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ABSTRACT. Rapidly expanding use of biologging devices is increasingly bringing novel insights into
ornithology. Consequently, to maximize bird welfare and data quality, this growth calls for ensuring that
devices are properly attached. Here, we provide a diagram for constructing a simple, field-adjustable leg-loop
harness suitable for many small and medium-sized birds (< 200 g). We make harnesses prior to fieldwork
using Teflon ribbon and a single crimp, then custom-fit each harness to birds in the field. This largely
removes the need for pre-deployment field trials to determine harness size and ensures best possible fit. To
evaluate the effects of harnesses on birds in the field, we marked 10 non-migratory species in central
Amazonia and assessed their body mass at recapture with linear mixed models. Of 90 tags deployed, we
recovered 43 (48%) an average of 359 days later. No individuals lost their tag. Additionally, when recaptures
were compared to original captures, body mass was not lower for either tagged birds or 17 banded-only birds.
This suggests that tags attached with our harness had little effect on birds, an encouraging result at a time
when increasing options for tracking birds challenge researchers to properly attach various types of devices.

RESUMEN. Arn�es de pierna ajustable para colocar etiquetas a p�ajaros peque~nos y medianos
El creciente uso de registrador de datos automatizados aporta cada vez m�as conocimientos novedosos sobre

la ornitolog�ıa. En consecuencia, para maximizar el bienestar de las aves y la calidad de los datos, este
crecimiento requiere garantizar que los dispositivos est�en conectados correctamente. Aqu�ı proporcionamos un
diagrama para construir un arn�es de perneras simple, ajustable en el campo, adecuado para muchas aves
peque~nas y medianas (< 200 g). Hacemos arneses antes del trabajo de campo usando cinta de tefl�on y un solo
rizado, luego ajustamos cada arn�es a las aves en el campo. Esto elimina en gran medida la necesidad de
pruebas de campo previas al despliegue para determinar el tama~no del arn�es y garantiza el mejor ajuste
posible. Para evaluar los efectos de los arneses en las aves en el campo, marcamos 10 especies no migratorias
en la Amazonia central y evaluamos su masa corporal en la recaptura con modelos lineales mixtos. De 90
etiquetas implementadas, recuperamos 43 (48%) un promedio de 359 d�ıas despu�es. Ning�un individuo perdi�o
su etiqueta. Adem�as, cuando se compararon las recapturas con las capturas originales, la masa corporal no fue
menor ni para las aves marcadas ni para las 17 aves anilladas. Las etiquetas adjuntas a nuestro arn�es tuvieron
poco efecto en las aves, un resultado alentador en un momento en el que el aumento de las opciones para
rastrear aves desaf�ıa a los investigadores a conectar correctamente varios tipos de dispositivos.

Key words: Amazonia, Biological Dynamics of Forest Fragments Project, logger, tag effects, terrestrial insecti-
vores, tracking

Biologging devices, along with the need for
their proper attachment to birds, are becoming
increasingly important in ornithological
research. For small to medium-sized birds
(< 200 g), radio-transmitters have been used
for several decades, providing information pri-
marily about short-distance movements and
space use (Thompson 1994, Marzluff et al.
2004, Jirinec et al. 2016) and facilitating obser-
vations of cryptic or mobile species (Csada and

Brigham 1994, Aubry and Raley 2002, Jirinec
et al. 2011). Recent technological advances
have spurred the “golden age of biologging,”
with the development of low-cost, miniature
sensors (Wilmers et al. 2015). For birds, these
include light-level geolocators, digitally coded
radio-tags, archival global position system
(GPS) loggers, and platform transmitter termi-
nal (PTT) tags (see McKinnon and Love 2018
for a review). Several manufacturers such as
Lotek and Cellular Tracking Technologies
offer solar-powered tags that communicate4Corresponding author. Email: vjirin1@lsu.edu
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with arrays of radio-receivers, cellphone towers,
or satellites for long-term data collection with-
out the need to recapture animals. Addition-
ally, the recent launch of the International
Cooperation for Animal Research Using Space
(ICARUS) offers relatively inexpensive satellite
tracking with solar-rechargeable tags weighing
as little as 5 g. In addition to information
about bird locations, many tags contain ther-
mometers, accelerometers, gyroscopes, magne-
tometers, and proximity sensors, enabling
often relatively long-term data collection that
informs various biological fields.
Even in early radio-telemetry studies con-

ducted over short time intervals (e.g., the
breeding season), ornithologists were mindful
of the possibility that attaching devices to
birds comes with negative consequences for
individuals and sought to mitigate these, both
for the sake of the birds themselves and the
quality of collected data. These approaches
included minimizing tag mass (e.g., the “3–
5% rule,” but see Barron et al. 2010), han-
dling time (Noel et al. 2013, Lamb et al.
2017), and using standardized attachment
techniques (Kenward 2001). Given the diver-
sity of devices available for birds and interest
in tracking migratory species (i.e., long-term
wear), deploying tags properly is becoming
increasingly important.
Whether tags are detrimental to individual

birds remains unresolved, but researchers agree
that proper fitting is crucial. In a meta-analysis
of 84 studies, Barron et al. (2010) found that
devices had a negative impact on birds, partic-
ularly causing increased energy expenditure.
Although harnesses and collars were associated
with higher mortality, the authors suggested
using adjustable harnesses because low reten-
tion rates of glue and tail mounts can limit
their value. In contrast to Barron et al.
(2010), a more recent meta-analysis of 122
studies that used phylogenetically controlled
models found little effect of geolocators on
small birds (Brl�ık et al. 2020). Although not
statistically significant, this study revealed a
weak negative influence on apparent survival
that increased with device load and for geolo-
cators attached with elastic harnesses. The lat-
ter finding was unexpected, and the authors
suggested that the better performance of non-
elastic harnesses may be because these are
more commonly tailored to each individual,
leading to a better (and often looser) fit.

