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ABSTRACT 
 

This paper describes the conservation treatment of the fossil remnants of fifteen connected caudal vertebrae from a large 
Megatherium sp. These remnants had already been treated at the beginning of the 20th century, when important additions 
were added that hid the original bones. The different vertebrae had been mounted over a metal bar that went through 
metal plates, which were inserted in the neural arches; they had been fixed with plaster and other types of glue. Cracks 
had appeared along the whole structure in each of the pieces and, most often, they presented the same pattern. The 
radiological analysis proved that fractures had been caused by the oxidation of the metallic elements that had been 
inserted during the previous treatment. With our intervention we have stabilized the fossil material, rediscovered the 
historical reinstatements by eliminating invasive procedures, and maintained the historic mounting by introducing small 
changes that improve the conservation of the specimen. With all that we have achieved a balance between the historical, 
scientific and educational dimensions of the specimen. 
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RESUMO [in Portuguese] 

 
A intervenção realizada no inicio do século XX de 15 vértebras caudais em conexão pertencente a um grande megatério, 
apresentava uma montagem de importantes reintegrações que se sobrepunham e escondiam ao osso original. As 
diferentes vértebras estão montadas sobre uma barra de metal que passa através de seus arcos neurais, a maioria deles 
modificados com umas placas metálicas inseridas e sujeitas com gesso Observou-se que cada um dos elementos 
apresentava um sistema de fraturas, geralmente com o mesmo padrão ao longo da sua estrutura. A análise radiológica 
mostrou que as fraturas haviam ocorrido por causa de elementos metálicos inseridos no interior dos processos 
espinhosos, que afetavam e ocasionalmente o corpo vertebral, o que favoreceu o avanço da deterioração. Com a nossa 
intervenção temos estabilizado o material fóssil, temos redescoberto as reintegrações históricas eliminando intervenções 
invasivas, e temos mantido a montagem histórica introduzindo pequenas variações que melhoram a conservação do 
exemplar. Deste modo, temos chegado num equilibro entre a dimensão histórica, científica e didática do exemplar.  
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INTRODUCTION AND ANTECEDENTS 

The Paleontological Collection Rodrigo Botet is, 

probably, the most important collection of 

South American mammal fossils in Europe. Its 

importance lies in its containing fossils of 

extinct animals that Darwin found in his famous 

voyage aboard the “Beagle”, which were 

fundamental in the development of his theory 

of evolution (Belinchón et al., 2009). 

The collection was brought to Valencia from 

Argentina at the end of the XIX century, and 

after many difficulties it was finally placed in 

the Almudín, a historical building in Valencia, 

Spain, where the Paleontological Museum was 

installed at that time. Among the valuable items 

that it contained, besides an almost complete 

specimen of Megatherium, was a tail of 

Megatherium sp., formed by 15 caudal 

vertebrae in anatomic connection. At the 

beginning of the 20th century, this tail had been 

mimetically reconstructed with plaster and 

mounted on a metallic structure, anchored to a 

wooden table, which kept the whole group 

erected thanks to a brace (Figure 1). 

At the end of the 1980’s, the Almudín was 

declared unsafe and the paleontological 

collection had to be moved to a new location, 

the Valencia’s City Council’s Exhibit Hall. Thanks 

to testimonies of the museum workers, we 

know that the emergency transportation of such 

specimen required an acrylic resin (the product 

and the quantity applied on the tail was not 

known, and the intervertebral spaces were later 

protected with cellulose packets since the 

vertebrae were not disassembled for their 

relocation (Figure 2).  

The tail remained in storage until 1993, when it 

was exhibited to the public for the "Rodrigo 

Botet and the science world between the two 

Republics" exhibition. For this occasion, the 

specimen was placed on a metallic base with a 

grid shape which permitted the removal of the 

former strip (or brace) that held the structure 

(Figure 3). The piece was exhibited there until it 

was relocated to the American Quaternarian 

Room in the Natural Science Museum in 1999 

(Figure 4). For this last showing, which was the 

only intervention carried out on the specimen 

that was properly documented; a conservation 

treatment action was carried on. It consisted on 

a consolidation intervention with the acrylic 

resin Paraloid® B72 dissolved in xylene. The 

smaller pieces were joined with a cyanoacrylate 

adhesive, and all gaps were chromatically 

reintegrated with water-based paint to 

differentiate real bone from artificial 

replacements (Salinas Jacques, 2001: p. 395; 

Figure 5). 

