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Abstract

Background: Bird nests are an important part of avian ecology. They are a powerful tool for studying not only the
birds that built them, but a wide array of topics ranging from parasitology, urbanisation and climate change to evolu-
tion. Despite this, bird nests tend to be underrepresented in natural history collections, a problem that should be
redressed through renewed focus by collecting institutions.

Methods: Here we outline the history and current best practice collection and curatorial methods for the nest col-
lection of the Australian National Wildlife Collection (ANWC). We also describe an experiment conducted on nests in
the ANWC using ultrasonic humidification to restore the shape of nests damaged by inappropriate storage.

Results: The experiment showed that damaged nests can be successfully reshaped to close to their original dimen-
sions. Indeed, restored nests were significantly closer to their original shape than they were prior to restoration. Thus,
even nests damaged by years of neglect may be fully incorporated into active research collections. Best practice
techniques include extensive note taking and photography in the field, subsampling of nests that cannot or should
not be collected, appropriate field storage, metadata management, and prompt treatment upon arrival at the collec-
tion facility.

Conclusions: Renewed focus on nest collections should include appropriate care and restoration of current col-
lections, as well as expansion to redress past underrepresentation. This could include collaboration with researchers
studying or monitoring avian nesting ecology, and nest collection after use in bird species that rebuild anew each
nesting attempt. Modern expansion of museum nest collections will allow researchers and natural history collections
to fully realise the scientific potential of these complex and beautiful specimens.

Keywords: Best practice, Bird, Curation, Nest, Nest shape, Natural history collection, Humidification, Object
restoration, Preservation

Background

Bird nests are an integral component of avian ecology.
The beauty and diversity of their form and placement
have intrigued naturalists since antiquity (Darwin 1871;
Brewer 1878; Wallace 1889; Aristotle c. 350 BC). Within
recent times, avian phylogenetics has enabled a focus
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on the evolution of general characteristics of bird nests
(Sheldon and Winkler 1999; Zyskowski and Prum 1999;
Irestedt et al. 2006; Drury and Burroughs 2016; Price and
Griffith 2017; Englert Duursma et al. 2018; Fang et al.
2018; Medina 2019; Mouton and Martin 2019; Nagy et al.
2019). Typically, ecological studies of nests are based on
descriptions from field observations (Deeming and Reyn-
olds 2015).

Generalised nest characteristics are important for
informing macroecological studies, but far more
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information can be acquired from detailed physical
inspection of nest voucher specimens. Nests are inten-
tionally created objects, built of diverse materials, both
natural and artificial. Nests also create an environment
for ectoparasites, fungal growth, bacterial communities,
nest commensals, and brood parasites. They are thus
rich sources of biological data: a single nest is a habi-
tat, an environmental sample, an indicator of breeding
status, a record of species-specific behaviour, the stage
for inter-species interactions, and an example of ani-
mal architecture (Hansell 2000, 2007; Goodfellow 2011).
Consequently, nests are powerful tools for the study of
topics as varied as animal behaviour, entomology, para-
sitology, plant ecology, urbanisation, and climate change.
For example, study of trace-DNA left behind in bird
nests has been used to identify the cryptic species that
occupied them (Arnold et al. 2017). Similar techniques
could provide a new source of species occurrence data to
improve biodiversity assessment. Study of physical nests
also has revealed the selective use of construction mate-
rial for specific functions, including camouflage through
optical illusion, tensile strength, sanitation, regulation of
egg evapotranspiration, and response to climatic condi-
tions (Ar and Rahn 1980; Freymann 2008; Aubrecht et al.
2013; Ruiz-Castellano et al. 2016, 2018; Campbell et al.
2018). Collected nests may also be used to describe con-
temporary and historical species range limits for birds,
insects and plants (Rulik and Kallweit 2006; Russell et al.
2013).
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All of these facets of nest research depend on collec-
tions housed in museums. Indeed, use of nest speci-
mens should represent a baseline standard, because
voucher specimens enable species verification, study
repeatability, and the testing of future hypotheses
(Remsen 1995; Suarez and Tsutsui 2004; Clemann et al.
2014; Rocha et al. 2014; Schmitt et al. 2018). Yet despite
the high research potential of nests, they have typi-
cally been underrepresented in collections, and conse-
quently underutilized (e.g., Wiedenfeld 1982; ANWC
collection, below; Green and Scharlemann 2003). For
example, a hummingbird nest collected in Brazil by
Joseph Banks and Daniel Solander in 1768 had the note
‘scientific value-nil’ added to its museum label around
the turn of the twentieth century (Allen 2003). A simi-
lar bias is evident in an historical text on how to col-
lect and preserve bird eggs and nests (Bendire 1891).
It devoted seven pages to egg collecting alone, but a
single paragraph on the collection, preservation, and
curation of nests. Compounding the problem, nests of
species such as corvids and raptors are large, unwieldy
and difficult or impossible to collect in their entirety,
are difficult to store (Fig. 1a). Consequently, nest col-
lections tend to be small and taxonomically biased
compared to egg and skin collections (Aguilera Romdan
and Wiley 2012).

