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Ornithological Methods

Refinements in adipose tissue biopsy collection in shorebirds: effect on pain,
wound healing, and mass gain

Perfeccionamiento de la toma de biopsias de tejido adiposo en aves playeras: efecto
sobre el dolor, la cicatrización de heridas y el aumento de masa
Christy Morrissey 1 and Kurtis Swekla 1

ABSTRACT. Non-lethal methods to sample adipose tissues from fat depots in small birds are highly valuable as a time integrated
sample matrix for ecotoxicology and ecophysiology research. However, for investigators to have confidence to use adipose tissue biopsy
methods, welfare concerns remain regarding minimizing pain and ensuring there are no lasting effects on health and survival, particularly
for small shorebird species actively undergoing refueling for seasonal migration. We tested refinements in adipose tissue biopsies in a
captive Killdeer (Charadrius vociferus) population using either injectable or topical analgesics for pain control and monitored effects
on mass, fat, and wound healing time over 21 days to critically evaluate the technique. Injectable analgesics provided rapid and superior
short-term pain control compared to topical treatments, and there were no lasting effects of the analgesic or biopsy treatment on healing
time, mass, or fat gain over the experiment. Average time for complete healing was 17 ± 3.5 days and all Killdeer continued to gain
body mass and fat post procedure. The results suggest that adipose biopsies, with some recommended refinements, should be safe and
effective and are not anticipated to cause significant impacts on fueling in migratory shorebirds.

RESUMEN. Los métodos no letales para tomar muestras de tejidos adiposos de depósitos de grasa en aves pequeñas son muy valiosos
como matriz de muestras integrada en el tiempo para la investigación en ecotoxicología y ecofisiología. Sin embargo, para que los
investigadores utilicen con confianza los métodos de biopsia de tejido adiposo, siguen existiendo problemas de bienestar relacionados
con la minimización del dolor y la garantía de que no se produzcan efectos duraderos sobre la salud y la supervivencia, en particular
en el caso de especies pequeñas de aves playeras que están activamente repostando para la migración estacional. Se probaron mejoras
en las biopsias de tejido adiposo en una población cautiva de Chorlo Tildío (Charadrius vociferus) utilizando analgésicos inyectables
o tópicos para controlar el dolor y se monitorearon los efectos sobre la masa, la grasa y el tiempo de cicatrización de la herida durante
21 días para evaluar críticamente la técnica. Los analgésicos inyectables proporcionaron un control rápido y superior del dolor a corto
plazo en comparación con los tratamientos tópicos, y no hubo efectos duraderos del tratamiento analgésico o de la biopsia sobre el
tiempo de cicatrización, la masa o el aumento de grasa a lo largo del experimento. El tiempo medio para la curación completa fue de
17 ± 3,5 días y todos los Chorlos Tildíos continuaron ganando masa corporal y grasa después del procedimiento. Los resultados
sugieren que las biopsias adiposas, con algunos refinamientos recomendados, deberían ser seguras y eficaces y no se prevé que causen
impactos significativos en la alimentación de las aves playeras migratorias.
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INTRODUCTION
Many long-distance migratory birds face energetic challenges
during flight, staging, and upon arriving on the breeding grounds.
To fuel the migratory journey, birds will undergo periods of
hyperphagia and rapidly accumulate fat to store as fuel. Gram for
gram, fats contain 8-10 times more energy than carbohydrates
and proteins and are therefore the primary fuel used during
migratory flight (Jenni and Jenni-Eiermann 1998, Guglielmo
2018). For example, shorebirds are known for their long
migrations and during a stopover, individuals can increase their
fuel load by as much as 50-100% as subcutaneous fat deposits
concentrated in areas in the furcular region or along the sides of
the body (Blem 1976, Bairlein 2002). These adipose depots can
offer an important tissue sample that provides insight into recent
dietary micronutrients (Metzger and Bairlein 2011), fatty acid
composition (Araújo et al. 2019), dietary isotopic sources and
tracers (Twining et al. 2020), and recent exposure to
environmental pollutants (Kenntner et al. 2003, Chu et al. 2015).
However, most studies on wild birds have collected adipose

samples lethally or relied more on other non-lethal sample types
such as blood collections.  

