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Abstract 
 

The Basilica Santa María la Antigua Cathedral in Panama is an architectural jewel in the 

Republic of Panama. The current building was built in 1792 and consecrated in 1796. 

This study aims to identify the woody plant species that constitute part of the interior of 

the Cathedral and of a sculpture that was exhibited for many years on the façade. Five 

wood samples were anatomically described using transverse, longitudinal tangential and 

longitudinal radial sections cut with a microtome following standard histological 

techniques. These sections were examined, described, and compared with photographs 

and anatomical descriptions available on the Insidewood database. Anatomical features 

of the wood samples from the rear of the altarpiece coincide with those of the genus 

Swietenia (Meliaceae) and the sample from the sculpture matches the anatomical 

features of the genus Handroanthus (Bignoniaceae).   
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1. Introduction 

 

The Metropolitan Basilica Cathedral Santa María La Antigua is the seat of 

the Catholic Archdiocese of Panama, located in the San Felipe district of 

Panama City, known as Casco Antiguo, a UNESCO World Heritage site [E. 

Tejeira-Davis, El Casco Antiguo de Panamá, Biblioteca Digital de Panamá, 

2000, http://bdigital.binal.ac.pa/BVIC/menudecontenidos.php]. The current 

building was finished by 1792 and was consecrated in 1796. In 1943 it was 
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declared a national monument by Panama [1]. A recent restoration of this 

architectural jewel began in 2016 and was completed in 2018 [2]. The Cathedral 

altarpiece or reredos and the sculptures are made of wood. Currently, there are 

no records of dates or place of construction nor the carving artist, installation or 

any detail of the altarpiece and sculptures; the building previously caught fire 

and any documents were lost [1]. Work was probably completed during the 

bishopric of Manuel Joaquín González de Acuña Sanz Merino (1798-1813), 

during which the first paint and 23-karat yellow gold foils were added. The 

actual altar has undergone several interventions (SL, personal observation.). The 

first major intervention on the altarpiece was carried out between 1871 and 1875 

[3; J. Blanco, personal communication, 2018].  

The altarpiece is 21m height and 9m wide; at the rear it is reminiscent of a 

ship’s hull and is held with support beams. At a macroscopic view, the structure 

of the altar is not homogeneous, artisanal and industrial tables can be 

recognized, which indicates that it has been modified over time. The rear of the 

altarpiece was heavily affected by past fires and termites, which was not visible 

from the outside. It is not known which woody plant species were used on 

previous restorations. Based on prior determination by artisanal woodworkers, it 

was tentatively believed that the altarpiece was made of cedar (Cedrela odorata 

L., Meliaceae), cedar wood was used to replace the affected wood. During the 

Dalmática Consevação e Restauro works, tie rods were added to strengthen the 

altar structure. The upper part was in better state of conservation than the lower 

part, so it was repaired according to its needs. Ochroma pyramidale (Cav. ex 

Lam.) and Urb. (Malvaceae) (balsa), was used to consolidate large cracks, while 

in others, resins or a paste of dust and glue were used. Thick layers of dust, 

smoke, dirt, and poor-quality re-painting of up to eight layers and glitter were 

removed from the altarpiece and then painted to give the appearance of marble. 

The oil painting image at the centre was also restored. The sculptures were worn 

and affected by saline breeze, rain, humidity and bird faeces. All sculptures were 

replaced by stone sculptures and the originals are now exhibited in another 

church in Casco Antiguo. The sculptures appear to have been carved from a 

single woody plant species. Only Saint Andrew’s sculpture could be analysed 

because it already had splinters; the others could not be macroscopically nor 

microscopically evaluated. The faithful claim that all sculptures were made with 

Handroanthus guayacan (Seem.) S.O. Grose, known locally as ‘guayacan’.  

This study includes anatomical description of hardwood to determine their 

identity using morpho-anatomical features. Morpho-anatomical studies of wood 

alongside historical and environmental records are valuable to determine the 

state, dating, conservation and restoration required [4, 5]. In addition, these 

studies provide information on the artistic technique used, materials, 

chronological aspects and its great utility in studies of ecological restoration on 

certain sites, since it can provide clues about the floristic composition of the past 

[6, 7]. 
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2. Material and methods 
 

On June 2019, wood samples were extracted from three different parts of 

the altarpiece, sampling  wooden panels spanning a  period of reconstructions 

(Figure 1A, E), from a swan-shaped ornament which maintained the original 

blue background layer and the first layer of gold foil (Figure 1B), and from a 

splinter of the sculpture representing Saint Andrew the Apostle (Figure 1D). 

