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Arrhythmia in the earth’s pulse: Bird migration timing
does not track advancing spring phenology
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Fig. 1. The primary finding of Roberston et al. (5), depicted in (A) at left as increasing trophic mismatch with increases in climate-driven phenological change
in green-up. These mismatches cascade into declines in populations of avian migrants (A) center, which, in turn, cascade into losses of ecosystem services
and functions (A) right. Each of these consequences of the shifting phenology of spring green-up drives new or updated science needs for understanding (B)
key resource pulses such as caterpillar phenology (Left); avian demography of, for example, long-billed curlews (Center); and the role of migrants in ecosystem
services, such as the role of vultures in controlling spread of rabies in Africa [(10) Right] and conservation needs (C) such as altered land management to mitigate
shifts in resource phenology (Left); increasing restrictions on persecution of avian migrants (Center); and the need to replace ecosystem services, such as control

of disease spread, provided by avian migrants.

Climate warming is altering the timing and distribution of pri-
mary production across the globe and threatening the integ-
rity of trophic systems that are highly adapted to seasonal
plant phenology (1, 2). Forecasting consequences of pheno-
logical changes in productivity depends heavily on the capacity
of consumers to respond (3). In temperate ecosystems, many
consumers are migrants who travel long distances to exploit
the spring pulse of productivity. Consequently, there has been
intense research focus on the phenological dynamics of long-
distance migrant birds who breed at high northern latitudes
where temperatures are rapidly warming (4). Robertson et al.
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(5) make an important advance in our understanding of these
dynamics by demonstrating that nearly all groups of migrant
birds in North America are not keeping pace with advances
in the timing of spring green-up. Rather, their migratory phe-
nology is decoupled from current phenological trends and
is better aligned with long-term averages, which lag current
conditions.

Robertson et al. make an important advance in

our understanding of these dynamics by

demonstrating that nearly all groups of migrant
birds in North America are not keeping pace with

advances in the timing of spring green up.

Interest in how avian migrants sync their departures and
arrivals predates our concerns over climate warming and
reaches back at least centuries. A pressing open question is
whether the timing of long-distance migrations is constrained
by “slow processes” such as the climatological synchrony
described by Robertson et al. (5) or other quantitative genetic
and social factors that constrain the rate of change in migra-
tion timing. Alternatively, migration timing might be a facul-
tative product of “fast processes” such as behavioral or
developmental plasticity and can adjust quickly across the
lifetimes of individuals (6). As endpoints of a gradation of
outcomes, the contrast of slow vs. fast regulation of migra-
tion is useful in generating a clear dichotomous prediction.
If migration timing is regulated by slow processes, it will take
generations to see proportional responses to rapid direc-
tional environmental change, whereas if fast processes gov-
ern timing, environmentally appropriate migration timing
would be observed in adults within seasons or across a few
years (e.g., a generation) with little time lag.

There has been consensus for decades that day-length cues
trigger migratory behaviors in birds and a majority of evidence
suggests that long-distance migrants have stable departure
dates across years and environmental conditions (7); support-
ing a primary role for slow processes. In contrast, a majority
of studies find that long-distance migrants arrive earlier at
local breeding grounds in response to annual or climate-
related variations; evidence that fast processes are primary
(8). One of the most consistent observations across migratory
birds is that short-distance migrants more closely match
annual variation in seasonal conditions than do long-distance
migrants, suggesting that migration distance may co-vary with
the speed of the regulatory mechanisms. This mix of evidence
has led to a sense that each species (or taxonomic group)
combined some slow and fast processes in coping with the
need to track both the predictable progression of the season
and the annual variation in seasonal conditions.

