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Small cetaceans (dolphins, porpoises, and small toothed whales) occur from the poles to the tropics, and from freshwater habitats to the open ocean. Most ecological research has focused on the influence of abiotic factors on the abundance, distribution, and behavior of these species. The ecological impacts of small cetaceans on communities and ecosystems remain poorly quantified. Their movement patterns, often high local and regional abundances across a range of ecosystems, and high metabolic rates suggest that small cetaceans could have large effects on ecosystem structure, dynamics, and function through a variety of mechanisms. These include top-down (e.g., direct predation and risk effects) and bottom-up effects (e.g., translocation of nutrients within and across ecosystems), but also behavior-mediated processes where these predators can facilitate access to resources to other predators or modify the physical properties of habitat (e.g., bioturbation). Most small cetaceans can be consumed by other marine predators, particularly killer whales (Orcinus orca) and large sharks. Although consumption rates of small cetaceans can be high, there is a paucity of information on their effects on population sizes or behaviors of their prey. Mass-balance ecosystem models suggest that small cetaceans may impact the populations of short-lived prey species (particularly fish and cephalopods), but other factors (e.g., eutrophication and fisheries) also affect ecosystem functioning and population trends. Delphinids can also mediate the translocation and recycling of limiting nutrients between spatially distinct ecosystems on a diel basis. Despite intriguing possibilities, large gaps remain in our understanding of the roles and importance of small cetaceans in aquatic ecosystems, both marine and freshwater.
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INTRODUCTION

Understanding the ecological roles and importance of large-bodied aquatic consumers (particularly high trophic level predators) has been the focus of an increasing number of studies over the past two decades, including marine mammals, sharks, sea turtles, seabirds, and crocodilians (e.g., Katona and Whitehead, 1988; Bowen, 1997; Heithaus et al., 2008; Heithaus, 2013; Roman et al., 2014; Kiszka et al., 2015; Estes et al., 2016; Roff et al., 2016; Somaweera et al., 2020). While these studies and reviews have demonstrated that species within each of these taxa may play important roles, both as predators and prey, it is becoming increasingly apparent that there is a need to better understand the diversity of functional roles predators have in aquatic ecosystems, the pathways through which they might affect the structure and function of biological communities and ecosystems, and the contexts in which species may be more or less important. Such an understanding is critical because populations of large-bodied consumers are still in flux with many decreasing but others increasing or being targeted for population recovery (Nelms et al., 2021).

Dolphins (Platanistidae, Iniidae, Lipotidae1, Pontoporiidae, and Delphinidae), porpoises (Phocoenidae) and small toothed whales (Monodontidae and Kogiidae) are the smallest members of the odontocete suborder. They range across all latitudes, from the poles to the tropics, and occur from freshwater to open ocean ecosystems. They also exhibit a wide range of body sizes, from 150 cm and 48 kg for the vaquita (Phocoena sinus) to 980 cm and 10,000 kg for the killer whale (Orcinus orca). There are 51 extant species of small odontocetes (although assigning a species to this category remains slightly subjective) from seven families currently recognized by the Committee on Taxonomy of the Society for Marine Mammalogy2. These species occupy relatively a range of trophic levels in food webs, but the majority of species are mesopredators (Pauly et al., 1998). Small cetaceans can consume significant amounts of biomass due to the combined effects of high metabolic rates and high local/regional abundance, at least in some ecosystems. Their movements and diving abilities are extremely variable. The majority forage in shallow aquatic ecosystems (both freshwater and marine) or in epipelagic waters, but some species feed at depths up to and exceeding 1,000 m on mesopelagic prey (Spitz et al., 2006; Jensen et al., 2011).

To date, most studies on the ecology of small cetaceans have focused on describing their habitat preferences in relation to environmental parameters, primarily abiotic conditions (e.g., Parra, 2006; Cañadas and Hammond, 2008; Marubini et al., 2009), their movements across multiple spatial and temporal scales (Wells et al., 1999; Elwen et al., 2006; Durban and Pitman, 2012), and their trophic interactions (Spitz et al., 2006; Giménez et al., 2018; Kiszka et al., 2021). Therefore, most research efforts have focused on understanding the effects of marine ecosystems on these species (Estes et al., 2016). However, little research has been dedicated to understanding how these predators affect populations, communities, and ecosystems (Katona and Whitehead, 1988; Kiszka et al., 2015; Estes et al., 2016). Here, we review the diversity of roles small cetaceans can play in marine ecosystems, and investigate our current knowledge of their ecological importance.