These small samples obtained from the altarpiece were taken from areas allowed 

by the restoration workers, in order not to alter the artwork.  

 
 

 
 

Figure 1. A) the Metropolitan Basilica Cathedral Santa María La Antigua altarpiece. 

Arrows point to the areas where samples were taken on top of each door (photographed 

by Daniel E. Sánchez; B) (1) swan-shaped ornament with gold foil layer, (2) blue 

background layer, (3) rear of the swan-shaped ornament where the wood sample was 

removed; C-D) Cathedral’s façade, where all wood-carved sculptures can be viewed. 

The arrow points to the Saint Andrew Apostle sculpture (D), (photographed by Daniel E. 

Sánchez); E) front view of a panel from which another sample was taken. 
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The samples were taken from accessible, not previously replaced, or 

restored areas in an effort to identify the original woody plant species from 

which the altar was built. Due to their condition, the swan-shaped ornament and 

part of the decorative panel of the altarpiece were discarded by the restorers, 

who considered them appropriate for analysis because they were part of 

homogeneous areas of the altar. Wood blocks of 2 cm
3
 were extracted with razor 

blades, chisels, spatulas, and prospector picks for sectioning. The studied 

material was extracted from the rear of each area. Radial chips were removed 

from each block of wood for maceration. 

 

2.1. Sample preparation and analysis 

 

The samples were soaked in mineral oil, softened in boiling water, cut into 

thin sections (18-30 µm) with a Leica CM 1860 cryostat and stained with 1% 

aqueous solution of safranin and aniline blue in alcohol as contrast stain 

according to Tardiff & Conciatori [8]. Wood was macerated using the Jeffrey 

technique [9]. Woods were measured and described using the IAWA List of 

Features for Hardwood Identification [10, 11]. After macro- and micro-

scopically identifying four samples as the same species, the following 

measurements and counts were made from the material prepared from two 

blocks: percentage of solitary from the altarpiece and sculpture samples, so all 

visible vessels in ten different fields were counted using the magnifications of 4x 

and 10x, respectively. Tangential diameter of 25 vessels, length, lumen, and wall 

thickening of 25 fibres, rays per millimetre (ten counts) and height of 25 rays 

and horizontal diameter of 25 pits. Measurements were made with Image J 1.46r. 

Woods were compared with available descriptions and images by Richter & 

Dallwitz [H.G Richter, M.J. Dallwitz, Commercial timbers: descriptions, 

illustrations, identification, and information retrieval, 2000, 

25.06.2009, http://delta-intkey.com, accessed on 25.05.2019] and the 

InsideWood Database [12; InsideWood, 2004 onwards, http://insidewood. 

lib.ncsu.edu/search, accessed on 9.07.2019]. General characteristics of colour, 

odour, flavour, grain, texture, and hardness were determined according to the 

criteria of COPANT [13]. Wood colour classification was determined using 

Munsell’s colour table [14]. Images of macroscopic features were captured with 

a Leica EZ4D stereo microscope. Microscopic features were captured with a 

Nikon DS-Ri1 camera mounted on a Nikon Eclipse E 600 microscope, and a 

Zeiss Evo 40 scanning electron microscope (SEM) on uncoated samples. 

 

3. Results  

 

The samples from the rear of the altarpiece and the swan-shaped ornament 

match the anatomical characteristics of the genus Swietenia Jacq. (mahogany), 

Meliaceae (Figure 2). The wood from the sculpture of the apostle Saint Andrew 

matches the anatomical characters of the genus Handroanthus Mattos, 

Bignoniaceae (Figure 2). 
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Figure 2. Macroscopic features of the altarpiece sample (A, C, E) and the sculpture 

sample (B, D, F): A) transverse sections (TS), vessel arrangement of Swietenia sp. and 

the white deposit covering some vessels; B) TS, lapachol deposits in Handroanthus sp.; 

C, D) tangential longitudinal section (TLS), storied rays (sr); E, F) radial longitudinal 

section (RLS). Scale bar A, B, D, F = 0.5 mm; C, E = 1 mm. 
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3.1. General features of the altarpiece and sculpture wood samples 

 

Swietenia sp. wood has distinct growth ring boundaries. In dry condition, 

heartwood is dark reddish brown (5YR 3/4). Odour and taste are indistinct or 

absent. Golden luster, straight to interlocked grain and medium texture present. 

