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ABSTRACT  

Pinus caribaea var. caribaea and Pinus tropicalis are the two species of the genus Pinus 

that form the pine forests of western Cuba, either in pure stands or in sympatry. The 

objective of this study is to evaluate the differential response in foliar anatomy of both 

species in the same ecotopes. Cross sections of the needles were made and 12 

anatomical variables were measured. The statistical analyzes used, allowed to clearly 

differentiate the two species, each one presents its own variations to adapt to the same 

environment. The Mann-Whitney test showed that there are differences in nine of the 

12 anatomical variables between the two species in each ecotope and only those 

variables related to photosynthesis and transport were similar between species. 
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Discriminant analysis showed that each population of the same species is ordered in the 

opposite way with respect to the other. The variables that contribute to the 

discrimination between the species are the number of stomata, thickness of the 

epidermis, thickness of the cuticle and number of resin channels. Both species present 

a differential response in their anatomical variables to similar ecotope conditions that 

are adaptive responses and not anatomical adjustments. 

Keywords: Leaf anatomical variation; Differential response; Pinus tropicalis; Sympatry. 

 

RESUMEN 

Pinus caribaea var. caribaea y Pinus tropicalis son las dos especies del género Pinus que 

forman los pinares del occidente de Cuba ya sea en masas puras o en simpatría. El 

objetivo de este trabajo es evaluar la respuesta diferencial en anatomía foliar de ambas 

especies en iguales ecótopos. Se realizaron cortes transversales de las acículas y se 

midieron 12 variables anatómicas. Los análisis estadísticos empleados permitieron 

diferenciar claramente las dos especies, cada una presenta variaciones propias para 

adaptarse a un mismo ambiente. La prueba de Mann-Whitney mostró que existen 

diferencias en nueve de las 12 variables anatómicas entre las dos especies en cada 

ecótopo y solo aquellas variables relacionadas con la fotosíntesis y el transporte fueron 

similares entre especies. El análisis de discriminantes mostró que cada población de la 

misma especie se ordena de forma opuesta con respecto a la otra. Las variables que 

contribuyen a la discriminación entre las especies son el número de estomas, grosor de 

la epidermis, grosor de la cutícula y número de canales de resina. Ambas especies 

presenta una respuesta diferencial en sus variables anatómicas a similares condiciones 

del ecótopo que son respuestas adaptativas y no de ajustes anatómicos.  

Palabras clave: Variación anatómica foliar; respuesta diferencial; Pinus tropicalis; 

Simpatría.

 

RESUMO 

Pinus caribaea var. caribaea e Pinus tropicalis são as duas espécies do gênero Pinus que 

formam os pinhais do oeste de Cuba, seja em povoamentos puros ou em simpatria. O 

objetivo deste trabalho é avaliar a resposta diferencial na anatomia foliar de ambas as 

espécies em um mesmo ecótopo. Cortes transversais das agulhas foram feitos e 12 

variáveis anatômicas foram medidas. As análises estatísticas utilizadas permitiram 

diferenciar claramente as duas espécies, cada uma apresenta suas próprias variações 

para se adaptar ao mesmo ambiente. O teste de Mann-Whitney mostrou que existem 

diferenças em nove das 12 variáveis anatômicas entre as duas espécies em cada ecótopo 

e apenas as variáveis relacionadas à fotossíntese e transporte foram semelhantes entre 

as espécies. A análise discriminante mostrou que cada população da mesma espécie é 

ordenada de forma oposta em relação à outra. As variáveis que contribuem para a 

discriminação entre as espécies são o número de estômatos, espessura da epiderme, 

espessura da cutícula e número de canais de resina. Ambas as espécies apresentam uma 

resposta diferencial em suas variáveis anatômicas a condições semelhantes de ecótopos 

que são respostas adaptativas e não ajustes anatômicos.  
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Palavras-chave: Variação anatômica foliar; Resposta diferencial; Pinus tropicalis, 

Simpatria.

