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A SOLUTION TO LEG BAND INJURIES IN WILLOW

FLYCATCHERS

WiLLiam E. HAAS aND Lort HARGROVE

Abstract.  Leg injunies caused by colored plastic leg bands have been reported in Willow Flyveatchers
(Empidonax traillit) in Oregon, California, and Arizona, Based on a five-year banding study of South-
western Willow Flycatchers (E.0. extimuy) in southern California, our observed band injury rates were
lower than those reported elsewhere. We believe our injury rates were lower because we used modified
celluloid bands that were: (a) resized to better fit the Aycarcher's tarsus and 1o avoid slipping over the
tarsometatarsal joint: (b) smoothed around the upper and lower edges o minimize abrasion; and (¢)
seiled to addinonally reduce the amount of potentially abrasive surface and to maintain a prescribed
inside diameter. Our overall observed injury rate was 2.9%, and declined o 0% over the last three
years of the study after we switched from four bands 10 two bands per individual and eliminated the
use of certain bands. We believe that the rate of band-related leg injuries is related to the number of
bands applied, physical condition of bands, and use of improperly sized bands. Even the smallest
commercially available celluloid leg bunds are too large for Southwestern Willow Flycatchers. More-
over, we found that inside diameter of plastic bands varied widely, and were typically larger than
advertised. To minimize band-caused leg injury, we recommend using a band of 2.0 mm + 0.1 nside
diameter for Southwestern Willow Flycatchers. Unaltered “0OA” and 0" bands from the U.S. Geo-
logical Survey Bird Banding Lab are suitably sized and have physical characteristics appropriate for
use on Willow Flycatchers: plastic color bands. if correctly modified, are also suitable. Banders must
take the responsibility 1o examine the propriety of bands they apply o live specimens, and to attempt
recapture and treatment of injured individuals.
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Comparative data on band-related injuries in
birds are limited and vary widely. Published
studies report band-related injury rates ranging
from 0.4% (Gratto-Trevor 1994) to 50% (Salzert
and Schelshom 1979). However, much of the lit-
erature on band injuries comes from studies of
shorebirds and may have limited application (o
passerines, Nevertheless, it appears that band
type, size, and application fechnique may con-
tribute significantly to injury rates in a host of
species (Amat 1999, Bailey et al. 1987, Nisbet
1991, Rothstein 1979). Sedgwick and Klus
(1997) recorded an overall leg injury rate of
9.6% in a long-term band and recapture study
of Willow Flycatchers (Empidonax traillii). Sim-
ilar injuries have been noted in some South-
western Willow Flycatcher (E.r. extimus) band-
ing studies in Arizona (M. Sogge, pers. comm.)
and California (M. Whitfield, pers. comm.); in-
juries in E.r. extimus are of particular concern
due to the endangered status of this subspecies.

During the course of a five-year Southwestern
Willow Flycatcher research project. we noted a
plastic band-related leg injury rate lower than
that reported by Sedgwick and Klus (1997). This
led us to investigate the level and nature of
band-related injuries in our banded population,
and the factors that may contribuie to these in-
juries. We hypothesized that band-related injury
may be the result of applicaton of improperly
sized bands and/or bands with physical charac-
teristics conducive to abrading flycatcher tarsi or

banding: color bands; Empicdonax treaillii extimus; injury; Southwestern Willow Flycawchers

constriction of the foot. It is also possible that
the weight of more than one band per leg further
exacerbates the potential for leg injury. To de-
termine if improper band size or physical char-
acteristics may contribute to injuries, we com-
pared measurements of Willow Flycatcher lower
tarsometatarsus diameter (tarsus) and distal tar-
sometatarsal joint (distal joint) width to the in-
side diameters of federal aluminum bands and
commercially available plastic color bands.

METHODS
BanD MEASUREMENTS

Celluloid bands are produced in a vanety of colors
and three primary color schemes: solid (uniform color
throughout ). two-colored narrow striped. and two-col-
ored broad striped. We used a dial caliper (with 0.05
mm resolution) 10 measure the inside diameter and
will thickness (gauge) of 100 size XF plastic color
bands (manufactured by A, C. Hughes$), We randomly
selected and measured inside diameter and gauge of
40 sohd color bands from a population of 400, 20 two-
colored narrow striped bands from a population of 200,
and 40 two-colored broad striped bands from a popu-
lation of 400. We also measured the inside diameter
and gange of 100 size 0 and 100 size OA lederal num-
bered aluminum bands.