ROLES VS. IMPORTANCE

There is often some confusion about the use of “ecological role/roles” and “ecological importance” (but see Heithaus et al., 2010; Kiszka et al., 2015). The ecological roles of a species include their position in the food web (“what it eats and what eats it”; Heithaus et al., 2010), but also a multitude of other non-feeding interactions, including behavioral facilitation (whereby predators facilitate access to food resources to other predators), habitat modification (e.g., bioturbation), the translocation of nutrients within and across ecosystems, and potentially other behavior-driven roles (Kiszka et al., 2015). The ecological importance of species refers to the community and ecosystem consequences of changes in their abundance.



DIRECT PREDATION EFFECTS

The effects of direct predation by small cetaceans on their prey have received limited empirical attention (but see Williams et al., 2004, for example). Quantifying the importance of these effects remains a challenge in ecology, particularly in fluid marine ecosystems (Matassa and Trussell, 2011; Kindinger and Albins, 2017). Mass-balanced ecosystem-based models are a popular approach to assess the trophic regimes of marine ecosystems and the trophic role of organisms. Most small cetaceans consume low-mid trophic level fishes and cephalopods (Pauly et al., 1998), but others such as the killer or false killer whale (Pseudorca crassidens) consume other upper trophic level predators (large teleosts, other small cetaceans, sharks; Heithaus, 2001). The effects of predation, however, remain unclear except in a limited number of cases. Following a collapse of large whales in the North Pacific, killer whales are thought to have contributed to the decline of several species of smaller marine mammals, particularly pinnipeds (Eumetopias jubatus and Phoca vitulina) and sea otters (Enhydra lutris) through predation. Metabolic rate estimates indicate that one killer whale pod can consume 1,200 Steller sea lions per year and just 40 killer whales could have caused the observed collapse in the population, while just five killer whales are necessary to cause the decline of sea otters (Williams et al., 2004). In kelp forest ecosystems, the decline of sea otters has resulted in a trophic cascade, whereby sea urchin populations (sea otter main prey) have dramatically increased, leading to the decline of kelp forests due to overgrazing by sea urchins (Estes et al., 1998, 2004; Springer et al., 2003). However, although consumptive effects are thought to be the primary cause of the decline of sea otters and several pinniped species in the North Pacific, there is still a lack of knowledge on the relative importance of consumptive and risk effects on the dynamics and strength of these cascading effects (Estes et al., 2016).

Ecosystem-based models have been used to estimate the effects of the removal of predators, including small cetaceans, to help address gaps in empirical data. These models suggest that changing upper trophic level predator population sizes and diets result in changes in population sizes of species including beyond those with direct trophic linkages (Lassalle et al., 2012). In the 1970s, overexploitation-driven declines in dolphin populations, in concert with overfishing of commercial fishes, were associated with growth of non-commercial planktivorous fish populations, and declines in zooplankton populations (Daskalov, 2002). These changes resulted in reduced grazing pressure on phytoplankton communities, and eutrophication by the 1980s (Akoglu et al., 2014). However, the Black Sea was also experiencing greater riverine nutrient input, making it difficult to determine the importance of declines in small cetacean populations in driving these overall changes to the ecosystem relative to other stressors. The role of cetaceans as keystone functional groups (high impact and low biomass) has been repeatedly predicted from ecosystem models (Libralato et al., 2006; Valls et al., 2015), but ecosystem-based models may not solely be able to determine the consumptive effects of small cetaceans. The predictability of these models are constrained by limitations in our knowledge (e.g., food web topology and empirically derived population trends), and ecosystems are often complex and simultaneously affected by numerous factors (e.g., population size changes and anthropogenic stressors). The collection of holistic, multi-trophic level observational data, ideally in small ecosystems with limited interactions, may be the most appropriate way to identify the consumptive effects of cetaceans in marine ecosystems and would help refine ecosystem-based models. Indirect, ecosystem-level impacts of cetacean consumptive effects require further empirical recognition. However, in relation to modeling, in situ data collection is more time consuming, costly, and potentially limited in spatial and temporal scope. The use of both methods is therefore necessary to determine the influence of cetacean-mediated consumptive effects amidst global declines in apex predator abundances.