Figure 1 - Historical photographs taken in 1964 that shows the original state of the Megatherium's tail. 
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Figure 2 – Megatherium’s tail in the emergency 
transportation from the Almudín to the City Council. 

Figure 3 – Megatherium’s tail in the exhibition “Rodrigo 
Botet and the science world between the two republics” in 
1993. 

Figure 4 - American Quaternarian room in the Natural Science Museum in 1999. 
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Figure 5 - Megatherium’s tail preservation state in 2015, before our intervention. The tail after the 1999 intervention. 

AIM OF WORK 

At the end of 2014, the Museum of Natural 

Science was requested the loan of three 

emblematic specimens for the collection 

Rodrigo Botet, including the specimen that is 

the subject of this paper, to be part of the 

temporary exhibit “Se fueron con el viento: la 

sexta extinción” (“Gone with the wind: the sixth 

extinction”), in the Museo de la Evolución 

Humana de Burgos (Museum of Human 

Evolution in Burgos).  

For that event, our main objective was to 

ensure stability in the vertebral set for it to be 

moved. Therefore, the parts were to be studied 

and prepared so as not to suffer any damage 

during handling. We treated this specimen by 

giving priority to current tendencies and criteria 

in restoration. Consequently, we tried to 

uncover the historical interventions from the 

beginning of the 20th century that had been 

hidden by  the  layer  of  paint  applied in 1999.  Figure 6 - Diagram of the assembly's internal structure. 
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With this intervention, we tried to preserve and 

reveal the historical, didactic, and scientific 

character of the specimen. 

DIAGNOSTIC ANALYSIS AND 

PRESERVATION STATE 

Organoleptic study 

The vertebrae were mounted on a metallic 

structure consisting of a vertical rod where a 

metal bar, consisting of two sections which 

were joined by a screw, was secured (Figure 6). 

This metal bar had transverse perforations in 

which metal elements of different shapes were 

inserted and were used to hold the vertebrae 

(both ends were held to the metallic rack on the 

base with bolts and nuts). The vertebrae were 

held by a bar that goes through the neural 

arches with several metallic elements inserted 

into the holes of said bar (Figure 7). Besides, 

only five metallic elements hold the fifteen 

vertebrae (Figure 8). They were interspersed in 

the bar's length, so that five vertebrae were 

actually fixed to the bar preventing the other 

ones from moving. Some vertebrae were also 

exerting pressure against the others, as a 

consequence of the assembly system onto the 

metallic structure (Figure 9). 

The bar consisted of two parts in two halves 

(perhaps for ease of assembly): very likely, the 

most proximal vertebrae were inserted first, 

then the second section of the bar was screwed 

and the rest of the vertebrae were inserted. In 

addition, natural cork discs were used as a 

cushioning layer between each vertebra (Figure 

10). 

In the vertebrae, the neural canals were found 

to have been modified: the proximal vertebrae

Figure 7 - Limit or metallic brake to hold the vertebrae. 



Antón et al. 2016: RESTORATION OF A MEGATHERIUM SP. TAIL 

117 ●  Journal of Paleontological Techniques 

Figure 8 - Breakdown of the Megatherium’s tail mounting. 
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Figure 9 - "Squashing" effect of the vertebrae due to the 

assembly structure. 

Figure 10 - Natural cork discs between vertebrae. 

included the insertion of metallic sheets with 

plaster (Figure 11); the distal ones, however, 

had their canals sawed in order to make it 

wider (Figure 12); in other cases eye bolts had 

been inserted into vertebrae without a neural 

canal (Figure 13). 

The most proximal vertebrae (vertebrae 1 to 7) 

had their neural canals altered with corroded 

metal sheets inserted into them. The iron oxide 

had moved into the bone and the historical 

reintegrations. The most distal vertebrae 

(vertebrae 7 to 11) that had the neural canal 

drilled had suffered damage due to the metal 

abrasion over them. The last vertebrae 

(vertebrae 12 to 15) with metallic elements 

inserted for the assembly in the metallic 

structure had cracked around the drilling areas. 

We found fragments detached by the alteration 

of some of the adhesives used in 1999 such as 

cellulose nitrate (Figure 14), and other 

adhesives used previously, such as shellac and 

wax, which remained in a good state (Figure 

15). 