 

INTRODUCTION  

Pines in Cuba are distributed in extreme edaphic conditions, either due to the 

unfavorable physical-chemical characteristics of the substrate or due to orographic 

aspects (Samek and Del Risco-Rodríguez 1989; Farjon and Filter 2013). These very 

nutrient-poor soil habitats are accompanied, in many cases, by low water availability 

and recurrent fire regimes, which implies low competition with angiosperms (Keeley 

2012; Badik et al., 2018) and the formation of continuous masses where they constitute 

the dominant species (Samek and Del Risco-Rodríguez 1989).  

In western Cuba, this formation occupies about 50 % of the forest area, concentrated in 

Pinar del Río and Isla de la Juventud and represented by Pinus tropicalis Morelet (tropical 

pine) and Pinus caribaea Morelet var. caribaea Barret and Golfari (caribbean pine).  

P. tropicalis is a Cuban endemism of subg. Pinus subsect. Pinus in America (Geada-López 

et al., 2004; Gernandt et al., 2005), forms continuous monotypic pine forests in Pinar 

del Rio and the center of La Isla de la Juventud on oligotrophic substrates of slate, 

sandstone and quartzite sands (Samek and Del Risco-Rodriguez 1989). P. caribaea var. 

caribaea, on the other hand, can occupy areas sympatrically with P. tropicalis and only 

naturally forms pure masses on substrates derived from serpentine and ultrabasic rocks 

on the Cajálbana plateau (López-Almirall 1982; Samek and Del Risco-Rodríguez 1989; 

Farjon and Filter 2013).). From an evolutionary point of view, it is a recent species and 

its varieties differ from both a morphological and genetic point of view (Rebolledo-

Camacho et al., 2018).  

Variations in the morphology and anatomical structure of the needles between 

individuals and populations are due to differences in the soil conditions and the humidity 

regimes of the habitat where they grow (Tiwari et al., 2013; Ghimire et al., 2014; Meng 

et al., 2018) and can be used as a rapid method to explore morphoanatomical variability 

between populations (Boratyñska et al., 2015; Zhang et al., 2017). Changes in the 

dimensions of needle tissues have been documented for species with continental 

distribution ranges (Boratyñska et al., 2015; Jankowski et al., 2017; 2019, Köbölkuti et 

al., 2017) and contrasting environments (Boratyñska et al., 2015; Hodžiæ et al., 2020). 

However, studies like these on island species with a small distribution and apparently 

homogeneous climatic conditions are scarce (Pérez-del Valle et al. 2020) and only one 

report in Cuba on P. caribaea var. caribaea by Geada-López et al., 2021).  

On the other hand, it would be possible to expect in phylogenetically close species, within 

the subgenus Pinus and living in sympatry, a similar behavior in their foliar tissues in 

response to ecotope conditions during their adaptation. The objective of this study was 

to evaluate the anatomical response of both species in natural populations and in 

sympatry. Since, for success in management programs, mainly in the design of 

conservation strategies, it is necessary to start from the knowledge of genetic variability, 

phenotypic plasticity and genetic differences in the plasticity of forest species in adaptive 

characters, between and within their populations.  
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MATERIALS AND METHODS  

Sampling  

The samples were taken in natural pine forests where Pinus caribaea var. caribaea (this 

species will be treated from now on as Pinus caribaea) and Pinus tropicalis, in localities 

of the province of Pinar del Río and Artemisa, Cuba, where they live in sympatry (Figure 

1). These localities represent the majority of the habitats in which these taxa are present 

and are defined by their formation and lithology, the altitudinal floor and the slope 

according to Geada-López et al. (2021). The combination of these three characteristics 

is the basis for identifying the ecotopes (Table 1), the localities of Marbajita and San 

Ubaldo represent sites where pure masses of Pinus caribaea and P. tropicalis are found, 

respectively.  