RISK EFFECTS

Animals adopt behaviors (or suites of behaviors) to reduce the probability of being killed by predators (Lima and Dill, 1990). Investment in anti-predator tactics can be substantial and take multiple forms, from grouping to changes in habitat and resource use, even when predator-inflicted mortality is rare (Heithaus et al., 2008; Creel, 2011). Behavioral responses to risk are highly variable and depend on intrinsic characteristics of predator (foraging mode), prey (escape tactics) and context-dependent (physical features of habitats, such as depth and water visibility; see Wirsing et al., 2021). In addition, the physiological status (e.g., pregnancy and body condition) of individuals experiencing and mitigating risks can have major impacts on the energetic cost of prediction risk (Heithaus et al., 2008; Srinivasan et al., 2018). Overall, predation risk can result in losses of foraging and reproductive opportunities, and increased energetic costs due to investments to reduce the risk of being killed by a predator (Creel and Christianson, 2008).

The impacts of predation risk induced and experienced by small cetaceans have generally been overlooked. The perception of risk from predators can result in short- to long-term responses across multiple spatial and temporal scales. Immediate responses can include flight, freeze, mobbing or predator inspection, whereas long-term responses can induce shifts in habitat use, change in foraging behavior, and social cohesion (Kiszka et al., 2015; Srinivasan, 2019). For example, in the north-eastern Pacific, immediate risk from killer whales will induce coalescing movements from harbor (Phocoena phocoena) and Dall’s porpoises (Phocoenides dalli) into shallow coastal waters (Jefferson et al., 1991). In pelagic waters, where diel vertical migrations occur, foraging delphinids induce behavioral responses to the diving behavior of mesopelagic organisms (Urmy and Benoit-Bird, 2021). Long-term responses most commonly involve habitat shifts. In Shark Bay, Western Australia, Indo-Pacific bottlenose dolphins (Tursiops aduncus) avoid productive seagrass habitats when tiger sharks (Galeocerdo cuvier) are more abundant, and favor safer deeper channels where prey is scarcer (Heithaus and Dill, 2002; Figure 1). Off Kaikoura, New Zealand, predation risk from killer whales can result in a 38% loss of foraging time for dusky dolphins due to the cost of commuting between offshore nighttime feeding grounds to safer inshore resting habitats used during daytime (Srinivasan et al., 2010). Similarly, spinner dolphins (Stenella longirostris) around tropical islands and atolls use shallow lagoons, bays, and shallow reef banks for resting and socializing after foraging offshore at night on mesopelagic prey, and this strategy seem to be driven by predation risk from large sharks and possibly large delphinids (Norris and Dohl, 1980; Heithaus, 2001; Kiszka et al., 2011). Several delphinid species are also known to form mixed-species groups to increase vigilance and dilute attack probabilities on individual group members in habitats where predation risk is perceived as high (see Syme et al., 2021, for a review). These “associations” can be initiated by one species and also result in a habitat shift, where one will move from its preferred habitat to the habitat preferentially used by another to associate with it.
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FIGURE 1. Conceptual model of the ecological roles of small cetaceans in aquatic food webs (primarily marine). (A) Small cetaceans can mediate the translocation of limiting nutrients vertically (e.g., foraging on mesopelagic prey and sinking carcasses), horizontally (e.g., offshore foraging and resting/avoiding predators during the day in coastal waters), and through bioturbation. (B) Small cetaceans can mediate the consumptive effects of other predators in the ecosystem (e.g., killer whale, sea otter, sea urchin, kelp forests; Estes et al., 1998). (C) Small cetaceans may alter their foraging behavior and habitat utilization in response to the presence of predators (e.g., Shark Bay, Australia; Heithaus and Dill, 2002). (D) Small cetaceans influence the prey availability for other organisms in the ecosystem (e.g., Parkinson’s petrels feeding on prey scraps (left; Pitman and Ballance, 1992) and small fishes forced closer to the surface by the fear of predation by small cetaceans, making the fishes available for seabird predation (right)].