The 1999 paint layer hid both the historical 

restoration of the specimen and the large 

sections of the fossilized bone. This prevented 

the appropriate observation of the specimen. 

The plaster filler, or more specifically the way in 

which it was applied at the beginning of the 

20th century, produced a similar confusion 

concerning the interpretation of the specimen 

(Figure 16). 

The chevrons were hooked to the vertebrae 

with wires inserted into the osseous matter. 

Some had been treated with wax filler, and 

others included marks (like incisions and even 

drilling) which could be the result of assembling 

attempts from the original setup (Figure 17). 

Natural cork had been used on some spots of 

the vertebrae and the chevrons, damping the 

osseous elements of the tail and simulating non 

fossilized material: in the vertebrae they are 

placed in the front or rear centers of the
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Figure 11 - Application sample of metallic sheets in the 
neural arch of a proximal vertebra, 6th caudal.  

Figure 13 - Metallic hook in distal vertebra, 14th caudal 
vertebra.  

Figure 15 - Wax adhesive. Chevron linked to 10th caudal 

vertebra. 

Figure 12 - Canals sawed. Example of a drilled/ perforated 
canal, 12th caudal vertebra. 

Figure 14 - Fragments detached by the alteration of some of 
the adhesives used in 1999 such as cellulose nitrate, 9th 
caudal vertebra. 

Figure 16 - Initial condition of the vertebrae after 
disassembling (12th caudal vertebra). 
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vertebral bodies, or in both, simulating 

intervertebral discs (Figure 18); in the 

chevrons, they are placed over their face joints. 

Some vertebrae and chevrons showed marks 

suggesting that some cork elements were used 

and which have now been lost (Figure 19); 

while others do not show any trace of having 

had them.  

The cork elements that simulate the 

intervertebral discs had become brittle and 

somewhat abrasive on contact. In turn, this 

produced a loss of material in the bony areas of 

other vertebrae and in chevrons with which it 

was in contact. Furthermore, elements of cork 

that had been lost were causing some vertebrae 

and some chevrons to touch without any 

protection, triggering bone material losses. 

The metallic elements in the assembling 

structure, such as the caps of the vertebrae, 

produced alterations and loss of material in the 

vertebrae by means of direct contact (Figure 

20). 

Cracks on the 1999 paint layer and about 

massive presence of cracks in the osseous 

tissue were easily visible. More important were 

the cracks in the vertebrae, which formed a grid 

pattern (Figures 21, 22). 

Radiological study 

We can observe a system of cracks in the 

vertebrae. These appear to open up from the 

inside. In order to determine the cause of these 

cracks we carried out a radiological study of the 

osseous elements in the X-ray laboratory of the 

Departamento de Conservación y Restauración 

de la Universidad de Valencia. Through these 

radiographs we found out that in the inner side 

of the vertebrae some metal wires and rods 

were installed to join fragments together, and 

had filler applied over them. The wires used to 

hook the chevrons to the vertebrae bore into 

the osseous matter of the former, opening a 

system of cracks. The radiographs show that 

the metallic rods are not sufficiently corroded 

so as to put its balance in danger. However, the 

metal and the bone contract and expand at 

different rates, which produces a weakening of 

the osseous material due to stress in its internal 

structure. In addition, it was observed that 

under the plaster filler there was bone matter, 

although we did not know its actual condition 

(Figure 23). 

INTERVENTION PROPOSAL AND CRITERIA 

TO BE FOLLOWED  

The Megatherium’s tail preserved in the Museo 

de Ciencias Naturales de Valencia (Natural 

Science Museum of Valencia) was assembled 

around 1902 according to the principles and 

methods at the time. As it can be read in a 

report from 1903 (Boscá y Casanovas, 1903): “it 

must be noticed that in the restoration of the 

different pieces of the skeleton, two different 

procedures were executed. In one of them, filler 

and cork were used with great care, attempting 

to conceal the artificial parts”. This made 

reference to the usual reconstructions of that 

Figure 17 - Drilled chevron linked to 7th caudal vertebra. Figure 18 - Natural cork simulating non fossilized material, 2nd 
caudal vertebra.
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Figure 19 - Vertebrae which have now lost the cork elements, 7th caudal front view and rear view. 

Figure 20 - Loss of material due to direct contact with the metallic bar in the assembly structure in 8th caudal vertebra. 

time in museums all over the world. At that 

time, as the author explains, they tried to join 

the artificial fragments with the original ones in 

such a way that the former ones were 

undistinguishable by even the most expert 

observers. It was also common to use framing 

systems that would keep the ensembles erected 

in an anatomical position. This usually involved 

the drilling of the bones so that they could be 

reinforced by metal or wooden rods. 