Non-lethal tissue sampling is advantageous for animal welfare
reasons and allows concurrent measurements of diet,
contaminant exposure, physiological responses, and behavior in
free-living birds. Although blood or feather sampling methods
are the most common tissues to non-lethally measure internal
physiology or contaminants, samples of subcutaneous adipose
tissue are highly valuable, but less frequently used in studies of
living birds likely due to concerns about negative effects of a
biopsy that may compromise individual health and survival.
Methods to collect adipose biopsies in small passerines,
shorebirds, and larger seabirds have been published previously
(Owen et al. 2010, Rocha et al. 2016). Data from those experiments
suggest that effects of small adipose tissue collections from birds
with visible fat stores are negligible and short term. However,
importantly, small migratory shorebirds that are actively fueling
likely experience greater constraints and it is important to
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critically evaluate the most efficient and ethical techniques to
refine non-lethal tissue collection procedures.  

This study was conducted on a captive northern population of
migratory Killdeer (Charadrius vociferus) as a model to assess the
optimal method for adipose tissue sampling of actively fueling
shorebirds in preparation for migration. In particular, our
objective was to test refinements in the adipose tissue biopsy
method by assessing which analgesia (injectable or topical cream)
would be most effective for pain control, reduce stress, and foster
healing. We monitored effects of the adipose biopsy on wound
healing progression, and mass and fat gain over 21 days to assess
any negative effects that may occur in shorebirds during a
simulated refueling event.

METHODS
A total of 24 adult Killdeer (genetically sexed as 15 male, 8 female,
1 unknown) that were 2-3 years old and hand reared since hatch
at the Facility for Applied Avian Research at the University of
Saskatchewan, Saskatoon, Saskatchewan. From early fall,
Killdeer were housed in two indoor open aviaries with water
sources and natural enrichment under controlled autumn
temperature (18 °C) and lighting conditions (10L: 14D). Birds
were fed free choice Nutro Natural Choice! kitten dry kibble,
turkey starter meal (26% protein) and Purina 3 mm fish chow
pellets, and supplemented once daily with live mealworms
(Malone and Proctor 1966). Birds were uniquely banded, which
permitted identification of individuals throughout the study.  

In November 2020, Killdeer were captured in groups of six at a
time by hand net from their indoor home aviary and placed in a
ventilated holding box. Each bird was randomly assigned to one
of four treatments as follows: (1) injectable analgesic (e.g.,
bupivacaine 2 mg/kg) followed by skin incision and fat biopsy (n
= 6); (2) topical analgesic EMLA cream (lidocaine/prilocaine 2
mg/kg) followed by skin incision and fat biopsy (n = 6); (3)
injectable analgesic only (injectable control, no biopsy) (n = 6);
or (4) topical analgesic only (topical control, no biopsy) (n = 6).
All control birds experienced the same frequency and duration of
capture and handling throughout the study.  

Each bird was weighed (± 0.1 g) and scored on the amount of
furcular fat from 0 (no visible fat) to 5 (bulging fat over the
pectorals) while restrained in the hand by an experienced handler.
All birds had at least a fat score of two with visible fat in the
interclavical region. The skin and feathers in the furcular
(interclavical) region were parted and cleaned with diluted
chlorhexidine solution (2% vv). The second experimenter applied
either the topical analgesic consisting of 20 mg of 2% EMLA
cream applied over an area of 1 cm² or administered the injectable
subcutaneous bupivacaine analgesic (0.03-0.04 ml/bird based on
70-100 g range in body mass) into the furcular depression. The
time of analgesic application was recorded, and birds were then
replaced in the holding box for approximately 8-12 minutes to
allow for numbing of the biopsy site. Note that injectable
analgesics only require a 1-2-minute wait time, whereas topical
applications require longer times of 10 minutes. In the interest of
maintaining consistency in holding time across treatments, we
kept the wait time the same for all birds. Following the numbing
period, a small 5 mm incision was made in the furcular region to
collect a subcutaneous adipose tissue sample using a scalpel and
forceps following the method described by Rocha et al. (2016).

Each fat sample was placed in a microcentrifuge tube and weighed
(mean mass 32.5 mg ± 14 (SD); range 15-65 mg). The biopsy site
was pinched closed and sealed with Vetbond! 3M skin glue and
the incision site was photographed. After five minutes of post
procedure recovery time in the box, birds were returned to their
room and visually observed after one hour.  

