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Reproductive variation and germination capacity of Tillandsia
landbeckii Phil. in the southernmost Tillandsia dune of the Atacama
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ABSTRACT

Tillandsia landbeckii Phil. is a rootless epiphyte that grows on dunes of the Atacama Desert. There is little
information on its natural history, particularly concerning its reproductive ability. To better understand
whether sexual reproduction can contribute to recruitment in T. landbeckii, we examined its basic
reproductive traits and developed a germination protocol. We marked and censused plants, as well as
collected seeds from four localities along an inland-coast gradient of the southernmost Tillandsia dune
in Chile. Seeds were tested for viability and used for germination trials using four culture mediums.
Plants vary in size, capsule size and number of seeds per capsule along the gradient, with larger plants
occurring inland. Both the probability of flowering and of producing capsules increased with plant size.
However, seed viability was low and did not differ across localities. Germination trials were successful, but
also yielded relatively low germination probabilities. In summary, our results revealed plant size-related
variation in T. landbeckii’'s reproductive capacity. In spite of this variation, however, low seed viability
supports previous findings that sexual reproduction scarcely contributes to recruitment in this population;
hence propagation of this species may eventually be necessary to promote genetic diversity.
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RESUMEN

Tillandsia landbeckii Phil. es una epifita sin raices que crece en las dunas del Desierto de Atacama. Existe
poca informacidn sobre su historia natural, especialmente en lo que respecta a su capacidad reproductiva.
Para comprender mejor si la reproduccién sexual puede contribuir al reclutamiento en T. landbeckii,
examinamos algunos rasgos reproductivos basicos y desarrollamos un protocolo de germinacién.
Marcamos y censamos las plantas, ademas de recolectar semillas de cuatro localidades a lo largo de un
gradiente de costa hacia el interior en la duna mas meridional de Tillandsia en Chile. Determinamos la
viabilidad de las semillas y realizamos ensayos de germinacién con cuatro medios de cultivo diferentes. Las
plantas variaron en tamano, tamano de la capsula y nimero de semillas por capsula a lo largo del gradiente,
siendo las plantas mas lejos de la costa, las mas grandes. Tanto la probabilidad de floracion como la de
produccién de capsulas aumentaron con el tamaio de la planta. Sin embargo, la viabilidad de las semillas
fue baja y no difirié entre las localidades. Los ensayos de germinacién fueron exitosos, pero en general
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las probabilidades de germinacién fueron relativamente bajas. En resumen, nuestros resultados revelaron
una variacion relacionada con el tamano de la planta en la capacidad reproductiva de T. landbeckii. A
pesar de esta variacion, la baja viabilidad de las semillas respalda hallazgos previos que indican que la
reproduccion sexual apenas contribuye al reclutamiento en esta poblacion; por lo tanto, eventualmente
podria ser necesario propagar esta especie para promover su diversidad genética.

Palabras clave: Bromeliaceae, dunas, epifita, fecundidad, protocolo de germinacion.

INTRODUCTION

With approximately 730 species, the genus Tillandsia is the
most species-rich genus of the Bromeliaceae (WFO Plant
List 2023). Most of the species in this group are epiphytic,
obtaining water and nutrients from fog (Zotz 2013). One such
species, Tillandsia landbeckii Phil., is a functionally rootless
plant that forms monospecific stands known as Tillandsia
dunes or “tillandsiales” in the hyper-arid Atacama Desert
of northern Chile (Gonzélez et al. 2011; Latorre et al. 2011;
Westbeld et al. 2009). Atmospheric fog plays a vital role in
controlling the growth of T. landbeckii plants (Gonzalez et al.
2011; Latorre et al. 2011), which are able to survive in this
environment through a series of specialized adaptations
including closely knitted, aciculate leaves covered with highly
specialized trichomes, and a Crassulacean Acid Metabolism
(Belmonte et al. 2022; Benzing & Bennett 2000; Raux et al.
2020; Rundel et al. 1997). However, the aridity of the Atacama
Desert may restrict T. landbeckii's reproductive ability,
especially in terms of seed production and germination.

