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Abstract The world’s cetaceans (like most of biodiversity) are in crisis, and the
need for well-informed conservation action has never been greater. Scientific
advancements over the last few decades have provided much insight on the repro-
ductive anatomy, physiology, and behavior of whales, dolphins, and porpoises. Our
goal in this chapter is to link scientific findings to practical actions that will improve
resilience and conservation prospects of cetaceans. We provide an overview of
human activities and their impacts on cetacean reproduction and review the progress
(or lack thereof) toward conserving species, with a particular focus on those for
which sociality and culture may be important to population recovery. For all
cetaceans, it is important to preserve or, where necessary and feasible, reestablish
the ecological, demographic, and social conditions that allow the animals to repro-
duce successfully in their natural environment. The better we understand and
integrate knowledge concerning cetacean reproductive health into conservation
strategies, the better the chances of achieving species recovery, protecting biodiver-
sity, and preventing future extinctions.
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24.1 Introduction

Like most of biodiversity, the world’s cetaceans are in crisis and the need for well-
informed conservation action has never been greater. Scientific advancements over
the last few decades have improved our knowledge of reproductive anatomy and
physiology, mating behavior, and parental care of many species of whales, dolphins,
and porpoises. Our goal in this chapter is to link these scientific findings to practical
actions that will improve conservation prospects for cetaceans.

Human impacts on, attitudes toward, and relationships with cetaceans have
changed over time (Notarbartolo di Sciara and Wiirsig 2022). Commercial whaling,
essentially ended since the mid-1980s, killed millions of baleen whales (mysticetes)
and sperm whales (Physeter macrocephalus, an odontocete) (Rocha et al. 2014) and
sparked global conservation efforts (Fig. 24.1). Drive hunts of small- and medium-
sized cetaceans continue in a few regions (e.g., Japan, Faroe Islands, Solomon
Islands), but the most serious known obstacle to conserving small cetaceans is
incidental mortality in fishing gear (i.e., bycatch) (Read et al. 2006; Brownell et al.
2019). Non-deliberate killing and injuring have also hindered or prevented the
recovery of some species and populations of large whales (Johnson 2005; Knowlton
et al. 2016). In addition to mortality in fishing gear, the energetic cost of nonfatal
entanglement—due to drag from towing gear—can influence a pregnant or lactating
whale’s energy budget, increase the time needed for her to replenish her energy
stores, and ultimately lengthen the birth interval by months or years (van der Hoop
et al. 2017; Stewart et al. 2022). There are numerous other sublethal threats, that
cetaceans face including habitat loss and degradation, depletion of prey, anthropo-
genic noise and disturbance, biotoxins, and pathogens. Climate change heightens the
threats facing cetaceans through direct, indirect, and cascading effects on habitat,
prey, predators, and human activityies in our oceans, rivers, and lakes (Gulland et al.
2022).

The reproductive health of some populations of mysticetes is apparently quite
good as they are recovering from the impacts of commercial whaling (Thomas et al.
2016; Fig. 24.2). However, some species of toothed cetaceans (odontocetes) appear
less capable than mysticetes of recovering from the severe depletion caused primar-
ily by direct removals through whaling, hunting, and fishery bycatch (Wade et al.
2012; Whitehead and Shin 2022). Wade et al. (2012) suggested that this apparent
difference in resilience is at least partly due to the effects of exploitation on highly
social odontocetes, including, for example, social disruption, fragmentation of social
units, and loss of key individuals. In this chapter, we revisit, update, and expand on
these ideas. We do not assume that humans can improve upon what the cetaceans
have evolved to do themselves with regard to reproduction. Rather, we consider an
important role of conservation biologists is to find ways to preserve, or reestablish,
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Fig. 24.1 A large male sperm whale socializing with a group of females and young in waters
off the island of Dominica in the Caribbean Sea. Sperm whales are the most sexually dimorphic
cetacean in body size. The male’s gigantic nose, which is the largest sexually selected organ on the
planet (Cranford 1999), contains the spermaceti organ complex, the world’s most powerful natural
sonar system. The valuable spermaceti oil was part of the impetus for two massive waves of
commercial whaling that targeted sperm whales (along with large baleen whales). Post-whaling,
population trajectories are varied. Sperm whale populations facing minimal human impact are
recovering slowly, but the lingering impacts of whaling may be impeding recovery in some areas by
affecting the sex ratio and/or the social cohesion of females. In populations currently experiencing
anthropogenic impacts, calving rates are declining (Whitehead and Shin 2022). Photo: ©Flip
Nicklin/Minden Pictures; 1994. All rights reserved

the environmental, demographic, and social conditions that would enable cetaceans
to reproduce successfully.

