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Abstract    

 

The presence of true viviparity was identified in Tillandsia recurvata trees located within the campus of 

the Technological University of Tula-Tepeji, in the area of influence of the Endhó Dam, in the state of 

Hidalgo. This type of reproduction, in which the seed germinates within the fruit, represents an adaptive 

strategy in the face of adverse environmental conditions, such as air pollution, high temperatures, and 

water stress. The development of the seedling within the fruit protects it and thus increases its probability 

of survival, promoting faster colonization of the host tree. However, this reproductive behavior, although 

beneficial for the species, entails ecological risks by accelerating the deterioration of the phorophyte and 

the loss of forest cover. Viviparity is proposed as a bioindicator of environmental deterioration, and 

monitoring and management strategies are suggested to control its expansion, especially in regions with 

high levels of air pollution and climate vulnerability. 

 

 
 

True viviparidad, T. recurvata, Air pollution 

 

Resumen 

 

Se identificó la presencia de viviparidad verdadera en Tillandsia recurvata en los árboles ubicados dentro 

del campus de la Universidad Tecnológica de Tula-Tepeji, ubicada en el área de influencia de la presa 

Endhó, en el Estado de Hidalgo. Este tipo de reproducción, en el que la semilla germina dentro del fruto, 

representa una estratégica adaptativa frente a las condiciones ambientales adversas, como la 

contaminación del aire, temperaturas elevadas y estrés hídrico. El desarrollo de la plántula dentro del 

fruto, le protege y así aumenta su probabilidad de supervivencia, propiciando una colonización más 

rápida del árbol hospedero. Sin embargo, este comportamiento reproductivo, aunque benéfico para la 

especie, implica riesgos ecológicos al acelerar el deterioro del forofito y la perdida de cubierta forestal. 

Se propone considerar la viviparidad como un bioindicador de deterioro ambiental y se sugieren 

estrategias de monitoreo y manejo para controlar su expansión, especialmente en regiones con altos 

índices de contaminación atmosférica y vulnerabilidad climática. 
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Introduction 

 

Tillandsia recurvata is an epiphytic bromeliad widely distributed in arid and semi-arid regions of the 

American continent. Although it is not parasitic, it attaches itself to tree branches to capture water and 

nutrients directly from the atmosphere, giving it a remarkable ability to survive in extreme and highly 

polluted conditions (Brighigna et al., 2002; Serrano-Hernández et al., 2020). 

 

In Mexico, particularly in the state of Hidalgo, motita hay has been recognised as a priority species 

due to the negative effects it is having on tree vegetation in the municipalities surrounding the Endhó 

dam. The decree declaring the area of influence of the dam an ‘ecological restoration zone,’ published in 

the Official Gazette of the Federation, establishes the need to implement specific programmes for the 

monitoring and control of this species, along with others with invasive behaviour, due to their 

contribution to the loss of forest cover and the deterioration of the regional ecosystem (DOF, 2022). 

 

In recent years, unusual reproductive behaviour has been documented in T. recurvata: true 

viviparity, which consists of the germination of seeds inside the fruit or while still attached to the mother 

plant, generating seedlings capable of establishing themselves immediately (Pérez Noyola et al., 2020). 

This strategy is particularly relevant in ecosystems subjected to environmental stress, such as prolonged 

droughts or atmospheric pollution, conditions that have been especially intense in recent months in the 

UTTT's area of influence. 

 

The UTTT is located in the municipality of Tula de Allende, Hidalgo, a region characterised by 

intense industrial activity. Important industries converge in this municipality, such as the Miguel Hidalgo 

Refinery, thermoelectric power plants belonging to the Federal Electricity Commission, as well as 

cement factories, lime kilns and other chemical and manufacturing companies. This concentration of fine 

emission sources has contributed to the degradation of air quality, with constant reports of high levels of 

atmospheric pollutants such as sulphur dioxide (SO2), nitrogen oxides (NOx), suspended particulate 

matter (PM10, PM2.5) and heavy metals (SEMARNAT, 2023). 

 

Adding to this problem are the extreme weather conditions that have affected the region in recent 

years, notably heat waves and prolonged droughts that intensified in April and May 2025, when 

temperatures exceeded 40°C (CONAGUA, 2025). These adverse environmental conditions create a 

physiologically stressful environment for local biota, which can induce notable adaptive responses in 

species such as Tillandsia recurvata, including viviparity, considered a reproductive strategy in 

unfavourable conditions (Pérez-Noyola et al., 2020; García-Trejo et al., 2021). 

