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Aerial Ramming, a Burrow Excavation Behavior by Belted Kingfishers,
with a Review of its Occurrence among the Alcedinidae

Paul Hendricks,1,3 Deborah Richie,2 and Lisa M. Hendricks1

ABSTRACT.—We observed a pair of Belted King-
fishers (Megaceryle alcyon) as they initiated burrow
excavation in a bank along Rattlesnake Creek near
Missoula, Montana in April 2010. During 180 min of
observation on the first three mornings (17–19 Apr) of
burrow excavation we observed the kingfishers fly
rapidly at the bank from perched or hovering distances
of 1–3 m and strike the bank bill-first 176 times,
forming a pit in the vertical bank about body-deep after
60 hrs of work. Both sexes performed aerial ramming,
at roughly the same rate. On the fourth morning we saw
no ramming during 40 min of observation while
excavation continued, but the site was abandoned later
in the day. Aerial ramming at the start of burrow
excavation appeared necessary because (1) the bank was
vertical to overhanging without exposed roots, pro-
viding no opportunity for the birds to perch at the
excavation site when beginning to dig, and (2) the birds
seemed unable to strike the substrate with sufficient
force to promote excavation while perched on the bank
or hovering at the burrow entrance until several days
into excavation, perhaps due to the presence of
imbedded gravel and cobble in the soil. At least 13
species of kingfishers in the subfamilies Alcedininae
and Daceloninae are reported to aerial ram into
potential burrow sites (banks, termitaria, trees). Ours
appears to be the first report of aerial ramming by the
Belted Kingfisher and a member of the subfamily
Cerylinae. Received 9 May 2012. Accepted 1 Septem-
ber 2012.
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Belted Kingfishers (Megacerlye alcyon) often
excavate nest burrows in natural bare vertical
banks adjacent to water (Mousley 1938, Brooks
and Davis 1987, Shields and Kelly 1997, Woodall
2001) but also use those created by human
activity, such as in gravel quarries and railroad
and road cuts (Ridgway 1869, Bent 1940,
Cornwell 1963, Hamas 1994). Burrow sites are
selected during courtship, when males begin to fly

to suitable banks and probe potential sites with
their bills; once a suitable site is chosen,
excavation may require a few days to a week or
more to complete (Bent 1940, Hamas 1994).

Several earlier reports summarize the general
process of burrow construction by Belted King-
fishers (Mousley 1938, Bent 1940, Hamas 1994),
but few describe initial excavation behavior at
new burrows. Albano (2000:91) wrote ‘‘Early on,
when the [Belted Kingfishers] were flying up and
stabbing at the bank to make an initial depression,
a pair often alternated such excavating bouts in
rapid succession. I once watched … a male and
female make about 150 of these brief, approxi-
mately five second trips to the bank in a little over
two hours while initiating an excavation.’’ Wheel-
ock (1912:315) noted the ‘‘… method of starting
the hole is similar to that of the bank swallow.
Hovering in front of the bank, [the Belted
Kingfisher] strikes again and again as a hum-
mingbird drives his bill into a flower tube, until a
small break has been made in the clay or sand of
the bank.’’ Thus, it appears that typical behavior
for initial burrow excavation involves briefly
hovering or perching at a potential burrow site
and stabbing at the substrate with the tip of the
bill. Here we report initial excavation activities by
a pair of Belted Kingfishers at a new nest burrow
in which both birds flew at the vertical bank and
hit it bill-first with considerable force, like a
battering ram; this behavior we term aerial
ramming.