Wood is moderately heavy and hard. Handroanthus sp. wood has growth ring 

boundaries distinct, indistinct or absent. In dry condition heartwood is brown 

(7.5 YR 5/6). Odour and taste are indistinct or absent. Medium luster, straight to 

interlocked grain and fine texture present. Wood is heavy and hard. 

 

3.2. Macroscopic features of the altarpiece and sculpture wood samples 

 

Swietenia sp. has distinct growth rings, defined by marginal parenchyma. 

Wood diffuse-porous present. Vessels are solitary and multiple short radials. 

Vessels and rays are visible to the unaided eye. Other deposits in heartwood 

vessels present (white covers) (Figure 2A, C). Handroanthus sp. has growth ring 

indistinct or absent. Wood is diffuse-porous with solitary vessels and short radial 

multiples. Vessels and rays are visible to the unaided eye. There are deposits in 

heartwood vessels (copious amount of a yellow compound) (Figure 2B, D). 

 

3.3. Microscopic features of the altarpiece and sculpture wood samples 

 

GROWTH RINGS: Swietenia sp. has diffuse-porous and growth ring 

boundaries marked by marginal parenchyma bands. Handroanthus sp. a diffuse-

porous wood with distinct, or indistinct or absent growth rings boundaries 

(Figure 3). VESSELS: vessels of Swietenia sp. and Handroanthus sp. are 

irregularly arranged in short multiples, commonly (2 to 4 vessels) radial rows. 

Swietenia sp. and Handroanthus sp. vessels have rounded outlines and both 

species present simple perforation plates. Mean tangential diameter of Swietenia 

sp. and Handroanthus sp. vessels lumina 100-200 µm (large) and 50-100 µm 

(medium), respectively (Figure 3, Table 1). Vessels per square millimetre range 

for both species is 5-20 mm
2
 (Figure 4A, B; Table 1).  

Both species have short mean vessel element lengths. Gums were found in 

both species (Figure 3); also, other deposits in heartwood vessels, a white 

substance covering Swietenia sp. vessels and a yellow compound known as 

‘lapachol’ in Handroanthus sp. vessels (Figure 2A). Swietenia sp. vessel 

elements were storied. INTERVESSEL PITS: Both species has alternate and 

polygonal intervessel pits. Mean diameters of Swietenia sp. intervessel pits are 

small and Handroanthus sp. intervessel pits are medium (Table 1). Their vessel-

ray pits have distinct borders and are similar to intervessel pits in size and shape. 

FIBERS: Swietenia sp. and Handroanthus sp. fibres have simple to minutely 

bordered pits. Swietenia sp. fibres are septate (Figure 4C), those of 

Handroanthus sp. are non-septate. 
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Table 1. Quantitative characteristics of the wood from the altarpiece and sculpture.  

Means are given with Standard deviations and range. Note: Freq. = frequency, 

Diam. = diameter, Len. = length, Wt. = wall thickness 

Features 
Variables/ 

Species 

Altarpiece Sculpture 

Swietenia sp. Jacq. Handroanthus sp. Mattos 

Vessels 

Freq. 

(v/mm
2
) 

(21.17 ± 1.83; 18-23) (17.2 ± 2.05; 15-19) 

Diam. 

(µm) 

(138. 37 ± 31.25; 81.43-

193.13) 

(78.74 ± 10.42; 58.74-

96.72) 

Pits 
Diam. 

(µm) 
(2. 19 ± 0.30; 1.69-2.67) (10.75 ± 0.79; 8.74-12.46) 

Ray 

Height 

(mm) 
(0.48 ± 0.10; 0.29-0.67) (0.35 ± 0.043; 0.24-0.41) 

Freq. 