 

The present study aims to document for the first time the presence of viviparity in T. recurvata in 

this region as a possible adaptive response to extreme conditions. 

 

Unlike other research focused on its dispersal or biomass, this work adds value by analysing a 

reproductive mechanism that has been little explored in ecological restoration contexts. 

 

Theoretical Framework 

 

Viviparity in plants is a rare reproductive phenomenon characterised by the germination of seeds within 

the fruit while it is still attached to the mother plant. This phenomenon represents an adaptation to the 

environment, particularly in environments that cause stress to the plant. According to Elmqvist and Cox 

(1996), true viviparity implies that the seed completes its germination and forms a seedling that is viable 

when released from the fruit. True viviparity is distinguished from pseudoviviparity, in which vegetative 

structures (such as buds and bulbils) emerge instead of sexual seeds. 

 

Pseudoviviparity has been observed in several species, especially in extreme environments where 

sexual reproduction may not be viable. Wycheley (1953) documented pseudoviviparity in temperate 

grasses, and Sinclair et al. (2015) studied this phenomenon in marine phanerogams, showing that it may 

represent an evolutionary strategy in the face of adverse environmental conditions. Cota-Sánchez and 

Abreu (2007) argued that cryptic viviparity in cacti could represent an adaptive trait for survival in hostile 

environments. 

 

https://doi.org/10.1023/A:101404410
https://doi.org/10.20937/RICA.53697
https://www.dof.gob.mx/nota_detalle.php?codigo=730078&fecha=21/06/2002
https://doi.org/10.1016/j.jaridenv.2019.103993
https://www.gob.mx/cms/uploads/attachment/file/811541/Informe_Calidad_Aire_2022.pdf
https://smn.conagua.gob.mx/es/informes-climaticos
https://doi.org/10.1016/j.jaridenv.2019.103993
https://doi.org/10.21829/rmbot.2021.872.1960
https://doi.org/10.2307/3545583
https://doi.org/10.2307/3545583
https://doi.org/10.2307/2257008
https://doi.org/10.1093/aob/mcv069
https://abm.ojs.inecol.mx/index.php/abm
https://abm.ojs.inecol.mx/index.php/abm
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The factors that induce viviparity in plants may be related to physiological and hormonal aspects, 

such as low sensitivity to the hormone abscisic acid (ABA), which prevents seed dormancy. Miyoshi et 

al. (2000) demonstrated that certain mutations in rice cause viviparity due to insensitivity to ABA, 

suggesting a possible similar mechanism in other species. 

 

From an evolutionary perspective, Zhou et al. (2016) analysed how viviparity in mangroves has 

become a competitive advantage for proliferation in humid environments. Viviparity represents not only 

a reproductive adaptation, but also a key ecological response in the dynamics of species inhabiting highly 

disturbed environments. 

 

Methodology 

 

The study takes a quantitative experimental approach, as it seeks to document the presence of viviparity 

in specimens of T. recurvata collected within the Technological University of Tula-Tepeji itself and the 

municipalities within its area of influence, as a possible adaptive response to extreme atmospheric 

conditions such as drought, high temperatures, and high levels of pollution. 

 

Study area 

 

The study area is the campus of the Technological University of Tula-Tepeji, covering an area of 16 

hectares. Coordinates: 20°0′46.8″ N, 99°20′47.4″ W, located at Av. Universidad Tecnológica No. 1000, 

C.P. 42830, El Carmen, Tula de Allende, Hidalgo, Mexico. The municipality of Tula de Allende has 

maximum temperatures ranging from 24 to 27.9 degrees, an average between 16 and 19.9 degrees, and 

minimum temperatures ranging from 8 to 11.9 degrees. 

 

Population and Sample 

 

The population under study is the UTTT campus located in the municipality of Tula de Allende, Hidalgo. 

A randomised sampling was carried out in areas with contrasting characteristics within the university 

campus. As a sampling strategy, students were instructed on NOM-011-SEMARNAT-1996 to collect 

hay specks in sterile plastic bags so as not to alter their structures. Two collection areas were defined: 

 

a. The area adjacent to the Tula-Tepeji road and car parks with direct exposure to mobile sources of 

contamination 

 

b. The area near the teaching buildings, which is more protected and has less exposure to vehicles. 

