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Reports of the Concerted Action Sub-Groups: Eastern Tropical Pacific Sperm Whales!

I. Introduction

The population of eastern tropical Pacific (etP) sperm whales (Physeter macrocephalus) is
structured into cultural clans with distinct vocal and social behaviors, distributions, movement
patterns, and foraging strategies (Rendell & Whitehead 2003b, Whitehead & Rendell 2004,
Marcoux et al. 2007a b, Cantor & Whitehead 2015, Eguiguren et al. 2019). A clan comprises
thousands of individuals (females and juveniles) that share a distinct, socially-transmitted vocal
repertoire. Individuals from a clan can spread over thousands of kilometers within an ocean basin
(Rendell & Whitehead 2003b, Cantor et al. 2015, Hersh et al. 2022). EtP sperm whales are
nomads, traveling an average of 1,000 km a year, which can result in shifting clan distributions
across decades (Whitehead 2003, Cantor et al. 2016).

Recognizing the role of culture in shaping sperm whale population structure, along with the
vastness of sperm whale home ranges and wide distribution in this region, the Conference of the
Parties (COP) agreed on a Concerted Action Plan for the sperm whales of the etP under the
concerted action for sperm whales in 2017. The action plan aimed to create collaboration across
Range States for data gathering within their jurisdictional waters. This collaboration would
enable photo-identification, elucidating distribution, identifying environmental-ecological niches,
acoustic monitoring, assessment of anthropogenic threats and, where possible, the collection of
behavioral data and fecal samples to further elucidate social structure and differences in foraging
success among clans. Ultimately, these data would produce more detailed information about the
social structure, foraging behavior, distribution, environmental-ecological niches, and acoustic
segregation of sperm whales in the etP to determine whether and how these clans should be
conserved separately according to their differing responses to environmental and
anthropogenic pressures.

Here, we report on the progress (to February 2022) toward the objectives set forth by the
Concerted Action Plan. We identify critical gaps in our current knowledge regarding the etP clans
that must be addressed to fulfill the original mandate. Finally, we recommend future steps to
conserve sperm whales while incorporating their cultural structure.

1 Eguiguren A, Avila IC, Rosero P, Toro F, Hersh T, Rojas C, Alava JJ
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Il. Progress made
a. Creation of a collaboration network across Range States

Between November 21-23, 2022, we held the “Cachalotes del Pacifico” virtual workshop. The
goals of the workshop were to share knowledge and tools (fieldwork methods and
software/modelling approaches) for sperm whale research with colleagues across the etP and
establish a collaborative network dedicated to the study of sperm whales within the region. Thirty-
five people participated in the workshop, which featured talks from leading sperm whale
researchers—some of whom are members of the expert group on sperm whales for the
Convention on Migratory Species (CMS)—on topics including photo-identification protocols and
software, social nhetwork analysis, acoustic monitoring, clan identification, sample collection and
processing, and stranding management and data collection.

We conducted a roundtable on the workshop’s final day with interested participants to formally
establish a research network (Figure 1). There were 17 participants from across Range States
(México, Costa Rica, Colombia, Venezuela, Ecuador, Perd, and Chile) and backgrounds
(graduate and undergraduate students, biologists, marine mammal ecotoxicologists, tourism
operators, an electrical engineer, and a veterinary doctor). At the roundtable, we agreed to create
the Cachalotes del Pacifico Network to promote and consolidate research and conservation
efforts of sperm whales throughout the etP and the southeastern Pacific (Food and Agriculture
Organization (FAO) Major Fishing Areas 77 & 87).
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Figure 1. Screenshot of some of the participants of the “Cachalotes del Pacifico” roundtable.
(Photo Credit: Esteban Duque).

