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OBtAINING DNA SAMPlES FROM SENSItIvE
AND ENDANGERED BIRD SPECIES:

A COMPARISON OF SAlIvA AND BlOOD SAMPlES
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SUMMARy.—Methods used to collect biological samples from birds for genetic analyses should allow
high-quality DNA to be obtained in sufficient quantities, while limiting negative effects on sampled
individuals. In this context, we assessed the potential use of saliva sampling (using buccal swabs) as
an alternative to blood sampling (supposedly more stressful) in a near-threatened Caribbean-endemic,
the White-crowned Pigeon Patagioenas leucocephala, a bird known to be highly sensitive to capture
and handling, based on samples collected from 28 adults captured in the wild. We quantitatively and
qualitatively compared DNA extracts, amplifications of two mitochondrial genes (~430 bp and 1040 bp),
and molecular sexing between saliva and blood samples. As expected, blood samples provided larger
amounts of DNA of heavy molecular weight than buccal swabs. However, buccal swabs were as reliable
as blood samples as a source of genetic material to sequence mtDNA. On the other hand, buccal swab
samples might require an improved PCR protocol to sex all individuals successfully. We discuss the use
of buccal swabs vs. blood sampling as a way to obtain DNA in relation to research objectives and
minimising stress and harmful effects.—Cambrone, C., Motreuil, S., Reyes, F.O., landestroy, M.A.,
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INtRODUCtION

Securing reasonably large amounts of
high-quality DNA from rare or threatened
taxa is of prime importance in avian con-
servation biology. Indeed, individual DNA
samples can be required for various investi-
gations, such as sex determination in sexually
monomorphic species (Underwood et al.,
2002; Patiño et al., 2013; Niemc et al., 2018),
parentage analyses and pedigree reconstruc-
tion (Pemberton, 2008; le Gouar et al., 2011;
Ferrie et al., 2013), assessing levels of in-
breeding and gene flow among populations
(Cortes-Rodriguez et al., 2019; Davidović et
al., 2020; Cambrone et al., 2021; li et al.,
2021) or estimating effective population size
(Olah et al., 2021). to that end, the sampling
method should achieve an optimal balance
between the necessity of acquiring sufficient

amounts of high-quality DNA and the need
for minimising invasiveness or harm to the
individual, especially in the case of rare
species or those particularly sensitive to cap-
ture and handling (Wilson & McMahon,
2006; McMahon et al., 2012; zemanova,
2017, 2020).

Blood, usually obtained through punc-
turing the brachial vein, has been the most
common tissue collected from bird species
for genetic analyses (Owen, 2011). In addi-
tion, the presence of nucleated red blood cells
in birds ensures the obtention of sufficient
amounts of high-quality DNA. However,
some concerns have been raised about the
negative consequences of blood sampling
on survival, breeding success, dispersal or
behaviour (Sheldon et al., 2008; Brown &
Brown, 2009; voss et al., 2010; but see
Angelier et al., 2011; Redmond & Murphy,
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RESUMEN.—los métodos utilizados para recolectar muestras biológicas de aves para análisis genéticos
deberían permitir la obtención de ADN de alta calidad en cantidades suficientes, limitando al mismo
tiempo los efectos negativos a los individuos muestreados. En este contexto, evaluamos el uso potencial
del muestreo de saliva (usando hisopos bucales) como una alternativa al muestreo de sangre (supues-
tamente más estresante) en la paloma coronita Patagioenas leucocephala, una especie endémica del
Caribe, casi amenazada, y conocida por ser altamente sensible a la captura y manejo. En el estudio se
usaron muestras recolectadas de 28 aves adultas capturadas en la naturaleza. Comparamos cuantita-
tiva y cualitativamente extractos de ADN, la amplificación de dos genes mitocondriales (~430 pb y
1040 pb) y el sexado molecular entre la saliva y la sangre. Como era de esperar, las muestras de sangre
produjeron mayores cantidades de ADN y con mayor peso molecular que los hisopos bucales. Sin
embargo, los hisopos bucales resultaron ser tan confiables como las muestras de sangre como fuente
de material genético para secuenciar el ADNmt. Por otro lado, las muestras de frotis bucales pueden
requerir un protocolo de PCR mejorado para sexar a todos los individuos. Discutimos el uso de
hisopos bucales frente a la toma de muestras de sangre como una forma de obtener ADN en relación
con los objetivos de la investigación y la minimización del estrés y los efectos nocivos.—Cambrone,
C., Motreuil, S., Reyes, F.O., landestroy, M.A., Cézilly, F. y Bezault, E. (2022). Obtención de mues-
tras de ADN de especies de aves sensibles y en peligro: comparación de muestras de saliva y sangre.
Ardeola, 69: XX-XX.