Fig. 1 Nest shape and structure affects storage and management. a An Australian Magpie (Gymnorhina tibicen) nest ANWC N00252, composed
almost entirely of human-made material, including clothes hangers and cables. Large and unwieldy nests such as this are difficult to collect and
store. b Two Grey Fantail (Rhipidura albiscapa) nests ANWC N0O179 and N0O0180, demonstrating ways that registration tags may be affixed to nests.
At the ANWC the preferred method is to tie the registration tag on to the nest site attachment (left). If there is no appropriate nest site attachment,
tags may be tied through the nest side wall, using spacer knots to avoid tension on the nest structure (right). This can be useful in that it allows
researchers to examine the tag with minimal movement of nest materials but is only appropriate when nest structure is sufficiently robust
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The historical neglect of nests as collection items
may be redressed by a renewed focus on nest collec-
tion, the application of modern research techniques,
and appropriate curation. Accordingly, we describe the
collection, curatorial history and current management
protocols of the Australian National Wildlife Collec-
tion’s nest collection. The collection is relatively small
but biogeographically and phylogenetically important,
particularly in light of the now well-established Aus-
tralian origins of songbirds (Moyle et al. 2016; Oliveros
et al. 2019). We also present the results of a humidifi-
cation experiment to restore the three-dimensional
shape of songbird nests damaged by crowded storage
conditions. The information in this paper represents
a comprehensive compilation of best-practice stand-
ards for the curation of nests and their metadata, and
the collection management protocols to ensure the
security, growth and long-term utility of museum nest
collections.

Methods
The Australian National Wildlife Collection nest collection
The Australian National Wildlife Collection (ANWC) is a
research-only collection of approximately 200,000 speci-
mens of Australasian terrestrial vertebrates. It is housed
by the Australian Commonwealth Government’s scien-
tific research organisation, the CSIRO, in Canberra, Aus-
tralia. The collection began by aggregating the individual
collections of CSIRO researchers conducting ecological
studies in the 1950s and 60s. Consequently, the collec-
tion is data-rich though relatively young. Since the 1980s,
most specimens are also associated with a cryogenically
stored tissue sample appropriate for genetic research.
The ANWC currently houses approximately 800 indi-
vidual bird nests, the majority of which have detailed
ecological data, and often associated accessioned egg
clutches. Almost all nests in the collection are from
Papua New Guinea or Australia. Nest collection efforts
were most intensive during bird and mammal surveys
of Papua New Guinea in the 1960s and 70s. Field col-
lection strategically targeted songbird nests from spe-
cies whose nests were either scientifically undescribed
or were accompanying voucher specimens of nesting
birds. These nests were not photographed, but were
richly documented with notes on substrate, contents,
and dimensions. In addition to New Guinean nests,
the ANWC collection consists of several hundred nests
collected in the Australian Capital Territory and in the
Northern Territory, Australia in the 1970s and 1980s.
More recently, the ANWC has acquired the histori-
cal nest and egg collections of several Australian pri-
vate egg collectors, including Robert Green, Mervin T.
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Goddard, John Kershaw, and Donald Seton (Mason and
Pfitzner 2020). The ANWC collection is heavily biased
towards the nests of passerines (at the time of writing
93% of registered nests are of passerines, and 7% from
five other orders).