Predation risk can also change through time to due to long-term changes in predator abundance and distribution. In the eastern Canadian Arctic, the increasing occurrence of killer whales due to the decline of sea ice has resulted in increasing predation pressure on arctic cetaceans, particularly narwhals (Monodon monoceros) but also bowhead whales (Balaena mysticetus) and beluga whales (Delphinapterus leucas; Ferguson et al., 2010). This is resulting in shifts in the spatial and temporal patterns of abundance of these species, which might eventually have consequences on the fitness of individuals and populations (Laidre et al., 2006; Breed et al., 2017). Because of the likely effects of climate change on predator and prey abundance and distribution, temporal shifts in predation risk should be incorporated into future studies of the ecological importance of small cetaceans.

Increasingly, it is being recognized that the effects of predation risk can cascade through food webs. Behavior-mediated indirect interactions (BMIIs) can occur as changes in the behavior of one species (or a segment of a given population, the transmitter) in response to another species (e.g., predator, the initiator) will in turn affect the behavior of a third group (the receiver; Dill et al., 2003). One of the most obvious examples of a BMII (sometimes referred to as a behavior-mediated trophic cascade) involving small cetaceans are when they (as initiators) drive schooling fish (transmitters) to the surface, making them more available to seabirds and other predators (receivers) (Dill et al., 2003; see below). A BMII may also occur where tiger sharks induce habitat shifts in dolphins that would result in reduced (high risk habitats) or increased (low risk habitats) predation rates and risk for small teleosts (Heithaus and Dill, 2002). The effects of these shifts by dolphins on teleost populations and behavior, however, are unquantified.



FORAGING FACILITATION

Within marine predator communities, some species can facilitate the foraging of co-occurring predators by making previously unavailable prey accessible (Dill et al., 2003; Kiszka et al., 2015; Figure 1). Multiple (but scattered and often opportunistic) examples in the literature from diverse coastal and oceanic ecosystems suggest that several species of small cetaceans (primarily delphinids) facilitate foraging and enhance feeding rates of other surface-dwelling predators, particularly epipelagic sharks, seabirds, and possibly baleen whales (Balaenoptera sp.). In some cases, particularly in oligotrophic ecosystems, foraging facilitation could be critical for the survival of epipelagic seabirds, particularly Procellariformes (petrels). Thus, in the eastern tropical Pacific, Parkinson’s petrels (Procellaria parkinsoni) associate with melon-headed whales (Peponocephala electra) or false killer whales (Pseudorca crassidens) to feed on prey scraps (Pitman and Ballance, 1992; Figure 1). If Parkinson’s petrels exclusively rely on this source of food, the presence of cetaceans would be critical for their survival. The dynamics and context-dependence of foraging facilitation has not been investigated in detail, and further research is needed to assess its importance for many epipelagic predators, particularly seabirds.



BIOTURBATION

Foraging tactics adopted by marine consumers can affect the physical structure of habitats, a form of “ecosystem engineering” (Nelson et al., 1983; Nakaoka et al., 2002; Ray et al., 2006). Bioturbation is recognized as a major (but overlooked) driver of ecosystem dynamics and evolution (Meysman et al., 2006). A few species of small cetaceans potentially have an impact on benthic communities, particularly coastal delphinids feeding on benthic prey (Figure 1). For example, foraging bottlenose dolphins in the wider Caribbean region use tactics (e.g., mud-ring or mud-plume feeding) where they create sediment plumes to confuse their prey and increase foraging efficiency (Lewis and Schroeder, 2003; Torres and Read, 2009), which are visible from space (Ramos et al., 2021). In the Bahamas, crater feeding bottlenose dolphins dig in the benthos to find their prey (Rossbach and Herzing, 1997), and turn over considerable amounts of sand when doing so. However, the importance of bioturbation, particularly on infaunal communities, is unknown. Although bioturbation could have a negative effect on infaunal communities, it could promote nutrient dynamics by increasing microbial activity on the benthos, and contribute to increasing nitrogen fixation (Perry and Dennison, 1996). Benthic foraging is used by multiple species of small cetaceans (particularly common bottlenose dolphins) across many coastal ecosystems, but its impact on habitat modification, nutrient dynamics, and on infaunal communities needs to be further investigated.