Little is known about the reproductive ability of T.
landbeckii. Rundel (Rundel et al. 1997) proposed that this
species may propagate asexually via ramets from a single or a
few genets. While this ability enables T. landbeckii to colonize
suitable dunes, it results in populations with low genetic
variability, a phenomenon that has been reported at the
edges of T. landbeckii’s distribution (Merklinger et al. 2020).
Nevertheless, plants can produce flowers and seeds, the latter
presumably via autogamy or cleistogamy (Till 1992a, 1992b),
and there is evidence of sexual reproduction in the central
populations (Merklinger et al. 2020). However, since average
annual precipitation in the southern and northern limits of
T. landbeckii’s distribution ranges from < 30 mm to < 1 mm,
respectively, seeds rely solely on fog water for establishment;
therefore, it is unlikely that natural germination is a prevalent
occurrence.

To date, there are very few studies on T. landbeckii and
little is known about its ecology (Alfaro et al. 2021; Contreras

et al. 2022). Furthermore, a recent editorial (Koch et al. 2022)
stressed the lack of biological data available for this species.
Currently, one of the major threats to the Tillandsiales of the
Atacama Desert are changes in fog dynamics, which these
ecosystems rely on. Such changes may have already affected
the survival of many Tillandsia dunes (del Rio et al. 2021;
Garcia et al. 2021). In this context, it becomes increasingly
important to obtain relevant information on T. landbeckii,
particularly with respect to reproductive aspects, as well as
to develop protocols for the propagation and conservation of
this species. So far, no attempts have been made to germinate
T. landbeckii seeds, thus there is no information regarding its
germination requirements, nor basic natural history data, such
as natural levels of seed viability. Therefore, in this study, we
set out to examine basic reproductive traits of T. landbeckii,
including seed production, viability and seed number per
capsule at four localities of the most southern Tillandsia dune
in the Atacama Desert. Because genetic data has revealed
that in this population plant reproduction is almost exclusively
clonal (Merklinger et al. 2020), we expected that only a low
percentage of plants in these localities would produce fruit
capsules, and that levels of seed viability would be low across
sites. Additionally, we develop a seed germination protocol
for this species by comparing the efficiency of different
culture media.

MATERIALS AND METHODS

SITE DESCRIPTION

We surveyed and collected seeds of T. landbeckii from four
localities along an east-west gradient of the Tillandsia dune
located at approximately 20 km inland from the town of
Caldera in Chile. These localities, namely S1, S2, S3, and 54,
are positioned from east to west and decrease in altitude
from 750 to 360 m above sea level (Table 1). The mean annual
temperature in this area is around 15.5 °C, and fog is the main
source of water in this ecosystem. Other than T. landbeckii,
only a few plant species are found in this system, these
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include Skytanthus acutus (Apocynaceae), Atriplex deserticola
(Chenopodiaceae) and Ephedra breana. (Ephedraceae).

PLANT CHARACTERIZATION AND SEED COLLECTION

We established three 50x2 m plots at each of the four
localities. In each plot, we counted and measured all T.
landbeckii individuals, characterizing their size in terms
of basal area by measuring the length of the longest and

shortest axis for each plant. Most plants at our study site
are distinct individuals with a cushion-like shape (Fig. 1),
thus we calculated their basal area using the formula for the
area of an ellipse. In some cases, however, cushions tended
to bind forming small bands, making it difficult to distinguish
individual plants. In such cases, we measured the longest and
shortest axis of distinct plant bands, and considered them as
a single individual.

TasLe 1. Site characteristics of the four localities where T. landbeckii plants were sampled / Caracteristicas de las cuatro localidades

donde se muestrearon las plantas de T. landbeckii.

Site Distance from the shore (km)? E(:iv:::’;] Geogsraphlcal Coorc‘::;lates M:::s'i)tljz" t
S1 34 750 27°10°11" 70°29°30" 34.7
S2 29 628 27°10°49” 70°30°55" 47
S3 23 471 27°08°11" 70°35°51" 58.3
sS4 17 360 27°05°49" 70°39°30" 38.7

!Euclidean distance.
2Number of T. landbeckii plants per 100 m? plot.

Ficure 1. A. Plants of T. landbeckii at the study area. B. Open flower. C. Mature seed capsule before opening. D. Open capsule showing
plumose seeds adapted to wind dispersal. / Plantas de T. landbeckii en el area de estudio. B. Flor abierta. C. Capsula madura antes de
abrirse. D. Capsula abierta con las semillas plumosas adaptadas para la dispersion por el viento.
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To determine whether plants were able to flower and
produce seeds, we recorded the presence of flowers or flower
buds and mature seed capsules for each individual during
December 2020, January, February, April, and May 2021
(Fig. 1). We also collected mature capsules from all plants in
the plots during the same period, to examine differences in
capsule size and the number of seeds produced per capsule
at each locality. The capsules were stored in small plastic
containers (50 ml Falcon tubes) and preserved at 4 °C until
they were processed at Universidad de La Serena. Here, 20
capsules per locality were randomly selected for measuring
and seed counting. Additionally, we collected seeds from
open capsules in the field, which were stored as described
above and used for the seed germination trials.