As noted by van der Hoop et al. (2017, p 103), “Historically, whale conservation
measures have focused on reducing mortality; a shift is required to also address
morbidity and the sublethal impacts on individuals and their reproductive rates.”
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Fig. 24.2 A singing male humpback whale, Maui, Hawaii. Many humpback whale populations
have recovered from commercial whaling and some populations are increasing at maximal rates of
about 7% per year (Calambokidis et al. 2008; Calambokidis and Barlow 2020). Humpback whale
songs are once again reverberating through the ocean soundscape on traditional mating grounds and
migratory routes where males sing complex, evolving songs (Darling et al. 2019). While their
function and relationship to other aspects of male reproductive behavior remain largely unknown,
songs indicate some degree of association between individuals and are generally thought to play a
role in breeding (Darling et al. 2019). As human activities in the oceans increase, ambient noise
levels are rising too, with potential impacts on communication space for humpback whale song.
Photo: ©Flip Nicklin/Minden Pictures (NOAA Fisheries permit #19225); 2020. All rights reserved

Many approaches to the management of human-caused mortality involve calculation
of reference points, which are considered “best practice” for managing bycatch and
other human-induced mortality (Wade et al. 2021). The “potential biological
removal” (PBR) level is one specific reference point used in the United States to
meet the objectives of the Marine Mammal Protection Act (Wade 1998). PBR input
values are designed to account for population differences in reproduction (see Box
24.1), which theoretically allows for the PBR approach to accommodate cases where
a population’s reproductive rate has been decreased by sublethal human-caused
factors.

Our specific objectives are to (1) define resilience in the context of cetacean
reproductive health and conservation, (2) review progress on understanding the
social conditions necessary for maximizing cetacean reproductive success, (3) sum-
marize the accumulating evidence showing that aspects of cetacean “reproductive
health” (fecundity, mating, survival of young) can be impacted by human activities,
and (4) suggest ways of using knowledge about cetacean reproductive health to
improve management models and strengthen conservation actions and outcomes.
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24.2 Resilience

Wade et al. (2012) defined resilience as the ability of a cetacean population to
recover from extreme depletion (very low numbers), the condition that some of the
large baleen whales had reached by the time commercial whaling was either brought
under strict control or otherwise banned. Such use of the term comports with that of
psychologists, who regard resilience as a construct with two distinct dimensions,
namely, significant adversity (e.g., whaling) and positive adaptation (e.g., ability to
recover) (Fleming and Ledogar 2008; see also Hodgson et al. 2015).

Wade et al. (2012) evaluated species or population differences in resilience to
extreme depletion. Moore and Reeves (2018) applied the concept of resilience to the
ability of cetaceans to adapt to the effects of climate change. Here, we extend this
thinking to examine the resilience of cetaceans to disruption of, or damage to, their
reproductive health and how behavioral and physiological plasticity, and sociality,
may play a role in aspects of reproductive success. Reproductive health can be
impaired by some of the same factors that determine an organism’s survival (e.g.,
bycatch, ship strike, acute disease, toxicity), but there are several additional forms of
“significant adversity” that affect reproduction itself (e.g., decreased fertility due to
high pollutant burden, sublethal injury, or chronic disease, inadequate nutrition,
social disruption). Although survival has generally been viewed as the most perti-
nent parameter for long-lived animals, it is likely that reproduction is just as (or even
more) important and relevant in some cases (Manlik 2019).

24.3 The Social Context of Reproduction

Social living can enhance resilience in an increasingly human-dominated ocean
(Brakes and Rendell 2022). Here we briefly review our understanding of sociality
and its importance to cetacean reproductive health but also how it can increase vul-
nerability to disruption by human activities. Perrin et al. (1984) and numerous
chapters in this book provide examples of how cetaceans may adapt their reproduc-
tive strategies depending on body condition, age, and dominance status (Chivers and
Danil 2023, this book; Manitzas Hill et al. 2023, this book). Much has also been
written about density-dependent changes in female reproduction following commer-
cial exploitation or high levels of incidental mortality in fisheries (reviewed in Hohn
et al. 2007). Density-compensatory changes in reproductive parameters, such as
decreased age at sexual maturation and increased rates of ovulation and calving
following intense harvest or fisheries bycatch, are generally attributed to changes in
prey resources (Fowler 1981, 1984; Hohn et al. 2007). Less focus has been given to
the impacts of sublethal anthropogenic impacts on reproductive rates, which may
result in delayed age of first reproduction, longer interbirth intervals, and/or extended
lactation (e.g., Cramer et al. 2008; Ward et al. 2009; McGuire et al. 2020; Stewart
et al. 2022).
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Despite the attention that social behavior garnered in the early years of conser-
vation biology (Allee 1931; Ehrenfeld 1970) and recently renewed attention (Brakes
et al. 2021; Brakes and Rendell 2022), consideration of animal sociality is complex
and not easily integrated into conservation actions. Reduction of a local population
to a very small size can exacerbate Allee effects (“undercrowding” or density-
decompensation; reviewed in Stephens and Sutherland 1999) and even lead to
population collapse (Gilpin and Soulé 1986). When population size is greatly
reduced, individuals can have difficulty finding one another for mating (Gascoigne
et al. 2009). Antoniou et al. (2018) suggested that a high observed incidence of
introgressive hybridization in the Gulf of Corinth, Greece, between an extremely
depleted, geographically isolated population of common dolphins (Delphinus
delphis) and a less depleted and comparatively large local population of striped
dolphins (Stenella coeruleoalba) was due to the scarcity of conspecific mates, a
situation referred to as the Hubbs principle, also known as the “desperation hypoth-
esis” (Hubbs 1955). For some species, returning regularly to a specific location could
be a mechanism for ensuring that mates can be found. This may be the case for
humpback whales (Megaptera novaeangliae), which congregate around tropical and
sub-tropical islands in winter, although humpbacks may in fact mate during migra-
tion as well (Darling et al. 2019). Reductions to extremely low population sizes can
also lead to inbreeding, which has been identified as a factor potentially impeding the
recovery of one population of eastern North Pacific salmon-eating killer whales
(Orcinus orca) (Lacy et al. 2017; Ford et al. 2018; Kardos et al. 2023).