WiLLow FLycatcner CAPTURE, BANDING. aAND LEG
MEASUREMENTS

We conducted our field study from 1996 1o 2000 on
a breeding population of Willow Flycatchers along the
upper San Luis Rey River (San Diego Co., California),
approximately | km downstream of Lake Henshaw.
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BAND-RELATED INJURIES IN SOUTHWESTERN WILLOW FLYCATCHERS (1997 10 2001) AT THE Uprpelr SAN

Treatmen/ouconme

Yeur Yoar and age
Tranuded recapiired Sex Igury sy mptoms
1996 1997 Female Celluloid band (thin-
Third year striped) slipped over
distal joint of left
foot; joint shightly
abraded; loss of {oot
use
1996 1998 Muale Severe ubrasion: raw,
Fourth yeur swollen tissue below
bands on left leg
1996 1998 Male Raw, swaollen tissue at
Third year joints above and be-
low bands (thin-
striped) on left leg
1997 1999 Male Raw, swollen tissue at

Fourth year
low bunds on right
and left legs

joints above and be-

Removed plastic bands from left leg: wreated
with pavidone-iodine and released. Observed
on territory for remainder of breeding season,
use of foot restored. Individual not observed
in following years,

Removed plastic bands from left leg, treated
with povidone-iodine: released. Recaptured
June 1999, minimal evidence of injury (slight
scarming observed with 10-power hand lens).

Removed plastic bands from left leg. treated
with povidone-iodine; released. Remained on
territory through season; not observed in sub-
sequent years,

Removed all bands, reated with 10% povidone-
iodine; released. Remained on territory
through season, Unknown if observed in sub-
sequent years.

Nae: Al birds were onginally bamled with two bands per leg

W used must-nets to capture summer resident flycatch-
ers, and banded each individual with a numbered size
OA federal aluminum band and from one ( 199R-2000)
to three (1996-1997) plastic colored leg bands; the size
XFE celluloid bunds were re-sized and modified to 4 2.0
mm = (L] inside diameter (details below), For this
study we used u dial caliper (with 0,05 mm resolution)
to measure the maximum diameter of the tarsus and
width of the distal joint in 65 live adult (= second
year) flycatchers.

DETERMINATION OF LEG INJURIES

We denived our band injury data from banding. re-
capture, and resighting data of birds banded between
1996 and 2000 (N = 168) and re-sighted and/or re-
cuptured at least one year later (e, 1997 w 2001, N
= 139), We thoroughly nspected the tarsi of each
newly captured and recaptured fiycatcher, and visually
inspected (through binoculars) the leg condition of
cach flycatcher that was resighted.

RESULTS AND DISCUSSION
TARSAL MEASUREMENTS

Tarsal diameter of 65 Southwestern Willow
fycatchers ranged from 1.65 to 1.90 mm
(mean I.80 mm, sp 0.04). Diameter
(maximum width) of the distal joint ranged
from 2.05 mm to 2.45 mm (mean = 2.20 mm.
sb = 0.07).

BAND MEASUREMENTS

Advertised as having an inside diameter of
230 mm, celluloid XF color band inside diam-
eter ranged from 2.35 to 2.65 mm (mean = 2.45
* 0.06 sp). Because all Willow Flycatchers we
measured had distal joints of 2.05 mm or larger,

bands of 2.00 mm inside diameter are unlikely
to slip over the distal joint. Forty of the 65 fly-
catchers had distal joint widths of 2.30 mm or
less; thus, unmoditied plastic XF bands had the
potential to slide over the distal joint of more
than 60% of the flycatchers.

Size OA and 0 aluminum bands were more
consistent in dimensions than were all other
bands we measured. Mean inside diameter of
size OA bands was 2.05 mm (sp = 0.05, range
1.90-2.15). Mean inside diameter of size 0
aluminum bands was 2.1 mm (sp = 0.06, range
= 2.05-2.30}). Therefore, all size OA bands were
large enough to fit around the flycaicher tarsi
and small enough to avoid slipping over the dis-
tal joint. Size 0 bands had smaller inside diam-
eters than the distal joints of 57 (88%) of the
flycatchers we measured; however, there is po-
tential for slippage over some flycatcher distal
joints (8 of 65 Aycatchers had a distal joint width
less than 2,15 mm).