The leg-loop harness designed by Rappole
and Tipton (1991) is especially popular for
attaching tags to small- and medium-sized
birds, becoming a de facto standard for birds
in these mass categories (Bridge et al. 2013).
Hereafter, we only refer to the “Rappole and
Tipton” (R-T) harness and set aside designs
that could be better suited for certain species
(e.g., Haramis and Kearns 2000, Chan et al.
2016). As with other harness types, the R-T
harness requires properly sized loops that do
not restrict bird movement, but are not too
loose to cause tag loss or entangle birds in
vegetation. To find a suitable size, researchers
often rely on testing on captive birds (Chan
et al. 2016), pre-deployment field trials, or
predictive allometric functions (Naef-Daenzer
2007). Even then, variation among individu-
als often requires making several harnesses
and choosing the best size for each captured
bird in the field. This extra effort increases
the logistical burden on researchers, handling
time for birds and the possibility that the best
fit is not achieved regardless.
Few guidelines exist for harness construc-

tion. For an overview of general considera-
tions throughout the tagging process of
mostly larger birds (and non-R-T harnesses),
see Kenward (2001). Otherwise, researchers
rarely publish detailed methods for attaching
devices, but these often involve various mate-
rials (e.g., elastic jewelry cord, sewing thread,
and Teflon) and tying of knots, gluing, or
crimping (Streby et al. 2015). For birds
< 10 g, Streby et al. (2015) described a varia-
tion of the R-T harness that minimizes mass
and can be attached quickly, although this is
a pre-made harness that comes with the fit-
ting challenges described above. Even when
ornithologists use elastic materials that make
exact loop size less crucial, fitting concerns
exist (Brl�ık et al. 2020). For larger birds that
can destroy ultralight harnesses or carry heav-
ier devices that require stronger materials,
options for attachment are less restricted by
mass and include adjustable harnesses that
can be deployed quickly and individually fit-
ted. Field ornithologists undoubtedly already
use variations of the design we describe here,
but detailed descriptions of these attachment
methods are rarely published.
Here, we describe a simple, adjustable ver-

sion of the R-T harness along with a field
trial with 60 birds of 10 species monitored
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for ~ 1 yr. The harness is made using Teflon
ribbon and a single crimp and works with
common configurations of devices (such as an
attachment tube in the front and tube or ter-
minal loops in the back). Harnesses are made
prior to field work and then simply cinched
and crimped once on the bird. This field-ad-
justable design comes with several advantages
over pre-made static configurations. No pilot
studies are required to determine sizes, elimi-
nating a time-consuming step that may be
harmful to birds. Further, fit can be quickly
individualized once a bird is captured to
accommodate birds of different sizes. Thus,
our specific objectives were to (1) describe
harness construction and its fitting, and (2)
determine the body mass of birds with and
without harnesses to detect possible problems
associated with wearing tags.

METHODS

Harness construction. Harnesses are
constructed with Teflon ribbon and a single
crimp. Tubular Teflon ribbon is suitable for
long-term attachments because Teflon is bio-
logically inert, environmentally stable, and the
tube does not contain edges that may uncom-
fortably press against the skin (Kenward
2001). Although Teflon harnesses have been
primarily used to attach tags to large birds
(Mallory and Gilbert 2008, Humphrey and
Avery 2014, Thaxter et al. 2014), narrow rib-
bons appropriate for much smaller devices are
available. We used a 1.9-mm (flattened
width) tubular ribbon made by Bally Ribbon
Mills (Bally, Pennsylvania, USA) that weighed
0.0135 g cm-1. Other manufacturers may also
offer a suitable size. Ribbon of this width fits
well to devices containing 1-2-mm attach-
ment tubes or terminal loops (Fig. S1), while
preventing excessive slipping through attach-
ment openings that could impair fitting. For
the crimp, we use a single-barrel, metal leader
sleeve (size 4, American Fishing Wire, Coates-
ville, Pennsylvania, USA) made of an alloy
that does not degrade in wet conditions. This
crimp weighs 0.14 g (N = 10), measures
6.3 9 2.6 mm, and has a 1.8-mm (reported,
but we measured 1.7 mm; N = 5) inner
diameter into which fit two strands of ribbon
with sufficient give to enable slipping.
Unmodified, the crimp is needlessly long
(and thus heavy), so we trim it to a quarter

of its original length (1.5 mm = ~ 0.03 g)
using diagonal pliers. Because trimming flat-
tens the crimp, inserting a filling (we use an
electrical wire; 1.5-mm thick) prior to cutting
keeps the crimp sufficiently wide. The crimp
can be further rounded with needle-nose pli-
ers and filed to remove sharp edges. Although
we report specifications for both the Teflon
and crimp, researchers should note that man-
ufacturers can change their products.
Weaving Teflon ribbon through the tag