NUTRIENT CYCLING AND TROPHIC COUPLING

Animal-mediated movements of nutrients within and across ecosystems can be significant, both in terrestrial and marine ecosystems (Doughty et al., 2016). Similar to large whales (Roman et al., 2014), small cetaceans release fecal plumes and urinate near the surface after feeding at depths, but can also contribute to water mixing when diving, particularly in well stratified waters (Dewar et al., 2006). While rates of nutrient transport remain unexplored for small cetaceans, there is a possibility that they could move ecologically relevant amounts of nutrients in several contexts. A diversity of small cetacean species feed in multiple habitats (e.g., upstream sections of estuaries, coastal seagrass meadows and pelagic waters on the continental shelf for T. truncatus, for example), or use distinct habitats that fulfill different functions (coastal or reef-associated resting grounds and offshore feeding grounds for Lagenorhynchus obscurus and Stenella longirostris, for example; Figure 1), and can therefore mediate the translocation and recycling of limiting nutrients. These horizontal movements can occur on a diel basis, and contribute to deposit nutrients from one habitat or ecosystem to another. Second, deep diving species (e.g., Fraser’s dolphins Lagenodelphis hosei and spinner dolphins feeding on the deep scattering layer; Dolar et al., 2003) can translocate nutrient by foraging on mesopelagic prey, and excrete/defecate in surface waters during resting/traveling and between foraging dives (e.g., G. macrorhynchus and O. orca), which is similar to the “whale pump” process described for large whales (Roman et al., 2014; Figure 1). Even if small cetaceans forage and defecate in similar habitats, they could also play a major role in biogeochemical cycling processes through the consumption of nutrient-rich prey and subsequent egestion/excretion. To date, no studies have assessed small cetacean-mediated nutrient movements and recycling, although a range of species could significantly affect nutrient dynamics, particularly when small cetaceans mediate the translocation of nutrients from productive foraging to nutrient-poor habitats, and therefore link spatially distinct ecosystems.



SUMMARY

While there are increasing efforts to improve our understanding of the ecological roles and importance of small cetaceans, these efforts lag behind those focused on large whales (e.g., Roman et al., 2014; Doughty et al., 2016). With their high abundance in some ecosystems and widespread distribution, small cetaceans could have significant impact on the structure and function of aquatic ecosystems. These effects may be particularly important in tropical and warm temperate ecosystems that are oligotrophic or where interactions are spatially confined (e.g., small oceanic islands and riverine systems) and there may be limited dilution of their ecological impacts. These latter systems represent an important opportunity for quantifying effects of small cetaceans because they would theoretically be easier to detect and measure. Efforts to elucidate the ecological importance of small cetaceans, however, need to be focused largely on the behavior and population dynamics of their prey which remain poorly understood in many systems. A variety of possible roles that small cetaceans could play in marine ecosystems have not been investigated. For example, dolphin carcasses that strand and sink in deep waters have the potential to support numerous species (cf. whale falls; see Roman et al., 2014, for a review).

Understanding the ecological impacts of small cetaceans, whether large or relatively small, is important in light of the decline of an increasing number of species, mostly due to bycatch (Brownell et al., 2019). Today, 13 species, subspecies or populations of small cetaceans are classified as Critically Endangered on the IUCN Red List of Threatened Species. A major limit to assessing the ecological influences of small cetaceans is the difficulty to study these organisms (particularly their movements and feeding ecology) and their ecosystems. Despite the increasing availability of research tools and methods that are critical to understand the ecological roles of these predators, major gaps hinder our capability to properly measure a number of key attributes of their function, particularly their fine-scale movements, feeding rates, and prey selection. The development of biologging tools (e.g., animal-borne video and environmental data collection systems, AVEDs) or improving our understanding of uncertainty of mass-balance ecosystem models are one of many key elements to assessing the roles and function of small cetaceans (and other large marine consumers) in aquatic ecosystems.
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FOOTNOTES

1Functionally extinct.

2https://marinemammalscience.org/science-and-publications/list-marine-mammal-species-subspecies
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