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Abstract

The scientific heritage preserved in Brazilian biological collections has inestimable value. Despite the research on
curation and restoration of biological material is regarded as strategic, there is a lack of expertise in these areas in the
country. These deficiencies often determine the use of obsolete or even inadequate procedures aimed at the recovery
of material for research or exhibition, resulting in risk to valuable specimens. In the present work we provide a review
of the literature on the restoration of biological specimens and summarize concepts employed in the restoration of
mammals and birds of the Museu Nacional, Universidade Federal do Rio de Janeiro, exhibition in 2011. The aim of
this work is to contribute to the development of protocols when interventions are needed to restore damaged specimens.
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Bases conceptuais para o restauro de colecao cientificas de vertebrados

Resumo

O patriménio cientifico e cultural conservado em colegdes bioldgicas no Brasil é de reconhecida importancia.
Entretanto, ha caréncia de pesquisas sobre estratégias de restauro e gerenciamento de material bioldgico em colecdes,
como também de especialistas nestas areas, apesar de serem consideradas estratégicas. Essas lacunas podem acarretar
na utilizagdo de protocolos obsoletos ou mesmo inadequados de trabalho, pondo em risco espécimes valiosos de um
acervo cientifico. Neste trabalho, apresentamos uma revisdo da literatura sobre restauracdo de espécimes biologicos, e
resumimos os principios que nortearam as atividades de restauragio dos espécimes de mamiferos e aves taxidermizados
da exibi¢do do Museu Nacional em 2011, no sentido de contribuir para a elaborag@o de protocolos quando intervengdes

s30 necessarias para restaurar espécimes danificados.

Palavras-chave: colegdes cientificas, conceitos, curadoria, métodos, restauro.

1. Introduction

Biological collections have formed the material basis
of knowledge on biodiversity, allowing to catalog species
and to carry out studies and analyses (Lange Canhos et al.,
2004). In a period of growing demand for knowledge on
biodiversity by the scientific community and by the Society,
biological collections constitute active centers for education,
conservation and biodiversity research (Krishtalka and
Humphrey, 2000; Franga and Callisto, 2007).

The Museu Nacional is the oldest scientific institution
and the oldest museum in Brazil, having been created in
1818, by a decree by King D. Jodo VI, who remodeled
a previous trading office known as “Casa dos Passaros”
(House of Birds) created few decades before by Queen
Maria I. Currently, the museum hosts nine million biological
specimens. The vertebrate collections account approximately
for 750,000 specimens, a small part of which is prepared
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for display in a 4,000 m2 area (Safra, 2007). In 2006 the
exhibition halls reserved to Zoology were closed to visitation
to allow renovation of the old building structure. Many
of the specimens in the exhibition halls were in need of
interventions to ensure conservation and to improve their
aesthetic condition. These specimens had damages such as
cracking due to dehydration, variation in temperature and
humidity or shocks, dust and infestation by fungi, mites,
and insects. Moreover, several specimens had problems
due to previous restorations performed with inappropriate
methodologies and/or materials.

Several interventions have been performed on these
specimens in order to restore their damaged parts. Likewise,
the display cases in which the specimens were exhibited
were also restored and modified to improve long term
preservation of specimens while exploring more attractive
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display resources, such as the use of artificial light sources,
in acquaintance with the role of the museum exhibitions
as a place of cultural mediation.

Biological collections in Brazilian institutions, most
of them belonging to public universities or research
institutes, are usually in charge of faculty members or
researchers which are not necessarily experienced with
curatorial procedures or restoration techniques, especially
when it concerns to mounted specimens for exhibition.
Likewise, there is a lack of research on the restoration of
scientific and display collections of biological material in
the country, despite the long considered strategic nature of
such research (Cato et al., 2001). This situation eventually
leads to the use of inadequate procedures for the long-
term preservation of biological specimens in most of the
collections. In order to contribute to the discussion on the
preservation of biological specimens, and to document the
procedures used for restoration and preservation of such
material, we herein present a summary of the principles and
strategies of the reorganization and restoration activities in
the mammals and birds specimens stored in the vertebrates
exposition section of the Museu Nacional, Universidade
Federal do Rio de Janeiro, Brazil, during the year 2011.

