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1. Introduction

In Limón, Costa Rica, Central America, there are buildings with historical value and 
distinctive structural and aesthetic characteristics which are differentiated from other 
typologies and styles used in the rest of the country. Costa Rican Caribbean architec-
ture is characterized by vernacular buildings based on models imported by the United 
Fruit Company with adaptations to the climate conditions of Limón [1]. Although there 
are similarities with other expressions developed in the Caribbean islands and coastal 
areas of some Central American countries, Costa Rican Caribbean architecture repre-
sents a unique case of adaptation to the context [2]. These representative features are 
part of the urban landscape of Limón city and are the cultural heritage and identity of 
this region, but very few of them have legal protection. Furthermore, since research in 
this area is limited, preservation initiatives need to be implemented to protect this valu-
able cultural and historical heritage. Limón is a city of port origins that was developed 
at the beginning of the 20th century. Its history is directly linked to the railroad and 
banana production because of the United Fruit Company enclave in this Caribbean 
region in Costa Rica [3]. The main city and the entire province of Limón are character-
ized by climatic conditions with predominantly high temperatures (21.8 - 29.7°C) and 
humidity (75.7 - 99.9%) [4]. Limón is also a coastal city, where many of the buildings 
were built on what was once marshland.

The original buildings representative of Costa Rican Caribbean architecture are rap-
idly disappearing as a result of biodeterioration, limited resources for building mainte-
nance, and poor recognition of their historical significance. The age of these buildings, 
their materiality, proximity to the Caribbean Sea, and constant exposure to high tem-
perature and humidity, make these buildings very susceptible to biodeterioration. Bio-
deterioration can be described as the process in which living organisms damage or 
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degrade organic substances or materials such as wood; this process is the result, 
mostly, of the growth and metabolic activity of microorganisms such as fungi and bac-
teria [5]. Wood is a common material used in Caribbean buildings due to its hardness, 
light weight, and availability [6], but its degradation is rapid in houses and buildings in 
the tropics. The objective of this research was to characterize biological agents respon-
sible for the biodeterioration in two heritage buildings identified as Costa Rican Carib-
bean architecture: the Casa Misionera de la Iglesia Bautista (the Missionary House of 
the Baptist Church) and the Antigua Capitanía de Puerto (the Former Port Captaincy), 
both of which are protected by the Law of Architectural Historical Heritage of Costa Rica 
(Law 7555 of the Republic of Costa Rica). This research included the architectural char-
acterization of the buildings, an inventory of existing buildings, identification of the areas 
with damage, isolation, and the molecular identification of possible biodeterioration 
agents (fungi), through a multidisciplinary approach. 

 
 
2.  Materials and Methods 

 
2.1.  Definition of the characteristics of Caribbean architecture 
 
The project focused on buildings located in the oldest sections of Limón City; the 

historical center and the neighborhood called Jamaica Town, which is considered the 
first extension of the city. 

The main characterization of Caribbean architecture was based on construction ma-
terials, and architectural and constructive elements described in the literature [1, 2, 7-
10, 11]. These criteria were used to identify the buildings to use for the preliminary 
phase of the study. A basic template of the characteristics was used to establish an 
initial list of buildings with a minimum number of architectural elements. The initial list 
included the geo-localization and photographic documentation of the buildings of inter-
est that were also used to create a map using the free and open-source software QGIS 
16.6 (GNU and OSGeo). Buildings were classified into four typologies based on the 
presence and clarity of the characteristics of Costa Rican Caribbean architecture in 
each building [7]. The following set of typologies was established: Type 1 (building not 
modified, minimally modified, and preserves most characteristics); Type 2 (building 
slightly modified and preserves many characteristics); Type 3 (greatly modified and 
preserves few characteristics); Type 4 (not eligible for the study, extremely modified 
and does not preserve any characteristics). Buildings that were not accessible or for 
which there was a lack of information, were considered “Unclassified”. 

Based on the typology, a more detailed description of the basic characteristics was 
conducted. Recurrent and new architectural elements were identified that had not been 
reported as common characteristics [12] and added to the profile. Additionally, we in-
cluded each characteristic in an eBook of Costa Rican Caribbean architecture, in which 
each of the elements identified was defined and illustrated [13].  

 
 
2.2.  Inventory of Costa Rican Caribbean architecture buildings 
 
Based on the typologies that showed more prominent characteristics of Costa Rican 

Caribbean architecture (Type 1 and 2) an inventory was elaborated to include registra-
tion code, location, coordinates, street name, and number/neighborhood name, mate-
rials, original and current use, building typology, identification of main architectonic and 
constructive elements, as well as a general assessment of the preservation state. Any 
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damage present in the building was also described. The elaboration of the inventory 
required the design of inventory tabs for the compilation of field data including photo-
graphic documentation. A database on Excel (Microsoft, USA) was elaborated using all 
the information in the inventory tabs. Each one of the buildings was designated with a 
code that denoted the block in which the structure is located (letter), typology (Type 1 
or 2), and the number of buildings in the block. The inventory tabs, the classification 
using typologies, data gathered on-site, and the database were constantly revised for 
accuracy and to refine the established inventory. 

 
2.3.  Multi-criteria evaluation 
 
A multi-criteria evaluation was conducted and is a method that enables the selection 

of specific decisions by taking into account a vast amount of information, relationships, 
and objectives, as explained by Munda [14 -15]. A first evaluation was developed with 
five criteria [16] to evaluate and select the buildings that better represent and preserve 
the characteristics of Caribbean architecture and are at a higher risk of deterioration 
due to the presence of biodegrading agents. After the demolition of some of the build-
ings during the development of this project, a review of the multicriteria evaluation was 
conducted and a sixth criterion was added to include the current use of the buildings 
(Table 1). Each one of these criteria was used to calculate a final score by adding the 
assigned percentages to each criterion. A point scale ranging from 0 to 4 was assigned 
(Table 1) to evaluate each criterion. 