(r/mm) 
(5.1 ± 0.99; 3-6) (6.5 ± 1.35; 5-9) 

Fibbers 

Lumen 

(µm) 
(14.23 ± 4.35; 7.91-24.58) (2.46 ± 1.16; 0.94-5.21) 

Wt. (µm) (2.13 ± 0.85; 0.86-4.09) (5.40 ± 1.52; 2.18-7.99) 

Len. (µm) 
(1,381.02 ± 193.57; 928.88-

1,765.1) 

(975.35 ± 91.57; 809.92-

1,161.39) 

 
 

 
 

Figure 3. TS of Swietenia sp. (altarpiece): A) and Handroanthus sp. (sculpture),  

B) showing vessel arrangement, diffuse- porous xylem, paratracheal axial parenchyma 

and parenchyma in marginal bands in both wood species. Scale bar A = 200µm, 

B = 100µm. 
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Figure 4. TS, TLS and RLS of the altarpiece (A, C, E) and sculpture (B, D, F):  

A) solitary vessels and short radial row (rr), axial parenchyma scanty paratracheal;  

B) vessel arrangement, axial parenchyma: scanty paratracheal (e), confluent (c), 

unilateral (u) and winged (w); C) rays storied, axial parenchyma cell/strand-length  

6 (-8) and septate fibres; D) rays storied, axial parenchyma cell/strand-length (2-3);  

E) Heterocellular ray’s composition, vessel simple perforation plate (sp) and gum 

deposits; F) Homocellular rays and gum deposits (gd) in vessels. Scale bar  

A, E = 500 µm; B, C, D, F = 100 µm. 
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Swietenia sp. fibres are thin-to thick-walled and Handroanthus sp. fibres 

are very thick-walled. Mean fibre lengths of both species range between 900-

1,600 µm (Table 1). AXIAL PARENCHYMA: Swietenia sp. and Handroanthus 

sp. wood presents diffuse parenchyma (Figure 4A). Swietenia sp. has scanty, 

vasicentric and marginal bands of axial parenchyma up to three cells wide 

(Figures 3 and 4A). Handroanthus sp., wood presents scanty, confluent, 

unilateral, winged-aliform, and marginal bands of axial parenchyma of two cells 

(Figures 3 and 4B). Swietenia sp. axial parenchyma cells are composed with 5 to 

8 cells (Figure 4C); Handroanthus sp. presents 2 to 3 cells (Figure 4D). RAYS: 

Swietenia sp. and Handroanthus sp. rays are multiseriate, 1 to 3 cells wide 

(Figure 4C, D). Swietenia sp. rays can be uniseriate and others 4(-5) cells wide 

(Figure 4C, D).  Mean frequency of Swietenia sp. and Handroanthus sp. 

rays/mm 4-12 (Table 1); both classified as small (Table 1). Rays are storied in 

both species (Figure 4C, D). Swietenia sp. rays are heterocellular, mostly with 

one row of square or upright cells or 2 to 4 marginal rows of square or upright 

cells (Figure 4E). Handroanthus sp. rays are homocelular, all procumbent 

(Figure 4F). MINERAL INCLUSIONS: Swietenia sp. has few prismatic 

crystals, located in axial parenchyma cells and upright or square ray cells. 

 

4. Discussion 

 

The woods from the altarpiece and the swan-shaped ornament match the 

anatomical wood features of the genus Swietenia spp. (mahogany) Meliaceae 

[15-17]. If the timbers used to build the altarpiece was extracted from 

Panamanian forests these samples could belong to Swietenia macrophylla King 

or S. mahagoni (L.) Jacq., an introduce and cultivated species [18]. Both timber 

species have been internationally used for decades and the wood of these species 

are unable to discriminated by wood anatomy [15, 19, 20]. Intra and inter-

species variation   between these species are not enough to separate them either 

[20]. The studied features coincide with several descriptions and Araya & Moya 

key [15, 16, 17, 21-25] and [R.H.M.J. Lemmens, Swietenia macrophylla King. 

Record from Protabase, in PROTA (Plant Resources of Tropical Africa), 2005, 

http://www.prota4u.org/search.asp, accessed on 21.10.20].  