Group living has numerous benefits (Gowans 2019). For mating and reproduc-
tion, these include the ease of finding and assessing a suitable mate, such as in dusky
dolphins (Lagenorhynchus obscurus) that engage in scramble competition (Orbach
et al. 2014) and in Amazon river dolphins (Inia geoffrensis) that gather in lek-like
aggregations (Martin et al. 2008; da Silva and Spinelli 2023, this book). The
formation of dominance hierarchies among males presumably confers preferential
access to mates and enables females to mate with fit and dominant males (e.g.,
beaked whales, Alves et al. 2023, this book; narwhals (Monodon
monoceros), Graham et al. 2020; Fig. 24.3). Alliance formation, such as in male
Indo-Pacific bottlenose dolphins (Tursiops aduncus), provides advantages over
rivals and facilitates control of females (Connor 2007), and male “squads” of
offshore pantropical spotted dolphins (Stenella attenuata attenuata) may play a
role in social ordering and reproduction (Pryor and Shallenberger 1991; Mesnick
etal. 2019; Fig. 24.4). Communal calf care and defense against predators are some of
the many benefits females may derive from group living; these groups may be
temporary or long-lasting associations (Wells 2003; Whitehead 2003; Konrad
2019; Mesnick et al. 2019).

When sociality is disrupted, mating, fecundity, and the ability to raise young can
be compromised. Populations of highly social species may take longer than expected
to recover from depletion if individuals that enhance reproductive success, such as
dominant males and female matriarchs, have been lost. Some populations of sperm
whales, for example, have not recovered since the end of commercial whaling,
perhaps due to the lingering demographic effects of the removal of large males on
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Fig. 24.3 “Tusking” male narwhals, Baffin Island, Nunavut, Canada (1985). The tusk of the
narwhal, which is actually a greatly enlarged left-spiraling upper left tooth, usually erupts only in
males and can exceed 3 m in length. The tusk likely functions as a signal and a weapon during
aggressive disputes between rivals (Graham et al. 2020). Narwhals are hunted for their tusks, which
are in demand from distant markets, and for their skin which is valued by Inuit as a nutritious
delicacy (Heide-Jgrgensen 2018). Some populations are still overexploited even though quotas are
now established for nearly all areas where narwhals are hunted. A host of other threats are
increasing. Noise from vessel traffic, seismic surveys, ice-breaking, fishing, and other sound
sources may disturb and stress the whales and decrease their fecundity (NAMMCO 2021). Photo:
©Flip Nicklin/Minden Pictures. All rights reserved

reproduction, while other populations face present-day threats to female social
cohesion and pregnancy rates (Whitehead et al. 1997; Gero and Whitehead 2016;
Whitehead and Shin 2022). In the eastern tropical Pacific, repeated chase, encircle-
ment, and release of dolphins in the tuna purse seine fishery can cause separation of
mothers and calves and decrease weaning and pregnancy rates (Archer et al. 2004)
and have negative effects on female reproductive rates (Cramer et al. 2008, Kellar
et al. 2013). In one of the populations impacted by the fishery, eastern spinner
dolphins (Stenella longirostris orientalis), only a tiny fraction of males examined
reached fully active testes weights and were thus likely capable of successful mating,
a situation that suggests a polygynous mating system that could be susceptible to
perturbation by the fishery (Perrin and Mesnick 2003).

Although the degree to which mating and rearing strategies in cetaceans are
socially learned is unknown, there are hints that some aspects are socially transmit-
ted, such as the socio-sexual “dances” within the lek-like aggregations of Amazon
river dolphins, where males wave objects in the air, possibly to attract or impress
females (Martin et al. 2008; Fig. 24.5). Baleen whales are dispersed over vast areas,
which could make locating a suitable mate challenging. Social learning of the timing
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Fig. 24.4 Adult male subgroup of offshore pantropical spotted dolphins in the eastern
tropical Pacific Ocean. An individual from another adult male subgroup rising from below
gapes his jaws in an apparent threat gesture at the group passing over him. Dominant adult male
“squads,” all with prominent post-anal keels, heavily spotted bodies, and striking facial coloration,
swim in precision while other individuals move aside. We know little about the function of these
squads, but observations suggest they have a role in social ordering and reproduction (Pryor and
Shallenberger 1991). Chase, encirclement, and release from tuna purse seines likely disrupts these
and other subgroups in the (Wade et al. 2012; Mesnick et al. 2019). Photo: Karen Pryor; 1979