Although earlier ANW(C staff collected nests, they pri-
oritised the preparation and curation of other kinds of
specimens that required more immediate attention, such
as eggs and whole birds. When staff did collect nests,
they brought them back to the ANWC and put them into
storage to await accession and curation. Consequently,
some nests were disfigured due to years of substandard
storage and compression in bags and boxes of low archi-
val quality, and most were not databased. ANWC staff
began to prioritise nest curation around 2016. Nest cura-
tion and databasing are now ongoing and active projects
at the ANWC.

Best practice nest collection and curation protocols

The ANWC does not currently collect active nests, and
has not done so in approximately 30 years. Critically,
any ANWC collecting followed and follows all local
and federal regulations and permitting processes for
collecting nests. In Australia, nests of all native spe-
cies are protected, but specific state or territory leg-
islation determines whether and when inactive nests
may be collected. At the ANWC no collecting of any
kind of specimen is conducted without first obtaining
appropriate animal ethics permits, as well as appropri-
ate state and territory salvage and scientific collecting
permits.

Current protocols for collecting nests at the ANWC
focuses, with appropriate permits, on donated nests from
historical collections and on recently inactive nests of
species that build new nests for each breeding attempt.
These nests are data-rich, yet their collection poses fewer,
if any, ethical considerations than the collection of active
nests. Collecting recently inactive nests has always been
done in conjunction with direct observation of the par-
ents and nest contents. This increases the utility of nest
data and the certainty of identification and taxonomic
assignment. Ideally, nests should be collected as soon
as possible after they are no longer used by adult birds.
Care must be taken when monitoring the nest to not
influence the outcome of the nest by accidentally alerting
predators to nest location, or by harassing parents into
abandoning the nest (Ralph et al. 1993). When the nest
is ready to be collected, current protocol dictates that it
is first described and photographed in situ. The entire
nest should then be removed, including the attachment
sites when possible, photographed again, and accompa-
nied by detailed notes on nest dimensions, composition
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and structure, all of which are digitally linked to the nest
record (for excellent examples of detailed metadata col-
lection for nests see Simon and Pacheco 2005; Gonzaga
et al. 2016).

Nest structure and dimensions can affect nest col-
lectability. If a nest is too large or flimsy to be collected,
our protocol dictates collecting nest lining along with
some outer contents. Similarly, our protocol excludes
collecting nest hollows or other nests that may be
reused between breeding attempts or seasons, and
instead calls for collecting subsamples of nest lining
and other materials from inside cavities when the nest
is not active. As with whole nests, ANWC policy calls
for documentation of nest subsamples with detailed
notes and photos, which are digitally linked to the per-
manent nest record.

After collection and documentation, or upon dona-
tion of historical collections, nests are registered
and affixed with a registration tag. Affixing registra-
tion tags requires some discretion, and must be done
with a minimum of damage, if any, to the nest struc-
ture (Fig. 1b). Current ANWC policy calls for the use
of cardboard boxes in the field to avoid shape distor-
tion during transport (see Humidification Experiment,
below). We discourage placing nests, even temporar-
ily, in plastic containers, because of the risk of mould
growth on nests while in field storage or transit. We also
avoid stuffing material such as tissue inside nests, which
can distort nest shape or damage the inner nest lining.
Nests collected and stored as outlined above can then
be safely and easily transported back to the preparation
laboratory.

Once in the preparation laboratory, nests are read-
ied for final storage in the vaults. We air-dry all nests on
indoor shelving in this space for several weeks. This helps
avoid mould growth due to residual moisture. When
nests are thoroughly dry, we place them in individual
archival cardboard boxes, cushioned on top of archival
tissue paper. Archival tissue below nests ensures that
any material that falls from nests is not lost. Such debris
may be used for future genetic analyses, thus avoiding the
need for destructive sampling from the nest itself. Archi-
val tissue supporting nests in the box also helps prevent
movement and subsequent damage to nests, and helps
to mitigate any fluctuations in humidity or residual nest
dampness.