SEED VIABILITY

To assess seed viability, we collected fresh seeds during
April 2022 from all localities, except S4, where no plants had
mature capsules. We randomly selected 100 intact seeds
from each locality and placed them in a 1% tetrazolium
chloride solution (2,3,5-tryphenyl tetrazolium chloride, TTC)
for 48 h at 30 °C. Seed viability was evaluated by examining
seeds under a microscope. We used two different criteria
to estimate viability: a conservative approach in which only
completely stained seeds were classified as viable, and a more
lenient approach in which partially stained seeds were also
considered viable.

GERMINATION TRIALS

To conduct these experiments, we pooled seeds from all
four localities. The seeds were sterilized by rinsing them in
a Tween-20® solution for three minutes with continuous
shaking, followed by three rinses with sterile distilled water
(sdw). After that, the seeds were rinsed for three minutes
(shaken gently for one minute and left still for two) with
70% ethanol. Next, they were rinsed three times with sdw,
followed by a rinse with 1% chlorine, and then three final
rinses with sdw. The seeds were then resuspended in 1 ml of
sdw at 4 °C for 72 h before sowing.

We assessed the effect of four MS (Murashige and Skoog)
culture media (Table 2) on seed germination. In the first
trial, we prepared seven 60 mm x 15 mm Petri plates with
each of the four media (N=7), sowed eight seeds per plate
(N=56 seeds/medium), and sealed each plate with Parafilm
M™., Based on the results from the first trial, we repeated
the essay only with MS Activated Carbon, sowing eight seeds
in each of 50 Petri plates (N=400 seeds). Both trials were
conducted in a laminar flow hood with appropriate laboratory
sanitation practices, and seed sowing was performed in a
growth chamber at 21 °C with a 16/8h photoperiod. Seeds
were monitored every two days until germination ceased; this
process took 60 days in the first experiment and 30 days in
the second. We defined germination as the point at which the
seeds had swelled and started to emerge.

TasLe 2. Culture media used for T. landbeckii germination experiments / Medios de cultivo utilizados para los experimentos de

germinacion de T. landbeckii.

Reagents (for 500 ml) MS 1 MS 2 MS 3 MS Activated Carbon

Murashige & Skoog (MS 519) with vitamins 22¢g 22¢g 1.1 22¢g
Saccharose 15¢g 15¢g 5g 15¢g

6-Benzylaminopurine BAP (Citokyne) 500 ul n/a n/a 500 ul
Indole-3-butyric acid IBA (Auxine) n/a 500 ul n/a 500 ul
SEM (secondary esblishment medium) n/a n/a 025¢g n/a

Casein hydrolysate O01lg n/a n/a 01g
Ascorbic acid (0.05 g/ml) 25 ul n/a n/a 25 ul
Plant Preservative PPM 500 ul n/a n/a 500 ul
Activated carbon (antioxidant) n/a n/a n/a 05¢g
Agar Agar 4¢ 4g 4¢ 4¢
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STATISTICAL ANALYSES

We first assessed whether the proportion of fruiting
plants (i.e., with capsules) differed among localities with a
contingency test. Second, we examined if plant size differed
among the four sampled localities using linear model with
log-transformed values of plant area to meet normality
requirements. Differences among groups were examined
using estimated marginal means. Third, we determined
whether the probability of flowering and fruiting varied with
plant size using a mixed effects logistic regression model, in
which the binary response variables were, whether a plant
produced (1) flowers (yes/no) and (2) mature seed capsules
(yes/no). The independent variable was plant size, and each
locality was considered as a random factor in the model.
We examined whether the size of mature capsules and the
number of seeds per capsule varied among localities using a
generalized linear model (GLM) with a Gaussian and Poisson
distribution, respectively. In both cases, differences among
groups were evaluated through estimated marginal means.
Finally, we used a contingency test to determine if there were
any differences in the proportion of viable seeds among the
localities.