and routes of migration between feeding and breeding habitat (Carroll et al. 2015), as
well as horizontally transmitted song patterns (Garland and Carroll 2022), may have
evolved in part to ameliorate the problems associated with long-distance dispersal,
although the role of song in male-male interactions, mate selection, and assortative
grouping remains enigmatic (Darling et al. 2019; Garland and McGregor 2020;
Fig. 24.2). Remarkably, male humpbacks in a population sing fundamentally the
same song at any one time, and the song progressively evolves over the course of a
season, and over years (Darling et al. 2019). How this is accomplished is not clear,
but apparently it involves mutual melding or adoption, which are forms of cultural
transmission (Noad 2011; Darling et al. 2019). Similar mechanisms of vocal learning
may occur in blue whales (Balaenoptera musculus) and fin whales (Balaenoptera
physalus) (McDonald et al. 2006; Archer et al. 2020), in which males typically sing
the same song within a region, and in other baleen whale species that sing (Cerchio
2022; Risch 2022), although there is variation in the degree of social conformity and
individual innovation among species (Stafford 2022). The importance of social
learning is also evident in the evolution of post-reproductive lifespans in killer
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Fig. 24.5 Displaying Amazon river dolphin or boto. Surrounded by other adult males and
females, an adult male boto waves vegetation, or sometimes a lump of clay, above the surface of
the water in a ritualized “dance”, which has been interpreted as being part of a socio-sexual display
within a lek-like mating system (Martin et al. 2008; da Silva and Spinella 2023, this book). In the
folklore and culture of some Amazonian people, botos were feared and accorded supernatural
powers and, as a result, were rarely hunted. Today, however, botos face many threats, including
bycatch in fishing gear, directed hunts, and hydroelectric dams that fragment populations and
increase the risk of local extirpations (da Silva et al. 2023). A reduction in the number of individuals
in the population could impact the frequency and social context of display. Photo: Projeto Boto,
Mamiraua Sustainable Development Reserve, Amazonas, Brazil

whales and short-finned pilot whales (Globicephala macrorhynchus) (Croft et al.
2015). The fitness benefits are revealed by higher offspring survival rates when post-
reproductive mothers or grandmothers are still alive (Nattrass et al. 2019). In killer
whales, socially inherited ecological niches and cultural traditions can influence
mating patterns, which in turn can drive evolutionary divergence of ecotypes (Riesch
et al. 2012; Foote et al. 2016; Ford 2019).

The costs of disrupting the transmission of socially learned behavior associated
with reproduction can have both short-term and lasting consequences. For example,
anthropogenic noise can decrease communication space and mask male song for
baleen whales (Clark et al. 2009) or displace singers (Cerchio et al. 2014), while the
loss of older individuals with knowledge of traditional feeding and breeding grounds
and migratory routes could explain why some formerly important habitat of sperm
whales and right whales remains deserted despite the cessation of commercial
whaling (Kraus and Rolland 2009; Whitehead 2010).
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As climate anomalies such as marine heatwaves become more common, our
understanding of how such events affect cetacean reproductive health needs to
keep pace. In some cases, social learning can provide opportunities for increased
ecological resilience, by providing a behavioral buffer to ecological change (Brakes
and Rendell 2022). This is evident when looking at socially transmitted foraging
strategies, which ultimately translate to individual fitness and reproductive potential.
For example, in Indo-Pacific bottlenose dolphins in Western Australia, diverse
foraging strategies for some social groups appeared to buffer against the cascading
effects of a marine heatwave on the food web (Wild et al. 2019).

24.4 Human Activities and Their Impact on Cetacean
Sociality and Reproduction

It is difficult to identify and quantify all the ways by which human activities disrupt
cetacean reproductive health. One major mechanism is by killing or otherwise
removing animals from the population, which means that key individuals disappear
suddenly; any social structure that exists, in terms of group size or composition, is
changed abruptly (Williams and Lusseau 2006). Sublethal impacts are more difficult
to identify and subtle in their effects on fecundity, behavior, and sociality. Human
activities can cause, either directly or indirectly, the fragmentation of social groups,
disruption of social behavior, and the loss of key individuals (Lusseau and Newman
2004; Williams and Lusseau 2006; Wade et al. 2012). The effects on reproductive
health can be long-lasting, nonlinear, and unpredictable (Wade et al. 2012).

Table 24.1 summarizes some examples of how human activities disrupt aspects of
cetacean reproductive health. Disruptive processes rarely take place in isolation. For
example, in the eastern North Pacific, the multiplicity of anthropogenic impacts (e.g.,
Chinook salmon (Oncorhynchus tshawytscha) depletion, high levels of contami-
nants, vessel noise and disturbance, history of live-capture removals) and intrinsic
processes (e.g., inbreeding, cultural isolation) confound efforts to understand the
root causes of one salmon-eating killer whale population’s failure to recover (Lacy
et al. 2017; Murray et al. 2021; Kardos et al. 2023). The following case studies
illustrate the cumulative impacts of multiple disruptive processes affecting two
endangered cetacean populations.

24.4.1 Beluga Whales

Beluga whales in Cook Inlet, Alaska, USA, comprise a small, genetically distinct
(O'Corry-Crowe et al. 1997) and geographically isolated population with year-round
site fidelity to the inlet (Laidre et al. 2000; Fig. 24.6). The population declined
dramatically in the 1990s, primarily due to overhunting (Mahoney and Shelden
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INMFES ESA/MMPA Permit #20465

Fig. 24.6 Cook Inlet beluga whaless. Beluga whales are highly social animals. Shown here are an
adult whale (white; front-most whale), two young adults or subadults (light gray), and a young calf
(small, dark gray). Beluga whales are facultative induced ovulators and while mating is difficult to
observe in the wild, courtship in captive settings apparently follows ritualized sequences and it is
possible that male mating displays help to induce ovulation (Steinman et al. 2012; Richard et al.
2021). Disturbance and disruption of beluga whale behavior and social structure may be a
contributing factor to the lack of recovery by this and other beluga whale populations. Photo:
NOAA Fisheries / Paul Wade (NOAA Fisheries permit #20465); August 2017

2000), and is classified as Critically Endangered on the IUCN (International Union
for Conservation of Nature) Red List and as Endangered under the US Endangered
Species Act (ESA). The population continued declining until about 2005 (when
hunting stopped), increased somewhat until about 2010, began declining again, and
reached its lowest point in 2018 (Wade et al. 2019).

