Chapter 15 )
Life History Parameters, Sociobiology, s
and Reproductive Strategies of Pilot Whales
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and Filipe Alves

Abstract Two species of pilot whales are globally distributed, the long-finned
(Globicephala melas) in cold-temperate waters and the short-finned
(G. macrorhynchus) in tropical and warm-temperate latitudes. Two subspecies of
the long-finned pilot whale are recognized, G. m. melas in the North Atlantic and
G. m. edwardii in the Southern Hemisphere. In addition, three types have been
proposed in short-finned pilot whales. In general, it is assumed that pilot whales live
in matrilineal societies composed of stable units/pods displaying bisexual natal
philopatry, but inter- and intraspecific variabilities in the sociality of these units
have been described worldwide. Moreover, there is inter- and intraspecific hetero-
geneity in life history and reproductive parameters, which supports geographic
variation. To investigate life history parameters, sociobiology, and reproductive
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strategies within different populations of pilot whales, we reviewed the current
literature and compiled novel data. We cover populations from both hemispheres
and combine life history characteristics from strandings with field-/behavioral-based
information such as long-term photographic-identification, social analysis with
molecular sexing, and drone technology. This chapter contributes to improving
our knowledge of the life history parameters between sexes and populations, inter-
actions between animals of different sexes within units, social structures, and
reproductive strategies in pilot whales. We explore pilot whales’ sexual group
dynamics and social system and discuss whether they are strictly matrilineal in
comparison with other “matrilineal” species.

Keywords Globicephala - Matrilineal - Naisa type - Post-reproductive lifespan -
Reproduction - Shiho type - Social structure

15.1 Introduction

There are two species of pilot whales currently recognized (Fig. 15.1), the temper-
ately distributed long-finned pilot whale (Globicephala melas; herein LFPW) as well
as the tropically and subtropically distributed short-finned pilot whale
(G. macrorhynchus; herein SFPW). LFPWs are split into two subspecies—one in
the North Atlantic (Globicephala melas melas; herein North Atlantic LFPW) and the
other in the Southern Hemisphere (G. melas edwardii; herein Southern Hemisphere
LFPW) (Olson 2018). Recent genomic work suggests three SFPW types within the
species: (1) an Atlantic Ocean (Atlantic Naisa) type, (2) a western/central Pacific and
Indian Ocean (Pacific Naisa) type, and (3) an eastern Pacific Ocean and northern
Japan (Shiho) type (Van Cise et al. 2019). There is evidence of interbreeding
between these species, including post-F1 hybrids recorded in studies of both Iberian
Peninsula and Faroe Islands genetic samples (Miralles et al. 2013, 2016).

Both pilot whale species have pronounced sexual dimorphism. Males grow to
around 1.3 times the length of females and have taller dorsal fins, longer pectoral
fins, more pronounced melons, and wider flukes than adult females of similar body
lengths (Fig. 15.1, Table 15.1; Kasuya 2017; Betty et al. 2022a). The biological
significance of sexual differences in adult male dorsal fin shape and size is not well
understood, but they may serve a thermoregulatory function and/or act as a visual
signal in mating interactions, while the longer and broader flukes and pectoral fins
may function to give more propulsion compared to females (Mesnick and Ralls
2018). There are differences in the relative degree of sexual shape dimorphism of the
dorsal fin between species, subspecies, and types, which is likely due to variations in
ecology and sociality—with immature individuals having proportionally smaller fins
(and lighter coloration) than mature pilot whales (Fig. 15.2). In LFPWs, sexes can be
distinguished by distinctive urogenital markings from a young age; the light gray
ventral stripe on females flares out to encompass the mammary slits before
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Fig. 15.1 Long-finned pilot whale (Globicephala melas) subspecies and short-finned pilot whale
(G. macrorhynchus) types showing sexually dimorphic characteristics, with global distribution map

truncating off rather abruptly, while in males there is no distinctive flare and the light
gray patch tapers off gradually before the caudal end of the genital slit (Fig. 15.3).
While pilot whales share several reproductive characteristics with other large
odontocetes (e.g., long lifespan, delayed maturity, bimaturism, sexual dimorphism,
extended calving intervals, etc.), many of these differ significantly between species,
subspecies, and types (Tables 15.1 and 15.2).
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Fig. 15.2 Examples of coloration and dorsal fin proportional differences between age classes for
North Atlantic long-finned pilot whales (Globicephala melas melas), including a juvenile (front),
calf (center), and adult (back)

