PERSPECTIVE <

Can Right Whales Out-Swim
Climate Change? Can We?

ABSTRACT. The article by Meyer-Gutbrod and colleagues in this issue demonstrates
that the endangered North Atlantic right whale’s preferred prey has declined as the

Northwest Atlantic has warmed. Right whales are now spending more time foraging

in historically colder habitats, but they are producing fewer calves. The low calf pro-

duction could reflect a delay between the decline in the potential productivity of their

traditional habitats and its increase in their new habitats. This delay would result in a

“climate deficit” in their fitness. Right whales must also learn to forage successfully in

their new habitats, creating an additional loss of fitness termed an “adaptation deficit”

Humans will also face unavoidable climate deficits, but we have more options for min-

imizing adaptation deficits.

The North Atlantic right whale (Eubalaena
glacialis) is a large, highly mobile pred-
ator. Within a week, these animals can
swim hundreds of miles in search of dense
patches of tiny crustaceans called cope-
pods (especially, Calanus finmarchicus).
As the new study by Meyer-Gutbrod
et al. (2021, in this issue) shows, warm-
ing in the Gulf of Maine has caused a
decline in C. finmarchicus abundance in
the critical summer-fall feeding period.
As a result, the 350 or so remaining right

whales (Pettis et al., 2021) are spend-
ing less time in the Gulf of Maine during
the summer and more time in the Gulf of
St. Lawrence (Figure 1a).

In many ways, this story is simple. As
waters warm, species move to track the
conditions (both physical and biological)
that they need to survive (Pinsky et al.,
2013). For plankton like C. finmarchicus or
slow animals like lobsters, this “tracking”
is caused by differences in reproduction
and survival across a gradient of condi-

North Atlantic right whale #3293, “Porcia,” feeding at the
surface (skim feeding) in Cape Cod Bay, Massachusetts.
Photo credit: Amy Knowilton, Anderson Cabot Center/
New England Aquarium under NMFS Permit #15415
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tions (Le Bris et al., 2018). Large animals
like right whales can actively seek out
their preferred conditions.

But, the right whale’s specific story is
not simple, and there are many parallels
between right whales and people as we
both struggle to adapt to climate change.
Right whales require vast amounts of
food to survive and reproduce. When
C. finmarchicus is abundant in the Gulf of
Maine, as it was prior to the 2010 regime
shift identified by Meyer-Gutbrod and
colleagues, female right whales are more
likely to produce calves (Meyer-Gutbrod
and Greene, 2014, 2018). However, when
C. finmarchicus is scarce, as it was in the
1990s, the calving rate declines (Meyer-
Gutbrod and Greene, 2014). Changes in
the mean abundance of copepods also
determines the movement of whales
between feeding grounds within the Gulf
of Maine (Pendleton et al., 2009), and
now, the northward shift into the Gulf of
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FIGURE 1. Progression of right whale
habitats. (@) Map of the Northwest
Atlantic showing the historical critical
habitat for right whales (blue shad-
ing) and the feeding areas discussed
in Meyer-Gutbrod et al. (2021, in this
issue) and Pendleton et al. (2009)
(yellow). Note that whales are mov-
ing continually through this region.
Orange areas are speculative future
areas in a warmer ocean. (b) Fitness
of an organism affected by a climate-
driven shift in habitat. Dashed lines
are the potential of the habitat, solid
lines and shading are the realized fit-
ness. The light gray areas labeled D,
indicate periods of “climate deficit”—
the loss in fitness between when the
original habitat begins to decline
and when the new habitat reaches
its full potential. The dark gray areas
(D,) indicate periods of “adaptation
deficit”—the further loss of fitness as
the organism becomes accustomed
to the new habitat. Fitness in each
habitat is not necessarily equal and
will vary due to natural processes
and human actions (black arrows).
Photo of Calanus finmarchicus pro-
vided by R. Hopcroft, University of
Alaska at Fairbanks. Photo of right
whale and calf from Cape Cod Bay
provided by M. Moore, Woods Hole
Oceanographic Institution, autho-
rized by Research Permit #21371
issued by the National Marine
Fisheries Service

St. Lawrence (Record et al., 2019; Meyer-
Gutbrod et al., 2021, in this issue).