These reinforcements accelerated their 

deterioration over time. However, the old 

interventions were somewhat effective in the 

case of our specimen, since today, after more 

than a century later, we can still see it as it was 

assembled in 1903: without having lost any 

essential part. Because of this, besides its being 

a fossil specimen of great scientific importance, 

the piece is also valuable, as it shows the 

methodologies of different times. It is like
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Figure 21 - Mapping of damage, initial condition of the vertebrae after disassembly, 3rd caudal vertebra. 

Figure 22 - Mapping of damage, initial condition of the vertebrae after disassembly, 11th caudal vertebra. 
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Figure 23 - X-rays. From left to right: 3rd caudal, 2nd caudal, chevron associated to 4th caudal, chevron associated to 2nd caudal. 

witnessing a live experiment on the evolution of 

heritage conservation technique and principles 

– both of which have become of age as time

passes. 

Not that long ago, the intervention criteria on 

specimens did not have much into account the 

principle of historicity of the object (Brandi, 

1977). However, we have considered the 

implicit values of old restorations, which permit 

a reflection on the evolution of conservation 

ethics along the 20th century. 

It is of paramount importance to carefully study 

the specimen in order to make the most 

appropriate decisions, especially given that, 

inevitably, some of the operations we could be 

carrying on were not reversible, despite our 

trying to avoid irreversibility in every process. 

The studies focused on the original historical 

assembly, on the condition of the specimen and 

on the materials used in the different 

conservation treatments. With the results of 

these studies, we made a more adequate plan 

for action. We have approached our work trying 

to respect previous interventions. We consider 

that the object of this paper is a living 

testimony of the paleontological and 

museographic activity from the 19th century. 

We accept that the first actions on the 

specimen would not be acceptable from 

contemporary ethical standard, as they do not 

abide by the principles of discernibility and of 

minimum intervention (Carrascosa Moliner, 

2009). It is of great interest for curators of 

paleontological collections to be able to analyze 

and study the evolution of materials, and to 

approach conservation problems with caution, 

resorting to restoration only when the case 

makes it necessary. 

With the support of previous research works, 

we assess the state of preservation of the 

piece, try to foresee its behavior in the future, 

and make decisions about the most appropriate 

conservation technique in order to get the 

maximum potential from the heritage object. 

But, how can we best do it? 

According to Muñoz Viñas (2004: p. 177), “the 

right restoration is the one that harmonizes, as 

much as possible, and gathers together the 

maximum number of approaches. A good 

restoration is the one that damages the least 

the smallest number of sensitivities, or the one 

that is more satisfying for more people. There is 

not a good restoration, but rather a good 

restoration of a particular object in a particular 

circumstance”. 
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Based on this idea, and considering the author’s 

recommendations, we aimed at fulfilling the 

different needs according to current directives 

on the intervention of patrimonial goods. This 

meant bringing the specimen into a new 

condition in which all its possible values (that 

“are not discriminatory but complementary”; 

Muñoz Viñas, 2004: p. 63), and all its functions 

are preserved as much as possible. It is about 

bringing together the possible meanings of the 

fossil (symbolic, didactic and scientific) by 

means of a dialogue between the old and the 

new. In order to achieve this historical dialogue, 

it was decided to take the bone back to its 

original condition, thus revealing the 

reconstruction and the assembly marks under 

the 1999 paint layer, making a discernible 

difference between the early 20th century 

intervention and the current one. Previous 

studies and analysis of the specimen have been 

decisive in order to plan the intervention and 

estimate its viability. For that purpose, we 

disassembled the tail. We made an organoleptic 

analysis, physical and mechanical cleaning 

tests, and a radiological study that served to 

diagnose the specimen's state. 

With the results obtained from the previous 

studies, it was proposed to remove the paint 

layer from 1999, which hid the historical 

reintegrations and the original bone.  

The plaster filler from 1902 would be partially 

removed in the places in which it hid the 

original bone, when such operation did not pose 

a risk for the piece. This would make it possible 

for the spectator to discern where the original 

bone ends and the reconstruction begins. The 

historical reconstructions would then be kept 

without changing its texture or color.  