Table 1. - Georeferencing and ecotopes characteristics 

Locations 

coordinates Substrate 

(Formation - 
Lithology) 

Altitudinal 
surface 

slope ecotopes 
Latitude N Longitude W 

Sabanalamar 22°08'12.01'' 83°58'34.99'' 
Siguanea - Quartz 

sands 
lowland plain AC-LLB-Tll 

Cayo La 
Mula 

22°40'25.62'' 83°34'04.76'' San Cayetano - Gray 
sands 

medium heights 
strongly 
inclined 

AG-ALM-
Tfi 

Galalón 22°40'49.70'' 83°25'23.41'' 

Ancon Valley 22°39'57.7'' 83°45'32.17'' 
San Cayetano-Gray 

sands 
middle plains 

strongly 
inclined 

AG-LLM-
Tfi 

Cayo 
Ratones 

22°21'0.6'' 83°55'37.57'' 
San Cayetano-Gray 

sands 
submountains 

strongly 
inclined 

AG-SM-Tfi 

Marbajita 22°47'30.9'' 83°28'10.44'' Serpentine-rock medium heights 
strongly 
inclined 

R-AM-Tfi 

San Ubaldo 22°03 ' 52 '' 84°01 ' 02 '' 
Siguanea-Siliceous 

quartz sands 
lowland plain 

AcS-LLB-
Tll 
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Figure 1- Geographical distribution of studied localities  
B: Sabanalamar, CR: Cayo Ratones, CM: Cayo la Mula, G: Galalón, VA: Valle Ancón 

Measurements of traits in the needles  

In each locality, needles were collected from the lower ⅔ of the crown of 30 randomly 

selected individuals in the adult stage. For the anatomical study, 10 needles were chosen 

at random from each individual sampled in each locality. Cross sections were made in 

the middle part of the needle for observations and measurements with an NLCD-307B 

optical microscope. All cuts were made by hand on fresh tissue and temporary 

preparations.  

The anatomical variables measured at 400× magnification were: Thickness of the cuticle 

(GC), Thickness of the epidermis (GEp), Thickness of hypodermis (GH), and counted the 

number of hypodermal cell layers. (CH). At 100× magnification, the thickness of the 

transfusion tissue (PT), the thickness of the chlorophyllic parenchyma (CP), the diameter 

of the left resin canal (DCi), the diameter of the right resin canal (DCd), the height of 

the vascular bundle (HHv) and the width of the vascular bundle (AHv) and counted, with 

this lens the number of stomata (NoE), the number of resin canals (NC). All variables 

were defined according to Pérez-del Valle et al. (2020).  

Statistic analysis  

For the analysis, only the ecotopes of the localities where the species inhabit in sympatry 

were considered. The behavior of the anatomical variables between species was 

compared using the inference test based on two Mann-Whitney (U) samples (p <0.05). 

For the comparison between species in each ecotope where they live in sympatry (AC-

LLB-Tll in Sabanalamar, AG-ALM-Tfi in Cayo La Mula and Galalón, AG-LLM-Tfi in Valle 

Ancón and AG-SM-Tfi in Cayo Ratones) the same test was used.  

A diagram was made according to the methodology of Jentys-Szaferowa (1959) to 

distinguish the variation in anatomy between the ecotopes studied and of these with 

respect to the standard line for the species, which is assumed as the averages of each 

variable, represented in the diagram by a line through the value of one.  
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To maximize the differences between the two species and distinguishing the variable or 

variables that most contribute to differentiating them, a discriminant analysis was 

carried out, as a priori groups the observations of the anatomical variables were 

considered by the species-ecotope combinations. Localities where both species form 

pure stands were included in this analysis. Statistical analyzes were performed with the 

program Infostat ver. 15 (DiRienzo et al., 2015).  

 

RESULTS  

According to the results of the Mann-Whitney Test, P. caribaea and P. tropicalis differs 

significantly in most of the anatomical variables analyzed, especially the greatest 

differences are observed in the number of canals (NC), the thickness of the transfusion 

tissue (PT) and the thickness of the cuticle (CG) while the variables thickness of the 

chlorophyllic parenchyma (PC) and height and width of the conduction tissue (HHv and 

AHv) did not differ significantly (Table 2 and Figure 2).  