To assess the effect of the different culture media on the
probability of germination, we conducted a Cox Proportional
hazards model nested within each petri dish. Here, the
dependent variable is the hazard function, which describes
how the hazard (in this case, the “risk” of a seed germinating)

changes over time, and the effect parameter describes
how this hazard is related to the medium culture. For these
analyses, all comparisons were made against germination
rate in MS3 because it is the simplest medium (see Table 2).
To examine how the germination probability of T. landbeckii
changes with time in the MS Activated Carbon during the
second trial, we used an accelerated failure time model. All
statistical analyses were performed using the R statistical
environment ( R Core Team 2022).

RESULTS

SEED PRODUCTION AND VIABILITY

We marked a total of 536 plants across all four localities
(S1=104,52=143,53=175, S4=116). The proportion of plants
with capsules differed among localities (x2=66.95, df = 3, P <
0.001), but it was overall low, with the highest percentages of
fruiting plants in S3 and S1 (29.1% and 12.5%, respectively),
followed by S2 (4.1%). No plants in S4 produced capsules.
Mean plant size differed among localities (F,,;,=19.61,
P<0.0001); plants from the site nearest to the coast (54) were
smaller than those from the other localities (Fig. 2A). Both the
probability of flowering and producing mature seed capsules
increased with plant size (Figs. 2B, 2C). Specifically, a one unit
increase in plant area was associated with a 3.43 and 1.44
unit increase in the expected log odds of producing flowers
and mature seed capsules, respectively (Table 3).

TasLE 3. Mixed effects logistic regression for flower and mature capsule status (1=present, O=absent) of T. landbeckii plants based on

their size (area [m?]). / Regresion logistica de efectos mixtos para los estados de flor y cdpsula madura (1= presente, O= ausente) de las

plantas de T. landbeckii en funcion de su tamario (drea [m2]).

Fixed effects
Flower
Intercept -0.6458 0.4547 0.56 0.52 (0.22-1.28)
Size 3.4347 0.4667 <0.001 31.02 (12.43-77.43)
Mature seed pod
Intercept -4.4805 0.8997 <0.001 0.01 (0.002-0.027)
Size 1.4365 0.5284 <0.001 4.21 (1.49-10.50)
Radom effects (Locality)
Flower Mature seed pod
Variance 0.7402 Variance 2.025
Std. Dev 0.8604 Std.Dev 1.423

1Odds ratio showing lower and upper Cl in parenthesis.
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Ficure 2. A. Bar plot showing differences in size distributions of T. landbeckii individuals at the four localities. Error bars represent + 1
standard error and lowercase letters indicate differences among groups based on the GLM model. B. Probability of producing flowers
in relation to plant size using a mixed effects logistic regression model. C. Probability of producing mature seed capsules in relation
to plant size using a mixed effects logistic regression model. The dashed lined shows mean plant area across localities. / A. Grafico
de barras mostrando las diferencias en las distribuciones de tamanos de individuos de T. landbeckii en las cuatro localidades. Las
barras de error representan + 1 error estandar y las letras en minuscula indican diferencias entre grupos en base al modelo de GLM.
B. Probabilidad de producir flores en funcion al tamafio de la planta utilizando un modelo de regresion logistica de efectos mixtos. C.
Probabilidad de producir capsulas maduras en funcién al tamafio de la planta utilizando un modelo de regresion logistica de efectos
mixtos. La linea punteada muestra el area promedio de las plantas en las diferentes localidades.

Capsule size differed among localities (Dev=1338,
df=3,75, P<0.001); capsules from the site nearest to the coast
(S4) were smaller than from all other localities, except S2
(Fig. 3A). The number of seeds per capsule ranged between
3-64. The mean number of seeds per capsule varied among
all localities (Dev=183.29, df=3,75, P<0.001); with capsules
from S4 and S3 having the fewest and highest number of
seeds, respectively (Fig. 3B).

The proportion of viable seeds did not differ among
localities, either when considering stained (x?=4.67, df = 2,
P = 0.1) or partially stained (x?=4.00, df = 2, P = 0.13) seeds
as viable. The mean percentage of viable seeds in the former
scenario was 19.5% (+ 8.43 sd), whereas in the latter, it
increased to 42% (+ 9.4 sd).