Overhunting apparently caused all or most of the initial declines, but why has the
population declined since 2010? Recent studies have shed light on what appear to be
the proximal causes of the lack of recovery. First, age of first parturition (birth)
appears to be substantially delayed in the Cook Inlet beluga whale population. In
other beluga whale populations, age of sexual maturation in females occurs by age
seven, with the age of first parturition occurring by age eight (e.g., Burns and
Seaman 1986; Heide-Jgrgensen and Teilmann 1994; Suydam 2009). In contrast,
McGuire et al. (2020) found that the recent age of first parturition in Cook Inlet is
considerably greater (at least 10 and probably as old as 13). Second, the birth rate
also appears to be reduced. Suydam (2009) reported a birth rate of 0.41 in the eastern
Chukchi Sea, where the calving interval was between two and three years. In
contrast, mean fecundity in the Cook Inlet population for the period 2005-2017
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was estimated to be 0.27, which suggests a calving interval of about 4.6 years
(Himes Boor et al. 2022; Warlick et al. 2022). Warlick et al. (2022) concluded that
survival of breeding females and young calves is relatively high, but survival of
nonbreeders (which includes juveniles) and fecundity may be depressed in the Cook
Inlet beluga whale population.

Warlick et al. (2022) extended their analysis to examine annual changes in life
history parameters. Fecundity had the strongest correlation with annual population
rate of change, followed by adult survival. Among a wide range of environmental
covariates, an index of prey biomass (including several species of salmon as well as
eulachon (Thaleichthys pacificus)) was positively correlated with fecundity and
older calf survival. Fecundity and older calf survival were also positively correlated
with the returning run size of Chinook salmon in the Susitna River, an important
foraging habitat for the Cook Inlet whales (Castellote et al. 2021). Most of the life
history parameters were at their lowest value in 2011, at the start of the recent decline
in beluga whale abundance, with 2011 and 2012 representing the two lowest years
for fecundity.

In the Gulf of Alaska, salmon and forage fish production has been severely
impacted by climate change. In Cook Inlet, adult returns of Chinook salmon were
low from 2008 to 2012, with one study concluding that this was caused by adverse
freshwater conditions the previous five years, including above-optimal spawning
and rearing temperatures in the rivers (Jones et al. 2020). Following that, from 2014
to 2016, the eastern North Pacific experienced an extreme marine heat wave that
caused declines in forage fish species in the northern Gulf of Alaska, restricting
energy transfer to upper-trophic-level species and leading to large-scale mortality
events and declines in abundance and breeding success of forage-fish-dependent
salmon, groundfish, birds, and mammals (Arimitsu et al. 2021; Suryan et al. 2021).
While more research is needed, it is possible that climate effects have contributed to
the lack of recovery of the Cook Inlet beluga whale population, by decreasing their
food supply and consequently causing declines in birth rates and other life history
parameters.

Other factors could also be contributing to the lack of recovery. McGuire et al.
(2020) noted that contamination by persistent organic pollutants or other contami-
nants might be affecting beluga whale reproduction. Another concern is congenital
defects observed in some dead neonates (Burek-Huntington et al. 2022); although
the cause is unknown, this could be reducing successful reproduction. Cumulative
effects from disturbance by noise, vessel traffic, and other factors may also be
playing a role (Castellote et al. 2018; McHuron et al. 2023). One possible mecha-
nism is that human disturbance disrupts social behaviors that improve mating
success, because beluga whales are facultative induced ovulators (Steinman et al.
2012). A recent aquarium study monitoring hormone levels and behavior showed
that hormone levels in a captive female rose only after two males had initiated
reproductive displays for three weeks, with ovulation following several weeks later
(Richard et al. 2021). Breeding beluga whales in most North American aquaria has
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Fig. 24.7 Snow Cone with her newborn calf near Cumberland Island, Georgia. The energy
deficit caused by sublethal entanglements in fishing gear, as seen in this photo, and likely other
factors are stunting the growth of North Atlantic right whales (Stewart et al. 2021). Smaller mothers
have longer inter-birth intervals and produce fewer calves per potential reproductive year, which
contributes to the low birth rate of these endangered whales (Stewart et al. 2022; Moore 2023).
Photo: Florida Fish and Wildlife Conservation Commission (NOAA Fisheries permit #20556);
December 2021

been difficult (Steinman et al. 2012); an exception is a facility that had 54 beluga
whales in in two pools,’ which may have allowed for more social interactions. Given
that beluga whale courtship appears relatively complex (Hill et al. 2021), these
whales may need relatively undisturbed areas for successful mating to occur.