If migration timing is primarily governed by slow pro-
cesses, then the current pace of phenological change will
exceed the capacity of migrants to keep up, result in a
decoupling of spring green-up from migration timing, and
create trophic mismatches as well as a cascade of ecological
and social impacts (Fig. 1). Late arriving migrants miss the
peak in seasonal productivity and fail in reproduction lead-
ing to pervasive declines in migratory populations such as
those recently documented (9). Alternatively, under the
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control of fast processes, migration timing should match
the seasonal conditions—or near-term trends—and prevent
severe trophic mismatches and the demographic conse-
guences. A major advance provided by Robertson et al. (5)
is the first continental cross taxa assessment of the support
for these two predictions. The finding that nearly all groups
of migratory birds are decoupled from ongoing phenological
change suggests that migration timing is pre-
dominantly governed by slow processes and that
behavioral and developmental plasticity is not
sufficient to keep pace with rapid directional
change in spring green up. The inference from
this result is that many migrant birds are likely
susceptible or already suffering the conse-
quences of trophic mismatches.

Ramifications of trophic mismatches of migratory consum-
ers are far-reaching and alarming for many reasons. A clear
initial expectation is that an ongoing decrease in migratory
bird populations will continue or accelerate. There are mani-
fold mechanisms through which the delay in spring migration
contributes to declines in bird populations. These include 1)
adult survival during migration being vulnerable to fluxes in
food resources that fuel their migration (11); 2) increased
stress of surviving individuals creating carry-over effects that
reduce breeding performance; 3) for adults who manage to
arrive earlier (i.e., on-time) and advance egg-laying date, there
are likely cumulative effects of shifting in egg-laying date on
adult fitness; and 4) late-arriving breeders who miss the peak
of food abundance will produce offspring with decreased sur-
vival or fitness. Considering Roberston et al.'s (5) sweeping
finding, it now becomes imperative to assess which of these
(and other) potential mechanisms of decline are most perva-
sive and attempt to enact conservation measures that would
buy time for the most imperiled migrant bird populations.

Beyond the consequences for specific bird populations
and particular mechanisms creating trophic mismatches,
widespread declines in migratory bird populations will have
strong implications for trophic systems and the ecosystem
services that benefit humans (12, 13). Migratory birds par-
ticipate in trophic systems as keystone herbivores, omni-
vores, or predators, and prey for other birds or mammals.
Birds are also critical to many ecosystem services and are
culturally and economically important for humans (14). There
are examples of migratory birds of prey and insectivore hav-
ing a strong influence on trophic cascades as they consume
granivorous rodents and herbivorous insects, respectively
(15). Since birds also transfer energy and nutrients within
and among ecosystems, their loss or major change in distri-
bution or species could drastically degrade ecosystem resil-
ience, functions, and services (12). Seed dispersal and plant
pollination are underappreciated functions of birds (16), and
birds are natural pest control for important crops (13). As
humans continue to increase habitat disturbance globally,
intact bird communities may also provide resilience to dis-
turbance and invasive species (17). Highly efficient scaveng-
ing species like vultures that reduce disease transmission
are estimated to move a thousand tons of organic matter
per year (18). Additionally, the movement of migratory birds
each year also brings traveling birders that spend money on
equipment, hotels, and food. In 2022, over 96 million people
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spent time bird watching, a major component of all wildlife-
watching recreation which has an economic impact esti-
mated at over $89 billion (19).

Robertson et al.'s (5) results further motivate the urgent
need for advances in both our understanding of the impacts
of phenological mismatches and for planning to mitigating
or adapting to the known impacts of ongoing trophic mis-
matches. There is sufficient general concern over the State
of the World's Migratory Species that a UN commission’s
recent report outlined the major threats for migratory spe-
cies and identifies major areas of action for conservation
(20). The recommendations are not novel but reinforce the
urgency of conservation actions that reduce overexploita-
tion, preserve key habitats, encourage safe and connected
migratory corridors, restore ecosystems, and reduce light
pollution. Acting on these recommendations would go a long
way toward mitigating the immediate impacts of phenolog-
ical decoupling and provide extra time for slow processes to
catch up to current environmental conditions.

Itis notable that Robertson et al.’s findings were only pos-
sible through power of open access, publicly funded (e.g.,
Moderate Resolution Imaging Spectroradiometery (MODIS))
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