We assessed the procedure duration (hold time) and pain reaction.
Pain, although subjective, was determined by the two
investigators as any sign of vocalization, flinching, or struggling
during any part of the experimental procedure (observed during
skin incision or gluing). We further monitored body mass, fat
score, and incision healing on days 0, 1, 3, 7, 10, 14, 17, and 21
post procedure until all birds were fully healed. Scoring of the
incision healing was photographed and conducted separately by
2 individuals at the same time of day using a matrix of 5 categories
of wound length, wound edges, bleeding or infection,
inflammation or redness, and granulation/proliferation (score: 5
to 20; see Appendices 1, 2). Control birds received the same
handling as biopsy birds throughout the study. No individuals
showed obvious signs of post-procedure pain or lethargy,
infection, or poor performance requiring intervention. All
procedures were previously approved by the University of
Saskatchewan’s University Animal Care Committee under a
Certificate of Approval number 20120021.  

Data analysis included comparing counts of the pain response
during any part of the procedure (response/no response) by
analgesic treatment using a chi-square contingency test. Wound
healing time was analyzed using a Kaplan-Meier survival curve
(time to event analysis) to determine how long it took each
treatment group to obtain a wound healing score of 20 (fully
healed) as well comparing how long (days) to reach full healing
by treatment (t test). We used a repeated measures MANOVA to
test for differences in individual wound healing score using fixed
factors of treatment (injectable or topical) and time (day post
procedure). Responses in body mass and fat scores were similarly
assessed over time and treatment using a repeated measures
MANOVA. All statistical analyses were conducted in JMP v.16
(SAS Institute).

RESULTS

Pain Response
On average, Killdeer were held in boxes for 11 ± 3.8 mins after
application of the analgesic treatment to ensure the area was
numb prior to the procedure. During the biopsy, there was a
significant difference in pain response between the topical and
injectable treatments (χ² = 5.82, p = 0.02, df = 1, n = 12).
Differences suggest the injectable analgesic provided greater pain
relief  because there was a smaller proportion of birds that had a
reaction to either the incision or skin glue procedures with the
injectable bupivacaine (17%, 1/6 birds) compared to the topical
EMLA cream (83%, 5/6 birds; Table 1). Notably, we more
commonly observed a reaction to the skin glue (42%, 5/12 birds)
than the surgical incision (25%, 3/12 birds) across treatment
groups, which suggests the skin glue may be more painful if
contacting deeper tissues. The biopsy procedure took on average
4 minutes (range 2-8 mins). The longer time for one individual
was caused by multiple gluing attempts needed to adhere the
wound edges.
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Table 1. Observable pain responses (n count, % of birds) after
receiving topical lidocaine/prilocaine analgesic or injectable
bupivacaine followed by biopsy treatment. Pain was observed
only in response to the incision or application of the skin glue or
both.

No pain
response

Response
to glue

Response
to incision

Response to
incision and

glue

Topical + biopsy
(n = 6)

1 (17%) 2 (33%) 2 (33%) 1 (17%)

Injectable + biopsy
(n = 6)

4 (67%) 2 (33%) 0 (0%) 0 (0%)

Total (n = 12) 5 4 2 1

Wound healing
Wound healing times ranged from 14 to 21 days (mean 17 days)
with the median time to healing of 15.5 days for birds receiving
the injectable analgesic and 17.5 days for topical analgesic (Fig.
1A; Appendix 2). There was no significant difference between the
two analgesic treatments on time to reach complete healing (t-
ratio = 0.69, df = 10, p = 0.51). Wound healing scores on day 1
after the biopsy procedure ranged from 11 to 16 out of a maximum
score of 20 (EMLA mean score = 14, Injectable mean score = 13).
Repeated measures MANOVA indicated there was a strong effect
of time with progressive healing scores (F6,5 = 143.1, p < 0.0001)
but no effect of treatment (F1,10 = 0.004, p = 0.95) or the
interaction between time and treatment (F6,5 = 2.4, p = 0.18) such
that both analgesic groups followed a similar trajectory of wound
healing (Fig. 1B).

Fig. 1. (A) Time to event analysis showing the timing of when
captive Killdeer (Charadrius vociferus) from each treatment
(Injectable n = 6 or Topical n = 6) were fully healed after
adipose biopsy sampling. All birds were fully healed by Day 21.
(B) Progression of wound healing (means ± SE) over time by
analgesic treatment (injectable and topical). Wound healing was
scored by 2 observers using 5 categories (score = 5 to 20) where
a score of 5 is an open wound and a score of 20 is fully healed
(see Appendix 1 for details of wound scoring).