 
Table 1. Criteria, percentage, and point scale used in the multi-criteria evaluation of the 23 build-
ings inventoried in Limón City, Costa Rica. 

 

Criteria Percentage 
(%) 

Point scale 

Presence and clarity of 
characteristics of the 
Caribbean architecture 
(Lc)   

30 Type 1: 2 points 
Type 2: 1 point 

Declaration of architec-
tural historical heritage 
(Law 7555) (Dp) 

10 Has declaration: 1 point 
Does not have declaration: 0 points 

Preservation condition 
(Ep) 

20 Bad condition (presents a lot of damage, 
deterioration, and many modifications to 
the structure): 3 points 
Regular (presents some damage, deteri-
oration and/or few modifications): 2 
points 
Good condition (presents little to no 
damage, deterioration, or modifications): 
1 point 
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Accessibility to the 
building (Da) 

20 Access approved to the interior of the 
building and availability to conduct re-
search work: 3 points 
Access to the interior of the building: 2 
points 
Access only to the exterior of the build-
ing: 1 point 

Current use (Ua) 
 

10 Abandoned (more vulnerable): 3 points 
Non compatible with original use: 2 
points 
Compatible with original use (less vul-
nerable): 1 point 
Demolished: 0 points  

Property status (Cp) 
 

10 Abandoned (more vulnerable): 4 points: 
For sale: 3 points 
Rented: 2 points 
Occupied by owner (less vulnerable): 1 
point 

 
To obtain the final score, the following formula was used: 
 

  (Eq. 1) 
 
Where: 
 
 Lc is the presence and clarity of characteristics of the Caribbean architecture 
 Dp is the declaration of architectural-historical heritage  
 Ep is the preservation condition  
 Da is the accessibility to the building 
 Ua is the current use  
 Cp is the property status 

 
Once all the scores were obtained, we prioritized the evaluation and sampling of the 

buildings with higher scores. 
 
 
2.4.  Damage documentation, sample collection, and microbial isolation 
 
From the inventory and the multi-criteria evaluation, two properties considered with 

higher architectural heritage were selected, the Antigua Capitanía de Puerto (AAA - 
Type 1 - 01) and the Casa Misionera Iglesia Bautista (W -Type 1 - 01). Visual observa-
tions of areas with aesthetic damage, such as the presence of holes or tunnels, dust, 
sawdust, cracks, and color changes were made and recorded. In addition, structural 
lesions including any softening of the wooden surfaces, presence of rot, molds, or other 
organisms were also noted.  A written record was made of the location of each identified 
lesion inside the building, as well as details present in the site regarding the presence 
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of vegetation, proximity to the Caribbean Sea, and climatic conditions such as temper-
ature and relative humidity; the information was recorded using data loggers (Testo 
174H, Instruments Testo S.A., Spain). Selected areas were sampled for isolation of 
potential microorganisms responsible for wood damage. Inside the properties of inter-
est, each wood segment with visible damage caused by microorganisms was cleaned 
using 70% ethanol. Two sampling methods were used: a) smaller samples between 0.1 
g and 1 g were taken by scraping the surface with a scalpel or, if possible, by taking a 
small piece of wood containing the damage, the sample was wrapped in sterile alumi-
num foil, and b) rubbing a sterile swab in the affected area where microbial growth was 
visible.  The collected samples were placed in a cooler until they were transferred to 
the Laboratory of Forest Pathology of the Forest Innovation Research Center at the 
Costa Rica Institute of Technology where they were stored at 4°C for further use. For 
the isolation in laboratory conditions, the wood samples were first disinfected with 1% 
sodium hypochlorite a. i. for 30 s, washed with 96% alcohol for 30 s, and finally with 
distilled water for 1 min [17]. Then, the wood pieces were placed on three different solid 
media to grow fungi present in the samples. Media included potato dextrose agar 
(PDA), Sabouraud dextrose agar (SDA), and nutrient agar (NA).  Then the plates were 
incubated at 25°C in the dark for 7 days. After 7 days, all colonies from each plate were 
transferred to obtain single colony cultures. Cultures were stored in 10% saline solution 
at room temperature and 50% glycerol solution at -20°C [18] for further use. 

 
 
2.5.  Molecular characterization 
 
A QIAGEN DNeasy Plant Kit (QIAGEN, Germany) was used for DNA extraction 

following the manufacturer's instructions. Polymerase chain reaction (PCR) was con-
ducted using a Promega PCR Master Premix (Promega, Wisconsin), a final reaction 
with MilliQ water, PCR master mix 2X (Promega M7502, Wisconsin), 5 μM forward pri-
mer ITS1F [19], and reverse primer ITS4 [20], BSA 1% and fungal DNA (40ng/μl) [21]. 
For negative controls, PCR water was used instead of the fungal DNA.  

For visualization of PCR products, an agarose gel was made of TAE X1. It was run 
in an electrophoresis chamber at 150 V for 45 min and then visualized with UV light. 
Samples that showed a strong band without contamination with limited smears were 
selected for sequencing. A second PCR was made for LSU, using the forward primer 
LR3 [22] and reverse primer LROR [22] to compare results and to better identify the 
fungal isolates. PCR products were sequenced using Sanger sequencing by GENEWIZ 
(South Plainfield, New Jersey).   

The same PCR primers (ITS and LSU) were used to obtain forward and reverse 
sequences. Sequences were trimmed and edited using Sequencher 4.0 (Genes Codes 
Corporation, Michigan) and compared via nucleotide blast with the NCBI and UNITE 
databases for both ITS and LSU sequences. For both programs parameters were E-
value 0, score higher than 700, query cover between 80% and 100%, and a percent 
identity higher than 95%. 