Consolidation of the osseous elements would be 

essential to restore the mechanical resistance of 

the specimen and to ensure its durability over 

time. 

Mounting on the original media and parts would 

be maintained. All bracket metals present in the 

mounting would be cleaned, removing rust and, 

afterwards, will be protected against corrosion. 

The biggest factor of alteration in the group of 

vertebrae is the insertion of metallic elements 

and the tension produced by the squashing of 

some vertebrae against the others. We cannot 

remove the metal elements from within the 

vertebrae to assemble its parts because, on the 

one hand, they are part of its history, and on 

the other hand, it would rather entail damage 

to the fossil material than benefits or 

advantages. Nevertheless, it is possible to 

modify the assembly in the metallic bar in order 

to minimize the negative effects by the 

squashing, the direct contact between 

vertebrae and the pressure on the vertebrae 

that support another, without altering the 

original aspect at the end of the restoration. For 

that purpose, we inserted the caps, covered 

with silicone in order to minimize any friction, 

and the natural cork elements were replaced by 

an inorganic material.  

Our intervention intends to be a bridge between 

two shores, the 'real' and the 'added'. This 

intervention, therefore, leans both on theory 

and technique, on the tangible and intangible 

aspects of the object. In a technical sense, it is 

aimed at studying and physically preserving the 

specimen; in a theoretical sense, it establishes 

a connection between many of the historical 

values that can be part of a restoration and be 

transmitted through time. 

INTERVENTION PROCESS 

Disassembly of the vertebrae 

Fifteen caudal vertebrae were disassembled, 

after carefully preparing the room and 

gathering the tools and materials that would 

allow its safe dismantling. All the steps given 

during the disassembly were registered, in 

order to be able to reassemble it in the same 

sequence and in the same way keeping its 

historical configuration, in the future.  

Disassembly began from the distal part of the 

tail: the anchor that held the assembly to the 

base was removed, the vertebrae were 

removed one by one, collecting data from their 

position and their anchorages to the bar, when 

there were. In the middle of the bar (vertebra 

7) the union of the two sections of the bar can

be found; they were disunited and the process 

was carried on until the first vertebra (Figure 

24). 
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Figure 24 - Dismantling process of the tail. 

Cleaning and cleaning test 

The concealment of the historical imprints 

lessened the importance of the specimen and 

its historical and didactic dimensions, so that 

the first stage of our treatment was the 

removal of the paint layer. It was confirmed 

through cleaning tests that the paint applied in 

1999 was indeed a highly soluble in water 

gouache, while the reconstructions in plaster 

and pigmented in the early twentieth century 

were soluble in alcohol, but water stable. This 

greatly facilitated the removal of the 1999 paint 

without altering the historical reinstatements 

(Figure 25). 

For physical cleaning, unionized water applied 

locally and gradually with cotton swabs was 

used. Then, to avoid an excessive moisture 

supply in a weak fossil and the metal that it 

houses inside, this cleaning method was carried 

out in all skeletal elements in phases, 

respecting drying times to also minimize stress 

effects. 

As a result of the removal of the painting, the 

historical reintegrations and the areas where 

the plaster filler covered the bone were 

rediscovered, being the cause for accentuating 

the mimicry and preventing from knowing 

where the reconstruction ends and the fossil 

begins (Figure 26). 

Lineal markings and numerical inscriptions 

made in blue and red pencils respectively also 

appeared from the original assembly. It could 

be determined that the numbers written on the 

vertebrae corresponded to an assembling order, 

and not to an anatomical one (Figure 27). It 

was also clear that the line marks indicated the 

area in which the metallic rods were inserted 

into the vertebrae (Figure 28). 

In the second phase of cleaning, we removed 

the plaster filler that hid the bone, with a 

mechanical dry cleaning. This operation could 

delicately be performed by using scalpels and 

an ultrasound system (Figure 29), along with 

the help of magnifying glasses and pocket 

microscopes, and stopping the cleaning on the 

point where the filler had a structural or 

protective function (Figure 30). 
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Figure 25 - Cleaning and cleaning test, 1st caudal vertebra. 

Figure 27 - Pencil numbers. Numerical marks, 8th caudal 
vertebra. 

Figure 29 - Boundary process between the fossil bone and 
the historical reintegration, 5th caudal vertebra. 

Figure 26 - Detail of historical reintegration in 3rd caudal 
vertebra. 

Figure 28 - Example of lineal pencil marks in chevron linked 
to 10th caudal vertebra. 