2. Basic Concepts

The development and test of methodologies and materials
for repair and restore of damaged specimens is one of the
highest priorities to conserve natural history collections
(Cato et al., 2001). Before the application of standardized
curatorial procedures in collections and exhibition areas, it
is necessary to evaluate the specificities of each collection
(Mugnai and Agnelli, 2008; RGI, 2000; Williams and Walsh,
1989). Similar care should be taken before any intervention
aiming the restoration of the specimen aesthetic condition
(Borgo and Doria, 2008; Lotti and Barbagli, 2008). The
procedure to be chosen should result from mediation of
demands and needs of curator and technical specialist
staff in conservation and restoration (Pilette and Harris,
1989). Finally, it is necessary that techniques planned or
reported in the literature consider biohazard agents and
chemical hazard in laboratories, collections and exhibition
spaces (Brasil, 2006; Hawks et al., 2010; Lapa, 2006). To
develop activities in an old collection, it is first necessary
to set the differences and boundaries between curatory and
restoring activities. Curatory is the set of actions routinely
implemented in order to ensure the integrity of specimens
in collections and the associated information (Herholdt,
1990; Horie, 1986). Cato and Williams (1993) and Simmons
and Munhoz-Saba (2005) discuss conservation activities in
biological collections and distinguish between preventive
and restoration actions. According to these authors,
preventive conservation activities involve physical and/
or chemical actions applied to specimens of the collection
as a whole in order to minimize or eliminate chemical,
physical or biological damage. These activities include,
for example, the introduction of preservatives or spraying.
In contrast, restoration include more or less punctual
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activities, focused on the aesthetic and physical recovery
of damaged specimens or their cleaning (Brandi, 1977).
Herholdt (1990) mentions the need to include technicians
specifically trained to take care of the damaged specimens
as part of the staff of a scientific institution.

The curatory activities are under responsibility of
the curator or the manager curator depending on the
institution (Herholdt, 1990; Simmons and Munhoz-Saba,
2005). For this activity an extensive bibliography is
available, for example Rose and Torres (1992), Michalski
(1994), National Park Service (2005), Simmons and
Munhoz-Saba (2005), and Rose et al. (1995). Likewise,
for the technical preparations and artistic taxidermy an
extensive bibliography is available: Clevedon Brown and
Stoddard (1977), Cousin and Dubosc (1991); Scrocchi
and Kretzschmar (1996), Simmons and Munhoz-Saba
(2005), Van Veen (1981).

In the virtual absence of a career in conservation of
biological material, the restoration of exhibition vertebrate
specimens has been traditionally delegated to taxidermists
(Barbagli, 2008). Differently from curatorial activities
and taxidermy, the restoration of biological specimens is
poorly defined and its bibliography is scarce, with locally
distributed or gray literature, mostly published as abstracts
or papers in conferences and symposia and reports.

Often, taxidermy books (e.g., Ragionieri, 1961; Van
Veen, 1981) address this matter only in a limited way, for
example, when referring to the replacement of broken
feathers of birds. In most cases, the restoration activity is
intended only as a set of interventions with main purpose
to recover the aesthetic of specimens. As consequence,
sometimes, a new preparation of the specimen is carried
out (Barbagli, 2008). Brandi (1977, p. 8) wrote: “[...] The
restoration must address the potential reestablishment of the
unity of artwork, whenever possible, without introducing
historical or art forgery and not erasing the marks of the
time course”.

Therefore, the restoration of a specimen, as an artwork,
must consider both aspects of scientific research and
historic value of the material, without creating artifacts.
Consequently, any action must be carefully planned, the
whole process should be documented and the techniques and
materials used should be reversible (Mugnai and Agnelli,
2008; Simmons and Munhoz-Saba, 2005).

The lack of a documented protocol for the implementation
of restoration of biological specimens often is reflected
in the terminology. For example, in the present study we
have used the term “cleaning” instead “hygienization” as
used in other restoration areas in Brazil (Guimaraes and
Beck, 2007; Giiths and Rodrigues de Carvalho, 2007)
and as suggested by our colleagues, since we judged
the latter unsuitable, for example, in the case of partial
removal of biological tissues in skeletons mounted with
natural ligaments.

Below we relate some of the most discussed topics
during the restoration activities in the Vertebrates collection
of the Museu Nacional.
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3. Specimen Associated Information

Because a specimen is both a constituent of a scientific
collection and a historical element, the first step in the
restauration process is to track the information associated
to the mounted specimen, either directly or indirectly.
This information is often recorded in a label or labels
fixed underside mounting bases, sometimes one over the
other, which may indicate renewal of labels, as a result
of taxonomic synonymy or deterioration of the old labels
(Figure 1a). Alternatively, the information may be written
directly into the bases, often in pencil (Figure 1b). The
writing in graphite tends, unlike the ink, to reflect light
when illuminated, which facilitates its detection in heavily
dusted surfaces, simply by moving a light source above
the surface.