Although the external structure of many nests is
resistant to pest attack, incorporated animal material,
such as feathers or feather sheath fragments, is sus-
ceptible to damage by museum pests. We mitigate this
risk and prevent potential introduction of pests into the
vaults from nests by prophylactically treating them for
pests prior to long-term storage in vaults. We fumigate

Page 4 of 13

nests with aluminium phosphide tablets that release
phosphine gas, a non-residual fumigant with no known
long-term toxicity effects, and which is also used in
grain storage (WHO 1988; NIOSH 2011; ILO 2017).
Phosphine fumigation avoids potential DNA degrada-
tion caused by freeze—thaw cycles (Shao et al. 2012;
Soniat 2019). Further, although phosphine is highly
toxic to live animals, it does not affect the cell structure
of dead or dormant organisms (Nath et al. 2011), and is
consequently unlikely to degrade the DNA of museum
specimens.

We employ strict health, safety and environment
(HSE) procedures required to avoid staff exposure to
dangerous volatile chemicals. All fumigation occurs in
a locked, externally vented fumigation room. Access
is restricted to trained personnel, who use appropri-
ate personal protective equipment (PPE) including
closed-toe shoes, lab coat, a respirator suitable for
volatile organic compounds, and goggles. Fumigated
nests are ventilated using an extraction fan for 6-24 h
prior to staff entering the fumigation room to remove
specimens.

Prior to final storage in the vaults, we affix nest boxes
with thermally printed adhesive labels. Once nests are
labelled, their metadata are uploaded in batches from our
database and are publicly available via the Atlas of Living
Australia (http://www.ala.org.au).

Nest shape restoration by humidification

Despite the protocol that the ANWC now uses for nest
collection and curation, our history has led to some nests
becoming misshapen over time (see above). In addition
to being unsuitable for morphometric research, crushed
or misshapen nests can be difficult to sample for trace
DNA without inflicting further damage. One potential
solution to this problem is to reshape nests with the aid
of a humidification chamber. Humidity is widely used
to shape and reshape plant- and animal-based materi-
als across a range of applications, including leather shoe
making and the restoration of historical objects (Red-
wood 1969; Clark 1984; Morrison 1986; Alper 1993;
Wills 2000; Lewis 2005; Cruikshank and Saiz 2009;
Jackson and Andrew 2009; Rowe et al. 2018). Humid-
ity is also used by collection managers and conservators
to relax and reshape misshapen natural history objects
made of natural materials, such as study skins (NHColl
listserv, April 2020), although to the best of our knowl-
edge this is an idiosyncratic technique that is not well
documented in published literature. We judged that the
risk of damage to humidifying misshapen nests should
be minimal, as they are constructed primarily of natu-
ral materials and are often exposed to high levels of
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moisture and humidity while active. We subsequently
trialled an experimental procedure using an in-house
built ultrasonic humidification chamber, in an attempt
to permanently reshape 11 nests crushed or damaged by
inappropriate long-term storage. If this procedure was
successful, then we planned to implement it on any nests
crushed or disfigured to a state where their internal con-
tents would be difficult or impossible to sample without
further damage.

We tested humidification as a tool for nest restora-
tion using 11 cup- or dome-shaped nests. The nests were
collected in the early 1970s from Papua New Guinea
and had been stored compressed together in plastic
bags placed in boxes in the ANWC vaults until 2019.
One nest (ANWC NO00303), with only species meta-
data, was used for preliminary optimisation of humidi-
fication techniques. The other ten nests had metadata
that included nest dimensions at the time of collection,
which allowed us to assess the efficacy of our restoration
to their original shape. All nests were made by small pas-
serines (Table 1). The basic nest metadata can be found
through the Atlas of Living Australia at https://bioca
che.ala.org.au/occurrences/search?q=qid%3A15984169
38349.

We constructed an ultrasonic humidification chamber
using readily available, archival materials. The chamber
was a 90 L, high-density polyethylene (HDPE) Sistema
storage tub, with an upturned HDPE plastic lab tray
placed inside as a table for the nests to sit upon (Fig. 2).
We inserted a low-density polyethylene (LDPE) plastic
tube into the output of a Beurer LB37 cool mist ultra-
sonic humidifier and connected it to the tub through a
snug hole cut into the lid with a Dremel tool. The mist
entering the chamber was not allowed to directly hit

Table 1 ANWC nests used in humidification experiment
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nests placed inside. Humidity was measured with a sus-
pended Fischer hair hygrometer placed inside the cham-
ber. The dial faced outward so that it could be read when
the humidification chamber was in operation (Fig. 2).
We used tap water in the humidifier. Ideally, demineral-
ised water would have been preferable to avoid sediment
build-up in the humidifier following long-term use. The
chamber reached 100% humidity within 3—4 min when
the chamber lid was left closed and the humidifier turned
on to an output level of 150 mL/h. Once the chamber
reached 100% humidity it maintained that level for over
5 h, even after the humidifier was turned off. No water
damage to the test nest was sustained when trialling
these conditions.