The specific objectives agreed upon by members of the network are to:
e Collaborate in the standardized collection and analysis of data on the biology and behavior
of sperm whales in the region
e |dentify anthropogenic threats to the survival of sperm whales in the region
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e Cooperate towards acquiring funds for sperm whale research and conservation in the
region

e Develop communication tools to promote the conservation of sperm whales and other
highly migratory marine species

e Advise policymakers and government officials for the management and conservation of
sperm whales and other highly migratory species

e Promote long-term research and conservation efforts

e Promote collaboration with sperm whale research collectives across the world

Each of these objectives will be carried out under an inclusive, transversal cultural lens. Based
on this first meeting, we identified opportunities for collaboration, including consolidating existing
sperm whale photo-identification catalogs on Flukebook (Levenson et al. 2015). This open-
source, cloud-based platform uses artificial intelligence to detect matches among individuals and
already contains photographs of tens of thousands of individuals from across the globe.
Additionally, we established collaborations with colleagues that had recorded sperm whale
vocalizations in different regions to assist in the acoustic identification of sperm whale clans
outside the most frequently studied regions. This will be a crucial step in elucidating the
movements of individuals and distribution of clans across the etP. Finally, members of this newly
created network wrote this report, and some will act as experts for the etP sperm whale working
group in upcoming CMS meetings.

a. Updates on the status of sperm whale clans of the etP

Since the drafting of the Concerted Action Plan in 2017, recent analyses have revealed important
aspects of the status of sperm whale clans in the etP. Analysis by Hersh et al. (2022) of sperm
whale recordings collected from 23 regions across the Pacific Ocean between 1978 — 2014
revealed the presence of seven clans in the etP. This analysis confirmed the presence of the
previously well-documented Regular, Plus-One, Short, and Four-Plus clans mentioned in the
2017 Action Plan (Rendell & Whitehead 2003a, Cantor et al. 2016), and discovered three
additional clans (Palindrome, Rapid Increasing, and Slow Increasing) that have used etP waters
(Hersh et al. 2022) (Figure 2).
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Figure 2. Location of sperm whale clans identified across the Pacific Ocean using the identity call
method (Hersh et al. 2021). Each point represents a single repertoire of codas, colored by clan.
Point size indicates statistical confidence in the repertoire-to-clan designation. The scale bar is
approximate and most accurate along the Equator. (Figure adapted from Hersh et al., 2022).

All seven clans found throughout the Pacific Ocean were also found in the etP, making it the most
culturally diverse sperm whale region currently known in the Pacific Ocean. While the ETP is also
the best sampled Pacific Ocean region at present, culturally diverse sperm whales are clearly
using the area. Additionally, while the Four-Plus, Regular, Short, Rapid Increasing, and Rapid
Decreasing clans have been found in other locations throughout the Pacific basin as well, the
Palindrome and Plus-One clans have only ever been detected in etP. Of these, the Plus-One has
only been detected in Ecuadorian waters (i.e., waters off Ecuador’s mainland coast and around
the Galapagos Islands). This is in marked contrast to other clan distributions; for example, the
Short clan has been detected in almost all of the sampled locations (Figure 2). When looking at
clan presence in the etP by year, the region typically hosts at least three different clans per year
(Table 1).
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Table 1. Clan presence per year in the ETP based on the Hersh et al. (2022) dataset. Location
abbreviations are C = Northern Chile, E = Ecuador, G = Galapagos Islands, and P = Peru.

Clanlyear 197 | 198 [ 198 |198 [199 |199 (199 |1999|200 |201 |201
8 5 7 9 1 3 5 0 3 4