 

From each area, 5 kilograms of Tillandsia recurvata spores attached to phyllophytes were 

collected, ensuring an equitable representation in terms of number of individuals and infestation 

conditions. 

 

The sampling area was georeferenced and a photograph of the phyllophyte was taken to determine 

the species. The degree of infestation was assessed using the method proposed by Hawksworth, 1980. In 

the laboratory, the following procedure was followed: 

 

1. The samples were placed on trays on the laboratory table and labelled with the collection site. 

 

2. Phenomenological observations were recorded for the collected seeds, with an emphasis on 

reproductive structures and special attention to the identification of fruits with signs of viviparity, 

using the photographic criteria reported by Pérez-Noyola et al. (2020) as a reference. The 

structures were photographed for comparative analysis. 

 

3. The fruits were observed directly and with the aid of an optical microscope with 4X and 10X 

objectives. 

 

4. Green and ripe fruits (as a new line of research will test viviparity in vitro) and fruits with 

viviparity were collected and placed in separate sterile Petri dishes. 

 

5. Notes and photographs were taken of the observations and findings. 

https://doi.org/10.1270/jsbbs.15149
https://doi.org/10.1270/jsbbs.15149
https://doi.org/10.17521/cjpe.2016.0087
https://doi.org/10.2307/2806732
https://doi.org/10.1080/23818107.2019.1682305
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Results 

 

Five kilograms of tree seeds from different species, mostly mesquite, were collected using protective 

equipment such as goggles, gloves, smocks, and industrial footwear. The samples were obtained from 

trees with grade 3 and 2 infestation. They were placed on trays for observation and labelled separately. 

 

Within the UTTT campus, samples of R. recurvata were collected in two areas (one near the car 

park and the Tula-Tepeji road and another in the middle of the campus approximately 300 meters away). 

The morphological characteristics of the hay were similar, and in both cases, the presence of fruits with 

true viviparity was identified. These findings suggest that the atmospheric and climatic conditions in both 

areas of the campus are comparable and favour the expression of this reproductive form; therefore, no 

difference is made in the results between the samples from one area and the other. 

 

It was observed that T. recurvata motas tend to concentrate preferentially in the middle of the tree 

canopy, where the upper branches cast shade and reduce direct exposure to solar radiation. This 

distribution suggests a photoinhibition response, as the species is sensitive to intense solar radiation. 

Consequently, it is uncommon to find patches above the tree canopy, where light conditions are more 

extreme. 

 

It was observed that different reproductive stages can coexist simultaneously on a single 

Tillandsia recurvata tuft, including open flowers, developing green fruits, ripe and dry fruits, as well as 

fruits with possible signs of viviparity. This phenomenological coincidence suggests a continuous and 

adaptive reproductive pattern, probably influenced by the variable environmental conditions of the 

surroundings. In Figure 1, at the points marked with the letter A, open or opening floral structures can be 

observed. The flowers have a narrow, elongated floral tube, typical of the species, with violet-coloured 

petals emerging from a basal spathe. These flowers are hermaphroditic and short-lived, which is 

characteristic of the reproductive phenology of T. recurvata.  

 

The floral opening is well developed and allows clear observation of the perianth. At point B, 

young or immature fruits can be seen, which are elongated cylindrical in shape and pale green in colour, 

indicating that they have not yet reached maturity. These fruits are capsules that will later open by 

dehiscence to release seeds. At this stage, there are no signs of premature opening or germination, so 

they are considered normal pre-dispersal structures. At point C, there is an open fruit from which a 

developing seedling emerges; the image is clearly different from the previous ones, as it has differentiated 

embryonic structures (probably hypocotyl or first scutellum).  

 

This represents a clear case of true viviparity, as germination occurs within the fruit before its 

release into the environment. This phenomenon implies that the seed has completed its embryonic 

development and has begun to grow while still attached to the mother plant, which is an adaptive strategy 

in hostile environments. 
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Box 1 
 

 
 

Figure 1 

Title: Tillandsia recurvata plant at different reproductive stages, including open 

flowers (A), developing green fruits (B), and fruits with possible signs of viviparity 

(C). This phenological coincidence suggests a continuous and adaptive 

reproductive pattern 

Source: Own Work 

 

This pattern suggests high phenological plasticity. The presence of true viviparity coincides with 

that reported by Pérez-Noyola (2020) and may be associated with factors such as environmental stress, 

high temperature, or atmospheric pollution, which are characteristic of the municipality of Tila de 

Allende, Hidalgo. 