 
 
3.  Results 

 
3.1.  Definition of characteristics of Caribbean architecture 
 
Based on the bibliographic review [1, 2, 9-11], a basic profile of main Caribbean 

architectural characteristics was established [16]. The main features of these buildings 
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include the use of wood as the main construction material in external and internal struc-
tures. The presence of one or more of the following architectural elements was required 
to be included in the study: wooden or concrete piles, galleries, attics, socles, porticos, 
wooden rails, wooden grilles or petatillos, wide eaves, and similar structures in other 
areas separated from the roof, balconies, corridors and galleries, thermal control cham-
bers for insulation and skylights. Fieldwork was conducted in Limón City using the basic 
profile and a list of 101 buildings was established; each building was geo-localized (Fig-
ure 1). 

 

 
 

Figure 1. Location of buildings with Caribbean architectural characteristics in Limon City, Costa 
Rica. 

 
Characterization of the buildings started with the identification of the features de-

scribed in the basic profile, as well as the identification of the new common elements 
that were not previously reported in the literature.  

For example, buildings in the area presented structural systems, “balloon framing”, 
passive strategies for climate comfort, a variety of vibrant colors, and different spatial 
configurations. 

A classification based on typology was implemented for the initial list of buildings 
(101 in total) and buildings were classified using the information in the inventory from 
the text by Hernández-Salazar, I. et al including the newly identified characteristics and 
verified field data [7] resulting in 16 buildings in Type 1 category, 7 in Type 2, 37 in Type 
3 and 22 in Type 4 (Table 1, Figure 2A-D).  

Nineteen buildings were not considered due to lack of information or restricted ac-
cess to the properties and 11 buildings were listed as demolished following the owner's 
decision.  
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Figure 2. The basic facade of typical housing buildings of Costa Rican Caribbean architecture 
classified according to typology. A) Multi-family dwelling type 1 (TT - Type 1 - 01); B) Attached 
dwelling type 2 (P - Type 2 - 02); C) Two storey house with concrete base type 3 (JJ - Type 3 - 
01); D) Single family house with many modifications type 4 (I - Type 4 - 01). All buildings were 
located in Limón, Costa Rica. 

 
 
3.2.  Inventory of Caribbean architectural buildings  
 
Additional information was obtained for the 23 buildings classified as Type 1 and 

Type 2. Location, owners’ contact information, state of preservation, architectural, struc-
tural, and material characteristics were determined, as well as the main aesthetic and 
structural damage and possible degradation caused by biological agents or damage 
caused by the building's advanced age. In some cases, more than one visit was nec-
essary to verify the information gathered in the first visit, then the database was up-
dated. The inventory showed that most Type 1 and 2 buildings are in poor condition, 
putting at high-risk key elements of Limón city’s heritage. According to García-
Baltodano et al. [23], Limón City has a total of 22 declarations for buildings of heritage 
importance, of which only three are listed as Costa Rican Caribbean architecture, two 
of the three are still standing, while the other was lost due to a fire in 2016 (The Black 
Star Line). The two buildings of heritage importance were registered in this study inven-
tory as Type 1.  

 
 
3.3.  Multi-criteria evaluation 
 
Based on the information gathered in the inventory and the score assigned in the 

multi-criteria evaluation, an order of priority to select representative buildings of 
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Caribbean architecture and demonstrate the highest risk of deterioration and loss was 
developed (Table 2).  

 
Table 2. Order of priority based on the final score assigned in the multi-criteria evaluation of the 
23 buildings classified as Type 1 and Type 2 of Costa Rican Caribbean architecture present in 
Limón City, Costa Rica. 

 
Inventory 

Code Property Name Use Coordi-
nates Score Ranking 

W-Type1-01 “Casa Misionera de la 
Iglesia Bautista” 

Unoccupied 9.99554, 
-83.03121 

100.0 1 

FF-Type1-02 N/A Unoccupied 9.99364, 
-83.0319 

83.3 2 

AAA-Type1-01 “Antigua Capitanía de 
Puerto” 

Institutional 9.99319, 
-83.0253 

72.5 3 

A-Type1-01 “Antigua Casa Dr. Ar-
güello” 

Unoccupied 10.00117, 
-83.0309 

70.0 4 

MM-Type1-01 N/A Housing 9.99199, 
-83.03244 

65.0 5 

M-Type1-01 N/A Housing 9.99881, 
-83.02962 

62.5 6 

TT-Type1-03 N/A Unoccupied 9.99118, 
-83.03257 

60.0 7 

FF-Type1-01 N/A Housing 
 

9.99325, 
-83.03177 

58.3 8 

FF-Type1-03 N/A Housing and 
services 

9.99367, 
-83.03161 

58.3 9 

FF-Type1-04 N/A Housing and 
services 

9.99359, 
-83.03157 

58.3 10 

J-Type1-01 “Casa del Coco” Housing and 
commercial 

9.99763, 
-83.03236 

58.3 11 

L-Type1-01 N/A Demolished 9.99871, 
-83.03044 

58.3 12 

MM-Type1-02 N/A Housing 9.99215, 
-83.03249 

58.3 13 

TT-Type1-1 N/A Housing 9.99144, 
-83.03259 

56.7 14 

TT-Type1-2 N/A Demolished 9.99147, 
-83.0325 

56.7 15 

GG-Type2-01 N/A Unoccupied 9.99388, 
-83.03055 

51.7 16 

P-Type2-02 N/A Housing 9.99719, 
-83.03143 

50.0 17 

EE-Type1-01 N/A Housing 9.99307, 
-83.03274 

49.2 18 

SS'-Type2-01 “Casa Familia León” Housing 9.99123, 
-83.03386 

47.5 19 

FF-Type2-03 N/A Housing and 
services 

9.99325, 
-83.03177 

43.3 20 

P-Type2-01 N/A Housing 9.99675, 
-83.03119 

43.3 21 

TT-Type2-1 “Casa Garvey” Demolished 9.9913, 
-83.03263 

43.3 22 

B - Type 2 - 01 N/A Housing 10.00144, 
-83.02877 

36.7 23 
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According to the ranks obtained, buildings with scores higher than 60 (six buildings) 
were selected for additional sampling and analysis.  

