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Project Overview 

Andean hummingbirds have narrow elevational distributions (500-1,500 m in amplitude) as 
a result of their specialized hemoglobin, which is genetically optimized to bind oxygen at low 
atmospheric pressures (Graham et al. 2009; Projecto-Garcia et al. 2013). As such, few elevational 
generalist hummingbird species exist. The Giant Hummingbird (Patagona gigas) – the largest 
hummingbird in the world – defies this tendency. It is distributed from sea level to ~4,500 m in the 
Andes (Fernández et al. 2011; Fig. 1), but it only occurs at sea level where the southern subspecies, 
P. g. gigas, breeds in central Chile (Estades et al. 2008). Furthermore, P. g. gigas is migratory and it 
does not winter at sea level. This raises the question: At what latitude and altitude do lowland Giant 
Hummingbirds winter? 
 
Objective 

I set out to describe migratory 
connections between Giant Hummingbird 
breeding and wintering populations using ultra-
light geolocators.  
 
Value to Ornithology 

This study will identify where lowland 
Giant Hummingbirds winter (latitude and 
altitude) for the first time. Additionally, this 
research will begin to characterize the diversity 
of migratory and life history strategies within 
this ancient, monotypic lineage, which are 
unresolved in the literature. In doing so, I hope 
to provide clues about how differences in 
migratory behavior, combined with cryptic 
genetic adaptation to different seasonal 
elevational distributions, might lead to genetic 
isolation and speciation. Results will stimulate 
ecological questions about migration timing 

Fig. 1. Distribution of the Giant Hummingbird. 
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b;ind / W" 0:03, CI: −0.212, 0.147) species. Reserve power, the

difference in the allometries of maximum and hovering
power, therefore declines in large individuals, but not large
species. Overall, there is a decline in the production of burst
vertical force relative to expended power in larger individuals, and
although larger individuals proportionately expend the same
maximum power during burst performance, they produce less
relative force.

Discussion
In principle, hummingbirds could adopt any one of multiple
strategies to support changes in body weight during flight (Eq.
(2)), expressed as movement to lower elevations with higher air
density (ρ), increase in wing area (S), increase in wing velocity
(U ) or adaptation of wing morphology and kinematics (CV ). The
potential contribution of each strategy differs; for instance, an
order of magnitude in air density to support an order of mag-
nitude in body weight is not possible. Each strategy may also
entail tradeoffs, such as sacrificing potential habitats (air density
allometry) or reconfiguring the wing (force coefficient allometry).
We find that the allometry of force production among and within
hummingbird species is solely a function of changes in the allo-
metries of wing area and wing velocity. Among species, increasing
weight support is provided exclusively by increasing wing area
and maintaining constant wing velocity, whereas within species,
weight support is provided both by increasing wing area and
velocity. The advantage of maintaining constant wing velocity is
apparent from Eq. (4), which shows that when bU ¼ 0, expended
power is only a function of the load factor, or reciprocally, the
maximum load factor is only a function of the maximum avail-
able muscle power. The dependence on positive wing velocity
allometry within species thus results in degrading burst force
capabilities and escalating cost of flight in larger individuals. The
extreme wing area allometry among hummingbird species
appears to be an evolutionary strategy to mitigate the

performance and energetic disadvantages that would arise if the
body plan of large species was extrapolated from intraspecific
patterns.

The emergence of this extreme allometry among humming-
birds is likely due to pressures of their energetically demanding
hovering flight and territoriality, frequently engaging conspecifics
and confamilials in aerial bouts9, 21. Selection can therefore be
expected to favour constant or minimally-increasing routine
flight costs and burst aerial performance, which is supported by
the weight independence of specific daily energy expenditure
(DEE*) among hummingbird species24, DEE! / W" 0:03. As
observed, the force allometric pattern within species cannot be
scaled up across the size range of hummingbirds without incur-
ring severe penalties to both flight costs and burst forces. Main-
taining burst performance margins could entail adaptation of the
flight musculature, as may occur in other flying animals25, 26 but
the invariance of maximum available power among and within
species suggests that hummingbirds’ specialised muscles4, 24 have
reached the physiological limits of performance. Hummingbirds
must therefore reduce energetic demand rather than supply, and
increasing relative wing area is the simplest solution that both
minimises flight costs and maximises performance.

Force allometry is a flexible method for examining the func-
tional context of allometric variation in wing area. The approach
can be applied among and within species to gain insight into the
energetic and performance consequences of divergent force
generation strategies. Separating the problem into its constituent
components (Eqs. (2) and (4)) and then comparing the resulting
exponents provides a framework for evaluating both the func-
tional and statistical relevance of hypothesised allometries. This
linear separation allows disparate data sets to be merged to
provide consistent inference. Perhaps the most important insight
from our framework is a shift in emphasis from single exponents
intended to explain variation across all clades, to a nuanced view
of possibly clade-specific balancing of weight-supporting strate-
gies, including the possible contributions of the force
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Fig. 3 Allometric divergence among and within species. We contrast the slopes of wing area (a), wing velocity (b), load factor (c) and induced power
requirements (d). The slope of each variable on body weight among species is shown in black, and each was calculated allowing for phylogenetic non-
independence and measurement error. Individual records are shown along with the mean within-species slope fit through the respective empirical species
means. Symbols denote collector. Individual observations and within-species slopes are coloured and shaded by species within clade, according to the
cartoon phylogeny at right (colours as in Fig. 1). Sample sizes are provided in Supplementary Table 1
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and location of stopover sites, as well as evolutionary questions about gene flow among Patagona 
populations along the extent of their Andean distribution.  
 
Project Advances 

To date, we have deployed 55 light-level geolotors on lowland-breeding Giant 
Hummingbirds in central Chile (Fig. 2). For each individual captured, we take morphological 
measurements, and samples of blood and feathers for use in genetic and physiology research. 
Additionally, in collaboration with the Universidad Pontificia Católica de Chile, we have trained 
two students (one undergraduate Chilean student, and one post-baccalaureate American student) in 
ornithological field techniques. We maintain strong positive relationships with our local partners 
and government offices (Servicio Agrícola y Ganadero; SAG) in Valparaíso Region, and remain 
optimistic about future permitting, collaboration, and fieldwork.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Future Plans 

I will return to Chile in Fall 2018 to recapture individuals and recover geolocators. I am in 
the process of analyzing DNA from exported blood and feather samples (manuscript in preparation) 
that will form the basis of one of my dissertation chapters.  
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Fig. 2. Giant Hummingbird with geolocator backpack. 
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