Table 2. - Mean values and standard deviation of the anatomical variables evaluated 

for Pinus caribaea and Pinus tropicalis and the statistics of the Mann-Whitney (U) test 

(=0.05) 

 

 

Figure 2. - Jentys-Szaferowa diagram of the anatomical variability of the needles of P. 

caribaea and P. tropicalis 

GC: Thickness of the cuticle, GEp: Thickness of the epidermis, GH: Thickness of the hypodermis, CH: Number of 
hypodermis cell layers, NoE: Number of stomata, PT: Thickness of transfusion tissue, NC: Number of the resin 
canals, PC: Thickness of chlorophyllic parenchyma, DCi: Diameter of the left canals, DCd: Diameter of the right 

canal, HHv: Height of the conduction tissue, AHv: Width of the conduction tissue 
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Table 3. - Mean values and standard deviation of the anatomical variables of P. 

caribaea and P. tropicalis in the ecotopes in sympatry and the statistics of the Mann-

Whitney (U) test (= 0.05) 

 

AC-LLB-Tfi: Quartz sands-lowland-plain, AG-LLM-Tfi: Gray sands-middle plains-strongly inclined, AG-SM-Tfi: Gray 
sands-submountains-strongly inclined, AG-ALM- Tfi: Gray sands:medium heights:strongly inclined 

There is a differential response in the leaf anatomy of each species for the same ecotope 

(Table 3 and Figure 3), fundamentally in variables such as the number of stomata (NoE), 

the number of canals (NC), the thickness of the epidermis (GEp), the number of 

hypodermal cell layers (CH), the thickness of the transfusion tissue (PT), all of which are 

related to water regulation. This analysis shows that several of these anatomical features 

and differences between the two species are independent of environmental conditions. 

However, there are variables that have responses associated with the characteristics of 

the ecotope, such as the thickness of the chlorophyll parenchyma (CP), which does not 

differ statistically in the ecotopes whose lithology is gray sands (Figure 3).  
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The Jentys-Szaferowa diagrams clearly confirm the variability of the two species in the 

four ecotopes and their differences even in sympatry.  

 

Figure 3. - Jentys-Szaferowa diagram of the anatomical variability of Pinus caribaea 

var. Caribbean and Pinus tropicalis in ecotopes in sympatry. A: Quartzite sandstones-

low plains-flat terrains, B: Gray sandstones-medium plains-strongly inclined terrains, 

C: Gray sandstones-submountains-strongly inclined terrains, D: Gray sandstones-

medium heights-strongly inclined terrains 

GC: Cuticle thickness, GEp: Epidermis thickness, GH: Hypodermis thickness, CH: Number of hypodermis cell layers, 
NoE: Number of stomata, PT: Transfusion tissue thickness, NC: Number of channels, PC: Thickness of the 

chlorophyll parenchyma, DCi: Diameter of the left channel, DCd: Diameter of the right channel, HHv: Height of the 
conduction tissue, AHv: Width of the conduction tissue. 

Discriminant analysis  

Table 4 presents the results of the discriminant analysis; the first two functions explain 

88.15 % of the variations between species by ecotope. According to the standardized 

coefficients, the most important variables in the discrimination in the first function are 

the number of stomata and canals and the thickness of the cuticle and the epidermis in 

the second.  

According to the values of the centroids (Table 4) the first function maximizes the 

differences between the two species, P. tropicalis is located towards the negative end of 

canonical axis 1 and towards the positive end P. caribaea in both cases regardless of the 

ecotope (Figure 4). According to the two variables with the greatest weight in this 

function and the sign, a greater number of stomata (NE) in P. caribaea and a greater 

number of canals (NC) in P. tropicalis are the variables that most discriminate both 

species.  

The second function suggests a gradient in the location of the species according to the 

characteristics of the ecotope, the variables thickness of the cuticle and the epidermis 

oppose in the case of P. tropicalis the ecotope of AG-ALM-Tfi, located towards the 

negative part of the axis, to the other three arranged in the positive part, and in the 

case of P. caribaea the ecotopes AG-ALM-Tfi and AG-LLM-Tfi are located towards the 
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negative part of the axis and AC-LLB-Tll and AG-SM-Tfi towards the positive of this 

(Figure 4 and 5).  