Four-Plus E G G C,P C G G

Palindrome P G G

Plus-One G G G G E

Regular G G G G G C

Rapid G G E G G

Increasing

Short

Slow G E P G

Increasing

The newly identified clans stem from the addition of recordings outside the regions used to
describe the four original clans (Galdpagos, continental Ecuador, and Chile) as well as from using
a new method—the identity call method (ID-Call)—for assigning clan identity based on vocal
repertoires developed by Hersh et al. (2021). Briefly, ID-Call improves upon previous methods of
clan identification (Rendell & Whitehead 2003a) by 1) using a new method for classifying codas
into types (contaminated mixture models), and 2) by using “identity calls” to classify call
repertoires into distinct clades (Hersh et al. 2021). For sperm whales, the call repertoires are
made up of all the codas recorded in one region on one day, and the clades are vocal clans.
Identity calls are defined as those call types that are over-represented in one set of repertoires
while being rare or absent in all others (Hersh et al. 2021). Contaminated mixture modelling has
several strengths as a classification algorithm, including that it requires little a priori
parameterization and efficiently deals with outliers (Punzo & McNicholas 2016). In sperm whales,
there is quantitative evidence that identity codas may function as cultural symbolic markers,
allowing individuals to ascertain clan identity much like local dialect variations do in humans (Boyd
& Richerson 1987, Hersh et al. 2021, 2022).

A preliminary analysis of recordings collected off the Galapagos Islands in 2022 found that sperm
whales in the region most likely belong to the Short clan (Figure 3). This clan was frequently
encountered off the Galapagos in 2013 and 2014 (Cantor et al. 2016). However, in the 2022 data
we have not found any of the other frequently encountered clans in the region in the past decade
off the Galapagos Islands. The clan identity of sperm whales encountered in other areas of the
etP has not been studied.
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Figure 3. Encounter rates for female/juvenile sperm whales (number of encounters/hours
searching) in surveys off the Galapagos Islands, with rates obtained from the 2022 field season
highlighted in light blue. Clans present each year are indicated by colored boxes. Stars (*) indicate
years during which no data was collected. Figure adapted from Cantor et al. (2016).

There are no clan-level estimates of the sperm whale population size in the etP. However, an
estimate for the total population (Wade & Gerrodette 1993) with correction for availability bias by
Whitehead and Shin (2022) using the etP in 1986-1990 is 37,777 (c.v. 0.37). The overall
population in the etP was estimated to have decreased by 4% (s.e. = 4.3) annually between 1986
(soon after the end of commercial whaling in the region) and 2000 (Whitehead & Shin, 2002, using
data from Gerrodette & Forcada, 2002). This trend likely arises from the nearly complete removal
of mature males from the etP in the 1980’s, which impaired the fecundity of the remaining females,
as well as the social disruption of surviving individuals who may have lost crucial information for
their survival (Whitehead et al. 1997, Whitehead & Shin 2022). These lingering effects of whaling
on population growth likely reduce with time (perhaps 15 years; Whitehead & Shin 2022), so the
population may now be stable or recovering slowly.

This regional trend is mirrored by local patterns in sighting rates and population estimates in the
two areas where long-term dedicated research has taken place. Off the Galapagos Islands,
sighting rates have more than halved over the last few decades (Whitehead et al. 1997, Cantor
et al. 2017, Whitehead & Shin 2022) (Figure 3). However, this pattern most likely results from
migrating clans that have moved from the Galapagos region towards other areas of the etP,
explaining why the Regular and Plus-One clans have been entirely replaced by the Four-Plus and
Short clans in Galapagos waters (Cantor et al. 2016). Preliminary analysis of the most recent
fieldwork off the islands in 2022 shows similar sighting rates for Short clan whales as those from
2013 and 2014 (Figure 3).

In the Great Islands of the Gulf of California, data collected on dedicated surveys between 2010
— 2018 has a drastic decrease in sightings starting in 2012 which resulted in no sightings at all
since 2015 (Ahuatzin-Gallardo 2020). This pattern is also reflected in the number of individuals
sighted per year, which decreased from over 200 in 2010, to zero since 2015 (Ahuatzin-Gallardo
2020). However, we do not know the clan identity of sperm whales in the region.
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While colleagues have reported opportunistic sightings and recordings of sperm whales in other
areas, these are not suitable for population estimates (Table 2)
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Table 2. Summary of data collected on sperm whales across the etP. Detections may refer to visual or acoustic encounters. Data
marked in green has been analyzed and/or published, while data in orange has not.

