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Abstract: Montane ecosystems in South America harbor high levels of endemism typically with species that are
often threatened. Here we investigated fruit and seed morphology, germination, and early growth parameters of
Crinodendron brasiliense, an endangered and narrow endemic tree species of subtropical montane cloud forests
in Southern Brazil. We obtained fruit and seed size and shape, number of lobes and number of seeds per fruit and
evaluated germination and early growth parameters in a greenhouse. We tested the effect of different container types
and parent plant on seed morphology, germination, and early growth. We also tested whether thermal scarification
would improve germination rates. We showed that parent plant significantly influenced fruit and seed morphology
as well as early growth rates. The germination rate of the species was extremely low (0.003—0.004 seeds per day),
which may be one important underlying cause of its small population size and restricted distribution. Thermal
scarification was ineffective to improve the germination of seeds. Unexpectedly, container type significantly
affected germination success, as seeds in trays germinated faster and in higher rates than seeds planted in seedbeds.
Such result suggests a higher soil moisture could improve germination success. Our study is the first documented
propagation of the species and provides essential aspects on the reproductive biology and early development
of Crinodendron brasiliense. We highlight the urgent need for further research and collaborative conservation
initiatives to prevent the extinction of this species.

Keywords: Araucaria Forest; Brazil; Cloud Forest; Conservation, Crinodendron brasiliense; Elaeocarpaceae;
Montane Forest.

Desentrafiando la morfologia de frutas y semillas, asi como el establecimiento
de plantulas de una especie de arbol estrechamente endémica

Resumen: Investigamos la morfologia de frutos y semillas, la germinaciéon y los parametros del crecimiento
inicial de Crinodendron brasiliense, una especie arborea en peligro de extincién y endémica de los bosques
montanos del sur de Brasil. Obtuvimos el tamafio y la forma de frutos y semillas, el nimero de 16bulos por fruto
y el numero de semillas por fruto, ademas de evaluar los parametros de germinacion y crecimiento inicial —
desconocidos para la especie. Demostramos que la planta madre influy6 significativamente en la morfologia
de frutos y semillas, asi como en las tasas de crecimiento inicial. La tasa de germinacion de la especie fue
extremadamente baja (0.003—0.004 semillas por dia), lo que podria ser una causa importante para explicar su
pequeilo tamafio poblacional y restringida distribucion. La escarificacion térmica fue ineficaz para la germinacion
de semillas. Inesperadamente, el tipo de contenedor afecto significativamente el éxito de la germinacion, ya que
las semillas plantadas en bandejas germinaron mas rapido y en tasas mas altas que las semillas plantadas en
semilleros. Tal resultado sugiere que una mayor humedad del suelo podria mejorar el éxito de la germinacion.
Nuestro estudio es el primer registro documentado de la propagacion de esta especie y proporciona aspectos
esenciales sobre la biologia reproductiva y el desarrollo inicial de Crinodendron brasiliense. Destacamos la
necesidad urgente de realizar mas estudios e iniciativas de conservacion colaborativas para evitar la extincion
de esta especie.

Palabras clave: Bosque con Araucaria; Bosque montano; Bosque nuboso,; Brasil; Conservacion; Crinodendron
brasiliense; Elaeocarpaceae.
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Introduction

Narrow endemic species are those with a very limited geographic
range, usually restricted to a specific area or habitat (Strayer 2013,
Behroozian et al. 2020). These species are often vulnerable to extinction
due to their restricted distribution and low population sizes, making
them a conservation concern (Kier et al. 2009). Narrow endemic
species are typically found in isolated habitats such as mountaintops,
islands, or isolated valleys, and they are often highly adapted to the
specific conditions of such environments (Lavergne et al. 2004, Nogué
etal. 2013). Montane ecosystems in South America, such as the Andes
(e.g., (Aagesen et al. 2012), the Guyana Highlands (e.g., (Nogué
et al. 2013), and the Brazilian Subtropical Highlands (e.g., (Werneck
etal. 2011, Iganci et al. 2011, Hassemer et al. 2015), harbor high levels
of endemism, especially plants. High endemism in such ecosystems
can result from speciation rates associated to topographical isolation
(Steinbauer et al. 2016). Local persistence is also a key feature of
narrow endemics survival, once they tend to be poor competitors and
less tolerant to stress or disturbance than widespread species (Lavergne
etal. 2004). Because of their limited range, narrow endemic species are
threatened by disturbances such as wildfires, landslides, stressors such as
droughts, as well as human-induced impacts such as habitat destruction
and fragmentation, and climate change (Essl et al. 2009, Dirnbock et al.
2011, Hassemer et al. 2015). As such, to ensure their survival, endemic
species require special conservation efforts, such as habitat protection
and restoration including human-assisted propagation (Toledo-Aceves
2017). Thus, understanding biological and ecological aspects of narrow
endemic species is essential for developing conservation strategies to
prevent their extinction (Lavergne et al. 2004).