Fig. 15.3 Long-finned pilot whale (Globicephala melas) urogenital marking patterns with exam-
ples of both A) male and B) female G. m. edwardii stranded on the Aotearoa New Zealand, coast
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15.2 Social Structure and Reproductive Strategies

Pilot whales are well-known for their multilevel and highly cohesive social structure,
which is a contributing factor toward their tendency to strand en masse. Often
referred to as one of the most gregarious cetaceans, pilot whales are commonly
found in temporary aggregations of up to several hundred individuals. The average
reported group size is around 20 whales (Jefferson et al. 2008), though this varies by
population. There is also some evidence that pilot whale “groups” are comprised of
several smaller “units” of constant companions (Heimlich-Boran 1993; Ottensmeyer
and Whitehead 2003; de Stephanis et al. 2008; Alves et al. 2013; Mahaffy et al.
2015; Augusto et al. 2017). Pilot whales are one of the few mammals that appear to
have a matrilineal social structure (Amos et al. 1993a; Alves et al. 2013), along with
sperm whales (Physeter macrocephalus; Cantor et al. 2015), killer whales (Orcinus
orca; Bigg et al. 1990), elephants (Elephas maximus; Berger et al. 2021), some
primates (Greenwood 1980), and humans (Behar et al. 2008). There are unique
differences in how matrilines are structured, such as the lack of sex-biased dispersal
from the natal groups in some ecotypes of killer whales (Ford 2019), male dispersal
before sexual maturity to live primarily solitarily or with other males in sperm
whales (Best 1979), and a possible mixture in pilot whales that is not fully under-
stood (Amos et al. 1993a; Hill et al. 2019). Both pilot whale species have been
reported to form long-term stable units consisting of several generations of mater-
nally related individuals (with an increase in local relatedness with age), as well as
strong mother-offspring associations with long periods of dependency (Marsh and
Kasuya 1990; Brent et al. 2015; Croft et al. 2017; Nichols et al. 2020). There is some
genetic evidence that groups of both LFPWs and SFPWs can contain multiple
matrilines (Alves et al. 2013; Oremus et al. 2013; Nichols et al. 2020; Ball et al.
2021). It has been suggested that both pilot whale species form temporary associa-
tions comprising multiple matrilineal units, as supported by studies of SFPWs
(Alves et al. 2013; Mahaffy et al. 2015) and North Atlantic LFPWs (Ottensmeyer
and Whitehead 2003; de Stephanis et al. 2008; Augusto et al. 2017) where long-term
stable units are smaller than the average observed group size.

The mating strategies and tactics of pilot whales are not well understood. Both
LFPWs and SFPWs are assumed to have a polygynous mating system due to their
sexual dimorphism. However, there is a lack of evidence for male combat in pilot
whales. North Atlantic LFPWs have the fourth largest residual testes-to-body mass
ratio when compared to 30 other cetacean species (MacLeod 2010). The lack of a
trade-off with testis size indicates that male pilot whales (1) are not able to monop-
olize access to females to the same extent as those who compete by combat and
(2) may invest in postcopulatory sperm competition (MacLeod 2010; Dines et al.
2015). For both pilot whale species, there is agreement that males mature about
7-9 years later than the females (Table 15.2), which concurs with the general
delphinid pattern of bimaturism (Perrin and Reilly 1984). Male and female North
Atlantic LFPWs have been documented engaging in sociosexual behavior from a
very young age (see Case Study 3.1).
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Pilot whale groups are mainly stable, with the young growing to maturity in their
natal group and most remaining there for life. In a few populations, it has been
suggested that young male pilot whales might disperse from their natal unit/pod to
aggregate in other matrilines and/or form male-only groups (Kasuya and Marsh
1984; Desportes et al. 1992). Genetic and long-term photographic-identification
studies suggest that males breed outside their family group and that they can remain
with their group for decades (Kasuya and Marsh 1984; Amos et al. 1993b; de
Stephanis et al. 2008; Alves et al. 2013; Mahaffy et al. 2015; Augusto et al. 2017,
Van Cise et al. 2017; Boran and Heimlich 2019; Hill et al. 2019; Nichols et al. 2020).
Therefore, mating must occur when two or more pods meet or when adult males visit
other groups. This type of social structure where adult males stay with their female
kin and mate elsewhere is unusual among mammals. Studies on males’ stability have
covered only specific populations, such as the North Atlantic LFPW (Nova Scotia
and Gibraltar; de Stephanis et al. 2008; Augusto et al. 2017) and the Pacific Naisa
SFPW (Hawai’i and Mariana archipelagos; Mahaffy et al. 2015; Hill et al. 2019).
There are still gaps in our understanding of the role of male pilot whales within the
social structure of other subspecies/types; see Case Study 3.2 with discussion on
male-only groups and natal philopatry in the Atlantic Naisa SFPW.