24.4.2 North Atlantic Right Whales

Physical injury to and mortality of North Atlantic right whales (Eubalaena
glacialis), caused almost entirely by entanglements in fishing gear and ship strikes,
have been the focus of conservation efforts in recent decades, but the potentially
related problem of poor reproduction is also of great concern (Corkeron et al. 2018;
Moore 2023; Fig. 24.7). As noted by Moore (2023), a management strategy focused
solely on minimizing right whale mortality, with inadequate attention paid to

"https://media.fisheries.noaa.gov/dam-migration/appendix_16_marineland_assurance.pdf.
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reproductive health, is unlikely to be successful in the long term. The reproductive
health challenges and other obstacles to recovery faced by North Atlantic right
whales are in stark contrast to the situation of southern right whales (Eubalaena
australis) in the Southern Hemisphere.

Even without the well-documented, recent changes in their phenology and
distribution, North Atlantic right whales have for many decades shown signs of
being less robust and less healthy than southern right whales (Christiansen et al.
2020). This includes their generally slimmer body profile that rarely exhibits the “fat
roll” behind the blowholes—a striking feature of southern right whale morphology
(Pettis et al. 2004). Reproduction rates and outcomes (e.g., ovulation, spermatogen-
esis, fetal development, calf survival) are heavily influenced by anthropogenic and
natural environmental factors that control the quality and availability of food
(Li Chen et al. 2009; Rolland et al. 2016; Corkeron et al. 2018). Those factors, in
particular the availability of very dense aggregations of late-stage calanoid cope-
pods, are increasingly affected by climate change (Fortune et al. 2013; Meyer-
Gutbrod et al. 2021). Mother body condition has been linked to calf growth rate,
and North Atlantic right whale calving rates are less than half those of southern right
whales (Kraus and Hatch 2001; Christiansen et al. 2018, 2020). There is thus a large
body of research showing that North Atlantic right whale reproduction has declined
due to direct female mortality (Pace et al. 2017), gear entanglements (van der Hoop
et al. 2017), and nutritional deficits from climate-related changes in prey quality and
availability (Meyer-Gutbrod et al. 2015), but whether and how reproduction has also
been impaired by factors related to sociality is uncertain.

Further compounding the factors affecting reproduction is the mating system
itself. Right whales are renowned for phenomenally large testes relative to body size,
and their mating system is one of the most compelling examples of sperm compe-
tition in mammals (Brownell and Ralls 1986). Parentage analysis, however, has
found that older males have disproportionally more calves, with males not obtaining
their first paternity until about 15 years of age —almost twice the average age of first
fertilizations in females (Frasier et al. 2007). Male-male competition may be
preventing young males from reproducing. The uneven distribution of paternities
results in a lower effective population size in a species that already has one of the
lowest reported levels of genetic diversity, which may further inhibit reproductive
success (Frasier et al. 2007). The fact that females are declining at a faster rate than
the overall population is further diminishing the effective population size (Reed et al.
2022).

It is unknown whether “surface active groups” of right whales (Kraus and Hatch
2001; Brown and Sironi 2023, this book) vary in size, composition, and/or male
“quality” between North Atlantic and southern right whales. However, given the
drastically different population sizes, plus the fact that participating in surface active
groups must be energetically costly, it is possible that certain behavioral or social
aspects conducive to successful copulation have been compromised or lost along the
way in North Atlantic right whales. This could make them less capable of recovering
when compared to some other baleen whales, including southern right whales. Even
if a North Atlantic right whale conceives and gives birth to a calf, the inadequacy of
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socially transmitted knowledge could be hindering long-term calf survival. As
explained by Brown and Sironi (2023, this book), southern right whale calves (and
almost certainly calves of other right whale species) learn from their mothers where
and when good food can be found. This culturally transmitted knowledge may serve
a calf well in its first migration but could limit the extent to which young whales are
inclined (or able) to search for new feeding areas and opportunities in the face of
declining prey. For North Atlantic right whales, loss of knowledge may explain the
fact that large expanses of their historical range (including southern Greenland,
Iceland, and much of Western Europe) have not been reoccupied after more than a
century of nearly complete protection from whaling (Kraus and Rolland 2009;
Mellinger et al. 2011).

24.5 Integrating Cetacean Reproductive Health into
Conservation Actions

As threats to cetaceans change, so must our conservation and management
approaches (Jefferson 2019). Population dynamics models, such as population
viability analysis (PVA), are being used to investigate cumulative human impacts
on cetacean population growth, stability, and resilience (Lacy et al. 2017; Murray
et al. 2021). More attention is being paid to understanding, linking, and tracking the
consequences of short- and long-term behavioral disturbances from noise and other
human activities to changes in cetacean health (body condition), reproductive rates,
and population dynamics by evaluating mechanistic transfer functions (National
Research Council 2005; Pirotta et al. 2018; Pirotta et al. 2019; McHuron et al.
2021, 2023). Knowledge gaps in understanding the reproductive biology and behav-
ior of endangered species are being addressed by leveraging insights grained from
more abundant species in managed care facilities (e.g., Integrated Conservation
Planning for Cetaceans®). New efforts are being made to determine how sociality
and culture structure populations. For example, clan-level differences in foraging
strategies of eastern tropical Pacific sperm whales have resulted in signatories to the
Convention on the Conservation of Migratory Species of Wild Animals committing
to a “concerted action” to seek improved understanding of how social learning
creates cultural structuring relevant to conservation (Brakes et al. 2019). A variety
of tools and lines of evidence are being applied to identify population units in need of
conservation (“units to conserve”) and specify the threats they face (e.g., [UCN Red
List, US Endangered Species Act, US Marine Mammal Protection Act). Geograph-
ical differences in behavior conducive to constrictions in gene flow (female site
fidelity, mating system, acoustics, dietary specializations) may be used as possi-
ble “lines of evidence” for delimiting cetacean subspecies (Taylor et al. 2017)
and male song in blue whales and fin whales is being used to characterize population