GERMINATION TRIALS

All germination media successfully triggered germination of
T. landbeckii seeds (Fig. 4). On average, however, a higher
percentage of seeds germinated on the MS4 and MS Activated
Carbon mediums (44.9%+22.5 and 44.9%+19.2, respectively),
than in the MS2 and MS3 mediums (30.6%+15.3 and
MS4=34.7%+7.6, respectively). These differences translate
into marginal differences in the probability of germination
among treatments (x?,,.,=6.95, gl=3, P=0.07). Specifically, the
probability of germination in the MS Activated Carbon and
MS1 were 46% and 58% higher, respectively compared to the
reference medium (MS3) (Fig. 4). There were no differences in
the probability of germination between MS3 and MS2. In the
MS Activated Carbon, T. landbeckii seeds began germinating
on day 5, and by day 29, the probability of germination was
0.29 (95% Cl, 0.333-0.244).
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Ficure 3. A. Capsule size of T. landbeckii individuals at the four localities sampled. B. Mean number of seeds in capsules from different
localities. Error bars represent + 1 standard error and lowercase letters indicate differences among groups based on GLM models. / A.
Tamario de la capsula de individuos de T. landbeckii en las cuatro localidades. Las barras de error representan + 1 error estandar y las
letras en minudscula indican diferencias entre grupos basadas en los modelos de GLM.
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Ficure 4. A. Early T. landbeckii seedling. B. Swollen seed in the process of germinating. C. Comparison of a germinating (left) and a non-
germinating seed (right). D. Forest plot of the Cox proportional hazards regressions of germination clustered by plate replicate. The
plot shows seed germination probabilities (hazard ratio, HR) and 95 % CI from seeds in each culture medium compared to those in
MS3. The germination probability of a seed in MS3 is standardized to 1 and denoted by the dashed vertical line. An HR > 1 indicates
an increased germination probability, whereas an HR < 1 indicates a decreased probability. / A. Plantula temprana de T. landbeckii. B.
Semilla hinchada en proceso de germinacion. C. Comparacién de una semilla en proceso de germinacion (izquierda) y una semilla no
germinante (derecha). D. Grafico de sobrevivencia de las regresiones de riesgos proporcionales de Cox de la germinacion agrupada por
placa. El grafico muestra las probabilidades de germinacion de las semillas (funcién de riesgo, RR) y un IC del 95 % en comparacién con
las semillas en medio de cultivo MS3. La probabilidad de germinacién de una semilla en MS3 se estandarizé a 1y se indica con la linea
vertical punteada. Un RR > 1 indica una mayor probabilidad de germinacién, mientras que un RR < 1 indica una menor probabilidad.
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DISCUSSION

Our findings reveal that along an east-west gradient of the
southernmost Tillandsia dune of the Atacama Desert, T.
landbeckii plants exhibit variation in size, capsule size, and
the number of seeds per capsule. In addition, we observed
that both the likelihood of flowering and of producing
mature capsules increased with plant size. However, despite
these dissimilarities, overall seed viability was low and did
not differ among localities. Germination experiments, while
effective, yielded relatively low germination rates (<50%),
confirming the low seed viability detected in the seeds.
Plants decreased in size, had smaller capsules and
fewer seeds per capsule with proximity to the shore and
decreasing elevation. T. landbeckii primarily relies on fog for
nutrient and water supply (Westbeld et al. 2009). Therefore,
its distribution is influenced by the spatial dynamics of the
fog mantle (Borthagaray Peradotto & Marquet 2010; Garcia
et al. 2021; Latorre et al. 2011), which typically occurs
along the coast between 600 and 1000 m a.s.l. (Cereceda
et al. 2008; Latorre et al. 2011). Although in this study, we
did not quantify fog water input in our sampled localities,
T. landbeckii plants closer to the shore likely receive less
moisture than those further East, which inevitably results
in less water and nutrient input to the former. Given that
atmospheric nutrient supply is a significant driver of plant
growth in T. landbeckii (Gonzélez et al. 2011), lower nutrient
input nearer to the shore is expected to result in slower
growth and smaller plant size. Empirical evidence regarding
the relationship between nutrient limitation and growth,
was reported by Hernandez and collaborators (1999) for
Tillandsia guatemalensis. These authors found that the growth
rate of this epiphytic bromeliad increased in response to
NPK fertilization. Similarly, as in other vascular epiphytes
(Laube & Zotz 2003; Zotz & Richter 2006), nutrient input
may also determine reproductive output in T. landbeckii. In
particular, it has been suggested that P is the most limiting
macronutrient for reproduction in vascular epiphytes
(Benzing 2008; Zotz & Richter 2006). Accordingly, P enriched
plants of Werauhia sintenisii, an ephiphytic bromeliad of the
subfamily Tillandsioideae, produced more seeds per fruit and
per plant, and had a higher frequency of flowering in two
consecutive years than controls, suggesting that fertilized
plants overcome the cost of reproduction more readily than
non-fertilized plants (Lasso & Ackerman 2013). Hence, the
observed pattern of larger capsule size, and higher number
of seeds per capsule in T. landbeckii with increasing altitude
and distance to the shore, may be partly be explained by
differences in P fluxes from atmospheric fog (Gonzalez et al.
2011). Future studies, should examine how T. landbeckii vital

rates change along fog gradients, and test whether P limits
its reproduction in the field along the gradient.