Palabras clave: ADN mitocondrial, aves no Paseriformes, hisopos bucales, muestreo no destructivo,
paloma coronita, Patagioenas leucocephala.



2011; Smith et al., 2017). Although plucked
feathers have been used with some success
as an alternative source of DNA in avian
studies (taberlet & Bouvet, 1991; Dubiec
& zagalska-Neubauer, 2006; Harvey et al.,
2006), that method has also been criticised
for having a negative impact on some species
(McDonald & Griffith, 2011), while pro-
viding very limited genetic material.

More recently, buccal cell sampling has
been proposed as a less invasive and alter-
native technique to blood and feather sam-
pling (Handel et al., 2006; vilstrup et al.,
2018). the method has been used with some
success to obtain DNA in a few avian species
so far (yannic et al., 2011; Wellbrock et al.,
2012; Dai et al., 2015), although its ability to
provide an adequate amount and quality of
DNA and a high amplification success rate
while maintaining low contamination risk
and sequencing errors (taberlet et al., 1999)
deserves further consideration. Still, the
method seems particularly suited for threat-
ened species or those that are very sensitive
to capture and handling (zemanova, 2020).
Also, compared to blood sampling, it is easier
to implement (vilstrup et al., 2018).

We assessed the relative performance of
blood sampling and buccal swabs as sources
of DNA in the Caribbean-endemic and near-
threatened White-crowned Pigeon, Patagioe-
nas leucocephala (Birdlife International,
2020). Although the species is exposed to
strong hunting pressure and habitat destruc-
tion, reliable demographic and genetic data
are scarce (Wiley, 1979; Strong et al., 1991,
1994; Strong & Bancroft, 1994; Rivera-Milán
et al., 2016), hence the interest in obtaining
DNA samples from that species. However,
the White-crowned Pigeon is extremely
sensitive to capture and handling (Meyer &
Wilmers, 2007), sometimes displaying tonic
immobility, an innate defensive state charac-
terised by intense immobility, analgesia and
lack of responsiveness (Hohtola, 1981; Mills
& Faure, 1991; Gallup & Rager, 1996). A

supposedly less stressful DNA sampling
method, such as buccal cell sampling, could
then be an appropriate alternative to blood
sampling for that species. We therefore com-
pared DNA extraction efficiency, amplifica-
tion success and sequencing quality based on
two mitochondrial genes of different sizes,
D-loop (~430 bp) and ND2 (~1040 bp), and
assessed success in sex identification using
each DNA source, as the White-crowned
Pigeon is sexually monomorphic.

MEtHODS

Capture and sampling

We captured 28 White-crowned Pigeons
on an islet in Oviedo lagoon, in the Do-
minican Republic (17.740575, –71.365890)
in July 2019 by mounting three 3m-high
mist nets of different lengths (3m, 6m and
12m). We continually monitored mist nets in
order to minimise capture stress by promptly
extracting captured pigeons from the nets.
Immediately after, birds were placed into
50 × 50 cm opaque tents for at least ten
minutes before ringing them and collecting
blood and saliva samples. In order to mini-
mise feather loss due to stress (Møller et al.,
2006; Awasthy, 2010) and contact with wet
hands, experimenters wore laboratory gloves
during capture and handling. We collected
blood from the brachial vein, as described by
Owen (2011) and buccal cells using a swab,
from each captured pigeon. Buccal swabs
consisted of a foam tip on wood (vWR Int.,
United States, ref. 82030-594) that was gen-
tly rotated inside the mouth for ten seconds,
taking care to avoid the tongue. the whole
process, from capture to blood and saliva
sampling lasted about thirteen minutes per
bird. About 50-80µl of blood were collected
and stored in absolute ethanol. Buccal swabs
were air-dried and dry-stored in sterile collec-
tion tubes. Both samples were stored at room
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temperature during the field period (ten days)
and then at –20ºC for up to 18 months until
DNA extraction.