These Swietenia spp. species are listed in CITES, S. macrophylla a high-

value timber species that is threatened in nature, nationally (critically 

endangered) and internationally (vulnerable) [MiAmbiente, Resolución N° DM-

0657-2016, 2016, https://www.gacetaoficial.gob.pa/pdf Temp/28187_A/Gaceta 

No_28187a_20161229.pdf, accessed on 21.05.2020; IUCN 2020, Swietenia 

macrophylla, The IUCN Red List of Threatened Species, https://www. 

iucnredlist.org/species/32293/9688025, 2020, accessed on 20.02.2020] and S. 

mahagoni, internationally (near threatened) [IUCN 2020, Swietenia mahagoni, 

The IUCN Red List of Threatened Species, https://dx.doi.org/10.2305/IUCN. 

UK.2020-1.RLTS.T32519A68104916.en, accessed on 21.10.2020]. During an 

earlier restoration of the altarpiece, artisanal workers used wood from a local 

cedar, Cedrela odorata L. (Meliaceae) (SL, personal observation). The wood of 

http://www.prota4u.org/search.asp
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C. odorata is easily distinguished from mahogany, as it is light and soft, and  

reddish brown to yellowish red when dry (5YR 6/6); it has no golden lustre; it is 

aromatic and has a bitter taste; and many distinctive microscopic traits as well 

[16, 22, 23, 26, 27]. 

The wood from the sculpture of Saint Andrew the Apostle on the façade 

of the Cathedral match anatomical features of the Bignoniaceae family [28-30]. 

The sculpture of Saint Andrew was the only one with splinters that we could 

sample, so we do not know if the sculptures of the other Apostles were carved 

from the same wood. There are no historical records on the production of these 

artworks. More precise identification of the source of the wood requires broader 

comparative studies of related taxa of trees. The wood anatomy of the family 

Bignoniaceae has been extensively studied, since several species are of great 

commercial value, such as ‘roble’ (Tabebuia spp.) and Handroanthus spp. [31, 

32]. The tropical tree genus Handroanthus is related to Roseodendron Miranda 

and Tabebuia Gomes ex DC., based on molecular, anatomical, and chemical 

features [31-35]. Based on microscopic features of wood anatomy the genus 

Handroanthus is distinguished by its dense, dark coloured, hard, and heavy 

wood, with a yellow substance called ‘lapachol’ (naphthoquinone) obstructing 

the vessels of the heartwood and other features [31-39]. 

Since there are no records about the sculptures, we are assuming that the 

timber used to carve the San Andrew sculpture was extracted from Panamanian 

forests. Species of Handroanthus reported in the flora of Panama are H. 

chrysanthus (Jacq.) S.O. Grose, H. guayacan (Seem.) S.O. Grose, H. 

impetiginosus (Mart. ex DC.) Mattos, H. ochraceus (Cham.) Mattos and the 

introduced and cultivated species H. heterophylla (DC.) Britton [18, 40]. Wood 

anatomies of H. chrysanthus, H. impetiginosus and H. ochraceus are overall 

similar [36], but differ in some qualitative and quantitative traits [23, 37, 41], 

including colour, growth rings and cell size [23, 27, 33, 36, 37, 38, 41-46]. The 

analysed wood sample shares features of one species but not all of them, and so 

we cannot determine the species identification with accuracy. The wood is 

similar to H. guayacan wood in its reddish yellow or olive-brown colour and the 

density, shape and distribution of parenchyma cells, except the parenchyma 

bands are not more than three cells width [27, 46]. Wood traits vary among 

individuals, and in different climatic and bio-geographical regions [41, 43]. 

 

5. Conclusions 
 

Wood samples collected from the rear of the original altarpiece and the 

swan-shaped ornament correspond to the anatomical wood features of the genus 

Swietenia. The wood sample extracted from the sculpture of Saint Andrew the 

Apostle matches the anatomical wood features of the Bignoniaceae family, 

specifically those of the genus Handroanthus, as it is a dense, hard, dark-

coloured wood and abundant lapachol (naphthoquinone) compound into the 

vessels. A specific taxonomic identification is indeterminate because the wood 

anatomical features of Handroanthus and Swietenia species are very similar 
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between their species, and there is no information on the origin of these woods. 