Nonetheless, it was only possible to work with four of these buildings due to re-
stricted access to two of the properties. In this study, we focused on the two buildings 
with the highest heritage importance as mentioned above: Casa Misionera de la Iglesia 
Bautista (W-Type 1-01) and the Antigua Capitanía de Puerto (AAA-Type 1-01) which 
were ranked as first and third in priority, respectively.  

The Casa Misionera de la Iglesia Bautista (W - Type 1 - 01) belongs to the First 
Baptist Church in the province of Limón and was built in 1887; it was last restored in 
2001 and declared architectural heritage in 2002 (Decree No. 30232-C, La Gaceta No. 
65 - Thursday, April 4, 2002). Nowadays, the building is in poor condition and mainly 
used for storage, which further impacts its deterioration. The Antigua Capitanía de 
Puerto' (AAA - Type 1 - 01) was constructed in 1930.  

It was declared architectural heritage in 1995 (Decree No. 24366-C, La Gaceta No. 
121 — Monday, June 26, 1995). The building was last restored in 2014 and since then 
it has been used as a Cultural Center of the Municipality of Limón; despite its recent 
restoration, the building presents recurring deterioration that affects its overall preser-
vation state. 

 
 
3.4.  Damage documentation and identification of biological agents in the 

properties 
 
During the onsite visits, damage and tunnels made by insects, such as termites, 

were observed in both buildings (Casa Misionera and Antigua Capitanía). Nonetheless, 
it was not possible to find living insects for collection and identification, very likely rep-
resenting previous infestations. Insect damage was observed in the interior as well as 
in the exterior of the buildings. In the Casa Misionera de la Iglesia Bautista, 24 damaged 
areas showed signs of biological activity, 67% of which showed fungal growth or char-
acteristic deterioration caused by fungi and 33% by insects.  

Structural damage such as loss of material, change in color, and presence of veg-
etation was also observed (Figure 3A-D). In the Antigua Capitanía de Puerto, 14 areas 
with damage caused by biological agents were identified, 79% of the areas that showed 
visible damage were caused by fungi, and 21% were caused by insects. Aesthetic dam-
age such as a change in color and the presence of vegetation was also observed (Fig-
ure 4). In the Casa Misionera de la Iglesia Bautista a relative humidity of 87.4% and an 
average temperature of 25.5°C with a maximum of 32°C were recorded in one year. In 
the Antigua Capitanía de Puerto, an average of 25.7°C was recorded with a maximum 
of 34°C, and relative humidity of 87.34% was also recorded in one year. 

 
 
3.5.  Microorganism isolation 
 
From the samples of the areas showing damage, 36 fungi were isolated from both 

locations, 19 of the isolates were obtained from the Antigua Capitanía de Puerto and 
17 from the Casa Misionera de la Iglesia Bautista. Most isolates were obtained from the 
PDA medium (26 cultures) from both buildings including Trichoderma, Fusarium, and 
Penicillium. SDA medium isolates were dominated by the genus Penicillium.  

Using an NA medium, we were able to obtain a culture of Fusarium oxysporum from 
the “Antigua Capitanía de Puerto” and one of Penicillium citrinum from the Casa Mision-
era de la Iglesia Bautista.  
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Figure 3. Casa Misionera de la Iglesia Bautista (W - Type 1 - 01). A) Front view. B) Damage caused 
by insects (termites) (indicated with black circles). C) Damage caused by humidity and fungi (indi-
cated with a black circle). D) Presence of vegetation under the structure (indicated with a black 
circle). 

 

 
 

Figure 4. Antigua Capitanía de Puerto (AAA - Type 1 - 01). A) South and East view of the façade; 
B) Damage caused by insects (termites) (indicated with a black circle); C) Damage caused by 
humidity and fungi (indicated with a black circle). D) Presence of vegetation under the structure 
(indicated with a white circle). 
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The isolated fungi were stored in either a saline solution or glycerol solution in a 
fungal collection of the School of Forest Engineering of the Costa Rican Institute of 
Technology for preservation and further use. 

 
 
3.6.  Molecular characterization 
 
All isolated fungi belong to the phylum Ascomycota. The most common orders were 

Eurotiales, Hypocreales, and Botryosphaeriales, respectively. The most common gen-
era identified were common environmental fungi including Trichoderma, Fusarium, 
Penicillium, and Lasiodiplodia (Figure 5). Penicillium was the most common genus 
found (21% of the cultures), followed by Fusarium with 19%.  

The only fungi present in the two locations were Aspergillus niger, Fusarium solani, 
and Lasiodiplodia citricola.  

 
 

Figure 5. Genera identified from isolates obtained from wood samples from the two buildings (Casa 
Misionera and Antigua Capitanía) studied in Limón City. 

 
A total of 19 different genera were isolated from Antigua Capitanía de Puerto, 

Fusarium was the most common isolate with seven of the 19 cultures in this genus 
(37%). The second most common genus found in this location was Trichoderma with 
four isolates (21%). Additional genera included Humicola with two colonies (11%) and 
lastly Hypoxylon, Talaromyces, Lasiodiplodia, and Aspergillus, all of which represented 
5.3 % of the isolates. 

From the Casa Misionera de la Iglesia Bautista, the most abundant genus was Pen-
icillium with nine colonies out of the 17 isolated (53%), followed by Talaromyces with 
two colonies (12%) and lastly Hypoxylon, Fusarium, Annulohypoxylon, Trichoderma, 
Aspergillus and Lasiodiplodia, all of these with 5.9% each (one colony per genus).  
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4.  Discussion 
 
4.1.  Costa Rican Caribbean architecture, heritage at risk  
 
The buildings included in this study are examples of architecture adapted to a spe-

cific context of Costa Rica that have become a significant aspect of the historic urban 
landscape of Limón City. The Caribbean architecture of Costa Rica is part of the cultural 
and historical heritage of the city and country, being a key feature of the area.  

