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ABSTRACT

LAPSANSKY, A.B. & ARMSTRONG, R.H. 2022. Common Mergansers Mergus merganser use wings to pursue a fish underwater. Marine
Ornithology 50: 111–114.
Common Mergansers Mergus merganser dive into lakes, rivers, and coastal waters to feed on fish and other aquatic prey. This species and
others in the genus Mergus are traditionally classified as foot-propelled divers. When submerged, mergansers are expected to swim by
kicking their feet, holding their wings close to their bodies. Here, we report, with video evidence, an event in which four mergansers used
their wings underwater to chase down and capture a large fish. Documentation of wing use by this classically defined “foot-propelled diver”
illustrates the gaps in our understanding of avian diving physiology, hydrodynamics, and behavior.
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This paper is the first to report wing-propelled submerged swimming
in Common Mergansers Mergus merganser under natural conditions
(Fig. 1). Our observations occurred at the outlet of the Peterson
Creek Salt Chuck in Juneau, Alaska, USA, on 26 October 2016. The
video was taken using a remote camera setup designed by one of us
(RHA) and consisting of a GoPro Hero 3+ Black (GoPro, Inc., San
Mateo, California, USA) anchored by a dive weight and powered
by a rechargeable lithium-ion battery (Digipower, San Francisco,
California, USA). The camera was anchored on the open beach at
low tide and recorded continuously for approximately nine hours
as the camera submerged with the rising tide. The complete setup
was retrieved the following day. In the recovered video (see Video
1 in Supplemental Material, linked below), a fish appears from the
left, followed by seven Common Mergansers. Four birds use their
wings in addition to their feet for propulsion, while the others give
chase using their feet alone, in the manner typically ascribed to the
genus Mergus.
Mergansers, along with grebes, coots, loons, cormorants, anhingas,
and a portion of other genera in the Anseriformes (e.g., Aythya,
Netta, and Dendrocygna), are traditionally considered exclusive
foot-propelled divers, meaning that they use only their feet for
submerged swimming. Exclusive wing-propelled divers include
alcids, penguins, and dippers. Eiders Somateria spp., certain scoters
Melanitta spp., Long-tailed Ducks Clangula hyemalis, steamer
ducks Tachyeres spp., and divers in the Procellariiformes (except
Pelecanoides) are thought to use both their feet and wings to
accomplish steady, submerged swimming (Ashmole 1971, Lovvorn
1991, Wilson et al. 1992). Still, the aquatic habits of birds continue
to be an active topic of discussion.
Uncertainty among researchers derives from the fact that submerged
animals are difficult to observe. As a result, most early records of
aquatic locomotor behavior are of injured or cornered animals
(discussed by Townsend 1924) or of animals in small tanks
(discussed by Forbush 1922), which may behave abnormally. As

well, species that typically rely on only one pair of appendages for
steady-state locomotion may use the other pair to change direction
(Spring 1971, Hui 1985, Clifton & Biewener 2018). In this case,
however, mergansers used both their feet and wings to swim under
natural conditions and without substantial changes in direction
(prior to prey capture, at least).
This observation highlights gaps in our current understanding of
avian diving physiology and hydrodynamics. The predominant
explanation for the diverse kinematic strategies of diving birds infers
that wing propulsion is primarily lift-based and that foot propulsion
is primarily drag-based (Vogel 1994, Johansson & Norberg 2000).
Lift-based locomotion is more efficient than drag-based locomotion
from both theoretical and empirical perspectives (Jackson et al.
1992, Fish 1996). However, lift requires circulation around a foil
and, therefore, is only effective for hydrodynamic propulsion at
relatively high speeds. At low speeds, drag can generate greater
thrust than can lift (Vogel 1994, Walker & Westneat 2000) and can
therefore aid animals to accelerate from rest, perform powerful
maneuvers, and hold station under external forces (Godoy-Diana
& Thiria 2018, Chin & Lentink 2019). Consistent with this view,
sea ducks frequently employ their wings during long descents,
and alcids frequently employ their feet while hovering to feed on
benthic food sources. However, recent studies have revealed liftbased thrust in diverse foot-propelled birds (Johansson & Norberg
2000, Johansson & Norberg 2001, Johansson & Norberg 2003,
Ribak et al. 2004, Clifton & Biewener 2018) and the role of wingdrag in bird flight (Chin & Lentink 2019). In addition, whether
a bird uses its wings, feet, or wings + feet may be influenced by
the prevalence of submerged vegetation (Storer 1960, Richman &
Lovvorn 2008), the costs of unsteadiness (Heath et al. 2006), and/
or the contribution of maintaining thermal balance to overall dive
costs (Richman & Lovvorn 2008).
In any case, documentation of wing-propelled submerged swimming
in Common Mergansers indicates that this species—and perhaps
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Fig. 1. Common Mergansers Mergus merganser pursue a large fish underwater, with multiple individuals using their wings for propulsion.
Video recorded by Robert H. Armstrong on 26 October 2016, Juneau, Alaska, USA.