Immediately before humidification we measured
nest dimensions, so that they could be compared with
dimensions after treatment. Specifically, we recorded
nest diameter, in two measurements at right angles
to each other across the opening or top of the nest to
the outer edges of the nest, which could be combined
to calculate approximate nest opening area. We also
recorded nest depth, from the top of the nest struc-
ture to the bottom of the nest. These measurements
were chosen because they were also recorded in the
field at the time of collection, allowing for comparison
to the nest dimensions before compression. All meas-
urements are recorded in the ANWC collection man-
agement database and are available to researchers in
perpetuity.

The humidification procedure we used for all nests
was as follows: (1) nests were placed on the upside down
lab tray in the humidification chamber; (2) the chamber
lid was shut, and the humidifier turned on at an output
level of 150 mL/h for 3—4 min, which is approximately

Species ANWC registration Nest type Nest materials

number
Melanocharis longicauda N00325 Dome Moss, plant fibre, fern hairs
Melidectes belfordi N00324 Cup Plant fibre, grass, stems, green moss, fern hairs
Microptilotis albonotata N00334 Cup Fine grasses, moss, animal hair, cobwebs, seed plumes
Microptilotis orientalis N00304 Cup Fine stems, cobwebs, moss, leaflets, seed down
Pachycephala soror N00290 Cup Rootlets, fine tendrils, ferns, leafy liverworts
Pycnopygius cinereus N00323 Cup Coarse grasses, leaves, cobweb, lichen, fine grass
Pycnopygius cinereus N00333 Cup Leaves, fibres, rootlets, fine grass stems
Rhipidura cockerelli N00303 Cup Fine grass, cobwebs
Symposiachrus axillaris N00357 Cup Fern stems, fine rootlets, green moss
Symposiachrus guttula N00315 Cup Green fern fibres, fern rootlets
Toxorhamphus poliopterus N00299 Cup Algae, cobwebs, cocoons, plant down

All nests were collected in Papua New Guinea in the 1960s and 70s, and were compressed during storage until the time of the experiment
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90L Sistema
Storage tub

Polyethylene tube

Beurer humidifer

Upturned plastic
lab tray

Fischer hair
hygrometer

Fig. 2 Nest humidification chamber. An HDPE 90L Sistema storage container, with a hole drilled in the top to allow humidity from the ultrasonic
humidifier to enter. An upturned HDPE tray acts as a table for nests to sit upon and avoid soaking in any water that accumulates on the bottom of
the chamber, and a hair hygrometer inside the container allows researchers to monitor humidity without opening the chamber

how long it took the chamber to reach 100% humidity
(above); (3) once the hygrometer indicated 100% humid-
ity the humidifier was left to run for 10 min, and then
switched off to prevent oversaturation and excess con-
densation in the chamber; (4) the nests were checked
every 30 min, and removed when they were judged
to be malleable enough to be reshaped (min 1 h, max
2.5 h, median 1.5 h). Briefly (approximately 5 s) opening
the lid to check nests did not affect the humidity of the
chamber.

Once softened by humidity, we nests were gently
manipulated nets by hand and then pinned in place on
foam boards. We attempted to shape the nests to recre-
ate the original nest dimensions recorded in the field at
the time of collection. For dome-shaped nests (n = 1)
and for nests that were difficult to pin without poten-
tial damage (n=1), we inserted tissue paper into the
nest cup to stabilise its shape. We left nests pinned in
position for 10—14 days to “set” the nest in the restored

shape (e.g., Alper 1993). We then removed the pins and,
when used, tissue paper, and let nests sit for an addi-
tional week. This ensured that they were completely dry
and allowed enough time to determine if the treatment
was successful, or if the nests reverted to the “memory”
of their compressed shape. At the end of the entire
treatment we re-recorded the dimensions of each dry
nest.