In general, fertility and reproductive success are low in newly mature female
cetaceans, reaching a peak in young mature animals, followed by a plateau until they
(often) decline with age (Best et al. 1984; Martin and Rothery 1993; Boyd et al.
1999). Females are defined as reproductively senescent, or post-reproductive, if
conceiving or sustaining a successful pregnancy is no longer possible because of
age-related changes to the reproductive system (Marsh and Kasuya 1986). The
occurrence of reproductive senescence is contradictory to classical life history theory
(Ellis et al. 2018a) and has been observed in females of several odontocete species
including sperm whales (Best 1980), killer whales (Foster et al. 2012), false killer
whales (Pseudorca crassidens; Photopoulou et al. 2017), beluga whales (Ferguson
et al. 2020), narwhal (Monodon monoceros; Garde et al. 2015), and SFPWs (Marsh
and Kasuya 1984). A detailed examination of ovarian aging in the Pacific Naisa
SFPW showed an age-specific decline in the pregnancy rate, paralleled by a decline
in the ovulation rate and a high incidence of infertile ovulations (atresia) in old
females (Marsh and Kasuya 1984). Approximately 25% of mature female SFPWs
examined (n = 298) had senescent ovaries, and it was concluded that SFPWs appear
to cease ovulating before 40 years of age but may live up to 30 years (14 years on
average) after the birth of their last calf (Marsh and Kasuya 1984). Curiously, post-
reproductive females were observed much less frequently in the North Atlantic
LFPW (< 5% of mature females; Sergeant 1962; Kasuya et al. 1988; Martin and
Rothery 1993), and it has been reported that LFPWs do not appear to have a
significant post-reproductive lifespan (Ellis et al. 2018a, Betty 2019, Nichols et al.
2020; see Case Study 3.3). Potential explanations for post-reproductive lifespan
include the mother and grandmother hypotheses, where old nonreproductive
mothers avoid reproductive competition with their daughters, and instead maximize
their inclusive fitness, by aiding and enhancing the survival of their offspring
(Johnstone and Cant 2010; Foster et al. 2012; Brent et al. 2015; Croft et al. 2017,
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Nichols et al. 2020). For reproductively active females of both pilot whale species,
the calving interval is estimated to be about 45 years (Table 15.2). However, the
calving interval and duration of lactation increase with maternal age, which may
mean (1) higher calf survival, (2) milk is provided to calves other than the mother’s
own, and (3) increased investment in calves with advancing age of the mother
(Marsh and Kasuya 1984, Martin and Rothery 1993). Overall, there remains much
to learn about pilot whale social structure, reproductive strategies, and life history.

15.3 Case Studies

This chapter presents three case studies from one Atlantic Naisa SFPW and two
LFPW (both North Atlantic and Southern Hemisphere) populations, utilizing both
strandings-based and field-/behavioral-based data. The case studies provide novel
insights that further our understanding of (1) sociosexual behavior in immature
North Atlantic LFPWs, (2) male natal group philopatry in Atlantic Naisa SFPWs,
and (3) reproductive senescence in female Southern Hemisphere LFPWs.

15.3.1 Sociosexual Behavior in Immature North
Atlantic LFPWs

LFPWs are thought to be matrilineal, with the Northern Hemisphere subspecies
composed of mixed-sex social units that include females with their offspring
(Augusto et al. 2017). These social units frequently associate with other matrilines
and form large groups, suggesting that there are often both related and unrelated
sexually immature pilot whales near each other. The sociosexual behaviors of
LFPWs have not yet been studied nor formally described. Here we provide the
first description of non-conceptive sexual behavior for immature North Atlantic
LFPWs from a population that summers off Cape Breton Island, Nova Scotia,
Canada.