Important data can be linked indirectly to the specimen.
Mounting bases of particular materials, shapes, colors and
styles, types of support, as well as methods used to twist
irons and styles of suturing can serve to link a specimen to
a collection, an exhibition or a technician (Figures 2a, b,
¢, d, 3a, b). Therefore, simple activities such as replacing
or painting bases, replacing or shortening irons or even
replacing sutures can result in modification of the original
preparation and in the impossibility to the retrieve information
by comparison with other specimens of the same series.
Therefore, these activities should be evaluated case by
case, and should always be documented.

4. Genetic Data

Specimens should be considered sources of future
research. That implies knowledge of new and old research
techniques. Over the past thirty years, there has been a change
in the paradigm of systematic and taxonomic analyses,
with an increasing importance of genetic methods. Dry
and wet specimens in collections also contain biological
tissues for potential extraction of genetic material. The
technique of ancient DNA, allowing recovery of the genetic
code even in a fragmentary or incomplete way, has opened
new perspectives for research. With this methodology,

specimens stored in natural history collections can be
used as a source of genetic data in biodiversity research
including extinct taxa (Hofreiter et al., 2001).

Genetic analysis may be affected by several factors.
DNA naturally tends to degrade with time (Dauxois et al.,
1993; Wartell and Benight, 1985), but the process is
accelerated by ultraviolet radiation (Marmur et al., 1961),
thermal stress and extreme conditions of pH, both in acidic
or alkaline conditions (Hoss et al., 1996). Finally, it should
be considered the problem of contamination by possible
gene residues of other organisms, in particular from the
technicians, especially in primate studies (Cooper and
Poinar, 2000).

Genetic data can also be affected by products and
techniques used in the process of restoration or cleaning.
Some authors recommend several different cleaning products
such as ammonia, bleach, trichlorethylene, acetone, ether,
cyclohexane and gasoline. De Wet et al. (1990) and Jannett
Junior and Davies (1989) reported examples of techniques
for eliminating fat from the bones, Brunstetter (1988)
for removing stains and rust, and Graham and Spafford
(2001) for removing soot. For disinfection of large sized
specimens Marchetti (1984, p.178-179) provides “[...] a
system ... which does not involve the danger of carbon
sulfide is the vapors of formalin and borax. In a pressure
pot insert 1 kg of borax powder and 10 liters of formalin.
Replace the valve pan with a plastic hose and insert side
of the hose with a large syringe needle. When boiling,
gently puncture the whole subject and make it also the
inner parts are impregnated and steam [...] Continue until
the steam injected into the subject’s center of each side
escapes [...]”. Some of these techniques can be considered
outdated, as they may cause loss of genetic material of
the specimens. They are nevertheless useful, due to the
difficulty of using large size fumigation chambers or to use
freezing treatment as consequence of the dismantlement of
the cold chambers to freeze specimens in many institutions.
However, before choosing the techniques and chemicals
to be used in cleaning activities, it is important to consider
a whole range of factors including the possibility that

Figure 1. a - labels in the underside of a base; b - graphite writing in the underside of a base.
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Figure 2. a - base of Homo sapiens n. 118 collection of the Department of Anthropology; b - base of Papio sp. without

s S

number; the dark blue color and writing in relief indicate that the both specimens were part of the exhibition at the National
Museum in 1949; ¢ - iron shoulder, Homo sapiens n. 118 removed during the restoration; d - Callithrix penicillata MN 194,
Aotus sp. MN 427 and Varecia sp. MN 169, the multiple bases and the originally light blue color indicates that the specimens

were used in the exhibition of 1957.

products can denature proteins or nucleic acids of the
specimen decreasing the potential use in genetic studies.

To restore severely damaged specimen parts, such as
hairless areas or broken beaks, a common procedure is
to replace the damaged structure with that of a distinct
specimen, as recommended by Marchetti (1984, vol. I,
p-130-131). This technique, despite useful when applied
for mounted specimens for exhibition can, nevertheless,
create genetic artifacts when implemented without adequate
documentation.