We used several measures to judge the success of nest
restoration. Because of the small sample size in this study
and the qualitative nature of the restoration (e.g., whether
or not nests “looked” better), visual measures of success
are probably sufficient to demonstrate that the technique
can be successful, and we therefore present before-and-
after photos of the nests. We also include graphical rep-
resentation of their original, compressed, and restored
measurements to illustrate the success of humidification
in nest restoration. We tested for quantitative differences
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between original and restored nest shape and exam-
ined whether restored nests were more similar to their
original dimensions than they had been before under-
going humidification treatment, using paired ¢ tests. All
p values are two-tailed, with significance determined at
p < 0.05. Analysis was conducted using R and Graph-
Pad (Prism 2015; Wickham 2016). Although this analysis
included multiple measures of nest shape, we chose not
to apply correction methods such as Bonferroni proce-
dures because they make interpretation of results less
clear, increase the chance of type II errors, reduce statis-
tical power, and contribute to publication bias (Nakagawa
2004). Instead, we present results so that readers can
independently and directly assess test results, and stress
that because of the small sample size statistical results
should be interpreted together with graphical presenta-
tions of the results.

Results

Treatment in the humidification chamber was success-
ful in relaxing nests to the point where their shape could
be manipulated. Nests came out of the chamber feeling
softer than when they went in, and damp. Treatment time
in the chamber ranged from 1 to 2.5 h (x = 1.68 h£0.46
standard deviation, SD), and overall nests made of finer
materials such as grass and cobwebs needed less time in
the chamber than nests comprised of sturdier materials
such as twigs (soft material, » = 7, x =1.43 h + 0.35 SD
compared to sturdy material, » = 4, x = 2.13 h £+ 0.25
SD).

Humidification allowed us to reshape compressed
nests. Visually, nests looked rounder and more upright
after restoration, and graphical display of nest measure-
ments demonstrates that the shape of most nests changed
to be more similar to their original dimensions after treat-
ment, even though we were not able to restore them to
the exact dimensions as before compression (Figs. 3, 4).
Restored nest dimensions were significantly smaller
than their original dimensions in the field (mean origi-
nal nest area 84.33 cm® 4 11.63 standard error of the
mean (SEM) vs restored area 68.98 cm? + 10.30 SEM;
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p = 0.0008, t = 4.95, df = 9; mean original nest depth
8.65 cm £ 0.73 SEM vs restored depth 7.45 cm £ 0.57
SEM; p = 0.003, t = 4.00, df = 9; Fig. 5). However, the
anterior surface area of restored nests was significantly
more similar to their original dimensions than to anterior
surface area after years of compression (mean difference
between restored and original nests — 15.35 cm? + 3.11
SEM vs between restored and compressed nests — 140.78
cm?421.10 SEM; paired £ test p = 0.0002; t = 5.90, df =
9; Fig. 4). Nest depth varied less than nest area before
and after poor storage, and was more difficult to restore
(mean difference between restored and original nest
depth — 1.2 cm £ 0.30 SEM vs between restored and
compressed nest depth 0.55 cm £ 0.60 SEM; p = 0.03,
t = 2.45,df = 9; Fig. 4).

Discussion

The key finding from our study was that nests disfigured
by years of substandard storage can be reshaped using
humidification. Restored nests did not match their
original dimensions once thoroughly dried, but they
were more naturally shaped than they were before treat-
ment. The improvement was visually striking. Further,
treated nests were more similar to their original dimen-
sions than they were before treatment. Overall, we sug-
gest that humidification has great potential in restoring
disfigured nests. Further refinement of this technique
could lead to even closer alignment of restored nests
with their original dimensions. We believe that the
methods outlined here show that even damaged nests
can be successfully reshaped, increasing both their
aesthetic appeal and their utility in an active research
collection.

Several factors may have contributed to differences
between the original dimensions of nests and their
restored shapes. Potentially, the physical “memory” of
nest materials, which were held compressed for years,
may have been too strong to completely overcome
(Alper 1993). Indeed, nests did seem to change shape
somewhat as they dried, which is why most nests did
not ultimately restore to their original shapes despite

(See figure on next page.)