Type of Data Collected

Region Time | Type of Funding Predominant | Clans
period | research sources age/sex Identified
classes
Galapagos | 1985 — | Dedicated Public Females/
Islands 2022 surveys research Juveniles
funds Mature males
Foreign
NGO’s
Mainland 1985 — | Dedicated Public Females/
Ecuador 1996 surveys research Juveniles
funds Mature males
(Canada)
Foreign
NGO’s
Chile 2000 Dedicated Public Females/
(Northern) surveys research Juveniles
funds Mature males
(Canada)
Foreign
NGO'’s
Chile 2006 — | Opportunistic | Whale- Unknown
(Central) 2022 (Whale- watching
watching operations
platforms) Self-
funded
Pera 1995 - | Opportunistic | Public Unknown
(North & 2002 funds
South) (IMARPE)
Costa 2009- | Opportunistic | Whale- Unknown
Rica 2022 (Whale- watching
(Pacific) watching operations
platforms)

Detections | Photo-
Identification*

Coda
Recordings*

Other
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Type of Data Collected

Region Time | Type of Funding Predominant | Clans

period | research sources age/sex Identified
classes

Mexico 1998 - | Dedicated Unknown | Females/

(Gulf of 1999 Surveys Juveniles

California) Mature males

Mexico 2010 - | Dedicated Unknown | Unknown

(Great 2018 Surveys

Islands in

the Gulf of

California)

*Datasets that can be used to determine clan identity.

Detections | Photo-

Identification*

Coda
Recordings*

Other
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c. Progress towards an environmental niche model for the sperm whale

The development of an environmental niche model for the sperm whale, based on the species
distribution model (SDM), in the Eastern Tropical Pacific is of paramount to understanding the
potential distribution of a species. Such model was built based on the quantified ecological niche
to predict changes in distribution in agreement with environmental, temporal (Reygondeau &
Beaugrand 2011, Reygondeau, 2019), as shown in Figure 4, The SDM quantifies the relationship
between occurrence and environmental condition in which the species has been observed to
delineate its ecological niche in a set of environmental dimensions (Reygondeau & Beaugrand
2011). The methodology rests on the concept of ecological niche as defined by Hutchinson
(1957). The ecological niche theory states that a species can occur in a multidimensional
environmental interval that has been defined by evolution shaping their physiological and
competition characteristics to compete for resources and survive in their endemic environment.

Figure 4 portrays the predicted distribution of the sperm whale worldwide and, in the ETP projects
the most likely preferred area where the species can be found, an ecological niche. The ecological
niche is unique and refers to the species’ specific role in its ecosystem, including how it interacts
with other species and its environment. Doing so, this modeling tool predicts the environmental
conditions under which sperm whales are likely to occur and then extrapolate on this data to map
the species’ potential distribution across the global ocean. Having a global pattern will support
improved management in different scenarios better, especially in the context of global and/or
regional climate change, where the species are moving or dispersing due to changing oceans.
Thus, this global or regional modelling approach can account for scenarios where species move
into new areas. For example, a similar modelling application using this approach has been
performed for the recent and ongoing dispersion and extralimital movements of southern elephant
seals (Mirounga leonina), the largest pinniped species, along the etP in the face of warming
oceans (Alava et al., 2022a)
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Figure 4. Preliminary global map of the environmental-ecological niche using the species
distribution model (SDM) of the sperm whale. The SDM statistical approach was applied based
on Reygondeau (2019). Map development courtesy of Dr. Gabriel Reygondeau in collaboration
with Dr. Juan Jose Alava (Institute for the Ocean and Fisheries, University of British Columbia,
BC, Canada).

d. Anthropogenic and environmental threats to sperm whales in the etP

Sperm whales are globally classified as Vulnerable due to the decline in their population of over
30% in the last 200 years resulting from intensive between the 18" — 21 centuries (Whitehead &
Shin 2022). Throughout this period, whalers directly targeted waters in the etP. Off the Galapagos
Islands, open boat whalers removed about 5,000 individuals between 1830 — 1850, after which
population decline resulted in decreasing catch rates (Shuster 1983, Whitehead et al. 1997,
Palacios & Salazar 2002). Between 1976 — 1981, whaling operations based off Peri and Chile
disproportionately targeted large mature male sperm whales, virtually eliminating them from the
etP (Ramirez 1989). The effect of removing these males from the etP had long-lasting results in
the sperm whales’ reproductive capacity decades after commercial whaling was globally banned
by the International Whaling Commission (IWC) in 1986, so that abnormally low fecundity levels
were detected at least 20 years after the operations almost entirely ceased (Whitehead et al.
1997, Whitehead & Shin 2022).