 

Figure 2A shows structures similar to shoots emerging directly from the dry fruit. This case is 

very similar to the phenomenon reported by Pérez-Noyola et al. (2020). Image 2B shows a dry fruit with 

an emerging seedling, which is approximately 4-5 cm in size due to the growth of the seedling. Figure 

2C clearly shows a fully formed open flower with purple petals characteristic of T. recurvata, indicating 

that it is in its functional phase. Figure 2D gives the impression that a flower is emerging from a fruit, 

which is not typical.  

 

This is a case of late flowering on the same spike where other fruits are forming. In bromeliads 

such as T. recurvata, flowers are born in dense spikes and sometimes floral remains (bracts) persist 

around the ovary. The elongated capsule-shaped structures covering the flower are covered by trichomes 

typical of floral bracts. Photograph 2E documents the final reproductive cycle of Tillandsia recurvata 

under natural conditions of dissemination. There are no signs of viviparity in these fruits, as the seeds 

have been expelled. Point 2EA shows a dry fruit that has opened and released its seeds, revealing an 

intertwined set of pappus hairs with anemochorous fusion. Point 2EB shows dark brown dehiscent 

capsules, each with at least two separate valves. the opening occurs naturally when the fruit ripens and 

dries, facilitating the release of the seeds. The fruit at point 2EB is completely empty, indicating that it 

has already released all of its seeds. Photograph 2F shows a close-up of the fruit at point 2EA, where the 

pappuses are more clearly visible.  

https://doi.org/10.1080/23818107.2019.1682305
https://doi.org/10.1080/23818107.2019.1682305
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They are grouped together, which is common after the simultaneous opening of several fruits. 

They are fluffy and whitish in appearance and are attached to the seeds that are dispersed from the dry 

fruits. We can see that the length of the dry fruits varies between approximately 2.5 and 3.5 cm and the 

mass of pappus measures around 1.5 cm in diameter. Figure 2G shows a fruit of T. recurvata in a naturally 

opened state, containing mature seeds ready for dispersal; the seeds are complete and have pappus, which 

in this case are compressed. The surface of the fruit is brown in colour, rough in texture and apparently 

fragile, indicating that the fruit has already fulfilled its reproductive function and is in its final stage. 

 

Box 2 
 

A 

 

B 

 

    

C 

 

D 

 

    

E 

 

F 

 
    

G 

 

H  

 

Figure 2 

Title: Different reproductive stages of Tillandsia recurvata. In A and B, dry fruits 

can be seen from which green leaves emerge, representing true viviparity. In C and 

D, we see the characteristic purple flowers of T. recurvata. E, F, and G show ripe 

fruits releasing seeds with pappus. 

 

In Figure 3A, near the 1 cm mark on the ruler, a fruit with true viviparity can be seen. In a close-

up in Figure 3B, a fruit with open valves is shown, and green leaf structures can be distinguished inside. 

This fruit exhibits true viviparity as it meets the visual characteristics reported by Pérez-Noyola et al. 

(2020): internal seed germination, seedlings forming inside the fruit with differentiated structures such 

as cotyledons, embryonic axis, young leaves and even roots, and the embryo continues to use resources 

from the fruit or seed while developing internally. The visible emergence of the seedling can be seen 

macroscopically. 

 

 

https://doi.org/10.1080/23818107.2019.1682305
https://doi.org/10.1080/23818107.2019.1682305
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Box 3 
 

A 

 
B 

 
 

Figure 3 

Title: In 3A, we observe a fruit with true viviparity. In a close-up in 3B, we see a 

fruit with open valves, and inside, green leaf structures can be distinguished. This 

fruit exhibits true viviparity, as it meets the visual characteristics reported by Pérez-

Pérez-Noyola et al. (2020). 

 

Figure 4A shows a specimen representing a case of true viviparity observed under a stereoscopic 

microscope, where the seed has germinated endogenously before being released into the environment. 

The observation suggests that environmental conditions in the study area (such as high temperature, water 

stress, and high concentration of atmospheric pollutants) may be acting as inducing factors for this 

reproductive form, as has been reported in the literature on viviparous bromeliads (Pérez-Noyola et al., 

2020). Figure 4B shows a fruit with true viviparity under an optical microscope with a 4X objective lens. 