and crimp is achieved using synthetic sewing
thread (Fig. 1, Video S1). For clarity, using
two contrasting colors (e.g., black and white)
is best. First, we cut a sufficiently long piece
of Teflon to make harness loops large enough
to fit over the bird’s legs (oversized loops are
not a problem—they will be reduced). All ties
are made using two overhand knots. We refer
to each end of the Teflon as end one (E1)
and end two (E2). Now, we tie a piece of
black sewing thread to Teflon E1, making
sure the tip of E1 is tightly secured to the
middle of the black thread, leading to two
~ 20 cm strands of thread attached to E1
(this provides extra security when pulling the
Teflon). Looking at the tag dorsally, we pull
the thread + E1 through the right anterior
tube opening. For tags with posterior loop
terminals, we continue by pulling the
thread + E1 ventrally through the left poste-
rior loop and repeat the process with Teflon
E2 using a newly tied black thread
(thread + E2 ventrally through the right pos-
terior loop); both E1 + E2 should then stick
upwards at the posterior end of the tag. For
tags with a posterior tube rather than loops
(Fig. 1), we push thread + E1 through the
left posterior tube—pulling it sufficiently far
that ~ 10 cm of Teflon is protruding from
the right posterior tube opening. Both E1
and E2 should now stick out to the right of
the tag. The trick now is to make E2 pass
through the right posterior tube that is
already occupied with one Teflon strand—
this is the most challenging part of harness
construction. First, we tie a new black thread
to E2 in a similar fashion as we did with E1.
We then use the white synthetic thread to tie
both ends of the black thread to the first
Teflon strand near the right posterior opening
(this will help pass the black thread through
the filled tube). Now, we gently pull on the
first Teflon strand backwards out the left
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posterior tube until the white knot emerges.
The black thread tied to E2 should now be
visible and we cut away the white thread. At
this time, we grip both the Teflon and the
black thread near the left posterior opening
and carefully continue pulling. This will
move E2 into the right posterior opening
(dissecting needle is helpful to push E2 in)
and eventually out the left side (we then cut
away the black thread). E1 should stick out
the left posterior tube and E2 out the right
posterior tube, making loops on either side of
the tag whose sizes can be altered.
The crimp is used to complete the harness

circuit. First, we adjust the loops to make sure
they are large enough and equally sized and
then fill both ends of the anterior tube with
pliable glue (such as Pliobond; Ruscoe, Akron,
Ohio, USA). Securing the front tube with flex-
ible glue prevents the tag from slipping to the
side of the bird’s body (Vandenabeele et al.
2014) while avoiding harsh edges and facilitat-
ing reuse of devices, if applicable. Some
researchers use simple knots instead of glue at

this step—that can work too, although we pre-
fer glue. After the front is secured, we push the
two Teflon ends through the crimp—accom-
plishing this usually requires the use of threads
or dissecting needles (e.g., one Teflon end
first, then using threads to get the second end
through as above). We suggest making the tag
loops the same size and cutting the loose ends
to equal length—this helps in fitting the har-
ness to the bird because one can easily see that
misaligned ends mean uneven loop sizes even
when most of harness is covered with feathers.
The harness is now ready to be fitted to a bird.
The final harness adjustment is made while

on the bird in the field. We slip each loop over
the bird’s legs individually, then pull the tag
up and away from the bird’s back to ensure
the harness loops are all the way up the upper
leg (where it meets the belly). Tags with a
front tube and hind loop terminals are easier
to adjust—a single pull on the Teflon ends
cinches the harness—and thus are possible to
attach to birds by someone working alone. Fit-
ting tags with two attachment tubes (Fig. 1) is

A B

C D

Fig. 1. Schematic for harness construction for tags with front and back attachment tubes. Arrows repre-
sent direction of motion. Panel (A): with tag viewed dorsally, a thin (black) synthetic sewing thread is
tied (white circles represent knots) to the first Teflon ribbon end (E1) and pulled through the right ante-
rior opening and then through the left posterior opening. Panel (B): another thread is tied firmly to the
tip of the second Teflon end (E2) and the two strands are secured to E1 near the right posterior opening
with an additional piece of (white) thread. Panel (C): E2 is pulled through the posterior attachment
tube. Panel (D): with harness loops of equal size, glue is applied to the front attachment tube and a
crimp is placed over Teflon ends.
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easier with two researchers because more force
is required to cinch the harness. Adjusting
each loop in steps is often best (by pulling
individual Teflon strands and gradually short-
ening the harness loops), but researchers
should ensure that feathers do not enter the
attachment tube or loops because this impedes
cinching. A properly fitting harness for a range
of bird sizes is impossible to describe with spe-
cifics (e.g., loose enough to stick a finger under
the tag). Generally, the harness should not
restrict bird movement and thus should be a
bit loose. However, a harness that is too loose
can be lost or result in bird entanglement. We
consider a harness to fit well when the loops
lay in the groin without signs of pressure on
the skin. This can be checked by blowing at
the legs while the bird is upside down and
moving its legs around. If unsure, we suggest
erring on the side of a looser harness, rather
than one that is too tight. Once the harness
appears to correctly fit, we move the crimp
upward to the rear of the tag (and below the
antenna or light stalk) to secure the prelimi-
nary loop dimensions. We then inspect the
bird’s belly and legs. If the fit seems too tight
at this point, simply reversing the above pro-
cess loosens the harness (forceps or pliers are
helpful for pulling the loop). When satisfied
with the fit, we make sure the crimp is at the
very posterior end of the tag—below any
antennas or sensor stalks. Although the crimp
can be placed dorsally where it is easier to
work with, the posterior end is safer because
the crimp is less likely to catch on vegetation,
increase drag, or be easily accessible to the
bird. With the crimp in place, we use needle-
nose pliers to compress it forcefully such that
it is flat against the body. In dual-tube tags
(Fig. 1), especially on small birds, the crimp
experiences relatively weak forces, so cutting
off all excess Teflon past the crimp and using a
bit of superglue to secure the terminus should
be sufficient to secure the harness. For larger
birds or tags with rear loop terminals, we often
make a single overhand knot at the crimp,
then cut away excess Teflon at the knot, and
secure the knot with superglue while ensuring
that no harsh projections develop that could
cause discomfort to the bird (“crusty” knots
can be softened by flattening with pliers). In
either case, we make sure no loose Teflon ends
are present because they can fray, and fila-
ments can catch on vegetation.