METHODS

We observed activity of a pair of Belted
Kingfishers on 17 days during 2–25 April 2010 at
a 100 m length of east-facing stream bank (nest
bank) ranging 3–5 m in height along Rattlesnake
Creek, Missoula County, Montana (46u 559 N, 113u
589 W; 1,082 m elevation). We were able to visit
the nest bank only intermittently after 25 April
2010. The bank has holes of approximate Belted
Kingfisher burrow diameter at several locations
within 1 m below the top and 2–4 m above the
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bottom of the bank, and has been the scene of
nesting activity the three years we have checked,
including a brood that fledged there on 26 June
2009. Forest canopy adjacent to the creek at the
nest bank was dominated by ponderosa pine (Pinus
ponderosa), Douglas-fir (Pseudotsuga menziesii),
and black cottonwood (Populus balsamifera).

In 2010 we were especially interested in
observing early nesting behavior, which we
missed in 2009. We made most of our observa-
tions during morning, when the pair of kingfishers
seemed particularly vocal and active. All of our
observations were made at about 80–100 m
distance with the aid of 83 and 103 binoculars
and a 20–453 spotting scope.

We examined all global and continental
summaries of kingfisher nesting behavior to
which we had access for accounts of aerial
ramming by other kingfisher species. We made
an attempt to trace accounts of aerial ramming to
original published sources, but probably over-
looked some. We used a one-sample Proportions
Test (StatistixH 8; Analytical Software, Tallahas-
see, FL, USA) to examine for a statistically
significant pattern between sex and frequency of
aerial ramming by Belted Kingfishers, with
proportion not significantly different than 0.5 as
the null hypothesis.

OBSERVATIONS

We first observed nest site exploration behavior
at the nest bank on 2 April (1100–1230 MST),
when the kingfishers flew up to multiple locations
along the bank, perching or hovering briefly (only
a few sec) at most sites. The pair also entered an
old burrow several times for up to 2 min, usually
individually but together in the burrow on one
occasion that was accompanied by soft rattle calls.
On 7 April (0936) the male performed a courtship
dive from high overhead then swooped low over
the creek and landed by the female on an exposed
tree root overhanging the nest bank about 40 m
upstream from the 2009 nest burrow; we observed
a copulation by the pair at 1014 when both birds
were perched on an exposed tree root about 20 m
from the successful 2009 nest burrow. We
observed seven additional copulations, two on 9
April (0720), two on 16 April (0630 and 0640),
one each on 17 April (0825), 22 April (0724) and
24 April (0903), all while the female was perched
on exposed roots within a 30 m stretch of nest
bank between the 2009 nest burrow and sites of
burrow excavation activity in 2010.

We first observed excavation behavior at 0745
on 17 April at a new bank site. Both kingfishers
took turns flying from perches near the stream,
typically first to hovering positions at distances of
1–3 m from the bank face and 2–3 m from their
perch, then flying rapidly at the bank (sometimes
directly, sometimes at an upward angle of 20u)
and ramming it once with the tip of the bill while
remaining in flight before returning to the perch.
Sometimes a kingfisher struck with such force
that it struggled to remain airborne after impact as
it bounced backwards and fluttered down to a
creek-side perch. We saw debris fall down the
face of the bank after several of these collisions.
Aerial ramming of the bank continued during the
next 20 min, averaging two bouts per min, each
bout involving a single strike into the bank. We
also observed this behavior at the same site the
following two mornings. During 180 min of
observations during 17–19 April (60 min per
morning, between 0745–0920) we saw 176 bouts
of aerial ramming, always one strike per bout,
about equally divided between the sexes (male 5
79 bouts, female 5 97 bouts; one sample
Proportion Test: Z 5 1.28, P 5 0.20).

As excavation progressed, both birds began to
pause at the burrow site for periods of 3–5 sec (up
to 15 sec) after an aerial ram, from 0% of 40 bouts
on day 1 and 5% of 41 bouts on day 2 to 48% of 95
bouts on day 3. The birds sometimes carried bank
debris in their bills following an impact with the
bank; debris carries increased from 0% the first two
mornings to 17% of 95 bouts on day 3, with the
male carrying debris about twice as often as the
female (male 5 11 bouts, female 5 5 bouts).
During episodes of aerial ramming and normal
burrow excavation the birds sometimes paused to
make quick rinses (dives) in the creek, each lasting
about 1 sec (male 5 2 bouts, female 5 12 bouts).
Rate of rinsing (bouts per hr) increased from two
on day 1 and four on day 2 to eight on day 3. Rinses
were usually followed by bouts of preening, head
scratching (indirect; foot-over-wing), and bill
wiping lasting 2–6 min while remaining perched
on exposed roots or boulders near the creek.