While on research surveys for a study on North Atlantic LFPW behavioral
ecology, we noticed several clusters of sexually immature individuals engaged in
sociosexual behaviors within different groups that were followed for approximately
1 hour. Aerial footage was collected using a DJI Inspire 1 V2 drone fitted with a DJI
X5 camera and Olympus Zuiko 25 mm f1.8 lens launched off a chartered vessel on
August 17, 2020. Just over 21 minutes of video (from two different clusters of
individuals) were analyzed frame-by-frame to categorize and count sociosexual
behaviors based on an ethogram modified from Ham et al. (2022; Table 15.3).

Seven different types of sociosexual behavior were documented (Fig. 15.4). Age
categories were assigned based on natural markings following Auger-Méthé and
Whitehead (2007), with calves classified as newborns (nb; up to a couple months in
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Table 15.3 Sociosexual behaviors in immature North Atlantic long-finned pilot whales
(Globicephala melas melas) and their definitions

Behavior Definition

Genital rub | An individual drags its genital region along the body of a receiver

Ventral An individual presents its ventral surface to a receiver that it is interacting with in

present a parallel position

S position An individual thrusts its genital region forward toward the receiver while holding
its body in a curved or “s”-shaped position for 2—-3 seconds

Avoidance A receiver maneuvers to avoid the attentions of the giver (e.g., an individual
rolling over to prevent intromission)

Thrust An individual quickly moves its genital region in the direction of the receiver

Ride An individual positions themselves above the back of the receiver—this can be

done simultaneously with a genital rub or a thrust

Erection A male individual everts his penis

Fig. 15.4 Examples of sociosexual behaviors documented in immature long-finned pilot whales
(Globicephala melas melas) including (a) S position (left whale), (b) thrust, (c) erection and genital
rub, (d) ride (left whale), (e) avoidance, and (f) ventral present (left whale)

age), fetal folds (ff; a few months to a year), or gray calves (gc; 1-3 years of age).
The sexes of calves were determined by examination of the genital region when
whales rolled over. Sociosexual behaviors were observed in LFPWs across ff and gc
age cohorts and for both sexes (Table 15.4), as has been documented in other species
of cetaceans (Ham et al. 2022; Lonati et al. 2022; Sanvito and Galimberti 2022; Ham
et al. 2023, this book). As ff were involved in some of the sociosexual interactions,
sexual play begins relatively early in the development of LFPWs. We did not
observe any sexually mature LFPWs engaging in sociosexual behaviors during
these encounters, though they were often in close proximity to the individuals
engaged in non-conceptive sexual play (two to six sexually mature LFPWs per
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Table 15.4 Rates of sociosexual behaviors for long-finned pilot whales (with the presence of
erection denoted as “X” if present for males)

Rate (behavior/minute)
Individual Genital | Ventral |S
Obs. |ID rub present | position | Avoidance | Thrust |Riding | Erection
1 Calf(fH 13 |12 1.3 0.2 1.5 - -
Juvenile 1 3 | 2.0 1.9 - - 1.8 0.1 X
2 Calf (gc)2 & | 4.6 52 - - 3.9 - X
Juvenile2 @ |- — — 2.6 — — N/A
Juvenile 3 3 | 4.6 4.6 - — 4.6 0.7 X

cluster). While male calves of several age cohorts were involved in sociosexual play,
only juvenile males exhibited riding behavior (Table 15.4). Each receiver of these
behaviors displayed avoidance of the pursuing males’ efforts at some point during
the encounters. Rates of sociosexual behaviors varied between the two clusters, but
some behaviors were observed consistently more often than others (e.g., genital
rubs vs. riding behaviors).

15.3.1.1 Functions of Sociosexual Behavior in LFPWs

There are several hypothesized reasons for non-conceptive sexual behaviors in
cetaceans (reviewed by Ham et al. 2023, this book). Practice may increase success
once individuals reach sexual maturity (Mann 2006; Furuichi et al. 2014). Socio-
sexual behaviors may establish and strengthen bonds between conspecifics within
and across age cohorts (Connor et al. 2006; Lilley et al. 2020), which may be
especially important when sexually immature individuals bond with more dominant
or socially connected conspecifics (Lilley et al. 2020). Sociosexual behaviors could
also be a by-product of sexual physiology and drives. The sole female filmed in these
interactions did not display any sociosexual behaviors aside from avoidance, perhaps
being an unwilling participant. Body rolling avoidance behavior has been observed
in female dusky dolphins (Lagenorhynchus obscurus) to avoid copulatory attempts
by pursuing males (Orbach et al. 2015; Markowitz et al. 2023, this book). While our
observations of sociosexual play in sexually immature North Atlantic LFPWs do not
give concrete evidence for a specific function, they likely train individuals in sexual
and social skills (Ham et al. 2022).