This research contributes to our scientific knowledge of the Cathedral and shows 

the importance of this knowledge in maintaining our cultural heritage. Woods 

differ in their physical and mechanical properties. Knowledge of which species 

are used in constructing our architectural gems have implications for 

understanding the effect of weather on them, and any maintenance or repairs of 

wooden pieces that will be needed in the future. This long-term necessity calls 

attention to the need for us to be better custodians of our natural and managed 

resources. 

 

Acknowledgements 

 

We thank the Conservation and Restoration team from Dalmática 

represented by Sofía Lobo, and the staff of the Comité Arquidiocesano Amigos 

Iglesias Casco Antiguo (CAICA), for their interest and contributions through 

this research. Félix Rodríguez and Jorge Ceballos from the Smithsonian Tropical 

Research Institute (STRI) for their assistance with sample cutting and extraction 

and (SEM) photographs. Orlando O. Ortíz and Brett T. Wolfe for their relevant 

comments and valuable suggestions, which helped improve the manuscript. 

Daniel E. Sánchez for allowing use of his amazing photographs with which he 

celebrates the beauty of Panama, its people, and customs. Cristina Garibaldi and 

the laboratory of Ecology and Tropical Wood of the Institute of Environmental 

Sciences and Biodiversity of the Universidad de Panamá (LABICAB-UP) for 

allowing the use of the xylotheque. General research funds from STRI to WTW 

helped support this research. The first author is grateful to the internship 

programs of STRI and the Secretaría Nacional de Ciencia, Tecnología e 

Innovación (SENACYT) in Panama, which opened doors for this research. 

 

References 
 

[1] M.L. Vidal, La Catedral de Panamá, Edición Fundación del Rosario, Buenos 

Aires, 1992, 71. 

[2] W. Tribaldos, Memoria Comité Amigos Casco Antiguo (2013-2016), KDP 

Publishing, Panamá, 2016, 36. 

[3] P. Galgani-Barraza, J.E. Moreno, S. Lobo, W. Tribaldos, D.W. Roubik and W.T. 

Wcislo, J. Hymenopt. Res., 74(1) (2019) 65-81. 

[4] M. Bernabei and J. Bontadi, J. Cult. Herit., 13(4) (2012) e54-e60. 

[5] A. Lo Monaco, C. Giagnacovo, C. Falcucci and C. Pelosi, Eur. J. Sci. Theol., 11(2) 

(2015) 73-84. 

[6] F. Bongers, A. Wassie, F.J. Sterck, T. Bekele and D. Teketay, Journal of the 

Drylands, 1(1) (2006) 35-44. 

[7] A. Wassie, F.J. Sterck, D. Teketay and F. Bongers, Forest Ecol. Manag., 257(3) 

(2009) 765-772. 

[8] J.C. Tardif and F. Conciatori, Microscopic examination of wood: sample 

preparation and techniques for light microscopy, in Plant Microtechniques and 

Protocols, Springer, Cham, 2015, 373-415. 



 

Harwood et al/European Journal of Science and Theology 17 (2021), 2, 137-149 

 

  

148 

 

[9] E.C. Jeffrey, The Anatomy of Woody Plants, vol. III, The University of Chicago, 

Chicago, 1917, 478. 

[10] IAWA Committee, IAWA J., 10(3) (1989) 219-332. 

[11] E.A. Wheeler, IAWA J., 7(1) (1986) 73-74. 

[12] E.A. Wheeler, IAWA J., 32(2) (2011) 199-211. 

[13] ***, Descripción macroscópica, microscópica y general de la madera, vol. 30, 

COPANT (Comisión Panamericana de Normas Técnica, BR), Sao Paulo, 1973, 1-

19. 

[14] ***, Munsell Soil Color Charts, Revised Washable Edition, New Windsor, New 

York, 2000, 10. 

[15] A.J. Panshin, Am. J. Bot., 20(10) (1933) 638-668. 

[16] D.K. Kribs, Am. J. Bot., 17(8) (1930) 724-738.  

[17] A.C. Wiedenhoeft, Identificación de las especies maderables de Centroamérica, 

Forest Products Society, Madison, 2011, 144-146. 

[18] M.D. Correa, C. Galdames and M.S. Stapf, Catálogo de las plantas vasculares de 

Panamá, Novo Art., Universidad de Panamá, 2004, 599. 

