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Abstract

Garrett, C., and Ross, P.S. 2010. Recovering resident killer whales: A guide to contaminant
sources, mitigation, and regulations in British Columbia. Can. Tech. Rep. Fish.
Aquat. Sci. 2894: xiii + 224 p.

British Columbia’s killer whales comprise several distinct populations with unique ecological
needs. The two resident killer whale populations (southern and northern resident) consume
only fish, notably Chinook salmon. The southern resident killer whales are listed as
‘endangered’ under the Species at Risk Act (SARA), and the northern residents are listed as
‘threatened’. Both populations face conservation-level risks including reduced prey
abundance, noise and disturbance, and very high levels of contaminants in their tissues. As
some of the most contaminated marine mammals in the world, there exists a need to better
understand the source, transport and fate features of contaminants in their environment.
Contaminant-mediated risks for killer whales basically comprise i) those associated with
ingestion via their prey, notably those with persistent, bioaccumulative and toxic properties;
ii) those that reduce the abundance or quality of their preferred prey, such as currently used
pesticides; and iii) toxic spills that form a film on the surface and may be inhaled or ingested,
such as oil spills. Resident killer whale populations are vulnerable to accumulating high
levels of contaminants because of their high position in the coastal food web, their long
lifespans, and their inability to metabolize persistent contaminants. This document provides
an overview of the types and sources of contaminants of concern in British Columbia, and
identifies the legislation and agencies responsible for their oversight. While not all-inclusive,
this review is intended to assist in the design of a SARA-based Action Plan, and to guide
stakeholders in efforts to conserve killer whales for future generations.

- Xii -



Résumé

Garrett, C., and Ross, P.S. 2010. Recovering resident killer whales: A guide to contaminant
sources, mitigation, and regulations in British Columbia. Can. Tech. Rep. Fish.
Aquat. Sci. 2894: xiii + 224 p.

Les orques de Colombie-Britannique forment plusieurs populations distinctes ayant chacune
des besoins écologiques originaux. Les deux populations d’orques résidentes (du Sud et du
Nord) se nourrissent uniqguement de poisson, notamment de saumon quinnat. Les orques
résidentes du Sud sont inscrites dans la liste des espéces en voie de disparition en vertu de la
Loi sur les espéces en péril (LEP) tandis que les orques résidentes du Nord font partie des
especes menacées. Ces deux populations sont confrontées a des risques en matiére de
préservation dont la diminution de I’abondance de leurs proies, le bruit, les perturbations
ainsi que de trés hauts niveaux de contaminants dans leurs tissus. Comme elles font partie des
mammiferes marins les plus contaminés de la planéte, il est nécessaire de mieux comprendre
les éléments des sources, du transport et du devenir des contaminants dans leur
environnement. Pour les orques, les risques liés aux contaminants comprennent
essentiellement: i) ceux qu’elles ingérent par le biais de leurs proies, notamment ceux qui
possedent des propriétés persistantes, bioaccumulatives et toxiques; ii) ceux qui réduisent
I’abondance ou la qualité de leurs proies préférées, tels que les pesticides utilisés de nos
jours; et, iii) les déversements toxiques qui forment une pellicule a la surface de I’eau et qui
peuvent étre inhalés ou ingérés, comme les déversements d'hydrocarbures. Les populations
d’orques résidentes sont vulnérables a I’accumulation de hauts taux de contaminants du fait
de leur position élevée dans le réseau trophique des eaux cotieres, de leur longue durée de vie
et de I’incapacite qu’elles ont de métaboliser les contaminants persistants. Ce document vise
a présenter un survol des types et des sources de contaminants d’intérét spécial pour la
Colombie-Britannique et a cerner les lois et les organismes chargés de leur surveillance. Bien
qu’il ne soit pas exhaustif, cet examen a pour but de faciliter I’élaboration d’un plan d’action
axé sur la LEP et d’orienter les efforts de divers intervenants cherchant a préserver les
populations d’orques pour les générations futures.

- Xiii -






1 Introduction

In accordance with the Species at Risk Act (SARA), the federal government is responsible
for the development of recovery strategies and action plans for species at risk. In 2001,
the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) designated
the southern resident killer whale population of the west coast of Canada as ‘endangered’
and the northern resident killer whale population as ‘threatened’ (www.cosewic.gc.ca).
As the responsible agency for aquatic species under SARA, Fisheries and Oceans Canada
(DFO) initiated the development of a recovery strategy for the both the northern and
southern killer whale populations, now posted on the SARA Registry (Fisheries and
Oceans Canada 2008). The goal of the recovery strategy is:

““to ensure the long-term viability of resident killer whale populations and
sustain their genetic diversity and cultural continuity by reducing human threats,
including noise and pollutants, and protecting their habitat and prey™.

The process for the development of the recovery strategy for killer whales brings together
the scientific expertise of the Killer Whale Recovery Team and a core group of technical
experts, with input from First Nations, stakeholders, and the public.

While the impacts of each individual threat are not well understood, nor the way in which
they interact, three major threats facing resident killer whales were identified as
(Fisheries and Oceans Canada 2008):

- high concentrations of environmental contaminants;
- reduced prey availability; and
- noise and disturbance.