Table 4. - Results of the discriminant analysis, standardized coefficients of each 

variable and centroids of the ecotopes in sympatry in the two discriminant functions 
  

Function   
1 2  

eigenvalues 8.42 1.76 

 
% variation 72.91 15.25 

 
% accumulated variation 72.91 88.15 

 
Variables coefficients of discriminant 

functions 

 
Number of stomata 0.66 0.16 

 
Number of resin canals -0.77 -0.05 

 
Thickness of the cuticle -0.17 0.82 

 
Thickness of the epidermis -0.10 -0.52 

 
Thickness of the hypodermis -0.08 -0.20 

 
Number of cell layers in the hypodermis 0.32 0.29 

 
Thickness of the chlorophyllic parenchyma 0.16 0.01 

 
Thickness of the transfusion tissue -0.54 -0.19 

 
Diameter of left canal -0.16 0.14 

 
Diameter of right canal 0, 00 -0.02 

 
Width of the conduction tissue -0.07 0.04 

 
Height of the conduction tissue -0.01 -0.09 

 
Ecotopes Centroids 

P
. 

c
a
r
ib

a
e
a
 

Quartz sands-lowland-plain 2.36 1.38 

Gray sands-medium height-strongly inclined 3.21 -1.09 

Gray sands-middle plains-strongly inclined 2.94 -0.23 

Gray sands-submountains-strongly inclined 2.47 0.70 

P
. 

tr
o

p
ic

a
li
s
 

Quartz sands-lowland-plain -3.45 1.1 

Gray sands-medium height-strongly inclined -2.21 -2.81 

Gray sands-middle plains-strongly inclined -2.99 0.30 

Gray sands-submountains-strongly inclined -2.95 0.76 
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Figure 4 - Ordering of the species P. caribaea and P. tropicalis in the ecotopes that 

inhabit in sympatry according to the first two discriminant functions and based on 

anatomical variables of the needles 

GC: Cuticle thickness, GEp: Epidermis thickness, GH: Hypodermis thickness, CH: Number of hypodermis cell layers, 
NoE: Number of stomata, PT: Transfusion tissue thickness, NC: Number of channels, PC: Thickness of the 

chlorophyllic parenchyma, DCi: Diameter of the left channel, DCd: Diameter of the right channel, HHv: Height of the 
conduction tissue, AHv: Width of the conduction tissue Ecotopes: AC-LLB-Tfi: Quartz sands-lowland-plain, AG-LLM-
Tfi: Gray sands-middle plains-strongly inclined, AG-SM-Tfi: Gray sands-submountains-strongly inclined, AG- ALM-

Tfi: Gray sands-medium heights-strongly inclined. 

Likewise, when the two localities where the species form pure masses are included in 

the analysis, each species is located in the plane of the discriminant function in an 

opposite way and in similar positions to the ecotopes where they live in sympatry (Figure 

5). Therefore, the behavior of anatomical variation is a characteristic of the species.  
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Figure 5. - Ordering of the species P. caribaea and P. tropicalis in the ecotopes that 

inhabit in sympatry and in pure stands according to the first two discriminant functions 

and based on anatomical variables of the needles 

  

DISCUSSION  

The study clearly shows the anatomical differences between the two species (Table 2, 3, 

Figure 2 and 3). Each species has developed its own anatomical and functional 

mechanisms to counteract the same edaphic conditions. These species in common 

reinforce the structure of the epidermal and hypodermal tissues, both the thickness of 

the cuticle and the presence of sclereids in the hypodermis. These aspects are reported 

as adaptations of the genus to very extreme environments (Dörken and Stützel 2012; 

Grill et al., 2004). Those features are common to both species. The difference between 

both species lies in the fact that P. caribaea develops a greater number of layers and 

thickness of the hypodermis (multiform type) as an adaptation to the same conditions. 

On the other hand, P. tropicalis develops a somewhat thicker cuticle accompanied by a 

greater number of sclereids. This behavior in the structure of P. tropicalis was first 

reported for the species by Pérez-del Valle et al. (2020) and is similar to what is 

documented in species of the subsect. Pinus such as: P. taboliformis (Zhang et al., 

2017), P. thunbergii (Ghimere et al., 2014), P. roxburghii (Tiwari et al., 2013), or species 

of its section that inhabit very dry environments: P. canariensis (Grill et al., 2004), P. 

heldreichii (Nicholiæ et al., 2016).  