DNA extraction and amplification

DNA extraction was performed using the
DNeasy Blood & tissue commercial kit
(Qiagen Inc., valencia, CA, USA). For blood
samples, we collected a piece of the blood
clot weighing about 20.82 ± 9.15mg (mean ±
S.D.) with a sterile spatula, since blood pre-
cipitates in contact with absolute ethanol.
We amplified and sequenced mitochondrial
genes D-loop (DlP, ~430 bp) and NADH
dehydrogenase 2 (ND2, ~1040 bp). the same
PCR protocol was used for DNA samples
from both blood and buccal swabs for each
mtDNA gene. to compare sex identifica-
tion, we relied on universal primers 2550F
and 2718R. According to sex identification
performed on other columbid species (e.g.,
Monceau et al., 2013; Ayadi et al., 2016),
two bands are expected for females and a
single one for males (females being zW and
males zz; see detailed protocol in Supple-
mentary Material, Appendix 1).

Statistical analyses

We relied on a two-tailed paired Wilcoxon
signed-rank test to compare DNA concen-
trations obtained from blood and buccal
samples. Using the two mtDNA genes, we
compared amplification success, forward and
reverse sequence quality, and sequencing
success between the two tissue types. Am-
plification success was assessed as the per-
centage presence of correct band size for
either blood or buccal swab samples based
on agarose gel electrophoresis. the assess-
ment of sequence quality relied on the Phred
quality scores (Ewing & Green, 1998). For-
ward and reverse sequences were analysed

independently, as sequencing performance
may differ between primers. Sequencing suc-
cess corresponded to the percentage of final
sequence produced after the alignment of
the forward and reverse sequences, and after
manual correction for inconsistent base-calls
using a reference sequence. We relied on
Fisher Exact tests to assess to what extent the
quality of sequenced bases, amplification suc-
cess and sequencing success were dependent
on the type of tissue used (see detailed proto-
col in Supplementary Material, Appendix 1).
All statistical analyses were performed using
R software 4.1.0 (R Core team, 2021), with
a significance level set at 0.05.

RESUltS

We successfully extracted DNA from both
blood and buccal swab samples from every
studied individual (N = 28). However, we
extracted more DNA from blood than from
buccal cells (table 1). DNA quality was also
higher in blood samples, with DNA frag-
ments superior to 10kb present in all of them
(Figure 1). the quality of DNA extracted from
buccal swabs was more heterogeneous, with
more fragmented DNA molecules. For nine
buccal swab samples, nothing was visible
on agarose gel due to the low DNA concen-
tration and/or the presence of highly frag-
mented DNA molecules (7.31 ± 3.75ng/µl;
mean ± S.D.). Five samples presented pale
smears, suggesting that DNA extracts were
very degraded and/or contained a low amount
of DNA (12.12 ± 3.21ng/µl; mean ± S.D.).
Eight samples had more marked smears with
DNA molecules between 1kb to 10kb long,
suggesting that DNA molecules were less
degraded (13.22 ± 3.85ng/µl; mean ± S.D.).
Finally, although also fragmented, six sam-
ples presented DNA molecules longer than
10kb (28.71 ± 10.12ng/µl; mean ± S.D.;
Figure 1, Supplementary Material, Appen-
dix 2, Figure B1).
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Although amplification failure only
occurred with DNA extracted from buccal
swabs, irrespective of the mtDNA gene used,
amplification success was statistically not

dependent on the sample source (table 1).
Moreover, we managed to improve the am-
plification of samples that failed during the
one-shot PCR by conducting a second PCR
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Statistical summary comparing buccal swabs with blood samples. R and F indicate sequences obtained
from reverse and forward primers, respectively. Percentages of HQ, MQ and lQ respectively are the
mean percentages of bases of high, medium and low quality among each reverse and forward sequence,
for each mtDNA gene. DNA concentrations correspond to the mean calculated from either all blood
samples or all buccal samples. Dispersions around means were estimated through standard deviation.
Outputs of electrophoresis gels used for scoring amplification successes are shown in Supplementary
Material, Appendix 2, Figure B2 for D-loop gene (DlP) amplification, B6 for NADH dehydrogenase 2
gene (ND2) amplification and B7 for molecular sexing.
[Resumen estadístico para comparar los hisopos bucales con las muestras de sangre para su uso como
muestra genética fiable. En esta tabla, R y F indican las secuencias obtenidas a partir de los cebadores
inverso y directo, respectivamente. Los porcentajes de HQ, MQ y LQ, respectivamente, son el porcentaje
medio de bases de alta, media y baja calidad entre cada secuencia inversa y directa, para cada uno
de los genes de ADNmt. Las concentraciones de ADN corresponden a la media calculada a partir de
todas las muestras de sangre o de todas las muestras bucales. La dispersión en torno a las medias se
estimó mediante la desviación estándar. Los geles de electroforesis utilizados para puntuar los éxitos
de amplificación se encuentran en el Apéndice 2 del Material Suplementario, Figura B2, para la am-
plificación del gen D-Loop (DLP), B6 para la amplificación del gen de la NADH deshidrogenasa 2
(ND2) y B7 para el sexado molecular, respectivamente.]