Body mass and fat
Killdeer all started the experiment with visible fat and, on average,
gained 3.4 g over the 21 days (mean ± SD = 0.16 ± 0.11 g d-1). We
observed random differences in the starting body mass between

treatment groups (intercept; Fig. 2). Many individuals dropped
mass within 24 hours after the experimental day 0 but all birds
subsequently gained mass over time (F6,15 = 13.52, p < 0.0001)
which peaked at 14 days post biopsy (Fig. 2). Experimental
treatment had no effect on body mass over time (time*treatment
interaction: F6,15 = 0.34, p = 0.99). Analgesic and biopsy
treatments also had no effect on the rate of mass gain (F3,20 =
0.22, p = 0.88). Similar to the mass measurement, fat scoring on
days 0, 14, and 21 indicated all birds gained fat at similar rates
with no time by treatment interaction (F6,15 = 0.56, p = 0.76).

Fig. 2. Mean Killdeer (Charadrius vociferus) body mass (g) over
time from 0 to 21 days post procedure. On day 0, birds were
randomly assigned to 4 treatment groups receiving injectable
analgesic with biopsy (n = 6), topical analgesic with biopsy (n =
6), injectable analgesic without biopsy (n = 6), or topical
analgesic without biopsy (n = 6). All birds were handled
identically throughout the study. Note error bars were faded for
visual clarity.

DISCUSSION
Similar to previous studies on captive bird species, we found the
non-lethal adipose biopsy technique was a safe, effective, and
minimally invasive procedure that has the potential to greatly add
value to the fields of ornithology, ecophysiology, and
ecotoxicology (Owen et al. 2010, Rocha et al. 2016). We tested the
application of different analgesics to provide more effective pain
control and used a more detailed wound healing scoring system
to critically evaluate and refine the technique in a fueling shorebird
model under controlled laboratory conditions. The Killdeer
showed minimal short-term pain response to the procedure, with
no lasting effects observed over the period of 21 days. Average
time for complete healing in Killdeer was 2-3 weeks with
progressive and notable improvements within 7-10 days.
Observable gains in body mass and fat were seen after a small
drop the first day post procedure. These patterns were comparable
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across the biopsy treatments and controls suggesting only short-
term impacts of handling stress rather than an effect of biopsy
or analgesics on individual fueling capability and body mass.  

Wound healing time varied by individual and appears to vary
across species and study. Rocha et al. (2016) reported wound
healing times were more rapid for Dunlins (Calidris alpina; 15
days) and hybrid songbirds (10 days) and reports from Owen et
al. (2010) were even shorter for seabirds Black-legged Kittiwakes
(Rissa tridactyla), Common Murres (Uria aalge), and Northern
Fulmars (Fulmarus glacialis; 6 days). Some of this may be due to
differences in wound healing assessment methods or interspecific
differences in healing. But more than likely, there is greater
variation associated with relative size of the biopsy and efficacy
of the wound closure method. For example, we collected a larger
fat sample (mean 32.5 ± 3.9 mg; range 15-62 mg) than that
reported by Rocha et al. (2016) for Dunlins (9.02 ± 1.18 mg; range
= 4-16 mg) and hybrid songbirds (6.31 ± 0.67 mg; range = 2-11
mg). However, we also only tested birds with furcular fat scores
of 2 to 4, which means birds had already started fueling. We also
found that in at least one individual Killdeer, the tissue adhesive
was not effective at closing the wound and this resulted in a slightly
longer than average healing time. Therefore, we recommend
ensuring there is visible fat in the furcular region, biopsy mass is
based on the size of the study bird, minimizing incision size, taking
the minimum tissue mass required for the research, and ensuring
the incision is fully closed before release.  

Adipose tissue is ideal to measure lipid soluble contaminants in
migratory birds that are rapidly fueling during stopover in
preparation for flight. Because this tissue represents integrated
exposure to local contaminants and is a concentrated, lipid-rich
material, even a tiny sample collected with a small incision of the
furcular (interclavicle) region is anticipated to accurately reflect
concentrations accumulated at the stopover. Equally, adipose
tissues have successfully been used to assess diet and foraging
ecology by measuring natural abundance stable isotopes,
polyunsaturated fatty acids, and carotenoid levels. Despite its
value, only a few researchers have employed the technique largely
for non-lethal sampling in seabirds (e.g., Käkelä et al. 2005,
Iverson et al. 2007, Tverin et al. 2021) and in a study with Black-
tailed Godwits (Limosa limosa; Viegas et al. 2017, Araújo et al.
2019), suggesting reluctance remains in the general ornithology
community for more widespread use in research. To be practical,
adipose biopsies should cause minimal pain without lasting
effects on health and survival, but these assumptions needed
validation for small migratory birds.  