Field trial. We tested the harness in the
field with several tag types on a diverse group
of Amazonian birds. We tracked 60 individu-
als of 10 non-migratory species that ranged in
mass from 21 to 128 g (Table 1) from 2017
to 2019 in primary terra firme forest at the
Biological Dynamics of Forest Fragments
Project (BDFFP) in central Amazonia (Stouf-
fer 2020). In 2017, to detect any effects of
tagging in real time (e.g., injury, death, lim-
ited activity, and other signs of problems), we
deployed VHF radio transmitters (Pip Ag392;
Lotek Wireless Inc., Newmarket, Ontario,
Canada) on three birds, including two Black-
faced Antthrushes (Formicarius analis) and
one Variegated Antpitta (Grallaria varia).
Additional birds were tagged in 2017 and
2018 with either archival GPS tags (PinPoint-
50, Lotek Wireless Inc.; Formicarius analis
only) or geolocators (Intigeo-P65B1-11T-
20deg; Migrate Technology Ltd., Cambridge,
UK). Radio transmitters and GPS tags both
had 1.5-mm attachment tubes in the front
and rear, with base mass (no harness) of
1.5 g and 2.3 g, respectively. Geolocators had
1-mm attachment tubes in the front and 1-
mm metal terminal loops in the back, with a
base mass of 0.7 g. All birds were target-net-
ted using playback of conspecific songs to
increase our chances of capturing territorial
individuals that would remain in the area for
recapture. We sought to mark adult males
only, but characteristics to differentiate young
birds fade quickly in most of our study spe-
cies and seven are sexually monomorphic
(Johnson and Wolfe 2017) with unresolved
vocalizations for females. The only G. varia
fit with a geolocator was a visibly gravid
female and we excluded it from mass analyses
due to the influence of eggs. At capture, each
bird received a tag, metal band, and one or
two color bands, and we took standard mor-
phometric measurements, including mass with
an electronic balance (� 0.1 g; Ohaus, Par-
sippany, New Jersey, USA, or American
Weigh Scales, Cumming, Georgia, USA). We
recovered tags ~ 1 yr after deployment by
systematic searches and conspecific playback
near original capture locations. To minimize
the effect of any temporal variation in mass,
all birds were captured (and weighed)
throughout the day between June and Octo-
ber, which corresponds to the dry season at
the BDFFP (Stouffer et al. 2013).
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To assess the effect of devices on birds, we
compared their body masses in subsequent
years. Body mass is a good indicator of con-
dition in birds (Labocha and Hayes 2012),
and a lower mass at tag recovery (t1) than at
deployment (t0) could indicate a deteriorating
body condition and thus a possible negative
response of birds to wearing devices. Because
a change in mass could be the result of envi-
ronmental stochasticity, rather than due to
tags, we compared the body mass of untagged
birds that were recaptured in the subsequent
year (although all birds captured in 2017
were tagged). We tested for a change in mass
in treatment and control groups using sepa-
rate (one for each group) linear mixed models
fitted with restricted maximum likelihood,
with mass as a response and period (t0, t1) as
the explanatory variable, with species as a ran-
dom effect. Analyses were conducted with
package “lme4” (Bates et al. 2020) in R ver-
sion 4.0.2 (R Core Team 2020).

RESULTS

Observations of radio-tagged birds in 2017
led us to fine-tune the harness configuration.
We tracked two of the three birds until the
end of the field season (36 and 49 days) and
detected no problems, including during visual
observations at roost sites. However, one
F. analis individual died < 1 week after tag-
ging due to an early design flaw, that is, we
crimped the Teflon on top rather than behind
the tag and left the Teflon ends unsecured to
facilitate tag drop, but the ends frayed and
Teflon filaments ensnared the bird on a spiny
vine. Thus, for subsequent captures, we moved
the crimp to the tag posterior (Fig. 1D),
trimmed away all excess Teflon, and secured
the crimp terminus with superglue. In the end,
only two birds were tagged with problematic
harnesses—one G. varia and one F. analis.
G. varia had no issues (Jirinec et al. 2018),
likely due to its larger size and lower propen-
sity to move through dense vegetation.
We detected no problems for recaptured

birds with harnesses. Of 90 individuals, we
recovered 43 (48%) a year later (Table 1A).
Logger deployment and recovery took exten-
sive effort (257 field days) due to the low den-
sities of these species (Stouffer 2007) and
sometimes substantial movements, but the
probability of recapture varied (Table 1A).

None of the recovered individuals had a miss-
ing tag at t1 (359 � 29 days, mean � SD),
including a S. caudacutus tagged twice for a
total duration of 700 days. We detected no
external injuries such as red skin, although the
tips of harness loops were sometimes coated
with a bit of dried skin. The body mass of
recaptured birds (Fig. 2) did not differ from
that when first captured for either the treat-
ment (tagged) group (b = 1.1, SE = 0.6,
t = 1.9, P = 0.07) or control (untagged) group
(b = 0.4, SE = 0.92, t = 0.4, P = 0.66). For
11 individuals of six species with geolocators
where we weighed the harnesses, mean harness
weight was 0.26 � 0.02 (SE) g, and the weight
of the harnesses (Teflon + crimp) of the small-
est (Short-billed Leaftosser, Sclerurus rufigu-
laris) and largest (Thrush-like Antpitta,
Myrmorthera campanisona) birds was 0.23 g
and 0.29 g, respectively.

