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Abstract

Whales, dolphins and porpoises make significant contributions to ecosystems that benefit the natural
environment and people. In 2021, the IWC and CMS co-hosted a workshop on cetacean ecosystem
functioning to consider existing research studies and identify knowledge gaps. This area of work has
received increasing focus in recent years and, in the three-year period since the workshop was held,
multiple peer-reviewed studies have been published on this topic. A rapid review of literature was
therefore conducted to assess the state of the science on cetacean ecosystem functioning considering
recent publications. Results were matched against the research and development needs identified in the
IWC-CMS workshop to identify progress across each knowledge gap. The review identified numerous
studies published over the last years that contribute to our understanding of cetacean ecosystem
functioning. Many of the research needs identified during the IWC-CMS workshop have progressed,
however substantial gaps remain, and further effort is required to fully address the relevant IWC
resolutions.

Background

In 2016, the International Whaling Commission (IWC) adopted a Resolution on Cetaceans and Their
Contributions to Ecosystem Functioning (2016-3). The resolution recognises that cetaceans make
significant contributions to ecosystem functioning that are beneficial for the natural environment and
people. It also asked the Scientific Committee to screen the existing research studies on the contribution
of cetaceans to ecosystem functioning, as well as develop a gap analysis regarding research and to
develop a plan for remaining research needs.

Two vyears later, IWC Resolution 2018-2 commended the Scientific Committee and Conservation
Committee for their efforts to increase understanding of the contribution of cetaceans to ecosystem
functioning and encouraged collaboration with the Convention on Migratory Species (CMS) and other
international organisations to jointly advance this work.

Following on from this request, an expert workshop was co-hosted online by IWC and CMS in April 2021
to conduct a gap analysis on research in the subject area. Two primary review reports, SC/68C/EMO05 and
SC/68C/EM02, were prepared for the workshop to provide perspectives on the
consumptive/nonconsumptive effects of whales and the role of whales for global ocean ecosystem
engineering, respectively, and presentations were delivered by experts on their research into how
cetaceans affect ecosystem functions. To summarise existing knowledge, the workshop compiled an
overview of selected traits of cetaceans and their related ecosystem functions and services (Table 1,
SC/68C/REP/03). These traits were grouped into three categories: (1) nutrient transfer and circulation,
(2) feeding-related traits, and (3) the provision of habitat, contribution to biodiversity and blue carbon.
The Terms of Reference for the workshop (Annex B, SC/68G/REP/03) also directed participants to develop
a prioritised list of research and development needs to fill identified knowledge gaps, which were compiled



into an additional output (Table 2, SC/68C/REP/03) and subdivided into the same three categories
identified above.

These outcomes were published in the IWC-CMS workshop report (SC/68C/REP/03) and provide an ideal
basis from which to evaluate progress made in cetacean ecosystem functioning work over the most recent
years.

Methods

The goal of this report was to provide an update on the state of the science on cetacean ecosystem
functioning. The aim was to highlight areas in which knowledge has progressed, stalled, or remained
untested during the previous three years, and to determine where best to focus future research efforts.
With this goal in mind, a rapid review of scientific, peer-reviewed literature was conducted in March 2024
to identify research published between 2021 and 2024, inclusive, which focused on, or was linked to, the
cetacean ecosystem functioning area of work. The research and development needs as identified in Table
2 of the workshop report (SC/68C/REP/03) were used as the basis for search strings within the search
engine Google Scholar and the first five pages of results were assessed for relevant publications. Once
identified as relevant, publications were mapped to the appropriate category (or categories) as used in
the expert workshop, and then further matched to the corresponding knowledge gap/s where feasible. A
visual aid (Annex A) was then constructed to evaluate areas of commonality and identify those in need of
prioritisation.

Outcomes

Since the IWC-CMS workshop in 2021, multiple scientific papers' have been published within the cetacean
ecosystem functioning area of work. These peer-reviewed publications vary by focal species, subject area,
and geographic location, yet collectively they start to address the knowledge gaps highlighted in Table 2
(SC/68C/REP/03).