Despite the heritage importance of these buildings, this type of architecture has not 
been studied, causing great difficulty on the part of the owners, researchers, and re-
spective authorities to spread awareness of the historical importance and the need to 
preserve these structures.  

The lack of documentation and studies regarding this topic have hindered the proper 
preservation of these buildings, an aspect that has also negatively impacted the docu-
mentation of traditional knowledge on the construction of this type of architecture and 
increased the risk of losing them completely.  

Between 2018 and 2022, 11 buildings representing Caribbean architecture were 
demolished; eight of them were part of this study in the initial phases of this project and 
had already been demolished when the inventory was conducted, so it was not possible 
to further investigate them.  

The remaining three, classified as Type 1 and included in the inventory, were de-
molished later. This represents a loss of 13% of the recorded buildings of Costa Rican 
Caribbean architecture in Limón city. 

In this regard, there is an immediate need to fully understand the importance of this 
heritage to develop initiatives for the successful preservation of these buildings. 

 
 
4.2.  The need for interdisciplinary investigation for the preservation of herit-

age 
 
According to Bertolin and Loli, the existence of a building of historic importance in-

side the cultural heritage field has an intangible meaning [24]. Cultural and architectural 
heritage is considered the legacy of our societies and must be managed through good 
preservation practices.  

Heritage management must, moreover, be an interdisciplinary process with the in-
tervention of many groups of experts in areas such as conservation, architecture, engi-
neering, history, biology, chemistry, and other fields [25].  

This study was carried out with an interdisciplinary perspective which included re-
searchers from different areas such as architecture, forestry engineering, and biotech-
nology.  

Tools implemented in the study, like multi-criteria evaluation, show the importance 
of joint efforts to determine risks and develop strategies to decrease the biodeterioration 
process. 

Wood is the oldest construction material, the most used globally [26] and represents 
the most commonly used material in Costa Rican Caribbean architecture. It is, however, 
susceptible to deterioration and aesthetic damage caused by environmentally common 
fungi such as the ones detected in this study.  

It is necessary to implement diverse multi and interdisciplinary studies to identify the 
potential causal agents of biodeterioration present in these buildings and provide pos-
sible solutions for their preservation.  
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4.3.  Interaction of factors such as plants, insects, and climate conditions in 
wood structures 

 
Wood is commonly treated before it is used in construction to improve its hardness 

and durability, including simple processes such as drying and treating the wood with 
varnish. These treatments are also used to reduce the deterioration of the wood known 
as weathering [27]. In the case of Costa Rican Caribbean architecture, the location of 
Limón City and the use of wood as the main construction material promotes the growth 
of wood-degrading microorganisms. Figures 3 and 4 show damage caused by humidity 
and rain on the outside of the buildings which leads to the attack of fungi, insects, and 
general wood decay.  

Weathering is inevitable. Nonetheless, it is a slow process that normally takes many 
years to see significant damage in the wood, but if there are favorable conditions for 
the growth of biological agents, quicker and more severe degradation can occur in less 
time [28]. The main cause related to timber degradation is the presence of moisture in 
buildings, this leads to the attack of wood eaters such as termites and fungi [29]. This, 
alongside the poor maintenance of the buildings, aggravates the process of deteriora-
tion, such as in the case of the previously mentioned buildings in Limón City. 

The outdoor structures constantly affected by humidity were more susceptible to 
damage (Figures 3 and 4) and there is a higher presence of fungi on the external sur-
faces than inside the structures.  

Another important point is that fungi can be dispersed by wind or vectors and thus 
scatter their spores to colonize these buildings. The rate at which wood degrading fungi 
decompose these materials is majorly influenced by ecological interaction with wood-
damaging vectors such as insects that facilitate the entry and penetration of fungi [30]. 
In many instances where there is damage by insects, like termites or beetles, there is 
also colonization by fungi. This is due to insects digging holes and permeabilizing the 
wood surface by removing paint and other protective layers like varnish and, in some 
cases, the insects may also vector communities of symbiotic fungi [31].  

 
 
4.4.  Ascomycota fungi as common colonizers of indoor and outdoor environ-

ments 
 
Fungi from the Ascomycota phylum can also degrade wood components and dam-

age buildings and structures. Any genera belonging to Ascomycota have the genes and 
enzymatic capabilities to degrade cellulose and other wood components [32]. All fungi 
isolated in this study are from the Ascomycota phylum and were present in the dam-
aged areas where samples were taken. White rot and brown rot fungi were not obtained 
in culture, structural damage characteristic of these fungi was observed. Fungi from 
Ascomycota are normally recovered as environmental fungi, nonetheless, these fungi 
are more commonly found in anthropic areas, in cities, or villages with trees and wood 
structures [33] and can cause aesthetic damage, especially in conditions of high hu-
midity.  

This is the case in Limón City, where, due to high temperatures and high humidity, 
many of the buildings are made of wood and are surrounded by vegetation to lower 
temperatures inside the house. The genus Hypoxylon has been reported as very com-
mon in wood samples [34] and was present in the buildings of Limón City. Trichoderma 
was another genus that was fairly common in these buildings. This genus is capable of 
inhabiting wood and degrading its components [35].  
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5.  Conclusions  
 
Limón City represents a valuable and unique resource of Caribbean architecture. 

Many of the buildings that show these characteristics are in danger of disappearing or 
being destroyed due to damage caused by fungi, insects, climate, and other factors, 
including poor maintenance. The study and preservation of these buildings of heritage 
importance have included a multidisciplinary perspective to facilitate a better collection 
of information and a more complete analysis based on each specific situation. The pre-
sent study shows the importance of this type of research and how the usage of multi-
criteria tools optimized the decision-making to define priorities for the identification and 
preservation of specific properties. This is the first study on Caribbean architecture con-
ducted in Limón City, Costa Rica, using a multi-criteria and interdisciplinary approach.  