DISCUSSION

Tagged and recaptured birds in our study
did not lose either their devices or body mass
between tag deployment and recovery. In fact,
tagged birds were slightly heavier (but not sig-
nificantly so) at recovery than at deployment,
although post-tagging mass increases in a study
involving squirrels were interpreted as undesir-
able effects (Kenward 1982). The results of
several studies have revealed a relationship
between body mass and life history traits (see
Labocha and Hayes 2012 for review). Body
mass of Red Knots (Calidris tenuirostris) was
unrelated to migration departure dates (Battley
et al. 2004), but mass was positively correlated
with foraging efficiency in American Dippers
(Cinclus mexicanus; Donnelly and Sullivan
1998), survival of Barn Swallows (Hirundo
rustica; Møller and Sz�ep 2002) and Eurasian
Blue Tits (Cyanistes caeruleus; Meril€a and Wig-
gins 1995), and breeding success in Common
Terns (Sterna hirundo; Wendeln and Becker
1999). Southern Pied Babblers (Turdoides
bicolor) exposed to unsuitable hot and dry con-
ditions lost mass (Bourne et al. 2020). Thus, a
decline in body mass after tagging should indi-
cate that tags were detrimental to birds, but
this is not what we detected.
Although species in our study comprised

one ecological guild (terrestrial insectivores),
this group is taxonomically and ecologically
diverse, representing three families with three
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Table 1. Summary statistics for field trial of adjustable harnesses: sample sizes per species, duration of wear,
and mass of birds at capture and recovery (last three columns are means � SD)

A. Birds fitted with harnesses and recaptured the following year

Species
Number
deployed

Number
recovereda

Duration
(days) Mass t0 (g) Mass t1 (g)

Myrmoderus ferrugineus (Ferruginous-
backed Antbird)

9 4 (44%) 348 � 59 24.85 � 0.90 25.90 � 1.50

Myrmornis torquata (Wing-banded
Antbird)

9 3 (33%) 370 � 3 44.06 � 0.64 45.60 � 0.85

Grallaria varia (Variegated Antpitta)b 1 1 (100%) 449 127.7 114.0
Hylopezus macularius (Spotted
Antpitta)

4 4 (100%) 338 � 47 41.5 � 2.31 43.48 � 2.35

Myrmothera campanisona (Thrush-like
Antpitta)

4 4 (100%) 318 � 22 48.15 � 2.25 48.60 � 1.61

Formicarius colma (Rufous-capped
Antthrush)

12 5 (42%) 349 � 37 48.12 � 1.69 49.60 � 1.82

Formicarius analis (Black-faced
Antthrush)c

31 15 (48%) 364 � 38 62.43 � 4.02 63.17 � 3.59

Sclerurus obscurior (South American
Leaftosser)

8 2 (25%) 385 � 35 23.7 � 0.28 24.20 � 1.27

Sclerurus rufigularis (Short-billed
Leaftosser)

6 2 (33%) 324 � 13 21.3 � 1.84 21.80 � 4.00

Sclerurus caudacutus (Black-tailed
Leaftosser)d

6 3 (50%) 342 � 6 38.95 � 0.78 41.65 � 1.48

Overall 90 43 (48%) 359 � 29

B. Band-only birds recaptured the following year

Species
Number
markede

Number
recapturedf

Duration
(days) Mass t0 (g) Mass t1 (g)

Myrmoderus ferrugineus (Ferruginous-
backed Antbird)

18 2 (11%) 350 � 50 24.70 � 0.42 24.00 � 1.84

Grallaria varia (Variegated Antpitta) 1 0 — 128.7 —
Myrmornis torquata (Wing-banded
Antbird)

2 1 (50%) 349 45.0 44.1

Hylopezus macularius (Spotted
Antpitta)

2 1 (50%) 333 47.9 46.1

Formicarius colma (Rufous-capped
Antthrush)

16 2 (13%) 326 � 84 47.05 � 3.18 46.75 � 2.47

Formicarius analis (Black-faced
Antthrush)

32 8 (25%) 331 � 48 61.21 � 3.14 62.95 � 3.40

Sclerurus obscurior (South American
Leaftosser)

8 2 (25%) 367 � 2 26.65 � 0.35 25.25 � 0.21

Sclerurus rufigularis (Short-billed
Leaftosser)

1 1 (100%) 360 19.8 20.3

Overall 80 17 (21%) 345 � 46

aValues in subsequent columns apply to recovered birds only.
bGravid female at deployment (excluded from condition analysis).
cIncludes GPS tags (18 deployed, 11 recovered); two birds missing mass at recovery and thus excluded
from condition analysis.
dSubsequent two columns include one bird tagged twice (total duration = 700 days); we used data only
from first recovery for duration and mass; unique birds deployed and recovered = 5 and 2.
eOnly includes birds in the 2018–2019 cycle; all birds captured in 2017 were tagged.
fBand-only birds were not actively recovered (i.e., incomparable with panel A rates).
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distinct body types. Birds retained harnesses
despite short tails, upright postures (Grallari-
idae), and nest placement in underground
burrows or tree cavities such as Sclerurus and
Formicarius (Skutch 1969), which may dis-
lodge tags as birds pass through narrow
spaces. Antpittas and antthrushes lead a pri-
marily ambulatory lifestyle, a possible concern
for a leg-loop harness, but logger recovery
rates were highest for these birds. Although
all 10 species were resident, non-migratory
birds, Sclerurus spp. and Wing-banded Ant-
birds (Myrmornis torquata) have large territo-
ries (Stouffer 2007). All four of these species
prefer to fly, rather than walk, and we
encountered long distances between capture
locations, including 1.7 km for a South
American Leaftosser (Sclerurus obscurior),
1.1 km for a Short-billed Leaftosser (S. ru-
figularis), 2.5 km for a Black-tailed Leaftosser
(Sclerurus caudacutus), and 1.5 km for a
Wing-banded Antbird (M. torquata). We
believe that vagility and large area require-
ments, rather than mortality due to wearing
loggers, were the reasons for our relatively
low recovery rates for these species. In every
species except for antpittas, birds appeared to
become trap-shy and have fluid territories
with often high overlap. This, along with the
presence of few trails in our study area, trans-
lated into challenging conditions for recovery
of loggers. Because of the substantial work
needed to recapture birds, we did not devote