[19] J. Grogan and P. Barreto, Conserv. Biol., 19(3) (2005) 973-976. 

[20] T. He, J. Marco, R. Soares, Y. Yin and A.C. Wiedenhoeft, Forests, 11(1) (2020) 36. 

[21] R. Carreras, A. Cuza, L.R. González and J. Teruel, Árboles y Maderas de Baracoa, 

Cuba, Publicat Tafaner, Tarragona, 2012, 98-99. 

[22] R. Moya, M.C. Wiemann and C. Olivares, Rev. Biol. Trop., 61(3) (2013) 1113-

1156. 

[23] W.J. León, Pittieria, PE1 (2014) 66. 

[24] W.J. León, Pittieria, 39(1) (2015) 107-169. 

[25] M. Araya-Montero and R. Moya-Roque, Revista Forestal Mesoamericana Kurú, 

10(24) (2013) 2215-2504. 

[26] E. Arnáez and E. Flores, Rev. Biol. Trop., 36(1) (1988) 67-73.  

[27] R. López-Camacho, N.E. Pulido-Rodríguez, R.O. González-Martínez, J.E. Nieto 

Vargas and M.Y. Vásquez, Maderas. Especies comercializadas en el territorio 

CAR: Guía para su identificación, Corporación Autónoma Regional de 

Cundinamarca-CAR, Colombia, 2014, 63. 

[28] S.J. Record and R.W. Hess, Timbers of the new world, Yale University Press, New 

Haven, 1949, 640. 

[29] C.R. Metcalfe and L. Chalk, Anatomy of the dicotyledons, vol. I, Oxford University 

Press, Oxford, 1950, 297. 

[30] M.R. Pace and V. Angyalossy, Int. J. Plant Sci., 174(7) (2013) 1014-1048.  

[31] S.O. Grose and R.G. Olmstead, Syst. Bot., 32(3) (2007b) 660-670.  

[32] S.O. Grose and R.G. Olmstead, Syst. Bot., 32(3) (2007a) 650-659.  

[33] S. Rodríguez dos Santos, Balduinia, 58(2) (2017b) 10-24.  

[34] R.G. Olmstead, M.L. Zjhra, L.G. Lohmann, S.O. Grose and A.J. Eckert, Am. J. 

Bot., 96(9) (2009) 1731-1743. 

[35] V. Samudio dos Santos, F.A. Macedo, J.S. Do Vale, D.B. Silva and C.A. Carollo, 

Metabolomics, 13(6) (2017a) 72.  

[36] G. Dos Santos and R.B. Miller, The New York Botanical Garden, 25(2) (1992) 

336-358. 

[37] W.J. León, Acta Botánica Venezuélica, 30(2) (2007) 361-384. 

[38] M.R. Pace, L.G. Lohmann, R.G. Olmstead and V. Angyalossy, Plant Syst. 

Evol., 301(3) (2015) 967-995.  

[39] M.A. Zapater, L.M. Califano, E.M. Del Castillo, M.A. Quiroga and E.C. Lozano, 

Darwiniana, 47(1) (2009) 185-220. 

http://oaji.net/journal-detail.html?number=6813
https://www.jstor.org/journal/actabotavene


 
Wood identification of the altarpiece and a sculpture  

 

  

149 

 

[40] R.E. Woodson, R.W. Schery and A.H. Gentry, Ann. Mo. Bot. Gard., 60(3) (1973) 

781-977.  

[41] S. Agila, A. Burneo, L. Narváez and D. Pucha-Cofrep, Bosques Latitud Cero, 8(2) 

(2018) 1-15. 

[42] P. Gasson and D.R. Dobbins, IAWA J., 12(4) (1991) 389-417. 

[43] E.S. Alves and V. Angyalossy-Alfonso, IAWA J., 21(1) (2000) 3-30.  

[44] T.T. Trevizor, Compared wood anatomy of 64 naturally occurring tree species in 

the Amazon rainforest in the state of Pará, University of São Paulo, São Paulo, 

2011, 217. 

[45] C. Pereira, Distribution patterns of meso-scale tree-shrub plants in the Pantanal of 

Mato Grosso, Universidade de Brasília, Brasília, 2013, 117. 

[46] Y.C. Yajure, Pittieria, 38(1) (2014) 121-134. 

 