All the fungi isolated from the two locations in Limón City were from the Ascomycota 
phylum, with Trichoderma, Fusarium, and Penicillium being the most common genera. 
These results showed that fungi from the Ascomycota phylum are common inhabitants 
in damaged wood.  

The wood also showed structural damage characteristic of white rot and brown rot 
fungi. Most of the isolated fungi could cause aesthetic deterioration of the structures 
considering the high temperatures, rain, and humidity experienced in this region. Mo-
lecular characterization was shown to be a reliable method to characterize genera and 
species of the samples isolated in tropical regions, but direct sequencing may be nec-
essary for specific identification of fungi difficult to culture including many of the wood-
degrading species not isolated in this study.  

 
 
Acknowledgments 
 
The authors would like to thank the Vice President of the Research and Extension 

(VIE) Office of the Costa Rican Institute of Technology (TEC), for the financial aid pro-
vided to carry out the project “Preservation of the Costa Rican Caribbean architecture 
by applying advanced techniques for the study of the causative agents of deterioration 
of buildings” and the Fungal Ecology Laboratory of the Western Illinois University for 
the support provided in the sequencing procedures carried out as part of the under-
graduate thesis of the student Alejandro Varela-Fonseca. 

 
 
References 
 

[1] Quesada Avendaño, F., & Sanou, O. (1998). Orden, Progreso y Civilización, 
1871-1914. Transformaciones urbanas y arquitectónicas. In E. Fonseca, & J. 
E. Garnier (Eds.), Historia de la Arquitectura en Costa Rica (pp. 219-317). 
Fundación de Museos del Banco Central de Costa Rica. 

[2] Gutiérrez, S. (1991). Arquitectura caribeña: Puerto Limón, Bocas del Toro. 
Escala.pp-141. 

[3] Drori, I. and Carvajal G. (1990). La integración nacional y los obstáculos de la 
dependencia: el caso de la Región Atlántica de Costa Rica. Estudios Interdi-
sciplinarios de América Latina y el Caribe, 1 (2), pp. 35-52. 
http://eial.tau.ac.il/index.php/eial/article/view/1299 

[4] IMN. (2021). Estación Automática del AeroPuerto de Limón. Instituto Meteoro-
lógico Nacional de Costa Rica.Available at: https://www.imn.ac.cr/especial/es-
tacionlimon.html [Accessed: 10/10/2021] 

274

K.
 G

ar
cía

-B
alt

od
an

o, 
D.

 M
én

de
z-

Ál
va

re
z, 

A.
 V

ar
ela

-F
on

se
ca

, A
. P

or
ra

s-A
lfa

ro
 - B

io
de

te
rio

ra
tio

n o
f h

er
ita

ge
 bu

ild
in

gs
 re

pr
es

en
ta

tiv
e o

f C
os

ta
 R

ica
n C

ar
ibb

ea
n a

rch
ite

ct
ur

e

9788849251654_GEi LORUSSO stampa Conservation Science in Cultural Heritage n_23.indd   274 15/07/24   10:33



 

[5] Dicarlo, E, Barresi, G, and Palla, F. (2017). Biodeterioration. Biotechnology 
and Conservation of Cultural Heritage,1, pp. 1-30. 

[6] Wimmers, G. (2017). Wood: a construction material for tall buildings. Nat Rev 
Mater, 2 (17051). https://doi.org/10.1038/natrevmats.2017.51 

[7] Hernández-Salazar, I., Porras-Alfaro, D. and García-Baltodano, K. (2019). La 
arquitectura caribeña costarricense en la trama urbana histórica de la ciudad 
de Limón entre el período 1871-1940. In del Cueto Ruiz-Funes, J., Méndez-
Pineda, V. and Huerta, S (eds). III Congreso Internacional Hispanoamericano 
de Historia de la Construcción, México, 21 - 25 enero, México. Instituto Juan 
de Herrera. pp. 473-479. http://www.sedhc.es/biblioteca/ac-
tas/CIHAHC_56.pdf  

[8] Barascout, E. (1995). Anteproyecto de Revitalización del Centro Histórico de 
Limón. ICOMOS. 

[9] Woodbridge, R. (2003). Historia de la arquitectura en Costa Rica. Editorial 
Tecnológica de Costa Rica. pp. 173. 

[10] Vives, I. (2004). “Arquitectura de la Época de la «United» 1890–1930”. Patri-
monio, 4 (4), pp. 95-114. 

[11] Sanou, O. (2010). Guía de arquitectura y paisaje de Costa Rica. Junta de An-
dalucía. Pp. 550. 

[12] García-Baltodano, K, Porras-Alfaro, D. and Hernádez-Salazar, I. 
Caracterización de la arquitectura caribeña en Puerto Limón.  In press. 

[13] Hernández-Salazar, I, García-Baltodano, K, Porras-Alfaro, D, Salazar-Ceci-
lano, E, Chang-Albisurez, D. and Méndez-Álvarez, D. (n.d.). Arquitectura Cari-
beña Costarricense en la Ciudad de Limón: Tipologías, Adaptación y Termino-
logía. 

[14] Munda, G. (1998). Teoría de Evaluación Multicriterio: una breve perspectiva 
general. Editorial Universidad Autónoma de Barcelona, Barcelona. pp. 39. 

[15] Munda, G. (2004). Métodos y procesos multicriterio para la evaluación social 
de las políticas públicas. Revibec: revista iberoamericana de economía eco-
lógica, 1, pp. 31-45. 