While a high average biomass of
C. finmarchicus in a region is necessary
for right whales, it is not sufficient. Right
whales require copepods to be packaged
into aggregations that are orders of mag-
nitude more dense than background con-
centrations (Mayo and Marx, 1990). The
Gulf of Maine’s complex bathymetry
and strong tides create convergent fea-
tures that compress plankton into dense
patches (Wishner et al., 1995; Pershing
and Stamieszkin, 2020). Over genera-
tions, right whales have learned when
and where to find both the high back-
ground biomass of C. finmarchicus and
the physical conditions that create dense
patches (Kenney et al., 2001).

Warming has now reduced the biomass
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of C. finmarchicus in the Gulf of Maine,
and the whales have done the expected
thing: move to the north where their
cold-water prey are presumably more
abundant. So far, this has not been a suc-
cessful move. From 2012 to 2020, right
whales averaged only 10.1 calves per year,
with no calves born in 2018 (Pettis et al.,
2021). Under these conditions, the right
whale population can only grow if there
are no deaths from ship strikes or from
entanglements in fishing ropes (Corkeron
et al., 2018; Meyer-Gutbrod and Greene,
2018). Sublethal entanglements make it
harder for right whales to grow, poten-
tially contributing to lower reproductive
success (Stewart et al., 2021). Humans
now have a strong influence on the poten-
tial fitness in a habitat (black arrows in
Figure 1b), and unanticipated shifts in the

whales’ habitat preferences challenge the
effectiveness of conservation measures
(Davies and Brillant, 2019; Record et al.,
2019; Meyer-Gutbrod et al., 2021).

While right whales have done the
rational thing and shifted to the north,
their shockingly low calving rate suggests
that they are not finding what they need
in their new habitats. C. finmarchicus
is abundant in the Gulf of St. Lawrence
(Brennan et al., 2019); however, it is possi-
ble that this region may not have reached
its full potential as C. finmarchicus hab-
itat. This would create a period of time
when the potential fitness of a whale
feeding in both its old and new habitats
is suboptimal. We call the loss of fitness
in the transition period a “climate deficit”
(regions D, in Figure 1b).

Another possibility is that the whales



have yet to figure out where and when to
find the high-density patches that they
need. Climate change is forcing them to
learn how to make a living in a new part
of the ocean. This is a hard challenge
that humans have made even harder.
Ungulates on land learn to migrate from
older members of the population (Jesmer
et al., 2018), and whales may use a sim-
ilar process to learn how to forage suc-
cessfully. This means that their ability
to find patches of copepods is degraded
by their small population size. It is likely
that the 5,000-10,000 right whales that
were swimming around a few centu-
ries ago (Reeves et al., 2007) would have
been able to solve the puzzle of the Gulf
of St. Lawrence faster than today’s few
hundred whales. It is also likely that the
current population could solve the puz-
zle faster if they could communicate with
one another without competition from
ships and other noisy human activities
(Hatch et al., 2012). We term the loss of
fitness as an animal learns how to live
in a new habitat the “adaptation deficit”
(regions D, in Figure 1b). But, even if
the whales figure out that the Gulf of
St. Lawrence is suitable habitat, the insid-
ious nature of climate change means that
they will likely have to move again in a
few decades (to the orange regions in
Figure 1) and go through another period
of reduced fitness.

Much like right whales, humans have
come to expect certain things from
the environment, expectations that are
shaped by personal experience and cul-
tural history. Where we farm and fish,
and the locations of the communities and
infrastructure that support those activ-
ities, reflects past experiences. We must
now confront the challenge of adapting
these activities to a rapidly changing cli-
mate (Pershing et al., 2019). We will no
doubt incur both climate and adapta-
tion deficits in our economic, social, and
potentially biological fitness. Just like the
whales who have moved and will likely
have to keep moving, our climate change
adaptation will be an ongoing process.
Just as the whales are struggling to learn

to forage in a new environment, there will
be costs to every adaptive step we take.
Finally, just as the challenge facing whales
is compounded by their low numbers,
our adaptation challenges will be easier if
we work together.
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