equal effort to both treatment and control
birds that would be needed to properly com-
pare the proportion of recovered individuals
in both treatment and control groups (Ray-
buck et al. 2017).
Although we studied resident birds, the

harnesses described in our study should be
suitable for use with migratory birds as well.
The structure of the harness we used is not
novel; we simply provide instructions for con-
structing an adjustable and durable rendering
of the harness previously described by Rap-
pole and Tipton (1991) that has been success-
fully used in many studies of long-distance
migrants (Johnson et al. 2012, Macdonald
et al. 2012, Thaxter et al. 2014). However,
Streby and Kramer (2017) made a distinction
between R-T harnesses with two attachment
points (“Ѳ”), which matches our design, and
harnesses that more closely resemble the fig-
ure-eight in Rappole and Tipton (1991), and
raised concerns about the fit of Ѳ harnesses.
Researchers could modify the harness in our
study to make a true figure-eight by enlarging
the tag’s anterior attachment tube and run-
ning steps B and C in Fig. 1 through the
front as well, then crimping the Teflon above
the tag. However, this would increase drag
and, as Raybuck et al. (2017) also pointed
out, we currently have little evidence that the
figure-eight style is indeed better. Regardless,
this debate is probably less relevant for larger
birds where the distance between attachment

|

|

|

| Treatment

Control

−2 −1 0 1 2

ß (mass at t1, g)

Fig. 2. Bird mass ~ 1 yr after initial marking (t0). The control group consisted of 17 individuals of
seven species marked with bands only, whereas the treatment group included 39 individuals of nine spe-
cies fitted with tags attached with leg-loop harnesses as described herein. Neither group gained or lost
mass at t1. Points are slope estimates in linear mixed models with error bars representing 95% CI.
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points in Ѳ harnesses matches the figure-eight
style more closely. A more important ques-
tion may be whether migration-related fatten-
ing and the resulting fluctuation in body size
are problematic with non-elastic material such
as Teflon. Brl�ık et al. (2020) found higher
apparent survival for birds tagged with har-
nesses made of non-elastic material in their
meta-analysis of geolocator studies (and thus
mainly migratory birds), suggesting that rigid-
ity is generally not a problem. Tropical resi-
dents like our study species lack pre-
migratory fattening, but changes in body
mass are still relevant to egg-laying females.
That appeared to be the case with our single
female G. varia that, gravid when first cap-
tured, but not when recaptured, weighed
11% less at recapture. Nevertheless, develop-
ing eggs seem to extend the vent area while
the harness contact points remain unaffected.
Concerns associated with elastic harnesses
notwithstanding, researchers may substitute
Teflon for a stretchable material, but some
materials (like Stretch Magic) are not suitable
for crimping because that could nip the har-
ness and thus compromise integrity of the
loops. Ornithologists need not be reminded
about the importance of harness retention,
especially for archival loggers or when a single
unit can cost over $1000 US.
Our harness design is versatile and can be

adapted to various tag types and species. Cur-
rent configuration of the smallest ICARUS
tags (solar light and solar medium; 3.8–4.7 g)
has front and back attachment tubes as in
Figure 1 (Brigitta Keeves, pers. comm.). In
addition to the three types of tags described
above, we have used this harness with Pin-
Point Argos 100 and PinPoint VHF 350
transmitters (5 and 15 g, respectively), both
manufactured by Lotek. In an ongoing study,
we used the R-T harness described here to
tag 14 Barred Owls (Strix varia; mean
mass = 695 g) before switching to a wing-
loop harness that is probably more suitable
for this species and larger birds in general.
Nevertheless, we did not observe any issues
with owls for up to 115 days—the longest
period a tag transmitted (i.e., of known fate).
Owls often removed tags by breaking the 1.9-
mm Teflon, but they also did so with a 1-cm
wide, elastic wing-loop harness at comparable
rates (V. Jirinec, unpubl. data).

The harness can be modified to work with
other tag styles. For example, LifeTags by
Cellular Tracking Technologies have front
and back loops (holes) rather than tubes. Our
design can be adapted to this arrangement—
researchers can simply run step A in Figure 1
either around the front or under the tag (rib-
bon should probably be secured in the front
with crimp, glue, or knot to keep the tag cen-
tered), then crimping the Teflon behind the
tag as described in Results for tags with poste-
rior loop terminals.
Data from loggers placed on individual

birds yield invaluable insights into bird biol-
ogy and technological improvements will
likely only increase the number of such stud-
ies. Regardless of the device type and exact
harness configurations, researchers should
make sure that the R-T harness is suitable for
their study species, the tag mass is not exces-
sive (Bowlin et al. 2010, Vandenabeele et al.
2014), and the fit is appropriate (not too
tight or too loose). Here we present one way
to accomplish a good fit—arguably the most
challenging aspect of properly attaching
devices to birds—thus maximizing bird wel-
fare and the quality of collected data.

ACKNOWLEDGMENTS

We are thankful to Flamarion Assunc�~ao and Jairo
Lopes for their assistance in the field. Philip Stouffer
secured much of the funding and, along with Sabrina
Taylor, provided a helpful review of the manuscript,
which further benefited from comments by Gary
Ritchison and two anonymous reviewers. Elisa Eli-
zondo purchased several tags. Field research was facili-
tated by the BDFFP support personnel, including
Rosely Hip�olito, Manoela Borges, Jos�e Lu�ıs Camargo,
Mario Cohn-Haft, and Ary Ferreira. Funding comes
from the US National Science Foundation (LTREB
0545491 and 1257340), the National Institute of
Food and Agriculture, US Department of Agriculture,
McIntire Stennis projects no. 94098 and no. 94327,
Smithsonian Tropical Research Institute Short-Term
Fellowship, Neotropical Bird Club Conservation
Fund, Lewis and Clark Fund for Exploration and
Field Research from the American Philosophical Soci-
ety, and research grants from the American Ornitho-
logical Society, Animal Behavior Society, and the
Wilson Ornithological Society. We followed animal
care protocol LSU IACUC A2017-16. This is publi-
cation no. 805 of the BDFFP Technical Series and
no. 56 of the Amazonian Ornithology Technical Ser-
ies of the INPA Collections Program. The manuscript
was approved by the Director of the Louisiana State
University Agricultural Center as manuscript number
2020-241-34932.