                Steps                             Blood                   Buccal Swabs                           Statistics
  DNA concentration                                                                                   Paired Wilcoxon test: V = 459,
  (ng/µl)                              91.54 ± 27.49             14.19 ± 9.76               P < 0.001
                                             DlP: 28/0                   DlP: 27/1                   Fisher exact test: NS
  Amplification                                                                                            McNemar test: χ² = 0; NS
  (success/fail)                     ND2: 28/0                   ND2: 25/3                   Fisher exact test: NS
                                                                                                                     McNemar test: χ² = 1.33; NS
                                             DlP (F): 52/13/35      DlP (F): 67/6/27        Fisher exact test: NS
  Sequence quality               DlP (R): 41/13/46      DlP (R): 66/5/29        Fisher exact test: P < 0.01
  (% bases HQ/MQ/lQ)      ND2 (F): 72/9/19        ND2 (F): 64/13/23      Fisher exact test: NS
                                             ND2 (R): 52/16/32     ND2 (R): 61/14/25     Fisher exact test: NS
                                             DlP: 21/7                   DlP: 21/7                   Fisher exact test: NS
  Sequencing success                                                                                   McNemar test: χ² = 0; NS
  (success/fail)                     ND2: 23/5                   ND2: 20/8                   Fisher exact test: NS
                                                                                                                     McNemar test: χ² = 0.57; NS
  Molecular sexing
  (success/fail)                     28/0                             19/9                             Fisher exact test, P < 0.001
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FIG. 1.—Example of electrophoresis gel outputs based on five samples for (A) assessing DNA quality,
(B) molecular sexing, and amplification of (C) D-loop and (D) ND2 mtDNA genes. Grey beads (red
in the colour version of the figure) correspond to blood samples and white beads (blue in the colour
version) to buccal swab samples. Entire electrophoresis gels are shown in Supplementary Material,
Appendix 2, Figures B1, B2, B6 and B7. Symbols Key. +++ DNA extracts of good quality, with many
long DNA molecules (> 10kb); + DNA extracts contain long DNA molecules (> 10kb) but also many
degraded molecules; +– DNA molecules shorter than 10kb and very degraded; – DNA molecules very

degraded, shorter or equal to 3kb;
Ø blank result. In the same line
of “(ng/µl)”, whole numbers
correspond DNA concentration
of samples.
[Ejemplo de los resultados de gel
de electroforesis basados en cin-
co muestras para evaluar (A) la
calidad del ADN, (B) el sexado
molecular y la amplificación de
(C) los genes de ADNmt D-loop
y (D) ND2. Las cuentas grises
(rojo en la versión en color de
la figura) corresponden a mues-
tras de sangre y las blancas (azul
en la versión en color) a mues-
tras de hisopos bucales. Los ge-
les de electroforesis completos
se encuentran en el Material Su-
plementario, Apéndice 2, Figu-
ras B1, B2, B6 y B7. En cuanto
a los símbolos utilizados para la
calidad del ADN, (+++) signi-
fica que los extractos de ADN
eran de buena calidad, con mu-
chas moléculas de ADN largas
(> 10kb); (+) significa que los
extractos de ADN contienen mo-
léculas de ADN largas (> 10kb),
pero también tienen muchas mo-
léculas degradadas; (+–) signi-
fica que las moléculas de ADN
tienen un tamaño inferior a 10kb
y están muy degradadas; (–) sig-
nifica que las moléculas de ADN
están muy degradadas, con ta-
maños de molécula inferiores
o iguales a 3kb; (Ø) significa
que no se veía nada en el gel de
agarosa. En la misma línea de
“(ng/µL)”, los números enteros
corresponden a la concentración
del ADN de las muestras.]