 

Box 4 
 

A 

 
 

 

B 

 
Figure 4  

Title: Fruits with true viviparity. 4A viewed under a stereoscopic microscope 

and 4B viewed under an optical microscope with a 4X objective lens.  

 

In 4A, we observe a fruit with true viviparity of Tillandsia recurvata. The open pericarp can be 

seen: the fruit, with an elongated linear shape, is partially open longitudinally. This behaviour is typical 

in the fruits of T. recurvata, which open axially, allowing the germinated seedling to emerge. Inside the 

fruit, a light green elongated structure can be seen protruding from the edge of the dehiscence.  

https://doi.org/10.1080/23818107.2019.1682305
https://doi.org/10.1080/23818107.2019.1682305
https://doi.org/10.1080/23818107.2019.1682305
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This structure is cylindrical in shape and directional in growth, indicative of seedling 

development. In this case, no pappus is observed. The surface of the fruit and seedling appear hydrated, 

suggesting conditions of high relative humidity, a common factor which, together with thermal stress, 

induces germination within the fruit. The green colouration of the emerging structure is indicative of the 

presence of active chlorophyll, confirming that the embryo has already begun its functional 

(photosynthetic) development, another key characteristic of true viviparity. 4B meets the visual 

characteristics reported by Pérez-Noyola et al. (2020). In the field of view, an elongated structure with a 

longitudinal texture can be distinguished, corresponding to a developing seedling emerging from inside 

the fruit. An orange hue characteristic of the microscope's lower illumination is observed, highlighting 

the transparency of the tissues and the parallel veins of the fruit. In the central area, an elongated ovoid 

structure with a denser texture runs longitudinally through the fruit cavity. This structure corresponds to 

the embryonic axis of the seedling, which shows initial differentiation of the hypocotyl or scutellum. 

Around the seedling, the remains of the fruit valves that have partially opened can be seen, a characteristic 

of the capsule-type dry fruits of this species. 

 

The position and orientation of the embryo indicate that it has begun its development within the 

fruit before dispersal, which is a fundamental criterion for confirming true viviparity. Figure 5 shows a 

portion of the internal contents of a dry fruit of T. recurvata, focusing particularly on the mass of pappus 

(specialised trichomes) that detach together with the seeds at the moment of dehiscence. 

 

The pappus can be seen in the field of view. These appendages, derived from the outer seed coat, 

facilitate anemochorous dispersal, as they act as aerodynamic structures that keep the seed in suspension 

during transport. On the left and centre of the image, a darker, elongated structure can be seen, which 

corresponds to the body of the T. recurvata seed. This structure appears to be aligned parallel to several 

hairy fibres, suggesting that it is still partially attached to the pappus. 

 

Box 5  
 

 
 

Figure 5 

Title: Seed and husks extracted from a dry fruit of Tillandsia recurvata 

 

 

Analysis of Results 
 

The true viviparity observed in Tillandsia recurvata can be interpreted as an adaptive response to severe 

environmental conditions. High temperatures, prolonged water stress, and high levels of atmospheric 

pollution create a limiting environment for conventional germination. Under these circumstances, early 

germination within the fruit allows the seedling to begin its development in a protected environment, 

ensuring its viability and favouring immediate establishment upon dispersal (Elmqvist & Cox, 1996; 

Pérez Noyola et al., 2020). 

 

 

 

https://doi.org/10.1080/23818107.2019.1682305
https://doi.org/10.2307/3545583
https://doi.org/10.1016/j.jaridenv.2019.103993
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This reproductive mechanism represents a competitive advantage for T. recurvata, but with 

adverse consequences for host trees. Efficient propagation through partially developed seedlings 

increases infestation density, resulting in continuous shading. This epiphytic cover significantly reduces 

photosynthesis, alters water flows, and induces severe physiological stress that culminates in the 

progressive death of the tree (Zambrano et al., 2021; Breighigna et al., 2002). 

 

In the municipality of Tula de Allende, Hidalgo, air pollution from industrial activities such as 

refining, cement production, and power generation, combined with the effects of climate change, have 

created an environment conducive to the accelerated expansion of hay motita. These conditions favour 

early germination as a survival strategy, but they are also promoting a process of forest cover degradation, 

affecting the structure and ecological function of the ecosystem in the Endhó dam restoration area 

(Martínez-Camacho et al., 2022; SEMARNAT, 2020; IPCC, 2023). 