BAND-RELATED INJURY RATES

We banded 168 Southwestern Willow Fly-
catchers between 1996 and 2000. and recap-
tured/resighted 139 (not including birds re-sight-
ed within the season in which they were band-
ed). We have detected four (2.9%) band-related
injuries (Table 1). Injuries included tarsal abra-
sions above and/or below the plastic bands (N
= 3) and plastic band slippage over the distal
tarsal joint (N = ). All four injuries occurred
to birds on which we had placed four bands (two
bands per leg), two (50%) of the four injunes
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imvolved birds with thin-striped color bands ad-
Jacent o the distal joint. OF 168 birds banded,
only 17 (10%) had thin-striped bands in the po-
sition directly above the distal joint. Thus, 50%

of our injuries occurred in oo small subset of

banded individuals (i.e.. the thin-striped group).
yvielding in this small sample an observed injury
rate of approximately 12%, We observed no leg
injuries in birds with one band per leg: however.
none of these had been banded with thin-striped
bands. Our observed injury mtes declined o 0%
over the laust three years of the study after we
switched from four bands to two bands per -
dividual and eliminated the use of thin-striped
bands,

Although our injury rates were lower than
those reported by Sedgwick and Klus (1997), the
nature ol injuries was sumilar and o potential
cause for concern. Because there is a paucity of
published data on leg igjury rates in passerines.
it is difficult 10 deternune whether the Willow
Flycatcher is particularly susceptible 1o band-re-
lated injury as compared to other species. Band-
related injuries have been reported in other Em-
pidonax and some Contopus lycatchers (M.
Gustatson, pers, comm.), which may suggest
that the tarsi of these genera may be susceptible
to abrasion injuries, at least with improperly
sized or physically unrefined bands. Injury duata
reflect only evidence from birds that were in-
jured but survived long enough to be recoptured
and re-sighted. It is probable that band-related
mjury rates are actually higher than can be ob-
served and therefore reporied, especially for
more serious injuries that prevent a banded in-
dividual from surviving between breeding sea-
S0nNs.

PossinLE MECHANISMS FOR INIURY

Sedgwick and Klus ( 1997) describe a poten-
tal route for abrasive injury to flycatcher tarsi:
sharp edges on the rims of color bands irritate
the tarsus, leading o open wounds that be-
come infected. Predicating that bands are not
affixed too tghtly, we believe that there are
iwo addinonal injury mechanisms: (a) over-
sized bands may slip over the flycatcher distal
joint, and (b) sharp lower edges and offsel cor-
ners where the plastic band is split may cut
into the fAeshy fAycartcher distal joint. There-
fore we believe that some leg injuries may be
related to the use of improperly sized and/or
unsealed bands.

Federal aluminum OA and O bands are asso-
ciated with low rates of injury (Sedgwick and
Klus 1997; M. Whitfield, pers. com.) and con-
tributed to no injuries observed in this study.
Our measurements indicate they are o better fit
1o the Willow Flycaicher tarsus than are unmod-
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ified plastic bands, and therefore less likely 1o
slide along and abrade the tarsus. An over-sized
band moves easily around and along the tarsus,
and would therefore be more likely to cause
abrasion than bands of more appropriate fit. In
addition to abrasion injuries, oversized bands
can slide over the distal joint severely restricting
use ol the foor, and can circumscribe the distal
joint 1o cause ischaemic injury (a deficiency of
blood as a result of functional constriction). This
would ultimately lead to tissue necrosis and loss
of part or all of the extremity, possibly amplified
by self-mutilation, Privation of toot use and foot
loss are potentially serious enough to preclude
survivorship through an entire annual cycle. Un-
modified federal bands probably rarely slide
over the distal joint, reducing their potential to
CAUSE 1NJUrY.

Other band features that probably contribute
to abrasion are sharp or rough edges, including
unsealed edges, improper seal (e.g., resulting in
offset edges), and band gauge. The gauge of
thin-striped bands in our study was smaller
imean = 040 mm * 0.03 sp, range = 0.35-
0.45) than solid and broad-striped celluloid
bands collectively (mean = 0.50 mm = 0.03
sp, range = .45-0.55). Being relatively nur-
row, the lower rim of the thin-striped bands we
used during the inital years of our field study
(prior to discontinued use due 1o the atoremen-
tioned injuries) may have acted like a cutling
edge, especially under the weight of a second
band. Although it was not possible to test this,
we have not detected band-caused injuries sub-
sequent 1o eliminating this type ol band and
reducing the number of bands per leg from two
o one,

Trapping ol debris and mud under the band
contributes 1o leg injuries in shorebirds (Amat
1999), and trapped plant debris has been impli-
cated in impairment of foot function and occa-
sional foot loss in Least Bell's Vireos (Vireo bel-
Ui pusillus: B, Kus, pers, comm.), Although we
have found plant material imbedded in and
wrapped around the tarsi of a small number of
Aycatchers during initial and subsequent capture
(N = 1 banded, N = 3 unbanded), we have seen
no injuries that appear related to these plant ma-
terials,