[16] García-Baltodano, K, Porras-Alfaro, D. and Hernádez-Salazar, I. (2021). Study 
on causative agents of damage in the Costa Rican Caribbean Architecture 
from a multidisciplinary perspective. In Roca, L. Pelà, C. and Molind (eds.), 
12th International Conference on Structural Analysis on historical construc-
tions. pp. Online event, 29 Sep - 1 Oct, Barcelona:  International Center for Nu-
merical Methods in Engineering. 1326-1337. https://con-
gress.cimne.com/SAHC2020/frontal/doc/Ebook_SAHC2020.pdf  

[17] Alvarenga, S, Alvarado, C.  and Jiménez, V. (2018). Folleto práctico de labora-
torio cultivo de tejidos. Tecnológico de Costa Rica. pp. 25. 

[18] Alfenas, A. and Mafia, R. (2007). Métodos em fitopatologia. UFV: Editorial 
UFV. pp. 382.  

[19] Gardes, M. and Bruns, T. (1993). ITS primers with enhanced specificity for ba-
sidiomycetes—Application to identification of mycorrhizae and rusts. Molecular 
Ecology, 2, pp. 113-118. doi:10.1111/j.1365-294X.1993.tb00005.x  

[20] White, T, Bruns, T, Lee, S. and Taylor, J. (1990). Amplification and direct se-
quencing of fungal ribosomal RNA Genes for phylogenetics. PCR - Protocols 
and Applications - A Laboratory Manual, 1, pp. 315-322. https://www.re-
searchgate.net/publica-
tion/223397588_White_T_J_T_D_Bruns_S_B_Lee_and_J_W_Taylor_Amplifi-
cation_and_direct_sequencing_of_fungal_ribosomal_RNA_Genes_for_phylo-
genetics 

275

CO
N

SE
RV

AT
IO

N
 S

CI
EN

CE
 IN

 C
U

LT
U

R
A

L 
H

ER
IT

AG
E

9788849251654_GEi LORUSSO stampa Conservation Science in Cultural Heritage n_23.indd   275 15/07/24   10:33



 

[21] Fungal Ecology Lab. (2015). General Lab Protocols. Western Illinois Univer-
sity. pp. 34.  

[22] Schoch, C, Seifert, K, Huhndorf, S, Robert, V, Spouge, J, Levesque, C, Chen, 
W., and Fungal Barcoding Consortium. (2012). Nuclear ribosomal internal tran-
scribed spacer (ITS) region as a universal DNA barcode marker for Fungi. 
PNAS, 109 (16), pp. 6241-6246. https://doi.org/10.1073/pnas.1117018109  

[23] García-Baltodano, K, Méndez-Álvarez, D. and Hernández-Salazar, I. (2019). 
Arquitectura Caribeña Costarricense: recurso y oportunidad para el territorio. 
In Ministerio de Cultura y Juventud (ed.), I Simposio Internacional Exploración 
y Puesta en valor. San José,15-16 octubre, San José: Ministerio de Cultura y 
Juventud. pp. 113-123. https://issuu.com/sicultura/docs/libro-simposio_interna-
cional_de_cultura  

[24] Bertolin, C. and Loli, A. (2018). Sustainable interventions in historic buildings: 
A developing decision-making tool. Journal of Cultural Heritage, 34, pp. 291-
302. https://doi.org/10.1016/j.culher.2018.08.010 

[25] Turk, J, Mauko, A, Hursthouse, A, Turner, R., and Hughes, J.J. (2018). Deci-
sion support criteria and the development of a decision support tool for the se-
lection of conservation materials for the built cultural heritage. Journal of Cul-
tural Heritage,37, pp. 44-53. doi: 10.1016/j.culher.2018.10.001 

[26] Uzun, Z, et al., (2017). A multidisciplinary study to reveal the historical value of 

Mosques in Samsun, Turkey. Journal of Cultural Heritage, 32, pp. 60-72.  
https://doi.org/10.1016/j.culher.2018.01.010 

[27] Riggio, M, Sandak, J, Sandak, A, Santori, I. and Babinski, L. (2013). Degrada-
tion of wooden surfaces in historical buildings: integrated sensing and model-
ing techniques for monitoring and conservation. In Boriani, M; Gabaglio, R. and 
Gulotta, D (eds.). Built Heritage 2013 Monitoring Conservation Management. 
Milano, 18 - 20 Nov, Milano: Centro per la Conservazione e Valorizzazione dei 
Beni Cuulturali. pp. 201-205. 

[28] Berrocal, A. (2007). Clasificación de daños producidos por agentes de 
biodeterioro en la madera. Forestal Mesoamericana Kurú, 4 (10), pp. 54-62. 

[29] Nunes, J. and Cruz, H. (2003). Fungal degradation of wood in buildings. In Ri-
vas-Silva, M. RILEM International Conference on Microbial Impact on Building 
Materials. pp. 84-93. e-ISBN 2351580184. 

[30] Jusino, M, Lindner, D, Banik, M, Rose, K., and Walters J. (2016). Experimental 
evidence of a symbiosis between red cockaded woodpeckers and fungi. In 
Barrett, S.  Proc. R. Soc. B, 283 (20160106).  
https://doi.org/10.1098/rspb.2016.0106  

[31] Skelton, J, Jusino, M, Carlson, P, Smith, K, Banik, M, Lindner, D, Palmer, J. 
and Hulcr, J. (2019). Relationships among wood boring beetles, fungi, and the 
decomposition of forest biomass.  Molecular Ecology, 28 (22), pp. 4971-4986. 

[32] Pawlik, A, Ruminowicz, M, Frac, M, Mazurr, A, Wielbo, J. and Janusz, G. 
(2019). The wood decay fungus Cerrena unicolor adjusts its metabolism to 
grow on various types of wood and light conditions, PLOS ONE, 42, (2), pp. 1-
19.  

[33] Angeline, C. and Medardi, G. (2012). Tropical fungi: twelve species of lignico-
lous Ascomycota from the Dominican Republic.Mycosphere, 3(5), pp. 567–
601. 