This study provides some preliminary evidence for the development of behavior
over time, as seen in immature beluga whales (Delphinapterus leucas) (Ham et al.
2022). Only juvenile North Atlantic LFPWs were documented displaying riding of
the individuals they were pursuing, which could be because (1) this behavior
develops later than other non-conceptive sexual behaviors, (2) riding is more
frequently used by older individuals or (3) the drivers and function of sociosexual
behaviors change as a pilot whale approaches sexual maturity. The development and
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accumulation of sociosexual behaviors over time have been well documented in both
beluga whales and bottlenose dolphins (Mann 2006; Ham et al. 2022), providing a
likely explanation for the subtle differences in behaviors seen across different age
classes of North Atlantic LFPWs.

Further studies into the non-conceptive sexual play of both immature and mature
LFPWs are needed, particularly to determine whether these change across behavioral
contexts and whether adults are sometimes engaged in sociosexual behaviors with
younger age cohorts, as is observed in other cetacean species (Lilley et al. 2020;
Lonati et al. 2022; Sanvito and Galimberti 2022). Recent technological advances
may soon help lead to discoveries of additional pilot whale reproductive and non-
conceptive sexual behaviors, particularly for behaviors that occur at depth or are not
as readily observable as the ones documented here.

15.3.2 Stability and Fluidity of Naisa SFPW Social Groups
of Known Sex off Madeira Island

Current knowledge supports the theory that pilot whales have a stable matrilineal
kin-based structure, but it is unknown how much variation there is between species,
subspecies/types, or even populations. Here we provide information on the stability
of Atlantic Naisa SFPW social structure, using animals with known sex in social
groups off Madeira Island, Portugal, to infer sex-biased dispersal. These data
improve our knowledge on the debated natal group philopatry of males, given that
some studies suggest males can have a non-kin-based social structure or question the
stability of male associations due to the existence of multiple matrilines in closely
associated groups and/or individuals (Oremus et al. 2013; Hill et al. 2019).

Atlantic Naisa SFPWs with several different residency patterns, but no genetic
differentiation, are found in the coastal waters off Madeira Island (32° N 017° W),
including both nomadic animals passing through sporadically and island-associated
whales (i.e., seasonal visitors, residents) that occasionally visit the neighboring
archipelagos of the Azores and Canaries (Alves et al. 2013, 2019; Boran and
Heimlich 2019; Servidio et al. 2019). There have been over 100 island-associated
whales documented off Madeira encompassing several matrilineal pods (akin to
units in LFPWs), each with a mean size of 15 individuals (SD = 9) (Alves et al.
2013). These pods are made up of individuals that share documented long-lasting
relationships (on a scale of decades), and genetic relatedness has been shown to be
higher within groups than between them (Alves et al. 2013; Esteban et al. 2022).
Atlantic Naisa SFPWs off Madeira have a high survival rate and the population size
is stable (Alves et al. 2015; Verborgh et al. 2022). Although some degree of natal
philopatry has been proposed for Atlantic Naisa SFPWs, the analyses of long-term
stability of sexed animals within pods were inferred from a limited dataset of whales
of known sex (Alves et al. 2013).
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We used long-term photographic-identification data of 1275 Atlantic Naisa
SFPWs off Madeira, complemented with biopsies of 51 individuals to genetically
determine sex following Alves et al. (2020). Hierarchical cluster analysis was used to
classify and illustrate relationships between the genetically sexed and distinctive
whales captured on >4 encounters with high or full coverage (e.g., when the
proportion of captured individuals per encounter was >0.8; Alves et al. 2013) and
where documented pods had >1 animal of known sex. The truncated dataset used in
the analysis selected 42 sexed/distinctive whales (24 females, 18 males) and
362 encounters collected year-round between 2003 and 2020. We defined the
sampling period (and associations) as all individuals grouped within an encounter.
Permutation tests were performed to understand whether preferred associations
existed (Bejder et al. 1998; Whitehead 1999). Associations were calculated using
the average-linkage method due to presenting the highest cophenetic correlation
coefficient (CCC = 0.986). The association index corresponding to the maximum
modularity was used to define community division by clusters (Whitehead 2008),
and all analyses were carried out in SOCPROG 2.9 (Whitehead 2009).