increasing DNA quantity (30ng) and BSA
concentration (1.50µg/µl). Regarding se-
quence quality, the percentages of sequenced
bases/nucleotides of high, medium and low
quality were dependent on sample type for
the reverse sequence of the D-loop mtDNA
gene (table 1), with the percentage of high-
quality bases being higher in sequences
obtained from buccal swab samples and the
percentage of medium and low-quality bases
being lower compared to sequences obtained
from blood samples. For the other sequences,
no difference was found between sample
types (table 1). Sequencing success did not
differ between blood and buccal samples,
irrespective of the mtDNA gene considered
(table 1). When aligning final sequences
produced from blood and buccal swab sam-
ples, sequences were identical.

Regarding sex identification, 100% (N =
28) of blood samples allowed sexing of indi-
viduals, whereas only 66% (18/28) of buccal
samples did so (Fisher’s exact test, P < 0.001).
However, after optimising the PCR protocol
for buccal samples, either by increasing DNA
quantity (20ng to 60 ± 16ng) or by adding
4% of DMSO in PCR reactions (Supplemen-
tary Material, Appendix 2, Figure B2-B4),
sexing rate reached 75% (21/28), which was
still lower than for blood samples (Fisher
exact test, P < 0.05). No mismatch was found
between the two sample types for sex identi-
fication. In total, our samples consisted of 17
females and 11 males, of which 14 females
and 7 males could be identified using buccal
swabs. Although CHD1-z (750 bp) was more
difficult to amplify from buccal swab sam-
ples in females (heterozygous zW) compared
to CHD1-W (450 bp) (see Supplementary
Material, Appendix 2, Figures B2-B5 and
tables B1-B2), the observed sex ratio was
independent of the type of tissue used for
DNA extraction (Fisher exact test, NS).
However, low-quality DNA samples more
frequently failed to sex individuals than
higher-quality DNA samples (Fisher exact

test, P < 0.05). In contrast, the concentration
of DNA extract did not differ between buccal
samples that failed and those that succeeded
to sex individuals (Mann-Whitney-Wilcoxon
test, W = 69, N.S.; (mean ± S.D.) = 13.84 ±
9.65ng/µl vs. 15.26 ± 10.78ng/µl, respec-
tively).

DISCUSSION

As expected, our results confirm that blood
is a tissue of prime choice for genetic analy-
ses, as it allows extracting large amounts of
DNA of heavy molecular weight. However,
although extraction from buccal swabs
resulted in smaller amounts and a lower
quality of DNA compared to blood, buccal
cells appear to be a reliable source of DNA,
allowing the sequencing of mtDNA genes up
to 1040 bp. Interestingly, they even produced
DlP sequences of higher quality than ob-
tained from blood, probably because whole
blood contains several inhibitors affecting
DNA polymerase activity, as shown with hu-
man haemoglobin and immunoglobulin (Abu
Al-Soud & Rådström, 2001; Sidstedt et al.,
2018), blood proteins found in all vertebrates
(Hawkey et al., 1991). Failure to observe any
difference with the ND2 gene was probably
related to the poorer DNA quality obtained
with buccal cells, which may have limited
amplifications of the longest sequences, thus
hiding the effect of blood inhibitors. Although
we did not assess microsatellite markers,
other studies have showed that buccal sam-
ples can be used to amplify microsatellites
(yannic et al., 2011; Dai et al., 2015), even
from saliva samples left behind by birds in
their environment (Monge et al., 2020). In
addition, the amount of DNA obtained from
buccal swabs in this study was greater than
what is usually obtained from plucked or
shed feathers (e.g., Harvey et al., 2006; Pe-
ters et al., 2019; C. Cambrone, unpublished
results), and of the same order of magnitude,
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or greater, than usually obtained from buccal
cell samples (yannic et al., 2011; vilstrup
et al., 2018).