Adjustable Harness for Attaching TagsVol. 0, No. 0 9



LITERATURE CITED

AUBRY, K. B., AND C. M. RALEY. 2002. Selection of
nest and roost trees by Pileated Woodpeckers in
coastal forests of Washington. Journal of Wildlife
Management 66: 392–406.

BARRON, D. G., J. D. BRAWN, AND P. J.
WEATHERHEAD. 2010. Meta-analysis of transmitter
effects on avian behaviour and ecology. Methods
in Ecology and Evolution 1: 180–187.

BATES, D., M. MAECHLER, B. BOLKER, S. WALKER, R.
H. B. CHRISTENSEN, H. SINGMANN, B. DAI, F.
SCHEIPL, G. GROTHENDIECK, P. GREEN, AND J.
FOX. 2020. lme4: Linear Mixed-Effects Models
using “Eigen” and S4. Version 1.1-23.

BATTLEY, P. F., T. PIERSMA, D. I. ROGERS, A.
DEKINGA, B. SPAANS, AND J. A. V. GILS. 2004.
Do body condition and plumage during fuelling
predict northwards departure dates of Great Knots
Calidris tenuirostris from north-west Australia? Ibis
146: 46–60.

BOURNE, A. R., S. J. CUNNINGHAM, C. N.
SPOTTISWOODE, AND A. R. RIDLEY. 2020. Hot
droughts compromise interannual survival across
all group sizes in a cooperatively breeding bird.
Ecology Letters 23: 1776–1788.

BOWLIN, M. S., P. HENNINGSSON, F. T. MUIJRES, R.
H. VLEUGELS, F. LIECHTI, AND A. HEDENSTR€OM.
2010. The effects of geolocator drag and weight
on the flight ranges of small migrants. Methods in
Ecology and Evolution 1: 398–402.

BRIDGE, E. S., J. F. KELLY, A. CONTINA, R. M.
GABRIELSON, R. B. MACCURDY, AND D. W.
WINKLER. 2013. Advances in tracking small
migratory birds: a technical review of light-level
geolocation. Journal of Field Ornithology 84:
121–137.

BRL�IK, V., J. KOLE�CEK, M. BURGESS, S. HAHN, D.
HUMPLE, M. KRIST, J. OUWEHAND, E. L. WEISER,
P. ADAM�IK, J. A. ALVES, D. ARLT, S. BARI�SI�C, D.
BECKER, E. J. BELDA, V. BERAN, C. BOTH, S. P.
BRAVO et al. 2020. Weak effects of geolocators on
small birds: a meta-analysis controlled for
phylogeny and publication bias. Journal of Animal
Ecology 89: 207–220.

CHAN, Y.-C., M. BRUGGE, T. L. TIBBITTS, A.
DEKINGA, R. PORTER, R. H. G. KLAASSEN, AND

T. PIERSMA. 2016. Testing an attachment method
for solar-powered tracking devices on a long-
distance migrating shorebird. Journal of
Ornithology 157: 277–287.

CSADA, R., AND R. BRIGHAM. 1994. Breeding biology
of the Common Poorwill at the northern edge of
its distribution. Journal of Field Ornithology 65:
186–193.

DONNELLY, R. E., AND K. A. SULLIVAN. 1998.
Foraging proficiency and body condition of
juvenile American Dippers. Condor 100: 385–388.

HARAMIS, G. M., AND G. D. KEARNS. 2000. A radio
transmitter attachment technique for Soras.
Journal of Field Ornithology 71: 135–139.

HUMPHREY, J. S., AND M. L. AVERY. 2014. Improved
satellite transmitter harness attachment technique.
Journal of Raptor Research 48: 289–291.

JIRINEC, V., B. R. CAMPOS, AND M. D. JOHNSON.
2011. Roosting behaviour of a migratory songbird
on Jamaican coffee farms: landscape composition
may affect delivery of an ecosystem service. Bird
Conservation International 21: 353–361.

JIRINEC, V., E. C. ELIZONDO, C. L. RUTT, AND P. C.
STOUFFER. 2018. Space use, diurnal movement,
and roosting of a Variegated Antpitta (Grallaria
varia) in central Amazonia. Ornitolog�ıa
Neotropical 29: 13–20.

JIRINEC, V., R. E. ISDELL, AND M. LEU. 2016. Prey
availability and habitat structure explain breeding
space use of a migratory songbird. Condor 118:
309–328.

JOHNSON, E. I., AND J. D. WOLFE. 2017. Molt in
Neotropical birds: life history and aging criteria.
CRC Press, Boca Raton, FL.

JOHNSON, J. A., S. M. MATSUOKA, D. F. TESSLER, R.
GREENBERG, AND J. W. FOX. 2012. Identifying
migratory pathways used by Rusty Blackbirds
breeding in southcentral Alaska. Wilson Journal of
Ornithology 124: 698–703.

KENWARD, R. E. 1982. Techniques for monitoring the
behaviour of grey squirrels by radio. In: Telemetric
studies of vertebrates. (C. L. Cheesemann and R.
B. Mitson, eds.), pp. 179–196.Academic Press,
London, UK.

KENWARD, R. E. 2001. A manual for wildlife radio
tagging. Academic Press, Cambridge, MA.

LABOCHA, M. K., AND J. P. HAYES. 2012.
Morphometric indices of body condition in birds:
a review. Journal of Ornithology 153: 1–22.

