This may limit humpback whales’ ability to communicate
and may increase the risk of calves becoming separated from their mothers (Indeck et al. 2020).
Secondly, deep sea mining creates sediment plumes from collectors and discharge (Drazen et al.
2020). This sediment may cause distress by blocking sensory organs (Drazen et al. 2020), as well as
reducing visual communication ability and visual cues for navigation. If humpback whales use the Rio
Grande Rise as a feeding ground, sediment may also alter prey dynamics and potentially influence
the behavior of the whales. Thirdly, metal released into the water column may cause toxic build up
(Hauton et al. 2017).

Limitations and Further Research
There are several limitations of this study, which the use of analysis and modelling techniques on the

data would help to resolve. As tags on marine mammals only transmit when the animal surfaces, the
rate of transmission is not uniform. Therefore, unless models are created, which estimate where a
whale will be at regular time intervals, it is not possible to calculate the density of the whale
locations. Instead, a proxy measurement of number of locations inside each grid square was used.
Although this does not give a measure of density, it may help to show where the whales are
spending time during their migrations.
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Further research is required to establish whether there is a higher density of humpbacks whales over
seamounts during their migrations. Models can assess whether the whales are changing direction
more over seamounts and whether they change the speed at which they are travelling, which are
important measurements to assess whether seamounts are important habitats for them. The
telemetry data used in this study also included information about diving behaviors even though that
was not analysed here. The analysis of this data may show whether humpback whales migrating over
or near seamounts in this area modify their diving behavior, which may be a useful indicator of
whether they may be using seamounts for supplementary feeding, communication or navigational
purposes.

Conclusions

Although mostly descriptive, this study indicates that humpback whales in the southwest Atlantic do
migrate over seamounts, such as the Rio Grande Rise, the seamount ridge to the north of it, Vitéria-
Trindade seamounts and Almirante Saldanha seamount. As their routes appear to be consistent

between individuals across different years, it may be beneficial to create Marine Mammal Protection
Areas over these habitats, to protect against threats during their migrations. Further research is
needed to establish whether these seamounts are essential habitats for them and whether their
behavior changes in proximity to seamounts.
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