Burrow excavation continued on 20 April, the
fourth morning (40 visits total in 40 min), by
which time the burrow appeared to be the depth of
a kingfisher body length. The birds perched at the
burrow entrance on every visit, and bouts of
rinsing in the creek increased to a rate of 10 per
hr, but we observed no aerial ramming. Late that
morning the pair apparently abandoned the first
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burrow site, possibly when activity there ceased at
0723 and the pair spent the next 40 min flying to
several other locations along the nest bank. By
0715 on 21 April the pair had moved to a new site
(perhaps an old burrow) 35 m downstream in the
same nest bank, the burrow being deep enough
that the birds were out of view when inside. The
pair continued excavation activity at this new site
each morning through 25 April, after which our
observations became much less frequent. By late
May the kingfishers were no longer evident
anywhere along the nest bank.

We found reports of aerial ramming into banks,
termitaria, or trees for 13 other species of
kingfishers (Table 1). In all cases, aerial ramming
was associated with nest burrow construction,
and, when noted, both sexes participated in
burrow excavation, including aerial ramming.

DISCUSSION

Aerial ramming by Belted Kingfishers may
occur only under particular conditions. The bank
where we observed the behavior was vertical to
slightly overhanging, affording few if any perches
where burrow construction was initiated. Also, the
excavation site contained much gravel and some
cobble imbedded in sandy loam, possibly making
it impossible for the kingfishers to generate
sufficient force for creating an initial depression
in the bank while they were perched. This fits

with our observation that perching at the burrow
increased in frequency as aerial ramming contin-
ued over the first three days of excavation, by
which time the hole was enlarged and extended
into the bank. It is possible that the pair
abandoned the first burrow site because they
encountered an obstruction; a large cobble or tree
root was embedded in the bank to one side of the
burrow a short distance beyond the entrance and
blocked part of the tunnel. We have no idea what
led to failure at the second burrow site.

We could not see if aerial ramming by the
Belted Kingfishers happened with open or closed
bills, nor is this posture of the bill addressed in
most accounts of aerial ramming by other
kingfisher species. Collared Kingfishers (Todir-
amphus cloris) rammed termitaria with closed
bills (Miller 1937), but Pied Kingfishers (Ceryle
rudis) loosened soil, once they were excavating
within the tunnels, by stabbing with open
mandibles (Douthwaite 1978). We noted that the
pair of Belted Kingfishers infrequently struck the
bank without landing and carried debris in their
bills as they flew away, indicating that the bank
was probably struck on some occasions with a
slightly open bill. We failed to record the
distances when debris carries occurred during
aerial ramming, so we cannot determine if there
was a pattern between debris carries and the
distance from which the bank was rammed.

TABLE 1. Kingfisher species reported to aerial ram during burrow excavation.

Scientific name Substrate Source

Alcedininae

Common Kingfisher Alcedo atthis bank Fry et al. 1988

Cerylinae

Belted Kingfisher Megaceryle alcyon bank This paper

Daceloninae

Blue-winged Kookaburra Dacelo leachii termitarium Woodall 2001
Laughing Kookaburra D. novaeguineae termitarium Higgins 1999
Woodland Kingfisher Halcyon senegalensis tree Greig-Smith 1978, Woodall 2001
White-throated Kingfisher H. smyrnensis bank Ali and Ripley 1970
Stork-billed Kingfisher Pelargopsis capensis bank, termitarium, tree Fry and Fry 1992, Woodall 2001
Common Paradise-kingfisher Tanysiptera galatea termitarium Fry and Fry 1992
Collared Kingfisher Todiramphus chloris termitarium, tree Miller 1937, Smythies 1981,