LAMB, J. S., Y. G. SATGE, C. V. FIORELLO, AND P. G.
R. JODICE. 2017. Behavioral and reproductive
effects of bird-borne data logger attachment on
Brown Pelicans (Pelecanus occidentalis) on three
temporal scales. Journal of Ornithology 158: 617–
627.

MACDONALD, C. A., K. C. FRASER, H. G. GILCHRIST,
T. K. KYSER, J. W. FOX, AND O. P. LOVE. 2012.
Strong migratory connectivity in a declining
Arctic passerine. Animal Migration 1: 23–30.

MALLORY, M. L., AND C. D. GILBERT. 2008. Leg-loop
harness design for attaching external transmitters
to seabirds. Marine Ornithology 36: 183–188.

MARZLUFF, J. M., J. J. MILLSPAUGH, P. HURVITZ, AND

M. S. HANDCOCK. 2004. Relating resources to a
probabilistic measure of space use: forest fragments
and Steller’s Jays. Ecology 85: 1411–1427.

MCKINNON, E. A., AND O. P. LOVE. 2018. Ten years
tracking the migrations of small landbirds: lessons
learned in the golden age of bio-logging. Auk
135: 834–856.

MERIL€A, J., AND D. A. WIGGINS. 1995. Offspring
number and quality in the Blue Tit: a quantitative
genetic approach. Journal of Zoology 237: 615–
623.

MØLLER, A. P., AND T. SZ�EP. 2002. Survival rate of
adult Barn Swallows Hirundo rustica in relation to
sexual selection and reproduction. Ecology 83:
2220–2228.

NAEF-DAENZER, B. 2007. An allometric function to fit
leg-loop harnesses to terrestrial birds. Journal of
Avian Biology 38: 404–407.

V. Jirinec et al.10 J. Field Ornithol.



NOEL, B. L., J. C. BEDNARZ, M. G. RUDER, AND M.
K. KEEL. 2013. Effects of radio-transmitter
methods on Pileated Woodpeckers: an improved
technique for large woodpeckers. Southeastern
Naturalist 12: 399–412.

R CORE TEAM. 2020. R: A language and environment
for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

RAPPOLE, J. H., AND A. R. TIPTON. 1991. New
harness design for attachment of radio transmitters
to small passerines. Journal of Field Ornithology
62: 335–337.

RAYBUCK, D. W., J. L. LARKIN, S. H. STOLESON, AND

T. J. BOVES. 2017. Response to Streby and
Kramer: additional considerations for explaining
differences in return rates of geolocator-tagged and
control Cerulean Warblers. Condor 119: 852–
854.

SKUTCH, A. F. 1969. Life histories of Central
American birds. III. Families Cotingidae, Pipridae,
Formicariidae, Furnariidae, Dendrocolaptidae.
Cooper Ornithological Society, Berkeley, CA.

STOUFFER, P. C. 2007. Density, territory size, and
long-term spatial dynamics of a guild of terrestrial
insectivorous birds near Manaus, Brazil. Auk 124:
291–306.

STOUFFER, P. C. 2020. Birds in fragmented
Amazonian rainforest: lessons from 40 years at the
Biological Dynamics of Forest Fragments Project.
Condor 122: duaa005.

STOUFFER, P. C., E. I. JOHNSON, AND R. O.
BIERREGAARD. 2013. Breeding seasonality in
central Amazonian rainforest birds. Auk 130:
529–540.

STREBY, H. M., AND G. R. KRAMER. 2017. Comment
on “Mixed effects of geolocators on reproduction
and survival of Cerulean Warblers, a canopy-
dwelling, long-distance migrant”. Condor 119:
848–851.

STREBY, H. M., T. L. MCALLISTER, S. M. PETERSON,
G. R. KRAMER, J. A. LEHMAN, AND D. E.
ANDERSEN. 2015. Minimizing marker mass and
handling time when attaching radio-transmitters
and geolocators to small songbirds. Condor 117:
249–255.

THAXTER, C. B., V. H. ROSS-SMITH, J. A. CLARK, N.
A. CLARK, G. J. CONWAY, M. MARSH, E. H. K.
LEAT, AND N. H. K. BURTON. 2014. A trial of

three harness attachment methods and their
suitability for long-term use on Lesser Black-
backed Gulls and Great Skuas. Ringing &
Migration 29: 65–76.

THOMPSON, F. 1994. Temporal and spatial patterns of
breeding Brown-headed Cowbirds in the
midwestern United States. Auk 111: 979–990.

VANDENABEELE, S. P., E. GRUNDY, M. I. FRISWELL, A.
GROGAN, S. C. VOTIER, AND R. P. WILSON.
2014. Excess baggage for birds: inappropriate
placement of tags on gannets changes flight
patterns. PLoS ONE 9: e92657.

WENDELN, H., AND P. H. BECKER. 1999. Effects of
parental quality and effort on the reproduction of
Common Terns. Journal of Animal Ecology 68:
205–214.

WILMERS, C. C., B. NICKEL, C. M. BRYCE, J. A.
SMITH, R. E. WHEAT, AND V. YOVOVICH. 2015.
The golden age of bio-logging: how animal-borne
sensors are advancing the frontiers of ecology.
Ecology 96: 1741–1753.

SUPPORTING INFORMATION

Additional Supporting Information may be
found in the online version of this article at
the publisher’s website.

Fig. S1. Harnesses ready for deployment
on two tag types. On the left, a tag with
front and back attachment tubes (PinPoint
Argos 100; Lotek). On the right, a geolocator
with front tube and posterior loop terminals
(Intigeo-P65B1-11T-20deg; Migrate Techno-
logy). The geolocator is shown with and
without a harness.

Video S1. Harness construction steps for
tags with front and back attachment tubes.
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