Zhttps://iucn-csg.org/integrated-conservation-planning-for-cetaceans-icpc/.
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differences (McDonald et al. 2006; Delarue et al. 2009; Archer et al. 2020). In
addition to these important approaches, we highlight four specific ways to improve
conservation outcomes by explicit consideration of cetacean reproductive health:
monitoring, modeling, mapping, and data sharing.

24.5.1 Programs and Tools to Monitor Reproductive Health

Foundational to all conservation efforts are effective population assessment and
monitoring programs. Most rely on abundance estimation at frequent intervals.
Augmenting this, when possible, by tracking calf numbers—temporally (within an
impacted population over time) or geographically (comparing impacted
populations vs. non-impacted populations)—can give an early indication of whether
and how reproduction is being compromised. Today, innovative field technologies
and laboratory approaches provide unparalleled access to information on reproduc-
tive health (Nowacek et al. 2016; Ramos et al. 2023, this book). Non-invasive
techniques, such as aerial photogrammetry, have been used to track body condition
of known individuals, which is linked with reproductive output in eastern North
Pacific killer whales and North Atlantic right whales (Fearnbach et al. 2018; Stewart
et al. 2022). Fecal steroid hormone assays from samples collected with the assistance
of feces-sniffing dogs have been used to determine occurrence, stage and health of
pregnancy in females, and the onset of sexual maturation and reproductive season-
ality in males (Rolland et al. 2007; Wasser et al. 2017). Endocrine evaluations of
biopsies from free- ranging cetaceans have been used to show high pregnancy rates
consistent with population recovery in Australian humpback whales (Pallin et al.
2018) and to assess reproductive health in bottlenose dolphin stocks in the Gulf of
Mexico following the Deepwater Horizon oil spill (Kellar et al. 2017). In addition to
monitoring live animals, studying dead ones via stranding and carcass collection pro-
grams can provide critical information on sexual maturity and fertility.

24.5.2 Approaches for Explicitly Incorporating Reproductive
Health into Conservation Reference Points

Box 24.1: Assessing Human Impacts: The PBR Example

The “potential biological removal” (PBR) level is a specific reference point
developed and applied in the United States to meet the objectives of the US
Marine Mammal Protection Act (US MMPA) (Wade 1998). PBR is calculated
as the product of three values: (1) N, (an estimate of population size that

(continued)
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Box 24.1 (continued)

provides reasonable assurance that the population size is greater than that
level), (2) 1/2 Ry.x (Where Ry« is the maximum annual per capita rate of
increase in a population resulting from additions due to reproduction, less
losses due to natural mortality), and (3) F,, a recovery factor set between a
value of 0.1 and 1.0; thus, PBR = N,,;, * 0.5R,..x * F,. The concept of R .«
implicitly includes values of quantifiable population parameters, such as birth
rates, survival rates, and the age of sexual maturity. In other words, it is
designed to account, at least implicitly, for species and even population
differences in reproductive potential and also outcomes. Where data are
limited, the United States relies on default values for R;,.x according to
taxonomic group (e.g., cetaceans vs. pinnipeds, NMFS 2023), but case-
specific adjustments are allowed for populations for which R,,.x is known or
suspected to be higher or lower than the default value. This allows, at least
theoretically, for the PBR approach to accommodate cases where a
population’s reproductive rate has been suppressed by human-caused factors,
by lowering the value of R,.

Exploring fecundity and birth rates across species and populations may highlight
ongoing changes and impacts that require adjustments to the way conservation
management reference points are designed or applied. Not only are threats to
cetaceans changing, but such changes may also affect individuals of different sex,
age, or stage classes differently. So as threats change, so too must management
models. Where a decrease in a population’s birth rate can be measured, this can be
relatively easily accounted for in the PBR equation (see Box 24.1). However, it is
often the case that human-caused reductions in birth rate are suspected but not
known or known but not quantified. To investigate this (and other considerations),
Punt et al. (2021) evaluated how robust the PBR framework is to the sublethal effects
of entanglements in fishing gear and the mainly sublethal (but sometimes lethal)
effects of noise from human activities. Modeled sublethal effects had relatively small
impacts on recovery probability as long as the recovery factor (F,) was set to 0.5; if F;
was set to 1.0, sublethal effects could prevent a population from recovering. This
emphasizes the need for conservative (i.e., precautionary or risk-averse) manage-
ment approaches when sublethal effects are known or suspected.

Another consideration is that of age or sex selectivity of human-caused mortality.
This follows from the concept of reproductive value in population dynamics, where
reproductive value is defined as a female’s expected reproductive output over her
remaining lifetime. The reproductive value changes substantially with age, with
newborn females having a low reproductive value (because they have to survive
until the age of first reproduction) and females that have just reached the age of first
reproduction having the highest reproductive value. Brandon et al. (2017) tested
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whether the PBR framework was robust to age- and sex-selective mortality. They
found that if human-caused mortality consists predominantly of young animals or of
males, PBR is likely more precautionary than necessary to achieve the conservation
goal. Conversely, PBR may not be sufficiently precautionary if human-caused
mortality consists predominantly of mature females. The same might occur if
human-caused mortality consists largely of dominant males or males with high
reproductive output, but this has not been examined.