5. Colors

One of the most critical problems in exhibition specimens
is the loss of the natural coat color. This loss may be due to
environmental factors such as direct sunlight or ultraviolet
light produced by lamps (Rose and Torres, 1992; Simmons
and Munhoz-Saba, 2005) or due to chemical agents such
as borax and alum used in specimen preparation (Coetzee,
1985; Florian, 1986).
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Recovery of color using dyes is possible, but our
experience showed that recovering the total coloring of a
specimen is limited both in the reproduction of the natural
color and of the color variation throughout the body. A
relevant factor in this sense is the dilution of the dye used,
considering its consistency and correlated risk of covering
and masking characteristic details such as small hairs,
wrinkles and local variation of skin color (Figures 4a, b,
S5a, b). A related issue with color recovering consists of
the tint superficial texture. Special effects created with
oil paints, waxes and hair spray, are often short lived, and
in time such products tend to favor the adhesion of dust;
therefore, they should not be used.

6. A Case Study: Results of Restoration
Activities Developed in the Museu Nacional
Exhibits

In the year 2011, to organize the rooms of Brazilian
mammals and birds, as well as the comparative anatomy
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Figure 3. a - Leopardus wiedii, without number; b - Streptoprocne zonaris MN 27739, preparation technique and style of
bases reporting to the collector and technician C. Mielke in the 1950s.

Figure 4. Euphractus sexcintus MN 54773, the specimen was painted masking the original color and details, a and b show

the paint removal process.

exhibition of vertebrates of the Museu Nacional/UFRJ,
138 dry-preserved specimens were selected and were
treated (Table 1).

This work reflects our experience with the application
of methods available in the literature in a large collection
of old specimens that has been maintained under minimal
environmental control for decades, but which had been
subject to mechanical stress and incorrect restoration
methods in recent years. The mammal specimens
cleaned and/or restored belong to the orders Primates,
Carnivora, Artiodactyla, Perissodactyla, Didelphimorphia,
Chiroptera and Rodentia. Among birds, specimens of
orders Tinamiformes, Struthioniformes, Anseriformes,
Galliformes, Sphenisciformes, Ardeiformes, Piciformes
and Passeriformes were restored.

The first step was to create a database to document all
stages of work, including the evaluation of each specimen,
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description of activities and the final result, all with
photographic documentation.

In a few cases simple cleaning action, including
dust removal with compressed air jet, was sufficient.
In most cases, more specific actions were necessary for
data recovery and cleaning, restoring, and removing
products used in past interventions. In each phase of
work, curators, researchers and technical staff worked as
an integrated team discussing and evaluating interventions
to be performed, and their results. In particular, we seek
to preserve possible sources of genetic data and avoided
the use of potentially harmful substances to skin, hair and
feathers, as well as to genetic material. To remove dirt
we used, whenever possible, coconut soap and alcohol,
in place of other products recommended in the literature,
such as trichloroethylene, bleach and acetone, which allow
faster work, but may cause damage to protein and DNA.
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Figure 5. Ateles paniscus without number, the face of the specimen was painted several times in different periods. a - the
thickness of the paint masks the original features; b - the same specimen after the removal of paint.

Table 1. Description of specimens treated for the three
exhibition rooms of the National Museum.

Skin Aves 56
Mammalia 45

Skeleton Aves 8
Mammalia 29

Total 138

Such products in general have been used only in particular
cases, as for the bird Casmerodius albus (MN 44662) to
recover the natural white of its feathers.

In many cases, due to the various displacements of the
specimens, it was necessary to reconstruct the anatomical
parts that are most exposed to impact. Some parts, such
as nails, fingers or teeth, had been lost. These were
reconstructed with gypsum or epoxy resin paste. Other
parts were broken, such as feet, legs, tails and ears. Feet,
legs and tail were repositioned with new metal supports
when necessary, and sew or glued with vinyl glue. Ears were
reconstructed as proposed by Lotti and Barbagli (2008).
For almost all specimens it was necessary to reestablish
the natural color patterns of nails and noses and in some
cases completely remove the paint applied throughout
the body, as in the case of the specimens belonging to the
family Dasypodidae, which had been colored without due
care in a previous intervention.

To preserve the color of hair, skin and the genetic
material of the specimens exposed, specific filters were

964

applied to the fluorescent lamps in the cabinets designed
to house the specimens, to limit the effect of ultraviolet
ray emission.

The experience team in restoration activities at the
Museu Nacional in 2011 allowed our staff to evaluate
minimum standards of operating procedures for restoring
biological collections of vertebrates. This procedure
required that for each proposed technique and material,
the following items should be considered: the historical
and scientific value of the specimen, reversibility of the
procedure, aesthetic effects, possible negative effects on
future genetic and morphological analyzes, long-term
effects and financial costs. Only after the evaluation off
all items it can be decided if the technique and/or material
is appropriate to perform the specific intervention.
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