Critical stages in the life cycle of plants such as germination and
early growth play a crucial role in population stability and ecological
interactions. The comprehension of which and how much factors
influence both stages is essential, as they can determine success or
failure of a plant species (Miller et al. 2017) and population dynamics
(Buckley et al. 2010). Soil fertility, temperature, water availability, and
light intensity are among the main factors that impact the germination
and early growth of plants (Bareke 2018). Besides, genetic factors can
as well affect germination parameters, such as percentage of and time
for germination (Bischoff et al. 2006). In addition, understanding early
development stages can provide insights into the adaptive strategies
employed by plants to cope with environmental challenges and can help
predict how plant communities may respond to future environmental
changes (Fay & Schultz 2009, Buckley et al. 2010). Therefore, the
investigation of germination and early growth stages are critical aspects
of ecological research that can inform conservation, restoration and
management of plant populations and communities.

Crinodendron (Elaeocarpaceae) is a plant genus endemic to South
America and with just four described species: Crinodendron brasiliense
Reitz & L. B. Sm. (found only in Southern Brazil), Crinodendron
hookerianum Gay (found only in Chile), Crinodendron patagua
Molina (found only in Chile) and Crinodendron tucumanum Lillo
(found in Argentina and Bolivia) (Bricker 1991, Blundo et al. 2012).
Crinodendron brasiliense is the narrowest endemic species of its genus
and occurs in a very limited geographic range in subtropical montane
cloud forests in Southern Brazil (Bricker 1991, Siihs 2018, Sampaio
2020). Although described as a shrub up to 4 meters in height, it can
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reach up to 12 meters in height and thus be considered a tree (Siihs et al.
2019). Leaves are glossy, dark green in color and pendulous; flowers are
bell-shaped and white in color (Smith & Smith 1970, Bricker 1991). Any
information about the species’ fruit and seed morphology, cultivation or
propagation studies are still missing. Besides being narrow and endemic,
C. brasiliense is currently classified as an “endangered” species by the
International Union for Conservation of Nature standards (IUCN —
Siihs 2018). It faces multiple threats, including habitat destruction,
fragmentation, climate change, as well as a low known population
size of < 250 adult individuals (Siihs 2018). Therefore, conservation
efforts, such as habitat protection and management, in addition to basic
research on biological and ecological aspects are needed to ensure the
survival of this species and develop effective conservation strategies.

Biological and ecological data are crucial for the development of
solid and integrated conservation programs for narrow endemic and
endangered species (Lavergne et al. 2004). Considering that aspects
on fruit and seed morphology, germination and early growth stages
are currently unknown for the narrow endemic and endangered plant
Crinodendron brasiliense, which are paramount for the perpetuation of
the species, we aimed to examine fruit and seed morphology, determine
germination rate and early growth parameters. We measured fruit and
seed size and shape, number of lobes per fruit and number of seeds per
fruit from several individuals and developed a greenhouse experiment to
test germination and monitor early growth development. Such new data
allowed us to answer the following questions: Does parent plant affect
fruit and seed morphology? Does thermal scarification improve the
germination of C. brasiliense? Does container type affect germination
of C. brasiliense? Does parent plant identity affect early growth of
C. brasiliense? By answering these questions and achieving the
proposed goals, we believe some crucial ecological and biological
information can be available, providing means for the development of
conservation initiatives for this narrow endemic species.

Material and Methods

1. Study area

This study was conducted in the highlands of southern Brazil,
in both the Sdo Joaquim National Park (SINP) and its surroundings.
SINP is a protected area with 49,500 hectares which protects Araucaria
forests, cloud forests, highland grasslands, and subtropical evergreen
forests. Crinodendron brasiliense is found in this region, in Araucaria
forests / montane cloud forests, mainly in altitudes above 1500 m a.s.1.
(Siihs et al. 2019). The climate between 2007 and 2020, recorded in
the nearest weather station (ca. 30 km), was characterized by an annual
mean rainfall of 2,822.3 mm yr', equally distributed along the year,
and an annual mean temperature of 11.1°C. The average minimum
temperature for the coldest month (July) was 7.7°C and the average
maximum temperature for the hottest month (January) was 14.3°C
(INMET- inmet.gov.br).