Significantly high coefficients of variation (observed CV = 3.223, random
CV =3.064, p < 0.001) of all association indices indicate (according to Whitehead
1999, 2009) that individuals have long-term preferred companions. A Mantel test
showed no significant differences in association strength within or between sexes
(p > 0.4). The cluster diagram divided the individuals into six pods of mixed sexes
and two pods containing only females (males may have been present but were not
photographed or biopsied; Fig. 15.5). Males first documented in 2003-2005 were
repeatedly captured together in their respective pods over the entire duration of this
study (e.g., ID0089, ID0112, and ID0271 were captured 67, 89, and 94 times,
respectively). A presumed mother-calf pair first captured in 2005 (male calf
ID0271 in association with adult female ID0088) has been documented together
over the course of 16 years. Although the mean association for all individuals was
low (0.05 + 0.02), the maximum association index for each individual was relatively
high (mean = 0.68, SD = 0.19, range = 0.12-0.92); 33% of individuals displayed a
maximum association index >0.80, indicating strong dyadic associations. Only one
male (IDO114) in this study, with a maximum association index of 0.12, was not
assigned to a specific pod due to not being regularly captured (n = 6) associated with
the same individuals.

15.3.2.1 Sex-Biased Dispersal and Social Dynamics

This study confirms that Atlantic Naisa SFPWs off Madeira exhibit long-lasting and
stable groups of mixed sexes, as suggested by Alves et al. (2013) and Esteban et al.
(2022). Such female and male natal group philopatry complements the positive
correlation between association indices and genetic relatedness coefficients previ-
ously described for this population (Alves et al. 2013), thus supporting the hypoth-
esis that SFPW social groups are primarily matrilineal. A lack of male-biased
dispersal has also been described in a population of killer whales (Ford 2019) and
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Fig. 15.5 Dendrogram constructed using average-weight linkage hierarchical cluster analysis for
42 genetically sexed and distinctive Atlantic Naisa short-finned pilot whales (Globicephala
macrorhynchus) captured on >4 encounters with high or full coverage and > 1 animal with
known sex, between 2003 and 2020, off Madeira Island. The sex, ID of the individual, and year
of the first capture (and the total number of captures) are shown for each whale

is known to benefit the inclusive fitness of living with kin by improving access to
resources that require coordination and provide alloparental care or defense from
predators (Boran and Heimlich 2019).

Pods composed of only males were not recorded in the present case study, nor
have they been observed at sea (following Yahn et al. 2023) during nearly two
decades of intensive fieldwork off Madeira. Although other studies have mentioned
the possibility of all-male pilot whale groups, such anecdotal records are based on
(1) strandings or drive fisheries that may not reflect natural group stability, (2) in situ
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visual sex determination, or (3) molecular sexing that might be influenced by
(statistical) unit division criteria (Desportes et al. 1992; Mahaffy et al. 2015). To
avoid inbreeding, it is possible that males may temporarily leave their natal group to
mate, and therefore previously reported male individual/group sightings could
represent short-term disassociations from their matrilines. This could be the case
of ID0114, who was captured in association with different stable pods throughout
the course of our study. Although this information advances our knowledge of social
structure in Atlantic Naisa SFPWs and sheds new light on pilot whale social
organization in general, additional genetic analyses are needed to clarify whether
associated individuals are mothers and offspring, or siblings, to confirm
matrilineality.

15.3.3 Examination of Reproductive Senescence in Female
Southern Hemisphere LFPWs off Aotearoa
New Zealand

Prolonged post-reproductive lifespans are rare in mammalian species. In contrast
with the closely related SFPW, female North Atlantic LFPWs do not appear to have
a significant post-reproductive lifespan (Martin and Rothery 1993; Ellis et al.
2018a). Reproductive senescence has not been previously examined in female
Southern Hemisphere LFPWs. However, given that population variability in life
history parameters exists for this species (Tables 15.1 and 15.2), it is important to
investigate the potential existence of a significant post-reproductive lifespan in the
Southern Hemisphere LFPW, specifically. Here we present the first investigation of
female reproductive senescence for the Southern Hemisphere LFPW, through exam-
ination of reproductive data opportunistically collected from stranding events on the
Aotearoa New Zealand, coast.