Figure 30 - Vertebrae point where the filler had a structural 
function, 1st caudal vertebra. 
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Through this mechanical action, the filler was 

bevelled and then chromatically reintegrated. 

Therefore, the shadow of this bevel would allow 

the perimeter of the original bone to be 

distinguished from the historical 

reconstructions. The result of this operation was 

a subtle mark that allows us to know what part 

is a modern addition (Figure 31). 

Cork elements, which appeared on the 

vertebrae and chevrons as damping elements, 

were removed because they did not meet its 

original function and were causing erosion 

damage on the fossil material. The removal was 

mechanically done by using scalpels, locally 

dampening with water and removing the plaster 

that kept them attached to the fossil (Figure 

32). 

Corrosion 

Regarding the oxide stains that were found on 

the bones, these were not treated because it 

would have been dangerous for the 

preservation of the bone.  

The oxide was removed from all the metallic 

elements found in the specimen by immersing 

them in a 5% solution in water of acetic acid. 

Those who could not be submerged by its size 

or location were treated with the same solution 

but by Arbocel packages and Japanese paper. 

Later, a corrosion inhibitor (tannic acid in 

alcohol) applied with a brush and a protective 

film of Paraloid B64 (15% in alcohol) was 

applied with brush. 

Consolidation and adhesion 

In order to increase the mechanical resistance 

of the bone, a consolidation treatment was 

performed in two stages. In the first stage, an 

ethyl silicate was impregnated on the whole 

osseous compound. Ethyl silicate is a chemical 

strengthener that has proved useful in 

consolidating fossilized bones, because it 

regenerates the silicon bonds. In the second 

stage, we applied an acrylic resin (Paraloid® 

B72 at 20% with acetone) on specific spots 

where the surface of the bone was more

Figure 31 - Result of boundary process between the fossil 
bone and the historical reintegration. 1st caudal vertebra 

Figure 32 - Removal of the cork and the plaster which 
joined the vertebra. 
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Figure 33 - Example of some specific spots where the 
surface of the bone was consolidated.  

Figure 34 - Volumetric reintegration with plaster filler. 

Figure 35 - Final state of chevron associated to 4th caudal 
vertebra after the volumetric and chromatic reintegrations 

severely damaged, binding together the bone in 

a dusty state and protecting it from new 

abrasions (Figure 33). 

The detached fragments were joined with an 

acrylic resin (Paraloid B72 at 50% with 

acetone) after removing the nitrocellulose 

adhesive remains using cotton swabs 

dampened in acetone. 

Chromatic and volumetric reintegration 

Those areas that had lost material were coated 

with plaster filler (Figure 34). Then we 

chromatically reintegrated with water based 

colour (gouache) the bevels made in the 

mechanical cleaning stage, and also the filler 

applied on the areas with missing matter. This 

was done in order make it possible to discern 

the fossilized bone from the historical 

reintegration and the historical reintegration 

from our intervention (since the last one lacked 

any texture; Figures 35 and 36). 

Relocation and assembly 

The vertebrae were prepared for its transport 

and exhibition by wrapping them in 

conservation paper and blocking them with 

polyethylene, which protected them from 

vibrations – as is usually done for transporting 

fossils. 

A platform was built with the appropriate 

dimensions and resistance. On this platform the 

Megatherium's tail and its original support were 

mounted, with the crucial help of the records 

taken during its disassembly and the experience 

gained in assembly rehearsals in laboratory. 

Firstly, the vertical shank of the metal structure 

was mounted on a wooden base; this shank 

was joined to the proximal section of the metal 

bar, through which the more proximal 

vertebrae go (vertebrae 1-7). Then, the distal 

section of the metal bar was joined, whereby 

the remaining vertebrae were inserted 

(vertebrae 7-15; Figure 37). 

Throughout the intervention process, it has 

been tried to preserve the original assembly, 

keeping the design, but introducing corrective 
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Figure 36 - Final state of skeletal elements after the volumetric and chromatic reintegrations. From left to right: 2nd caudal and 
7th caudal vertebrae before and after our intervention.  

Figure 37 - Mounting process in the Museo de la Evolución 
Humana de Burgos (Human Evolution Museum, Burgos).  

Figure 38 - New limit insertion with a silicone lining. 