2. Data collection

2.1. Fruit and seed morphology

Adult individuals (hereafter: parent plant) of Crinodendron
brasiliense found in previous surveys and field incursions were selected
based on the presence of fruits. All individuals were located within or
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close to the extent of the SINP, above 1500 m a.s.l. and were no further
than 8 km from each other, thus likely belonging to the same population
or meta-population. We collected a minimum of 20 ripe fruits from
17 parent plant of C. brasiliense between January 29th and February 6th,
2022. A total of 362 fruits were collected and 350 fruits were selected
for measurements. In each fruit, we measured length and width and
the number of lobes and seeds per fruit was counted. Open fruits were
not measured in length and width. We manually extracted seeds from
the fruits and then screened them for maturity, where green seeds were
considered immature and brown seeds were considered mature. A total
of 350 mature seeds were selected for measurements, proportionally to
the number of fruits used for each plant. We calculated fruit and seed
shape and size. Shape was considered as the ratio between length and
width and size was considered as the product between length and width
(e.g., (Dong et al. 2023). Seeds were kept separated by parent plant and
were kept refrigerated until seeding.

2.2. Germination

Mature seeds were sown at a depth of two centimeters in two
container types, seedbeds, and trays, containing a mixture of inert
substrate and sand, in a proportion of 3 to 1, respectively. We sow
128 seeds in each seedbed, in a total of 16 seedbeds; and 36 seeds in
each tray, in a total of 6 trays. The total number of seeds was 2,264
seeds, of which 2,048 were sown in seedbeds and 216 in trays. The
main difference between the two containers was that trays held a
larger volume of substrate, thus retaining more moisture compared to
the seedbeds. The total number of seeds collected per individual was
divided into two treatments: a thermal scarification treatment (“thermal
scarification”) and a control treatment without scarification (“control”).
For the thermal scarification, we immersed seeds in hot water (~90°C)
for 60 seconds (Gray 1962). Seeds from both treatments were placed
to germinate in the same seedbeds/trays. The trays and seedbeds were
numbered and identified with metal tags. We keep track for each
individual seed regarding the treatment, and parent plant it came from.
The experiment was conducted in an open nursery with 50% shade
cloth on top, on 1.5 meters high benches to prevent seed predation. The
seeds were planted on 08/02/2022 with subsequent watering. During
the first week, containers received daily watering, and thereafter,
watering was done every 3 days. The location of seedbeds and trays was
randomized in the nursery every 2 months. The germination percentage
and germination time were calculated for each treatment. The duration
of the germination experiment from the planting date (08/02/2022) to
the end date (17/02/2023) was 374 days. We considered as germination
success the emission of a cotyledon. We considered germination speed
as the time needed to germinate. No seeds from the thermal scarification
treatment germinated; therefore, these data were not included in the
analysis. Also, 60 seeds from the control were lost for unknown causes
but are unlikely to bias our results.

2.3. Early growth

When seedlings developed their third pair of true leaves (48 + 11
days after germination), they were transplanted into individual 1.5 L
pots. Once transplanted, seedlings were watered every two days for a
period of 10 days. There were no subsequent waterings as rainfall was
regular throughout the experiment period. Randomization of the location
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of pots was done monthly. We considered the height of the seedling/
sapling as a parameter for initial growth. Initially, seedlings were
measured every 15 days, and later at a monthly basis. The duration of the
early growth experiment from the first transplanting date (14/12/2022)
to the end date (31/05/2023) was 168 days. General aspects of the plant
regarding flowers, fruits and seeds, seedling germination, seedling
development, and habitat can be found in Figure 1 (A to F, respectively).

3. Data analysis

We evaluated fruit and seed morphology by modelling fruit and
seed shape and size as a function of the parent plant. For fruit shape
and size and seed size, we used generalized linear models (GLM) with
a gaussian distribution because it fit the data better. For seed shape we
used the Gamma distribution and log-transformed the seed shape data.
Descriptive statistics for the whole data set were as well provided. To
test the effect of different containers (seedbeds/trays) on the germination
success (odds) of Crinodendron brasiliense, we used generalized linear
mixed models (GLMM) with a binomial distribution, using the logit
link function. We included the container nested with parent plant as a
random effect variable. All models were selected by Akaike Information
Criterion (AIC) by comparing models with fixed effects to an intercept-
only model.