The US guidelines allow for adjustment of the PBR calculation if human-caused
mortality consists primarily of females (National Marine Fisheries Service 2023).
This issue becomes more important for species with more extreme life histories, with
a long delay until age of first reproduction. Curtis and Moore (2013) provided a
framework for calculating reference points for mortality of sea turtles, where age
selectivity can be extremely important. A similar approach might be necessary for
long-lived cetaceans, if their human-caused mortality is particularly sex- or
age-skewed.

Population models generally assume that individuals are interchangeable (i.e.,
one individual is equivalent to any other) even if age and sex are explicitly modeled
in some manner. In highly social species, the removal of certain key individuals such
as matriarchs in elephant (Loxodonta africana) herds and dominant males in Soay
(Ovis aries) and bighorn (Ovis canadensis) sheep and African elephants can affect
reproduction and survival well beyond the expected effect of the removal of a single
individual (Wade et al. 2012). This has not been addressed adequately in manage-
ment models, such as PBR, but could be addressed through individual-based models
that recognize the effects of removing matriarchs or other particularly important
individuals.

24.5.3 Identifying and Mapping Geographic Areas Important
to Cetacean Reproductive Health

Protecting habitat essential for cetacean reproduction is challenging, as these loca-
tions may be unknown or span wide areas of ocean. Among the available mecha-
nisms for identifying and describing areas that are important for mating, birthing,
and nurturing young are Important Marine Mammal Areas (IMMAs)® (Tetley et al.
2022) and Biologically Important Areas (BIA’s)* (Ferguson et al. 2015). Spatially
explicit tools are a promising way of implementing successful marine mammal
conservation with substantial benefit to associated biodiversity conservation (Hoyt
2022). In addition, there are benefits to incorporating social dyanamics in spatial
management (Smith et al. 2016) and to clearly mapping relationships between prey
and cetacean fecundity, as evidence has shown that nutrition affects all aspects of

3https://www.marinemammalhabitat.org/.
“https://www.dcceew.gov.au/environment/marine/marine-species/bias.
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reproduction (e.g., Meyer-Gutbrod et al. 2015; sseldijk et al. 2021). When prey
preferences are tied to social or cultural group membership, nutritional issues can be
exacerbated. Eastern North Pacific salmon-eating killer whales are an exemplar:
their culturally inherited and rigid preference for endangered Chinook salmon has
been linked to an extremely high failed pregnancy rate (almost 70%) in one
population (Wasser et al. 2017). In eastern tropical Pacific sperm whales, clan-
specific foraging variation results in clans faring differently during times of envi-
ronmental change, such as El Nifio Southern Oscillation events (Whitehead and
Rendell 2004). Whether variation in foraging success during such events is due to
the availability of preferred prey or to some other factor remains unknown, but clans
with more foraging success may also experience greater reproductive success (Cantor
and Whitehead 2015).

24.5.4 Crosstalk, Data Sharing, and Collaboration Across
Geographic Boundaries

Many cetacean species are highly mobile and frequently move across arbitrary
national or other jurisdictional boundaries. Even within a single species, we find
variation in residency and ranging patterns (e.g., sperm whales, Vachon et al. 2022;
killer whales, Ford 2019; common bottlenose dolphins (Tursiops truncatus),
Oudejans et al. 2015). Yet, researchers in different regions of the world often have
vastly different levels of access to resources (financial, technical, etc.), which can
result in a patchy understanding of a species throughout its full range. As a first step
toward ameliorating this inequity, researchers can make processed data, analytical
tools, and pipelines open access (e.g., GitHub). There is ample evidence to demon-
strate that open-access data and resources (such as this book) improve science
(Munafo et al. 2017; Popkin 2019; Gomes et al. 2022), as well as obvious benefits
such as encouraging comparability, trust, collaboration, and transparency among
researchers. The wide sharing of data, tools, and knowledge will afford us a more
complete understanding of behavior, including reproductive behavior, throughout a
species’ range.

24.6 Summary

Cetacean conservation will benefit from efforts to preserve, or reestablish, the
environmental, demographic, and social conditions that enable animals to reproduce
successfully in their natural environment. The better we understand and integrate
knowledge concerning cetacean reproductive health into conservation strategies, the
better our chances of achieving species recovery, protecting biodiversity, and
preventing future extinctions. As summarized whimsically by Marah Hardt (2016),
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but with much relevance and as a fitting end for this book, to conserve cetacean sex
and reproductive strategies, we need to:

* Give them privacy so they can court without disturbance.

* Give them enough food so they have time for sex and are in good condition.

» Keep it quiet so they can hear each other’s songs.

» Keep it clean so that pollutants do not impact their sex drive.

» Stop killing them, directly or incidentally, so key individuals are present and
groups remain intact.

» Keep it safe—without hunting, chasing or otherwise stressing them—so they can
pursue each other.

* Maintain the climate for sex so that we can slow, stop, or reverse the dire warming
scenarios and give the oceans, and the biodiversity they support, a chance.
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