This document was prepared for the Killer Whale Recovery Team as a guidance
document on contaminant issues which may directly or indirectly impact resident killer
whales. The objective of this document is to provide a scoping of contaminant types,
sources, and trends as these relate to possible risks to resident killer whales, and to list
relevant developments, pieces of legislation, and responsible agencies in order to guide
the development of a Recovery Strategy and Action Plan. For the purposes of this
working group, we attempt to provide a simplified guidance document based on an
assessment of existing information. Information contained in this document is by no
means all-inclusive, nor is it meant to represent the views of any one person or agency.


http://www.cosewic.gc.ca/

2 Potential Impacts of Environmental Contaminants on Killer
Whales and Their Prey

2.1 Potential contaminant sources of concern to killer whales
Marine mammals are particularly vulnerable to the effects of environmental
contaminants, reflecting their aquatic or semi-aquatic lifestyle, their heavy reliance on the
air-water boundary, their often large habitat needs, their long lifespan, and their feeding
ecology. Given the plethora of contaminants that end up in the world’s oceans, and the
multiple effects that take place, an understanding of the ways in which contaminants may
lead to population-level effects can provide some basic guidance as to the risks involved
with environmental pollution.

In basic terms, contaminants that present a potential risk to Killer whales may be
categorized into the following functional groupings (Figure 1):

1) those contaminants that are ingested via prey and accumulate in killer whales (e.g.
bioaccumulative substances);

2) those that impact on the quality or quantity of killer whale prey such as salmonids
(e.g. effects of pesticides on salmon in their freshwater habitat); and

3) those that form a film on the surface of the ocean and may cause direct effects on
killer whales (e.g. oil spill).
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Figure 1. The large number of chemicals found in killer whale habitat creates a challenge
to conservationists and managers. Since the physical and chemical properties of each
pollutant are unique, an initial grouping of contaminants on the basis of their behaviour in
the marine environment forms a basis for an initial risk assessment. Killer whales are
vulnerable to the effects of environmental contaminants via 1) the consumption of
contaminated prey, 2) impacts on the quality or quantity of their preferred prey, and/or 3)
a direct impact associated with exposure to a toxic spill on the ocean’s surface (e.qg. oil).



2.1.1 Persistent, bioaccumulative and toxic chemicals

Marine mammals are considered vulnerable to the accumulation of high concentrations of
Persistent Organic Pollutants (POPs), as a result of their often high position in aquatic
food chains, their long lifespan, and their relative inability to eliminate these
contaminants (Ross 2000). While these chemicals have widely varying applications, they
share three key features: they are persistent, bioaccumulative, and toxic (P-B-T). Since
POPs are oily (lipophilic), they are easily incorporated into organic matter and the fatty
cell membranes of bacteria, phytoplankton, and invertebrates at the bottom of aquatic
food webs. As these components are grazed upon by small fishes and other organisms at
low trophic levels, both the lipids and the POPs are consumed. In turn, these small fishes
are consumed by larger fishes, seabirds, and marine mammals that occupy higher
positions in aquatic food chains. This step-by-step, food chain-based process delivers
both nutrients and contaminants into high trophic level wildlife. However, lipids are
burned off at each trophic level and are utilized for metabolism, growth, and
development, while the POPs are left largely intact. This leads to a process known as
biomagnification, with higher and higher concentrations of POPs being found at each
trophic level (Fisk et al. 2001;Hoekstra et al. 2003). In this way, fish-eating mammals
and birds are often exposed to high levels of POPs, even in remote areas of the world.

An icon of the northeastern Pacific Ocean, the killer whale (Orcinus orca) is actually one
of the most widely distributed mammals on the planet. Although elusive and poorly
studied in many parts of the world, these large dolphins have been the subject of ongoing
study in the coastal waters of British Columbia (BC) and Washington State in the United
States (US). A long-standing photo-identification catalogue based on unique markings
has facilitated the study of Killer whale populations in this region of the world (Ford et al.
2000). Several communities, or ecotypes, frequent these coastal waters, including the
salmon-eating resident killer whales, the marine mammal-eating transient killer whales,
and the poorly characterized offshore killer whales. The two resident communities of
killer whales are the northern residents that ply the waters of northern BC, and the
southern residents that straddle the international boundary between BC and Washington
(Figure 2).

The discovery that these and adjacent communities of Killer whales are among the most
contaminated marine mammals in the world highlights concerns about the relative ease
with which POPs move great distances around our planet (Krahn et al. 2007;Ross
2006;Ross et al. 2000a; Y litalo et al. 2001). Several studies have characterized a number
of POPs of concern in these animals. Initial reports identified PCBs as a dominant
concern in southern residents, with the concentrations of these industrial chemicals
readily exceeding the concentration of dioxins (PCDDs) and furans (PCDFs)(Ross et al.
2000a). A subsequent study found that levels of the flame retardant PBDEs exceeded
those of the PBBs and PCBs in the same southern resident samples, though at levels
much lower than PCBs (Rayne et al. 2004). A subsequent study of southern residents in
2004-06 found that the organochlorine pesticide DDT dominated males, as follows: DDT
> PCBs > Chlordane > PBDEs > HCH > HCB (Krahn et al. 2007). These studies
collective underscore concerns about legacy PCBs and DDT in killer whales, and also
identify a number of potentially emerging contaminants concerns, such as the largely
current us PBDEs.



As high trophic level marine mammals, resident killer whales are exposed to POPs
through the ingestio