[34] Pavlidis, T, Ilieva, M, Bencheva, S. and Stancheva, J. (2005). Researches on 
wood-destroying fungi division Ascomycota, classic Ascomycetes. Zbornik 
Matice Srpske za Prirodne Nauke, (109), pp. 143 -148.  

276

K.
 G

ar
cía

-B
alt

od
an

o, 
D.

 M
én

de
z-

Ál
va

re
z, 

A.
 V

ar
ela

-F
on

se
ca

, A
. P

or
ra

s-A
lfa

ro
 - B

io
de

te
rio

ra
tio

n o
f h

er
ita

ge
 bu

ild
in

gs
 re

pr
es

en
ta

tiv
e o

f C
os

ta
 R

ica
n C

ar
ibb

ea
n a

rch
ite

ct
ur

e

9788849251654_GEi LORUSSO stampa Conservation Science in Cultural Heritage n_23.indd   276 15/07/24   10:33



 

[35] Wen-Tao, Q. and Wen-Ying, Z. (2016). Seven wood-inhabiting new species of 
the genus Trichoderma (Fungi, Ascomycota) in Viride clade. Scientific Reports, 
6 (27074), https://doi.org/10.1038/srep27074 

 
 
Biographical notes 
 
Kenia García-Baltodano is an architect with a PhD in Geography; she is currently 

a professor and researcher at the School of Architecture and Urbanism of the ITCR 
(Costa Rican Institute of Technology), her field of research includes the conservation 
of historical and architectural heritage. 

 
Dawa Méndez-Álvarez is a biotechnology engineer with a master's degree in for-

estry sciences, she is currently a researcher at the School of Forestry Engineering of 
the ITCR (Costa Rican Institute of Technology); her field of research includes forest 
pathology. 

 
Alejandro Varela-Fonseca is a biotechnology engineer, he is currently a student 

of biotechnology at the School of Biology, ITCR (Costa Rican Institute of Technology); 
the area developed in his thesis is molecular biology. 

 
Andrea Porras-Alfaro is a fungal ecologist with a Ph.D. from the University of New 

Mexico. She is a faculty affiliate in the Institute for Environmental Sciences at Western 
Illinois University. 

 
 
Summary 
 
The goal of this work was to characterize potential biological agents responsible for 

biodeterioration in heritage buildings identified as Costa Rican Caribbean architecture 
using a multidisciplinary approach. First, an inventory of buildings of Caribbean archi-
tecture from Limón City was elaborated. Then, a multi-criteria evaluation system was 
used to define priority scores to select buildings for sampling and analysis. Selected 
buildings were sampled for potential biological agents responsible for biodeterioration. 
Wood samples were taken from sections showing visual damage and fungi were iso-
lated and characterized using Sanger sequencing. A basic profile of Costa Rican Car-
ibbean architecture was established. A preliminary identification of 101 buildings that 
satisfied the basic profile of characteristics was conducted. Subsequently, these build-
ings were classified into 4 typologies from which 23 buildings belonging to Typologies 
1 and 2 were chosen for the collection and registration of data. Applying the multi-crite-
ria evaluation, 6 buildings with final scores higher than 60 points were selected from 
which the 1st (Casa Misionera Bautista) and 3rd (Antigua Capitanía de Puerto) in the 
classification were selected for further characterization of biological agents. From the 
sampling conducted on these two buildings. A total of 36 fungi were isolated. All fungi 
identified belonged to the fungal group Ascomycota phylum, the most common genera 
being Trichoderma, Fusarium, and Penicillium. The study shows how multidisciplinary 
studies can improve the process of decision-making in the preservation of heritage with 
the use of a ranking obtained for each building in the multi-criteria evaluation and the 
use of advanced techniques for the identification of biological agents. 
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Riassunto

L'obiettivo di questo lavoro è stato quello di caratterizzare i potenziali agenti biologici 
responsabili del biodeterioramento negli edifici storici identificati come architettura ca-
raibica del Costa Rica utilizzando un approccio multidisciplinare. In primo luogo, è stato 
elaborato un inventario degli edifici della città di Limón. Successivamente, è stato uti-
lizzato un sistema di valutazione multicriterio per definire i punteggi di priorità per sele-
zionare gli edifici per il campionamento e l'analisi. Gli edifici selezionati sono stati cam-
pionati per individuare potenziali agenti biologici responsabili del biodeterioramento. I 
campioni di legno sono stati prelevati da sezioni che mostravano danni visivi e i funghi 
sono stati isolati e caratterizzati utilizzando il sequenziamento Sanger. È stata condotta 
un'identificazione preliminare di 101 edifici che soddisfacevano il profilo di base delle 
caratteristiche. Successivamente, tali edifici sono stati classificati in 4 tipologie tra le 
quali sono stati scelti 23 edifici appartenenti alle Tipologie 1 e 2 per la raccolta e la 
registrazione dei dati. Applicando la valutazione multicriterio, sono stati selezionati 6 
edifici con punteggi finali superiori a 60 punti, tra i quali sono stati selezionati il 1° (Casa 
Misionera Bautista) e il 3° (Antigua Capitanía de Puerto) nella classificazione per un'ul-
teriore caratterizzazione degli agenti biologici. Dai campionamenti effettuati su questi 
due edifici, in totale sono stati isolati 36 funghi. Tutti i funghi identificati appartenevano 
al gruppo fungino Ascomycota phylum, i generi più comuni sono Trichoderma, Fusa-
rium e Penicillium. Lo studio mostra come studi multidisciplinari possano migliorare il 
processo decisionale nella conservazione del patrimonio con l'utilizzo di una graduato-
ria ottenuta per ogni edificio nella valutazione multicriterio e l'utilizzo di tecniche avan-
zate per l'identificazione degli agenti biologici.
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