The presence of mechanical tissue (sclerenchyma) in the hypodermis and between the 

vascular bundles in Pinus tropicalis contributes to increasing resistance to edaphic 

drought and conferring rigidity to the long needles in the species. Similar adaptations 

and decrease in the number of stomata were reported in P. canariensis (Grill et al., 2004; 

López et al., 2010), P. tabuliformis (Meng et al., 2018) and P. sylvestris (Köbölkuti et 

al., 2017) to face very dry environments. This element seems to be related to the water 
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economy in Asian species, in particular the decrease in the number of stomata and their 

density compared to species of Pinus subsect. Trifoliae as is the case of P. cariabea 

(Tiwari et al., 2013; Donnelly et al., 2016; Galdina and Khazova 2019).  

The results of wide and numerous resin canals of P. tropicalis on P. caribaea in any 

ecotope confirm the productivity of the first on the second species (Table 3). These 

characteristics in the channels of P. tropicalis compared to P. caribaea although it was 

documented by López-Almirall and Albert-Puente (1982) in a foliar anatomical study to 

detect differences between the four Cuban species and later recognized by Pérez del- 

Valle et al. (2020) in a comparative anatomical study, precise conclusions could not be 

reached due to the nature of the study and sampling limitations.  

López-Almirall (1982) recognized the great variability in the morphological and 

reproductive characteristics between pure natural stands of Pinus caribaea and the 

existence of slight differences between populations in P. tropicalis. Subsequently, Pérez-

del Valle et al. (2020) documented the differences between both species when they 

inhabited two ecotopes sympatrically, but due to the descriptive purpose of the study, it 

did not allow to delve into the magnitude of the effect of the ecotope. In the present 

study, the differences between the ecotopes are more notable (Figures 4 and 5, Table 

3), which demonstrates their great phenotypic plasticity, good competitive capacity in 

relation to P. tropicalis.  

In addition, this result is consistent with the idea proposed by Pérez-del Valle (2020) 

and Geada-López et al. (2021) about the origin of the differences between provenances 

within the trial of these for the species P. caribaea (García-Quintana et al., 2007) in 

relation to the same trials in P. tropicalis (Mercadet-Portillo et al., 2001). This is also 

related to the great differences in leaf anatomical structure depending on the substrate, 

which are more evident in P. caribaea (Figure 4 and 5).  

Both the mean comparison analysis and the classification analysis (Table 2, 4, Figures 4 

and 5) show that the substrate has a marked influence on the anatomy of the needles 

by differentiating each ecotope within each species. Thus, for example, the lithology of 

quartzite sands, which represent one of the most extreme ecotopes from the hydric point 

of view due to their high infiltration and very low retention of humidity, determine a 

more singular behavior in the anatomy.  

On the other hand, in both species within their ecotopes and in particular for Pinus 

tropicalis, the stability in the anatomical characteristics suggests the existence of a 

longer-term adaptation in the species (López-Almirall 1982; Geada-López 2003). 

Although this marked effect of the ecotope on leaf anatomy in the genus is recognized, 

it has been documented for species with wide distribution ranges (Zhang et al., 2017; 

Jankowski et al., 2017; Köbölkuti et al., 2017; Tyukavina et al., 2019). However, in 

species with a reduced distribution area and without great contrasts in climate and 

vegetation, they may not be subject to as much foliar variability. The results obtained 

reflect that, in insular species, especially Cuban ones, the conditions of the site or their 

geological origin cause them to display a phenotypic variation, which determines their 

adaptation to different ecotopes (Pérez-del Valle et al., 2020; Geada-López et al., 2021, 

2022).  

  



 ISSN: 2310-3469 RNPS: 2347                                                                                 
CFORES Journal, May-August 2022; 10(2):197-214     

                                                                                                     

 

  

https://cfores.upr.edu.cu/index.php/cfores/article/view/764 

CONCLUSIONS  

Pinus tropicalis and Pinus caribaea in sympatric association, each taxon has an opposite 

adaptive differential response in all its anatomical variables.  

There is an effect of the ecotope on intraspecific anatomical variation in each species.  
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