But, while sperm whales are no longer hunted, they continue to face environmental and
anthropogenic threats which, coupled with their intrinsically slow reproductive rates, hamper their
ability to recover to pre-whaling numbers. Sperm whales potentially face several of these threats
within the etP (Figure 5) (Avila et al. 2018). Specifically, this region is impacted by entanglements
with fishing gear, vessel collisions, marine pollution, oceanographic changes, and direct catches
(Figure 6) (Alava et al., 2019; Avila et al. 2018).
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Figure 5. Map of the distribution of documented threats potentially faced by sperm whales
resulting from the intersection between threats documented between 1991 — 2016 and the global
range of the species. The blue region shows waters potentially inhabited by sperm whales where
no threats have been documented. Red cells show areas of high risk where at least 2 threats
were detected per cell. Adapted from Avila et al. 2018.
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Figure 6. Map of anthropogenic threats within the sperm whale range documented between 1991
— 2016 within the etP. Adapted from Avila et al. 2018.

Of these threats, interactions with fisheries have caused most documented sperm whale deaths
in the region (Garcia-Godos et al. 2013, Avila et al. 2018, Rosero 2018). Most stranded individuals
have been found entangled with artisanal gilinets or longlines (Galleti-Vernazzany & Cabrera
2007, Félix et al. 2010, Rosero 2017b a, 2019). More recently, a sperm whale carcass was found
to be used as a fish aggregating device off the coast of Ecuador, but whether this is a common
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practice remains unknown (Castro et al. 2020). The looming threat of industrial fisheries
interactions around the Galapagos Islands (Galapagos Marine Reserve) waters and its economic
exclusive zone (EEZ) may well be exacerbated in the long term for sperm whales as they overlap
with the purse seine, tuna longline, and industrial jumbo squid fisheries, as well as ongoing
presence of illicit, unreported and unregulated (IUU) fisheries by foreign fleets (Martinez-Ortiz et
al. 2015, Alava et al. 2017, Alava & Paladines 2017, Boerder et al., 2017, Eguiguren et al. 2020,
2021). There are also accounts of direct kills in southern Chile, where sperm whale depredation
for Patagonian toothfish has caused adverse reactions from fisheries (Gonzalez & Olivarria 2002,
Hucke-Gaete et al. 2004). However, since these deaths were documented in cold temperate
waters, these instance most likely involve juvenile/mature males and not the females/juveniles
that can be identified as being part of one of etP clans.

Regarding the risk of vessel collision, there are few reports of stranded individuals with blunt force
wounds and propeller cuts indicating vessel collisions as the primary cause of death (Félix & Van
Waerebeek 2005, Félix 2006; J.J. Alava, pers. com., 2022).

Oceanic contamination may also impact the individual health and survival of sperm whales within
the etP (Alava & Ross, 2018; Alava et al., 2020; Alava et al. 2022b). Biomarker analyses of skin
samples collected across the Pacific Ocean found that whales off the Galapagos Islands had the
highest expression levels of enzymes associated with organic compound contamination (e.g.,
polycyclic aromatic hydrocarbons and organochlorines) (Godard-Codding et al. 2011). Likewise,
microplastics have been detected in all water samples and organisms collected throughout the
etP (Alfaro-Nufiez et al. 2021). More concerningly, plastic pieces and particle were found in 93%
of the analyzed guts of Humboldt's squid (Dosidicus gigas), a main prey of sperm whales of the
etP (Clarke et al. 1988); more recently, Rosas-Luis (2016), observed plastic debris (i.e.,
polyethylene lines and polyvinyl chloride pieces) in 12% of 100 stomachs of Humboldt’s squid
caught by the artisanal fisheries fleet in waters off Ecuador’s main coast from May to November
2014. In other regions of the world the death of stranded sperm whales has been linked to the
consumption of several tons of plastics, often including discarded fishing gear (Jacobsen et al.
2010, Alexiadou et al. 2019).