As part of a study investigating the life history of the Southern Hemisphere
LFPW (Betty 2019), postmortem reproductive data were collected from 166 females
following 14 independent stranding events on the coast of Aotearoa New Zealand
(2008-2017). Where possible, teeth were collected for age determination, and
reproductive organs (ovaries and uteri) were removed in situ via standard postmor-
tem procedures (Geraci and Lounsbury 2005). Age was estimated by examining
decalcified and stained tooth sections and counting growth layer groups in the
dentine (Betty et al. 2022a). Assessment of female reproductive status was deter-
mined through ovarian, uterine, and mammary gland examination (Betty 2019).
Sexual maturity was determined by the presence of a least one corpus luteum (CL) or
corpora albicantia (CA) on the ovary and/or evidence of pregnancy or lactation, with
sexually mature females further classified into one of three reproductive states (i.e.,
pregnant, lactating, resting). To investigate evidence of reproductive senescence,
ovaries were examined for absence of (1) a CL, (2) young or medium CAs, and
(3) macroscopic follicles (Fig. 15.6) following Marsh and Kasuya (1984).
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Fig. 15.6 Examples of long-finned pilot whale (Globicephala melas edwardii) ovaries: (a) left
ovary of sexually immature female with no ovarian corpora scars; (b) left ovary of a resting mature
female with a large fluid-filled follicle and a young, medium, and an old corpora albicantia (CA)
visible; (c) left ovary of a lactating female with one young and two medium CAs visible; (d) right
ovary of a pregnant female with a corpus luteum (CL) of late pregnancy, a medium, and an old CA
visible with a (D1) median slice through the CL; (e) median slice through the left ovary of a
lactating female, multiple follicles visible; (f) median slice through a young CA on the left ovary of
a resting female; (g) median slice through a medium CA on the left ovary of a lactating female; and
(h) median slice through an old CA on the left ovary of a resting female. All ovaries formalin fixed.
Scale bar = 1 cm

As reported by Betty (2019), none of the 114 sexually mature females for which
both ovaries were examined showed evidence of being post-reproductive (i.e.,
would not ovulate again). Where both the age and full reproductive status were
available for sexually mature individuals (n = 102), the proportion of pregnant,
lactating, and resting mature individuals was determined for six age groups (5-10,
11-15, 1620, 21-25, 26-30, 31-35 years) to identify any changes in reproductive
status with increasing age (Fig. 15.7). For the age class 5-10 years, a very small
proportion of sexually mature pilot whales were resting (14%), and the majority of
individuals were either pregnant (50%) or lactating (36%). A decreased proportion
of pregnant and an increased proportion of resting individuals were noted in age
classes >10 years (compared to the 5-10 year age class), except the single female in
the oldest age class (31-35 years), which was aged at 33 years and was pregnant with
a 23.5 cm fetus.

15.3.3.1 Lack of Evidence for a Post-reproductive Lifespan in LFPWs

The observation that pregnancy rates decrease and the duration of the resting periods
increases in Southern Hemisphere LFPWs older than 10 years suggests that there is a
reduction in fecundity with age, as also reported for the North Atlantic LFPW
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Fig. 15.7 Proportion of pregnant, lactating, and resting mature female long-finned pilot whales
(Globicephala melas edwardii) stranded on the coast of Aotearoa New Zealand (2008-2017), by
age group (n = 102)

(Martin and Rothery 1993). In contrast to the North Atlantic LFPW, reproductive
senescence was not evident in Southern Hemisphere LFPWs. However, the maxi-
mum female age estimated for Southern Hemisphere LFPWs in this study (33 years)
was much lower than that recorded for North Atlantic LFPWs in the Faroe Islands
(59 years; Martin and Rothery 1993) and Newfoundland (56.5 years; Sergeant 1962;
Kasuya et al. 1988), where longevity exceeded 50 years (Table 15.1). The smaller
sample size in this study, compared with the availability of much larger datasets from
North Atlantic drive fisheries (e.g., n = 1402; Martin and Rothery 1993), decreased
our probability of sampling the rare old (possibly senescent) females. However, even
if true reproductive senescence does occur in a small proportion of the oldest
females, few live long enough to enter this phase (e.g., approximately 10% of
females reach 40 years of age in Faroese studies; Bloch et al. 1993) that it is unlikely
to represent a significant and functional part of the life history or social ecology of
this species (Martin and Rothery 1993; Ellis et al. 2018a). Fewer than 5% of female
North Atlantic LFPWs are reported to become reproductively senescent, and preg-
nancy can potentially continue throughout life (oldest pregnant female 55 years;
Martin and Rothery 1993).