 

Ecological Implications 

 

Viviparity accelerates the establishment of motita hay on host trees, leading to a higher rate of tree 

colonisation. By densely covering the branches, motita hay competes with other plants for space and 

solar energy, leading to a reduction in biodiversity. Birds, reptiles, insects and other species may be 

affected by the reduction in habitat. 

 

Implications for Ecological Restoration 

 

The viviparity exhibited particularly by T. recurvata can significantly affect reforestation efforts, as 

planted trees can be quickly colonised. It increases control costs, as once manual removal and chemical 

treatment are applied, it can quickly recolonise the phorophytes, requiring short-term monitoring and 

control to address regrowth. It is necessary to take into account not only the time when the seeds are 

released but also when the seedlings are generated. 

 

Socio-economic implications 

 

The viviparity of T. recurvata increases the control and sanitation costs that municipalities apply to trees 

located in parks, avenues and public spaces. Economically important trees such as huizaches, mesquites 

and fruit trees decrease their production or are less useful for firewood, fodder or traditional uses. The 

loss of trees due to massive infestation by T. recurvata affects CO2 capture, shade, thermal regulation 

and soil conservation. Environmental deterioration reduces quality of life and can affect cultural and 

ecological tourism. 

 

Implications for environmental health 

 

Although T. recurvata traps particles of different sizes and compositions, the accumulation of large 

quantities of particles in the hay motita biomass contributes to stress on the forophytes, and the reduction 

in forest cover leads to a deterioration in air quality. 

 

Educational and cultural implications 

 

It is important to inform the population about viviparity in T. recurvata, the threat it poses to trees, and 

to raise environmental awareness. 

 

Scientific and research implications. 

 

The viviparity of T. recurvata is poorly documented and represents an opportunity to develop new 

projects. The viviparity of T. recurvata requires innovation in treatments, including studying them by 

phenological phase. Its reproductive behaviour may be linked to levels of environmental stress or 

atmospheric pollution, so T. recurvata can be used as a dynamic bioindicator. 

 

 

 

 

https://doi.org/10.1016/j.ufug.2021.127136
https://doi.org/10.1023/A:1016531418212
https://doi.org/10.1016/j.envpol.2022.119768
https://www.dof.gob.mx/nota_detalle.php?codigo=730078&fecha=21/06/2002
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_FullVolume.pdf
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This research provides scientific evidence of true viviparity in Tillandsia recurvata in arid and 

industrial ecosystems in central Mexico, establishing a direct link between this phenomenon and the 

extreme environmental conditions resulting from climate change and atmospheric pollution. The main 

contribution is the identification of viviparity as an adaptive strategy in an epiphytic bromeliad in 

response to thermal and water stress. In addition, the use of T. recurvata as a dynamic bioindicator of 

environmental deterioration is proposed, providing a useful tool for ecological monitoring in areas with 

high industrial pressure. From a technological perspective, the study lays the foundations for the 

development of control methods based on phenological phases and for the assessment of the impact of 

pollutants on plant reproduction. 

 

The results of the project contribute to understanding: 

 

− The physiological and evolutionary mechanisms that induce viviparity in aerial plants under 

conditions of extreme stress. 

 

− The role of viviparity as an adaptive response to climate change and air pollution. 

 

− Plant-atmosphere interaction in disturbed ecosystems, expanding global knowledge on the 

resilience and reproductive plasticity of bromeliads. 

 

− The applicability of the phenomenon as a biological indicator in the assessment of environmental 

quality and ecological restoration processes. 

 

− The importance of mass epiphytisation as a biological process that reflects ecosystem imbalance. 

 

These aspects strengthen universal knowledge about plant stress physiology, reproductive 

ecology, and the synergistic effects of global change on semi-arid ecosystems. 

 

Conclusions 

 

− Tillandsia recurvata exhibits true viviparity as a survival strategy in the face of extreme 

environmental stress. 

 

− This behaviour favours its rapid colonisation and accelerates the deterioration of host trees, 

contributing to the loss of forest cover. 

 

− Local conditions of high atmospheric pollution and prolonged droughts in the Endhó Dam area 

are triggering factors for this adaptation. 

 

− Viviparity should be considered a bioindicator of environmental deterioration, useful in 

ecological restoration programmes. 

 

− Monitoring and phenological control strategies are required to prevent its proliferation in natural 

and urban ecosystems. 

 

− True viviparity can function as a bioindicator of extreme environmental deterioration. 
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