Figure 39 - Final state of the vertebral compound and 
exhibit in the Museo de la Evolución Humana de Burgos 
(Human Evolution Museum, Burgos). 
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measures to prevent the deterioration of the 

piece. The only modifications in the assembly 

were the insertion of new caps and hooks of the 

vertebrae to the bar, so that each vertebra 

would withstand its own weight. At the same 

time, this allowed an appropriate intervertebral 

separation that would prevent further 

alterations due to friction, which made the 

presence of new cork necessary. Furthermore, 

the bone was insulated from the metallic 

elements by covering the metal pieces with 

silicone tubes (Figure 38). Furthermore, silicone 

tubes were also placed lining the metal bar to 

isolate the most distal vertebrae, which had no 

metal plate in its neural arch, from metal 

(vertebrae 15-9). 

In the areas of direct contact between some 

skeletal elements, as between vertebra-chevron, 

small sections (strips) of natural skin were 

temporarily placed (Exposición temporal La 

Sexta extinción, Burgos) to prevent friction. For 

its permanent and definitive exhibition at the 

Museum of Natural Sciences in Valencia, this 

skin was replaced by silicone. To protect it from 

visitors, a four-walled display case without a roof 

was built, which would host the specimen once 

assembled. The assembled specimen was 

accompanied by a sculptured replica made of 

plaster, which derived from an original sculpture 

of the 19th century (Figure 39). This way, the 

fossil specimen can be admired by visitors from 

any point of view by walking around it, while it is 

protected from manipulations and accidental 

scratching from people passing nearby. In the 

same way, the alterations we introduced in the 

early 20th century assembly are not easily 

visible, but protect the specimen from the 

effects of vibrations and the 'squashing' of some 

vertebrae against the others (Figure 40). 

DISCUSSION AND RESULTS 

With this journey through time we have also 

pleasantly witnessed a valuable sample of past 

paleontological procedures, an intervention once 

praised and now questioned. This treatment was 

performed with some goals and motivations, but 

it nowadays evidences our evolving attitudes 

towards heritage. Specimens like this are, so to 

speak, a real-time experiment of the validity of 

our conservation procedures through time, and 

we could ask ourselves how our own 

intervention on the Megatherium will be 

questioned in the future. 

During the 20th century, conservation criteria 

have been changing. It is obvious that a 

hundred years ago conservators did not have 

the techniques or materials we nowadays have, 

nor did they have our long experience. However, 

in each historical moment there is a general 

agreement on what to do and how to do it. 

In the original assembly, we have observed a 

systematization of the preparation and assembly 

works, despite observing a rather random 

use  of   the  available   materials   and  tools; 

Figure 40 - Detail image showing 'squashing' in some vertebrae against the others before and after our intervention. 
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Figure 41 - Initial and final state of the Megatherium's tail. Rear view. 

Figure 42 - Initial and final state of the Megatherium's tail. Side view. 
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thus, many of the metal elements that were 

used as caps to keep the vertebrae fixed to the 

structure were different from each other, and in 

some cases the osseous elements were drilled 

for no apparent reason. However, all fifteen 

caudal vertebrae of a Megatherium’s tail have 

survived to our days, although drilled, with 

bolts inside, and hanging from a metal 

structure. It is evident that the insertion of rods 

to hold heavy fragments, which is still in use, is 

not the stable technique unless helped by other 

joining or holding devices that counteract these 

effects.  

In the same way, it opens a debate on the use 

of dense plaster fillings which are heavy when 

they harden, like the conventional ones based 

on calcium sulphate, which also weaken the 

material by means of transmission of salts and 

other substances. Cases like this encourage us 

to think of alternative exhibition and 

reintegration techniques, and push us to think 

in new techniques or tools to achieve methods 

that are reversible and fully harmless to the 

fossil. We must bear in mind that our 

intervention is done following some criteria, but 

will surely be judged with different criteria. 

Paradoxically, this change of criteria may mean 

an improvement as well as a pathology. We 

cannot forget the danger of deterioration of all 

those specimens that are almost forgotten in 

our collections, without considering what were 

their preventive conservation measures, 

maintenance and their eventual restoration. 

With this treatment we have achieved the 

stabilization of the material and the recovery of 

some historical interventions; we have gathered 

the scientific and museographic dimensions of 

the specimen with its historical one. In its 

present condition, the Megatherium’s tail now 

provides paleontological information, but also 

provides valuable insight on the conservation 

techniques at the beginning of the 20th century 

(Figure 41 and 42). 
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