Fig. 3 Before and after photographs of nests reshaped using humidification. Visual inspection of nest shape gives a strong qualitative reflection of

the success of restoration
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Pre-humidification After shape restoration Pre-humidification After shape restoration

N00290 N00324

N00299 N00325

NO0303

NO0304

N00357

Average time spent in 100% humidity:

All 11 nests: 1.68 hours + 0.46SD

Nests of softer material (N0O: 299, 303, 304, 323, 333, 334, 357):
1.43 hours £ 0.35SD

Nests of sturdier material (NOO: 290, 315, 324, 325):
2.13 hours + 0.25SD

Ly |

Fig. 3 (See legend on previous page.)
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being pinned to those dimensions. The length of time
nests are compressed may also directly affect shape
“memory’, such that nests stored inappropriately for
years may be harder to restore than nests disfigured
for only weeks or months. Such possibilities require
further investigation. Alternatively, nests may simply
have required repeat or longer exposure to humidity
to thoroughly dampen the interior of their substrates
before pinning (Alper 1993). One future option might
be to humidify nests, pin them to their original dimen-
sions on a small foam board, and then humidify the
nests again, or at multiple stages, before drying com-
pletely, to help erase past shape memory. Any future
trials would be complimented by daily monitoring of
nest dimensions for several weeks after humidifica-
tion, to better understand the timing and dynamics of
nest shape change during the drying period.

We reshaped nests based on exterior diameter and
depth measurements, the only measurements taken
in the field at the time of collection. However, other
aspects of nest structure, such as nest wall thickness
and internal cup dimensions, can also affect overall
nest shape, and have measurable effects on nest func-
tion (Heenan and Seymour 2011, 2012). Consequently,
collecting data on a wide range of interior and exterior
nest dimensions in the field at the time of collection is
critical going forward, both to capture data that may
be important for future research and to assist in future
restoration requirements. Future reshaping trials based
on a wider range of original nest measurements, varying
lengths of time in suboptimal storage, experimentation
in the length of time left pinned after drying, and with
a larger sample size with more statistical power, will be

Page 9 of 13

important in fully understanding the full potential of
this method.

Renewed attention to nest restoration and curation
should be matched with growth of nest collections. This
will help realise the full scientific potential of these com-
plex and beautiful specimens. Nest voucher specimens
and the data derived from them may prove increasingly
prescient for topics such as climate change or epidemiol-
ogy (Cook et al. 2020) and the evolution of nest-building
itself (Price and Griffiths 2017). Further, given the care
necessary not to impact reproductive or social behav-
iour, expansion of nest collections is effectively another
method of sampling bird species for their genetic mate-
rial. This adds to vertebrate collections with fewer ethi-
cal concerns than methods involving humanely killing
live animals. For example, museum staff could collabo-
rate with researchers at universities and other institu-
tions who are involved with monitoring or studying
nesting birds (e.g., Ralph et al. 1993), so that the nests are
collected or subsampled and donated at the end of the
attempt or breeding season. Nests so obtained could be
of utmost value because they would be associated with a
wealth of behavioural and ecological data (Arnold et al.
2017).

Conclusions

Overall, there are positive signs that nests are starting
to receive more and renewed attention by researchers
and museum staff for description and museum col-
lection (Simon and Pacheco 2005; Russell et al. 2013;
Gonzaga et al. 2016). There is still much about bird

(See figure on next page.)

Fig. 4 Line plots of nest area (cm?) and depth (cm) before compression (“original”), after compression (‘compressed”), and after restoration
(‘restored”). Note that while nests were not restored to their original dimensions, their restored shape tended to be more similar to their original
shape than before restoration. Also note that nest area is a rough estimate of nest shape, and changes in nest area may not represent true nest
shape (e.g., nest N0O0323). "Nest N00303 = trial nest without original measurement data
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Fig. 5 Box plot of average nest area (cm?) and depth (cm) before compression (‘original”), after compression (‘compressed”), and after restoration
(“restored”). Restored nest dimensions were significantly smaller than their original dimensions in the field

nests and nest ecology to be discovered and under-
stood. Studying nest voucher specimens will provide
an important avenue to such understanding. This is
particularly so now, as rapid changes in technological
capabilities for studying nests intersect with mounting
anthropogenic changes in the world. Future work in
curating, growing, and diversifying existing nest collec-
tions using low-impact methodologies will ensure the
utility and centrality of nests to museum collections for
generations to come.
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