other foot-propelled divers—are capable of using their wings for
hydrodynamic propulsion. If widespread, this behavior would
further complicate the already challenging task of modeling
foraging costs for foot-propelled divers (e.g., Lovvorn & Brooks
2021), as it would compel researchers to also estimate the costs of
submerged swimming with the wings and the rate of wing use. Heath
et al. (2006) report that Common Eiders Somateria mollissima time
the power phase of their feet to occur while the wings transition
from upstroke to downstroke (i.e., while the wings are providing
little thrust). This is thought to help maintain a consistent speed
and reduce the cost of swimming. Similarly, Richman & Lovvorn
(2008) found that White-winged Scoters Melanitta fusca descend
faster and more efficiently when swimming with their wings +
feet than with their feet alone. If foot-propelled divers can and will

use their wings underwater, as we have shown here, and if wing
propulsion increases dive speed and efficiency, it is unclear why
wing use is not observed more frequently.
Given the context of our observation (prey pursuit), we hypothesized
that Common Mergansers used their wings to increase their
swimming speed. To test this idea, we estimated the velocity
of four individual mergansers in the video, two swimming with
wings + feet and two with feet alone, as they passed approximately
perpendicular to the camera view while chasing fish. We digitized
the tip of the beak and tail for each bird in MATLAB (MathWorks,
Natick, Massachusetts, USA) using the DLTdv8 toolbox (Hedrick
2008) and calculated velocity by converting the pixel displacement
between each time step to units of body length using a custom
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script. All materials necessary to replicate these analyses are
included in Supplemental Material. Mean velocities of birds
swimming by wings + feet were 4.5 and 4.1 body lengths∙s−1 versus
3.9 and 3.3 body lengths∙s−1 for birds swimming with their feet
alone. Thus, assuming these animals have similar body lengths, the
use of the wings appears to confer a modest speed benefit that could
be important to outcompete conspecifics for limited resources (in
this case, a large fish).
The wingbeat frequencies exhibited by the four wings + feet–
propelled individuals (n = 22 total wingbeats) were substantially
lower than would be expected during aerial flight (mean: 4.6 Hz,
range: 4.4–4.9 Hz versus ~8 Hz in flight), consistent with the
kinematic patterns in alcids (Kikuchi et al. 2015, Lapsansky
et al. 2020). However, unlike eiders, mergansers did not seem
to coordinate their stroke patterns to maximize hydrodynamic
efficiency (Heath et al. 2006). Instead, the power phases of the
wings and feet in these mergansers appear to have occurred
simultaneously.
Assuming a body length of 0.6 m (Pearce et al. 2020), our analysis
indicated that these Common Mergansers swam at 2.0–2.7 m∙s−1.
This is fast relative to the sustained swim speeds of similarly
sized wing-propelled divers (1.3–1.9 m∙s−1) (Watanuki et al. 2006,
Heath & Gilchrist 2010), but it is comparable to the maximum
speeds measured for the Common Murre Uria aalge (2.6 m∙s−1,
Swennen & Duiven 1991) and less than the burst speeds of the
Great Cormorant Phalacrocorax carbo (4 m∙s−1, Ropert-Coudert
et al. 2006). The wingbeat frequencies of the mergansers that we
observed were approximately double of those expected for similarly
sized wing-propelled divers (Heath & Gilchrist 2010, Kikuchi et
al. 2015, Lapsansky et al. 2020). Together with the context of our
observation, these data suggest that we observed animals engaged
in a burst of high-speed swimming, potentially explaining their
inefficient stroke timing.
Videos of diving birds underwater behaving naturally are rare.
Hopefully, new technologies, including improvements to remote
and animal-borne cameras, will help elucidate the behavior of
these animals. In the meantime, it may be illustrative to review
accelerometry data from foot-propelled species to search for
similar bouts of wing-propelled submerged swimming, especially
surrounding prey capture.
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