Global climate change may also affect the individual and population-level health sperm whales
throughout the world (Albouy et al. 2020). Within the etP, climate change would most likely impact
sperm whales through its effect on their deep-dwelling cephalopod prey, whose biomass and
distribution is highly sensitive to environmental variation (Taipe et al. 2001, Waluda et al. 2006).
Population collapses for the main prey of sperm whales in the region (D. gigas) have been
documented during strong El Nifio events associated with anomalously warm waters (Taipe et al.
2001, Waluda et al. 2006). El Nifio Events have also been associated with significant declines in
the feeding success of sperm whales studied off the Galapagos Islands, likely due to their on the
biomass of deep-dwelling squid in the area (Whitehead et al. 1989). Additionally, the range of D.
gigas has expanded from tropical and sub-tropical waters where they typically are found towards
higher latitudes, reaching as far north as British Columbia (Canada) (Hoving et al. 2013, Stewart
et al. 2014). This shift is most likely associated with the northward intrusion of warm water plumes
resulting from ocean warming (Hoving et al. 2013, Stewart et al. 2014). Current climate models
predict that the intensity and frequency of anomalously warm oceanic events will increase
throughout time, posing an unmeasured risk to sperm whales globally.

In recent years, the industrial Humboldt squid fishing fleet that follows the Humboldt current has
increased exponentially. This international fishery is frequently located outside nations’
jurisdiction in open seas. In past decades, it has grown from catching a reported 12,550 tonnes
in 1990 to 816,914 in 2019 (SPRFMO 2020, Eguiguren et al. 2021). Whether current and
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projected catch levels represent a competition for resources with sperm whales remains unknown.
Past work suggests human consumption of squid did not deplete the resources available to other
teuthophageous marine mammals (Trites et al. 1997). However, the continuously growing squid
fishing fleet and updated sperm whale population estimates grant careful consideration to this
guestion.

Acoustic contamination can also impair sperm whale’s ability to sense their environment through
echolocation, displace them from their habitats, damage their auditory processing organs, and
even result in death (Weilgart 2013, Notarbartolo-Di-Sciara 2014, Taylor et al. 2019). Among
different sources of acoustic contamination, the most intense is seismic surveying for marine oil
and gas, which can be heard up to 4,000 km from the emission site (Weilgart 2013). While marine
mining and oil industries are uncommon throughout the etP, there are signs that member states
are looking to expand their extractive frontiers towards the oceans. Recently, Ecuador has
developed a request to the International Maritime Organization (IMO) to expand its territorial sea
to include the underwater Carnegie Mountain Range, which connects continental Ecuador to the
Galapagos Islands. This expansion would grant Ecuador autonomy over the ocean floor, but not
the overlaying water column, which points towards an interest in mineral ore exploration.

As shown in Figures 5 & 6, threats to the wellbeing of individual sperm whales have been
documented throughout the etP, with a greater number of them co-occurring in nearshore waters
where human populations and activities are concentrated (Avila et al. 2018). A map of these
threats shows that more of them co-occur off the coast of Peru (Figure 5). However, the absence
of certain threats from some regions may indicate a lack of documentation rather than a true
absence of a threat. While there is rotund evidence for an impact of each of these threats on
individual sperm whales, the degree to which they affect populations remains unknown. Moreover,
given the current lack of knowledge on the present distribution and foraging ecology of
sperm whale clans, we do not know the degree to which each clan may be vulnerable to
distinct anthropogenic threats.

lll. Outstanding questions

Despite the ongoing efforts of researchers to gather information on etP sperm whale biology over
the past years, outstanding questions remain. Primarily, our gaps in knowledge stem from the
logistical and financial constraints of studying a highly oceanic, deep-sea dwelling species at a
spatial and temporal scale that is comparable to that of their life-histories and movements. Thus,
besides the long-term projects off the Galapagos Islands and in the Sea of Cortez, no other
monitoring projects exist in the region (Table 1). Colleagues have been able to opportunistically
collect data on sperm whales through collaborations with whale-watching operations (Table 1).
However, while whale watching tours provide a valuable financial and logistical support, surveys
carried out in these platforms are limited in time and space by the needs of tour operators.