When considering molecular sexing, a
significant difference was found between
buccal and blood samples, with 75% and
100% successful identifications respectively.
Furthermore, there was 100% consistency in
sex identification from both blood and saliva
for a given individual, although the success
rate obtained with buccal cells accorded with
results obtained by Asawakarn et al. (2018;
success rate = 74%). Overall, the CHD1-W
allele (450 bp) was relatively easier to am-
plify than the CHD1-z allele (750 bp). this
resulted in the absence of the z-band on
electrophoresis gels for most females when
using buccal samples, and a less pronounced
z-band, compared to the W-band, with blood
samples. thus, most females were identified
from the sole presence of CHD1-W fragment
when using buccal swab samples, rather
than their heterozygous zW genotype, which
does not cause any ambiguity since the
W-chromosome is the sex determiner in birds
(Fridolfsson & Ellegren, 1999). this differ-
ence of amplification might be explained by
the lower quantity and quality of DNA sam-
ples obtained through buccal swabs, inducing
stronger competition among annealing sites.
the use of alternative primers, such as those
developed by Griffiths et al. (1998) or Kahn
et al. (1998) that produce smaller amplicons
(z = 282 bp, W = 287 bp, and z = 224 bp,
W = 252 bp, respectively), could improve
the amplification of degraded DNA. Several
studies have shown that these primers per-
form equally well when sexing birds using
buccal samples (e.g., Bush et al., 2005;
Handel et al., 2006; Wellbrock et al., 2012;
yannic et al., 2016), including Columba
(Dijkstra et al., 2010) and Streptopelia spe-
cies, although for the latter, a combination
of Kahn’s forward and Griffiths’ reverse
primers seems to be more efficient (Secondi
et al., 2002; den Hartog et al., 2010).

the harmful effects of blood sampling
and feather plucking may vary according to
the species and age of individuals. It may
also depend, to a certain extent, on climatic
conditions, with a higher risk of infection
following vein puncturing in tropical or sub-
tropical environments (Brown & Brown,
2006; Sheldon et al., 2008; voss et al., 2010).
On the other hand, recent information sug-
gests that venepuncture in itself does not add
stress to capture and handling (Bonnet et
al., 2020; Huber et al., 2021). In any case,
however, the method inherently increases
handling time, potentially resulting in an in-
creased level of stress (Wilson & McMahon,
2006; Duarte, 2013), especially with highly
sensitive species such as the White-crowned
Pigeon. In that respect, non-destructive buc-
cal cell sampling may be a valuable alterna-
tive to blood sampling and feather plucking
in the case of the White-crowned Pigeon,
particularly when sampling chicks or juve-
niles. Although not free of discomfort, the
use of buccal swabs may reduce accumu-
lated stress, by reducing handling time and
the number of steps needed to collect DNA
samples. In addition, it also avoids the injury
risk inherent to blood sampling.

From a practical point of view, the quan-
tity and quality of DNA contained in buccal
swabs may be an important issue in the future
in relation to Next-Generation Sequencing
(NGS) technologies. Such techniques offer
new avenues for wildlife genetic studies
(Hudson, 2008; Ekblom & Galindo, 2011;
Kumar & Kocour, 2017; Carroll et al., 2018)
but require high-quality and quantity DNA
(Kumar & Kocour, 2017; Carroll et al., 2018).
However, DNA extraction cannot always be
performed rapidly nor may samples be fro-
zen immediately upon collection under field
conditions, either or both of which could
limit subsequent genetic analysis signifi-
cantly. It has been shown that DNA extracted
from amphibian fresh buccal swab samples
or that has been promptly frozen at –18ºC
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contains more DNA than samples stored at
room temperature for nine weeks (Pidancier
et al., 2003). the situation may be even
worse when fieldwork lasts over several days
in hot and moist field areas as humidity,
warmth and sunlight exposure can increase
DNA degradation (Baus et al., 2019). Given
such constraints we opted for an easy and in-
expensive sampling method to collect buccal
cells that would be accessible to a majority of
researchers, including those from developing
countries who do not necessarily have access
to laboratory grade buffers and/or long-term
reliable low temperature storage equipment.
In addition, transport of dry samples does not
conflict with commercial airflight regula-
tions, unlike samples kept in ethanol, a highly
flammable product, which may not be carried
either in checked-in or carry-on baggage.
However, in the absence of studies comparing
the effect of storage conditions of buccal swab
samples, whether or not preserved in buffer
solutions, we suggest that DNA extractions
or sample storage at –18ºC, should soon
follow collection, whenever possible, in
order to preserve DNA integrity and obtain
maximum DNA yield. Relying on buffer
storage is an efficient way to preserve DNA
integrity (Seutin et al., 1990; Kilpatrick,
2002) but may limit DNA yield after extrac-
tion, as buccal cells are likely to come loose
from swabs and be suspended in the solu-
tion. As an alternative to buffer preservation,
freezing samples becomes more and more
feasible, even during isolated field work,
thanks to the availability of portable freezers
with rechargeable batteries that allow several
hours of autonomy.