It has been suggested that the demographic consequences of certain life history
characteristics are important in the evolution of post-reproductive lifespans
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(Johnstone and Cant 2010; Croft et al. 2015; Ellis et al. 2018a; Nichols et al. 2020).
However, such characteristics do not appear to necessitate the evolution of post-
reproductive lifespans (Ellis et al. 2018a). Available evidence suggests that LFPWs
exhibit similar life history characteristics and social structure to SFPWs and the other
three odontocete species for which a substantial post-reproductive lifespan has been
identified (resident killer whales, beluga whales, and narwhal; Ellis et al. 2018a;
Nichols et al. 2020). For example, these species are all sexually dimorphic and
highly social, have low lifetime productivity, and are known or believed to exist in
stable matrilineal groups of closely related females with increasing local relatedness
as females age, strong mother-offspring associations, and a long period of depen-
dency (Bigg 1982; Kasuya and Marsh 1984; Heimlich-Boran 1993; Palsbgll et al.
1997; Whitehead and Mann 2000; Marcoux et al. 2009; Colbeck et al. 2013;
O’Corry-Crowe et al. 2018; Nichols et al. 2020). However, no significant post-
reproductive lifespan has been observed in LFPWs, but instead an acceleration in
mortality rate (Bloch et al. 1993; Martin and Rothery 1993; Ellis et al. 2018a, b;
Betty 2019; Betty et al. 2022b).

Although the social structure is thought to be similar for both pilot whale species,
the observed variation in post-reproductive life history strategies may be due in part
to the social organization within stable social groups and the relative costs and
benefits of cooperative foraging and intergenerational transfer of information. To
have an evolutionary benefit, post-reproductive females must be able to contribute to
increasing the fitness of relatives in their group. In both SPFWs and killer whales,
inclusive fitness is increased by late-life helping and post-reproductive females
fulfilling mother and grandmother roles within their group (Kasuya and Marsh
1984; Brent et al. 2015; Croft et al. 2017). Late-life helping has not been observed
in LFPWs, though it is acknowledged that empirical data are very limited and
difficult to collect. However, genetic studies of LFPWs from the North Atlantic
(Faroe Island drive fishery) have revealed that the probability of pregnancy declines
with the number of philopatric daughters (but not sons), implying females may
refrain from breeding when they come into reproductive competition with their
daughters (Nichols et al. 2020). It has been proposed that this apparent plasticity
in the cessation of reproduction could represent a step toward the evolution of a post-
reproductive lifespan or an alternative strategy to a fixed (and irreversible) post-
reproductive lifespan (Nichols et al. 2020), though further investigation is required.
Overall, there remains much to be discovered regarding the occurrence, evolution,
and function of post-reproductive lifespans in pilot whales and other toothed whales.

15.4 Conclusions and Future Directions

This chapter summarizes what is currently known about the life history, sociobiol-
ogy, and reproductive strategies of both LFPWs and SFPWs. We have added
significantly to what is known of sex in pilot whales by documenting non-conceptive
reproductive behaviors in sexually immature North Atlantic LFPWs, providing
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evidence for male natal philopatry in Atlantic Naisa SFPWs, and reporting an
apparent absence of post-reproductive lifespan in Southern Hemisphere LFPWs.
However, there is much that remains unknown; we understand very little about
conceptive and non-conceptive sexual behavior in free-ranging pilot whales. Up and
coming drone studies may help assist, along with the collection of in situ morpho-
metric data. In addition, genomic analyses of stable units/pods within different
populations are needed to confirm if strict matrilineality occurs broadly across
both species. Biologging several individuals of known sex in the same unit/pod
will be useful to study behavior, fine-scale movements, how both sexes with stable
associations interact, and whether males disperse (even briefly) for mating. Further,
the evolutionary reason for the apparent differences in post-reproductive lifespans
and mortality rate acceleration between LFPWs and SFPWs has not been established
and warrants further investigation. Empirical data needed to examine reproductive
senescence are often difficult to gather for long-lived species such as cetaceans.
Longitudinal data are required to test hypotheses about how a post-reproductive
lifespan might increase inclusive population fitness. However, mass stranding events
provide valuable opportunities to investigate the interplay between social structure
and life history strategies (e.g., the existence of post-reproductive females) across
populations of both pilot whale species.
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