Questions that arise from our current knowledge pertaining to the mandates of the 2017 Action
Plan include:

1. What is the current population status and distribution of sperm whales from the
Regular, Plus-One, Four-Plus, Palindrome, Short, Rapid Increasing, and Slow
Increasing clans? Although the Short clan has been sighted across the region and in
recent years, we have no reports of any of the other clans. Particularly, the Regular and
Plus-One clans, which were frequently sighted in the 1980s and 1990s, have not been
documented since. Likewise, there is no information about the newly described
Palindrome, Short Increasing, and Slow Decreasing clans.
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2. What is the foraging ecology (including diet, foraging strategies, and feeding
success) of each of the sperm whale clans in the etP?
While we have recent data on the foraging success of Short clan sperm whales, there is
no information on the foraging ecology of any of the other clans since the 1990s.

3. What are the primary anthropogenic threats faced by each of the clans in the etP?
Specifically, the impact each of the previously identified threats has on individual sperm
whales’ health and at a population level is unknown. Particular attention needs to be given
to the increased fishing of the main prey of sperm whales in the etP, D. gigas.

4. How vulnerable/resilient are each of the ETP clans to anthropogenic threats and
environmental change?

IV. Recommended actions

Future research should be directed towards answering the questions above to adequately
determine whether and how these clans should be conserved separately according to their
differing responses to environmental pressures.

Formalizing the “Cachalotes del Pacifico” network represents a key step towards answering these
guestions by facilitating and formalizing cooperation across Range States. However, we identified
a lack of financial support among most Range States to support the logistically demanding
fieldwork that entails documenting and characterizing sperm whales at a clan level. In the cases
in which long-term dedicated monitoring has taken place, funding has been provided by research
funds and NGO'’s based in high-income countries (e.g., Canada, United Kingdom, United States).
This highlights the need to strengthen collaboration not only among researchers across Range
States, but to build and strengthen ties among us and institutions from high-income countries.

A tool that would propel key data acquisition on the distribution and behaviour of sperm whale
clans to new levels in the region is autonomous recording. Autonomous hydrophone recorders
can be moored at the bottom of the ocean floor, drift at the ocean’s surface, or glide along the
water column. By constantly recording the acoustic landscape in a site, they can be used to
assess distribution, population size, behavior and, in the case of sperm whales, clan identity. An
array of autonomous recorders along the etP waters can gather data in any condition (including
overnight, in rough seas, and distant waters) throughout the year at a significantly lower cost than
active surveys. In the etP, an array of autonomous recorders could vastly increase our knowledge
of sperm whale clans. Such arrays have been instrumental in greatly increasing knowledge of
cetacean distributions off north America and in informing place-based conservation policies.

V. Conclusion

Our current knowledge of the behavior and distribution of sperm whale clans in the etP provides
strong support for sperm whale clans having distinct behaviors, ecologies, and distributions. It is
highly likely that they then experience different levels of human-made impacts. However, the
specific status of each of the clans with respect to multiple anthropogenic stressors and threats
remains unknown. In the face of the threats identified in the region, we strongly recommend
continued research and support toward answering these questions. We have taken essential first
steps towards this by establishing a formal collaboration network and will continue this work in
the future. We, therefore, recommend the extension of the Concerted Action Plan, emphasizing
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the need for collaboration mechanisms that funnel funds toward research in low-income Range
States and highlighting the potential of autonomous recording technologies to propel data
acquisition.
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