Additional information, such as infection
with various pathogens known to infect
columbid species (lennon et al., 2013;
Panella et al., 2013; Stockdale et al., 2015)
could be obtained from saliva samples by
using PCR techniques (quantitative, reverse-
transcriptase or classical PCR). these include
in particular the West Nile virus (Komar et

al., 2002), columbid herpesvirus (Phalen et
al., 2017), avian influenza (Hall et al., 2013)
or avian trichomoniasis (lennon et al., 2013).
the last of these is particularly relevant in the
cases of the White-crowned Pigeon and other
Caribbean columbids, such as the strongly in-
vasive Eurasian Collared-dove, Streptopelia
decaocto, a potential host of such pathogens
(lennon et al., 2013; Panella et al., 2013)
suspected of transmitting Trichomonas spp.
to the native avifauna in Saint Kitts and Nevis
islands (Stimmelmayr et al., 2012). However,
if buccal cells seem to be as effective as blood
for classical genetic analyses, their use to
investigate questions on avian parasite load,
physiology, ecology and biology remains
limited compared to blood. Indeed, given
appropriate storage conditions, blood sam-
ples can provide information on hormonal
levels (e.g., stress or reproductive hormones),
metabolism, diet and movements (through
using stable isotopes) and immunological
parameters (Owen, 2011; Albano, 2012).
Such data are also relevant for the conserva-
tion of species and/or populations but would
be more difficult to obtain from saliva sam-
ples. For instance, a recent work showed that
mesotocin (a hormone analogous to oxytocin
in mammals and involved in avian social
behaviour) can be quantified from saliva in
Common Ravens Corvus corax, but with a
low success rate (Stocker et al., 2021). Fur-
ther technical improvements in collection
and analysis methods may however allow
the measurement of some hormones from
bird saliva. However, collecting blood sam-
ples will remain necessary to investigate the
prevalence of blood parasites (e.g. avian
malaria), an important issue in ecology,
population biology and conservation of bird
species (laPointe et al., 2012; Ricklefs et
al., 2016). therefore, the decision to rely on
blood samples or to switch to buccal swabs
as a way to collect biological samples should
be made through assessing the balance be-
tween the need to minimise handling stress
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and the benefits of extracting as much infor-
mation as possible from samples, taking into
account storage conditions and the interval
between collection and DNA extraction. One
possibility, where a large enough number of
individuals are available for sampling in a
population, could be to collect saliva from
every individual handled systematically but
to collect blood from only a randomly chosen
subset of all captured individuals.
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SUPPlEMENtARy ElECtRONIC MAtERIAl

Additional supporting information may be
found in the online version of this article. See
the volumen 69(2) on www.ardeola.org

[Información adicional sobre este artículo en
su versión en línea en www.ardeola.org, volumen
69(2).]

Appendix 1: Detailed protocol for DNA extrac-
tion and amplification, and statistical analyses.
[Protocolo detallado para la extracción y am-
plificación del ADN, y de los análisis estadís-
ticos.]
Figure A1. Additional steps to extract remain-

ing lysis solution from swab tips.
[Pasos adicionales para extraer el remanente
de la disolución de los hisopos bucales.]
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Appendix 2: Assessment of DNA quality and
concentration, and molecular sexing.
[Evaluación de la calidad y concentración del
ADN, y del sexado molecular.]
Figures B1-B7. Electrophoresis gel outputs

used to visually assess DNA quality, identify
sex, and gene amplifications.
[Geles de electroforesis para evaluar visual-
mente la calidad del ADN, la identificación
del sexo y la amplificación de los genes.]

Table B1. Summary of DNA quality score,
DNA concentration and molecular sexing for
blood samples.
[Resumen de la calidad y concentración del
ADN, y del sexado molecular para las mues-
tras de sangre.]

Table B2. Summary of DNA quality score,
DNA concentration and molecular sexing for
buccal swab samples.
[Resumen de la calidad y concentración del
ADN, y del sexado molecular para las mues-
tras de sangre.]
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