RECOMMENDATIONS

Bann Size

Based on tarsus and  distal joint measure-
ments, we recommend use of size 0A federal
aluminum bands on Southwestern Willow Fly-
caichers. We have no data to indicate harmful
effects 1o Hycatchers resulting from use of the
slightly larger size 0 band, but size OA bands
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would seem to preclude the possibility of slip-
page over the distal joint. Because tarsal diam-
eter and width of the distal joint may vary be-
tween subspecies of the Willow Flycatcher, we
recommend the determination of leg size prior
to banding. 1f color marking Southwestern Wil-
low Flycatchers, celluloid color bands should be
resized to 2.0 mm = 0.1 inside diameter,

BAND MATERIAL

A few studies have reported that the federal
aluminum bands have a low frequency of band
injury (Sedgwick and Klus 1997; M, Sogge and
M. Whitfield, pers. comm.: W. Haas, pers. obs.),
We believe the low incidence of leg injury from
federal bands is due to their gauge. weight, and
their smooth surfaces that lack sharp edges. Met-
al bands can be colored to provide auxiliary
marking schemes, and we recommend that any
such metal color bands mimic the federal Size
OA bands in size (including inside diameter),
weight, and edge characteristics. Bands should
be inspected for appropriate thickness and
smooth, rounded edges prior 1o entering the
field; sharp, acute. and/or rough edges should be
repaired using sandpaper, file, emery hoard, or
other similar abrasive agent.

Plastic color bands are mexpensive, commer-
cially available in a large number of colors and
color combinations, and maintain color through-
out the typical 3 to S-year Southwestern Willow
Flycatcher lifespan. Although they can cause leg
injuries if used “as purchased,” we found that
celluloid bands can be safely used on South-
western Willow Flycatchers if (a) re-sized. (b)
smoothed 10 remove sharp cdges (see below)
and to provide a continuous seal at the butt-ends,
and (¢) closed with acetone or other appropriate
sealing agent to reduce the amount of potentially
abrasive surface and maintain a prescribed in-
side diameter. Although correctly modified plas-
tic color bands are suitable for use, thin-walled
celluloid bands (e.g.. the thin-striped bands from
our study ), bands with rough or sharp edges. and
incorrectly sized bands are not appropriate for
use on Willow Flycatchers.

BAnD MODiFicATion

We uvsed the following techniques 1o re-size
and modify the XF celluloid color bands used
in our study, We removed sufficient material 1o
create a band of approximately 2.0 mm inside
diameter by filing down the butt-end of each
band. We filed rather than cut the edges to cre-
ate a more porous and nearly parallel surface
that enhances later bonding by increasing avail-
able surface area; cutting with scissors or nail
clipper can compress the butt ends and reduce
bonding surface area. Once altered, the bands
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were temporarily re-closed and measured to as-
sure we had reached the proper inside diameter.
We then inspected the upper and lower edges
of the bands. and used an emery board. file, or
application of acetone to smooth and round all
rough edges. In the field, after applying the
band to the bird's tarsus., we inspected the
band’s fit to ensure that it would not slide over
the distal joint. After ascertaining the band was
the correct size, we bonded the ends of the band
with acetone or an alternate adhesive. Note that
small celluloid bands do not maintain plastic
“memory”” and do not easily regain their orig-
inal circular conformation without time-con-
suming heating and re-conforming (Haas and
Fisher 1999). Sealing the bands after placement
is thus mandatory. After bonding., we re-in-
spected the band ta be sure it did not adhere o
the tarsus or present other physical risk.

TREATMENT OF INIURIES

Because it is impossible to conduct banding
activities with 100% certainty that no band-re-
lated injuries will vecur (see Marion and Shamis
1977). it is important to design banding studies
that include sufficient time and effons o look
for band-related injuries. When an injured bird
is found, we recommend an attempt 10 re-cap-
ture the bird. repluce or remove any worn, im-
properly sized, or otherwise flawed bands, and
administer o the injury. In our study, we re-
moved the offending bands (but generally main-
tained the federal numbered band) and treated
the wounds with a full strength 10% povidone-
iodine solution, then released the bird at the
point of capture; il the band injury was suffi-
ciently serious we removed all bands. Abrasive
band injuries appeared to heal after band remov-
al and treatment with this antibiotic solution (Ta-
ble 1).

COMMERCIAL MANUEACTURE OF BANDS

For the Willow Flycatcher and other small
passerines (e.g., California Gnatcatcher, Po
lioptila californica; Leasi Bell's Vireo), com-
mercially manutuctured plastic bands may not
be suitable for use without time-consuming
modification. A preferred alternative would be
to have appropriately-sized bands manufac-
tured to the correct specilications. Also, we
teel there is a need for improved guality con-
trol so that inside band diameter is less vari-
able than we found in this study. We also sug-
gest that commercial manutacturers specify
the approximate weight and gauge of their
bands, allowing banders a clear choice when
deciding which bands to order for their spe-
cific needs.
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