The greatest limitation in more widespread adoption of the
adipose biopsy technique appears to be a lack of confidence in
the method to minimize pain and distress. We can confirm two
important refinements in the method that can benefit bird welfare.
These are (1) adopting subcutaneous injection of bupivacaine
analgesic and (2) refinements to the wound closure technique.
There was a marked reduction in pain response when using
injectable analgesics compared to the topical cream. Bupivicaine
has a longer duration of action, up to eight hours in mammals
(Lascelles and Shaw 2016) compared to EMLA cream which may
only act for up to three hours in humans (Bjerring and Arendt-
Nielsen 1990). In addition, injectable analgesics are faster acting,
thus allowing for shorter holding times, which should minimize

handling and stress. It appears that topical EMLA cream offers
little benefit for pain management, it is challenging to achieve
measured doses, and at higher doses can be toxic to birds if
ingested; thus, we conclude topical analgesics are not
recommended. When closing the wound, we noted that avian skin
is very thin and the depression at the biopsy site after removing
the fat made it sometimes difficult to close the wound with
Vetbond tissue adhesive. Moreover, most of the pain response
was during the application of skin glue, particularly if  it reached
deeper tissues. Vetbond is a non-toxic cyanoacrylate tissue
adhesive, which like other similar products (e.g., Dermabond), is
approved for veterinary use in closing minor wounds. To improve
its application for sealing the biopsy site, we therefore recommend
ensuring the incision is as small as possible, collecting adipose
tissue from birds with at least a fat score of 2 (visible fat in the
furcular region), limiting the fat tissue collection to < 50 mg for
a 90 ± 10 g bird (or proportionate to the bird’s size), and gently
pinching the wound closed before applying the adhesive to prevent
the glue penetrating deeper epidermal layers. With limited
training from a licensed veterinarian and the use of injectable
analgesics, fat biopsies and wound closure procedures could be
safely conducted, even under field conditions.

CONCLUSION
Although we are confident that the adipose biopsy technique had
no significant effect on captive individuals, we recommend future
work reports any effects on tagged wild-caught birds of different
starting fat scores and species before concluding negligible pain
or healing responses to the procedure. Wild birds would not likely
have the same response to handling and environmental stressors
as captive birds and the rate of mass gain for a wild migratory
shorebird is much more pronounced (e.g., Red Knot, Calidris
canutus, = +1 to 6 gd-1; Atkinson et al. 2007) than reported here
for captive Killdeer. Therefore, further testing of the procedure
on a small number of free-living shorebirds undergoing rapid
refueling would be beneficial to determine if  there is no lasting
effect on departure timing, survival, and migratory success.
Future work is planned to assess the utility of the fat biopsy as a
tissue for measuring organic lipophilic contaminants compared
to traditional methods using blood samples, which may further
provide insight into the most effective sampling method for
detecting contaminant exposure in birds. This method holds
significant promise as a non-lethal sampling tool for avian wildlife
research.
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Appendix 1: Wound scoring matrix. Each bird was scored in each of the 5 categories and the 
total score was recorded (5-20).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Score 
Wound Length 
(WL) 

Wound Edges 
(WE) 

Bleeding or 
infection (B) 

Inflammation/ 
Redness (I) 

Granulation/ 
Proliferation (G) 

1 
full length of 
incision 

incomplete 
closure >50% 
open 

moderate-
severe severe 

little or no granular 
tissue 

2 
50-75% length 
of incision 

partial closure 
<50% open moderate moderate 

immature (pink/red 
granular tissue) 

3 
<50% length of 
incision 

partial closure 
<25% open mild mild moderately mature  

4 
0% length of 
incision (healed) 

fully closed 
(edges closed) none none 

fully mature (smooth 
collagen) 

MAX 
SCORE 
20           



Appendix 2:  Photographs showing typical progression of wound healing following adipose 
biopsy procedure on Killdeer  
 
 
 

 
 

 

 
 
 

Day 3 post surgery Day 7 post surgery Day 15-20 Fully healed Day 14 post surgery 

Incision post biopsy Day 1 post surgery Biopsy site after application of 
Vetbond skin glue 

Application of Emla analgesic 
cream  
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