We found a positive relationship between plant size
in T. landbeckii and both the probability of flowering and
the probability of producing mature seed capsules. While
reproductive size thresholds have been reported for some
long-lived semelparous bromeliads (Veldhuisen et al. 2022),
there is limited information available for the Bromeliaceae in
general. Although further researchis required to comprehend
the underlying mechanisms behind these patterns, several
ecophysiological parameters (such as photosynthetic
capacity and stomatal regulation) related to carbon gain
in epiphytes (Schmidt et al. 2001; Schmidt & Zotz 2001;
Zotz et al. 2001), as well as to nutrient allocation towards
reproduction (Zotz 2000), have been reported to be size-
dependent. Therefore, it is possible that larger T. landbeckii
plants have more resources for reproduction. Moreover, as
T. landbeckii obtains all of its nutrients and moisture from
its specialized leaves, it follows that larger individuals should
have higher acquisition rates than smaller ones. However,
detailed studies are necessary to unravel the effects of size-
related variation on reproduction and performance of T.
landbeckii.

Tillandsia landbeckii is an epiphytic plant that
predominantly reproduces asexually along its distribution
range in Chile (Flores-Palacios et al. 2015). This mode of
reproduction is also prevalent in the area where this study
was conducted (Merklinger et al. 2020). This pattern suggests
that seeds do not contribute significantly to population
recruitment. However, it is unclear whether this is due to
extrinsic (e.g., water availability) or intrinsic (e.g., seed
production or viability) factors. Our conservative estimates
of seed viability indicate that less than 20% of T. landbeckii
seeds in this population are viable, suggesting that seed
viability can strongly limit recruitment. Data on seed viability
are only available for a few Tillandsia species (Chilpa-Galvan
et al. 2018; Garcia-Suarez et al. 2006; Martelo-Solorzano
et al. 2022; Sosa-Luria et al. 2012) and these estimates are
highly variable, ranging from ca. 100% to <40%. Low seed
viability of some species of Tillandsia has been attributed to
either incomplete embryo formation or damaged embryos
(Garcia-Suarez et al. 2006; Sosa-Luria et al. 2012). The
causes for this remained unexplored, but may be related to
environmental conditions. If so, we would expect variation in
seed viability across sites and years. This hypothesis is partly
supported by the fact that viability of T. landbeckii seeds
collected from the area in 2016 was close to 60% (P. Ledn-
Lobos, unpublished data).

The germination of T. landbeckii was higher in media
that included BAP, casein hydrolysate and ascorbic acid.
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BAP is known to provide additives that enhance cell
division and growth, and bromeliad seeds germinated in
media supplemented with cytokinins produce more shoots
from each embryo (da Silva et al. 2009; Fischer & Zimmer
1988). Similarly, casein hydrolysate has been reported
to be effective for seed germination of some orchids (Li
et al. 2018). A shortcoming of our study, is that we did not
produce seedlings for transplants following germination.
Consequently, it will be necessary in future studies to develop
protocols that promote seedling survival and growth, as well
as efficient transplant protocols. Such protocols can help the
propagation of T. landbeckii, which may become particularly
important considering the decreasing presence of fog across
many Tillandsia dunes in Chile, and its effects on the long
term survival of these ecosystems (del Rio et al. 2021).

CONCLUSIONS

Here we present evidence of size-related variation in T.
landbeckii’s reproductive capacity, as well as a geographic
pattern in size variation. Larger plants, which are more
common inland, exhibit a higher probability of producing
mature capsules and producing more seeds per capsule.
However, despite this variation, seed viability is uniformly
low, suggesting sexual reproduction is unlikely to contribute
significantly to recruitment in this population. These findings,
combined with previous genetic research, suggest that in
vitro propagation of this species may eventually be necessary
to promote genetic diversity.
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