Beckon 1987, Higgins 1999,
Woodall 2001

Micronesian Kingfisher T. cinnamominus tree Jenkins 1983
Tuamotu Kingfisher T. gambieri tree Coulombe et al. 2011
Forest Kingfisher T. macleayii termitarium Higgins 1999
Sacred Kingfisher T. sanctus bank, tree Stidolph 1925, Higgins 1999
Society Kingfisher T. veneratus tree Kesler et al. 2010
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Quick dives into the creek during episodes of
aerial ramming by the pair of Belted Kingfishers
were for self-maintenance, probably to rinse away
dirt that accumulated in the plumage during
excavation. Neither bird caught fish during any
of these dives, but they often followed them with
bouts of preening, scratching, and bill wiping.
Quick baths by other kingfisher species, includ-
ing the congeneric Giant Kingfisher (Megaceryle
maxima) (Fry et al. 1988), are often associated
with burrow construction (Woodall 2001). Appar-
ently, bathing and associated self-maintenance
behaviors during burrow excavation have not
been noted previously for the Belted Kingfisher
(Bent 1940, Hamas 1994).

Aerial ramming has been reported previously
for kingfishers in two of three kingfisher sub-
families (Daceloninae and Alcedininae) (Woodall
2001, Moyle 2006). Species reported to aerial ram
range in body weight from the 27 g Common
Kingfisher (Alcedo atthis) to the 365 g Laughing
Kookaburra (Dacelo novaeguineae), and include
kingfishers which hunt prey primarily by diving
into water, swooping to the surface of the ground,
or digging into the ground (Woodall 1991). It
seems that aerial ramming is a widespread
behavior among the Alcedinidae, and likely
performed by species in addition to those listed
in Table 1. Frequency of occurrence of aerial
ramming among and within species is probably
underrepresented in the literature because breed-
ing and nesting biology of many kingfisher
species is poorly documented (Woodall 2001),
and few details of aerial ramming are provided
even for those species where it is noted. Our
observations of the behavior by Belted Kingfish-
ers apparently constitute the first report for a
member of the subfamily Cerylinae.

Aerial ramming by other kingfishers may occur
from distances much greater than the 1–3 m we
observed for the Belted Kingfisher. For example,
termitaria are rammed at distances of 2–7 m by
the Forest Kingfisher (Todiramphus macleayii)
(Higgens 1999), 7–10 m by the Laughing
Kookaburra (Higgens 1999) and up to 18 m by
the Collared Kingfisher (Miller 1937). Ramming
into banks and trees appears to occur over shorter
distances, from 2–3 m into trees by the Collared
Kingfisher (Smythies 1981), and from 3–5 m into
banks and trees by the Sacred Kingfisher (T.
sanctus) (Stidolph 1925, Higgens 1999). Howev-
er, the Society Kingfisher (T. venerates) rammed
trees at distances of 5–10 m (Kesler et al. 2010;

D. C. Kesler, pers. comm.). Aerial ramming
distances into termitaria appear to be greater than
for banks and some trees, perhaps because
termitaria are generally harder and require greater
force to create an initial depression. Forest
Kingfishers have been fatally injured while
ramming into termitaria (Higgens 1999), and
Society Kingfishers have been seen with broken
bills, perhaps a result of ramming into trees (D. C.
Kesler, pers. comm.).

Aerial ramming is probably the least desirable
option available to Belted Kingfishers for initiat-
ing burrow excavations, given the potential
hazards of intentionally colliding bill-first with a
hard surface while airborne. Nevertheless, use of
aerial ramming for this purpose by several species
of kingfishers representing all three kingfisher
subfamilies (Table 1) suggests that at least some
may possess special anatomical and behavioral
adaptations for withstanding such impacts.
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