The review identified that scientific knowledge has progressed within each of three categories of
ecosystem function related traits. However, it also revealed an uneven distribution of publications between
these categories, as well as in relation to specific knowledge gaps. For example, studies determined as
applicable to knowledge gaps within category (3) the provision of habitat, contribution to biodiversity and
blue carbon outnumbered those matched to (1) nutrient transfer and circulation by almost 2:1. With
regards to category (3), publications focused heavily on whale falls, specifically the study of
experimentally placed cetacean bones and carcasses. Other knowledge gaps addressed by recent
publications included finer spatial resolution ecosystem models, spatially explicit understanding of
landscape features and ecosystem models evaluating the role of cetaceans in ecosystems, especially with
the inclusion of climate change. However, there were notable gaps in relation to scientific updates on
whale falls in specific areas e.g. near vents/seeps, on abyssal plains or within current whaling areas, as
well as studies related to moulting areas and sloughed skin.

Publications identified as linked to nutrient transfer and circulation were much less comprehensive.
Studies focused largely on the seasonal timing of whale migrations and plankton blooms and finer scale
details on the contribution of different species of cetacean to the movement of nutrients. Knowledge gaps
related to the great whale conveyor belt, the bioavailability of nutrients, and the impact of key nutrients
and other limiting (co)factors on phytoplankton growth and/or bacterial communities require further
input. This patchy distribution of research effort contrasts with that identified for the final category, (2)

1 See references for full list of studies.



feeding-related traits, which had a more uniform distribution of effort. Here many of the knowledge gaps
were linked to one or two publications, however the overall volume was low. Research to improve the
data resolution at different stages within a feeding season appeared to be a hotspot, in addition to
individual variation in ecosystem functioning and studies of cetaceans in non-krill dominated systems.

Discussion

This review of progress on the ecosystem functioning work has identified numerous studies published
over the last years that contribute to the subject area. Like many rapid assessments, constraints due to
time and resources were unavoidable, however steps were taken to standardise the approach and review
an appropriate volume of research. Assignment to specific categories and knowledge gaps were non-
exclusive, and whilst decisions may be subject to some degree of subjectivity, the overarching pattern is
clear: great progress has been made on the ecosystem functioning work since the expert workshop was
held in 2021. Scientific understanding on species-specific feeding and diving behaviour, the role of small
cetaceans, whale fall communities and on the impacts of issues such as climate change has improved.
Yet, major gaps remain. Scientific progress lacks breadth across a wider range of species and
ecosystems, and those knowledge gaps that are technically challenging to address, which require
knowledge on little-known species or harder to study parameters, have failed to progress. Many of the
papers identified within the review fall within the periphery of the issue and targeted research is required
to tackle some of the core knowledge gaps.

Whale and Dolphin Gonservation (WDC) established a new workstream in 2021 to address some of the
most pressing research gaps. After a period of expert consultation and project tendering, several projects
have been accepted into the programme and outputs from one project, Pearson ef a/, 2022, were recently
published. WDC has also part-funded studies that provide new data in relation to the whale pump and
great whale conveyor belt, which are due to be published this year, and hosted a workshop at the 34"
European Cetacean Society in April 2023 to assimilate and discuss the latest research on the contribution
of small cetaceans to ecosystem functioning, where discussions included contributions to the ecosystem
functioning Advisory Group for the IWC Conservation Committee.

Recommendations
To fully address IWC Resolutions 2016-03 and 2018-02 on this subject it is therefore suggested that:

- The IWC Scientific Committee continues to engage proactively with the CMS Secretariat to
progress this area of work collectively;

- The IWC Scientific Committee to identify priority topics, species, populations and ecosystems
that require future research to address ongoing knowledge gaps;

- The Small Cetaceans Sub-committee to consider the roles of small cetaceans in nutrient cycling
and ecosystem functioning through inclusion in its agenda and work plan.
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