The germination parameters of germination percentage, peak
germination time, mean germination rate and germination speed
were calculated separately for each container type and described. We
considered germination speed as the rate of germination in terms of the
total number of seeds that germinate in a time interval (Aravind et al.
2023). We fit a GLMM to model plant height over time (for individuals
with at least 6 measurements over time). Time was considered as days
after germination. We used a gaussian distribution because it fit the data
better and included the parent plant as a fixed effect term in the model.
Since very few seeds germinated, only five parent plants (out of the 17)
were kept for this model. The individual was included as a random effect
term in the model (following recommendations of Paine et al. 2012).

All models were validated by means of residual evaluation. We
assessed goodness-of-fit of the produced models through loglikelihood
ratio pseudo-R2. Analyses were calculated in R environment (R Core
Team 2020), through the packages ‘germinationmetrics’ (Aravind et al.
2023) for calculating germination parameters, glmmTMB (Magnusson
et al. 2020) for GLMM model, DHARMa (Hartig 2016) for model
validation, MuMIn (Barton 2009) for goodness-of-fit, visreg (Breheny
& Burchett 2017) for model visualization and ggplot2 (Wickham 2016)
for data visualization.

Results

1. Fruit and seed morphology

Fruit length and width had similar values and varied between 1.0
cm to 3.1 cm in length and between 1.2 cm to 3.3 cm in width. The
mean number of lobes per fruit was 3 (standard deviation — SD + 0.4)
and the mean number of seeds per fruit was 3.6 (SD + 1.6). Seed length
and width values were similar, with mean length of 0.5 cm (SD £ 0.04)
and mean width of 0.4 cm (SD + 0.04; Table 1). Further measurements
can be found in Table 1.
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Figure 1. General aspects of Crinodendron brasiliense, a narrow endemic tree species of subtropical montane cloud forests in Southern Brazil. A: flowers; B: fruit
with exposed seeds; C: seedling germination; D: seedling development; E: subtropical montane cloud forest (interior); and F: subtropical montane cloud forest/
Araucaria Forest (exterior).

http://www.scielo.br/bn https://doi.org/10.1590/1676-0611-BN-2024-1619


https://doi.org/10.1590/1676-0611-BN-2024-1619

Biota Neotrop., 24(3): €20241619, 2024

Germination and growth of Crinodendron brasiliense

Table 1. Summarized values of fruit and seed morphology of Crinodendron brasiliense, a narrow endemic tree species of subtropical montane cloud forests in
Southern Brazil. N = sample size, MAD = median absolute deviation, SD = standard deviation, Min = minimum value and Max = maximum value.

N Median MAD Mean SD Min Max
Fruit length (cm) 350 2.10 0.33 2.12 0.36 1.05 3.06
Fruit width (cm) 350 2.25 0.37 2.24 0.38 1.20 3.33
Number of lobes per fruit 362 3.00 0.00 2.95 0.42 2.00 4.00
Number of seeds per fruit 362 3.00 1.48 3.59 1.64 0.00 11.00
Seed length (cm) 350 0.52 0.04 0.52 0.04 0.40 0.81
Seed width (cm) 350 0.40 0.03 0.40 0.04 0.20 0.58
Fruit shape (cm) 343 0.95 0.13 0.95 0.13 0.62 1.33
Seed shape (cm) 350 1.30 0.08 1.33 0.14 0.87 2.38
Fruit size (cm) 343 4.73 1.44 4.85 1.51 1.60 9.66
Seed size (cm) 350 0.21 0.02 0.21 0.03 0.08 0.35

1.1. Does parent plant affect fruit and seed morphology?

Yes. The shape and size of both fruits and seeds varied according
to the parent plant to which they belonged (Figure 2). The parent plant
explained 35% of the variation in fruit shape and 56% of the variation
in fruit size. The mean fruit shape (length/width) was 0.9 cm (SD +
0.13), and the mean fruit size (length*width) was 4.9 cm (SD =+ 1.5)
(Table 1). The parent plant explained 32% of the variation in seed
shape and 42% of the variation in seed size. The median seed shape
(length/width ratio) was 1.3 cm (median absolute deviation — MAD +
0.14), and the mean seed size (length*width) was 0.2 cm (SD + 0.03)
(Table 1). All models performed better than the intercept-only model
and were considered valid through residual inspection. Numeric results
of all models are presented in Supplementary Information — Table S1.

2. Germination

2.1. Does hot water seed scarification improve the
germination of C. brasiliense?

No. Seeds scarified with hot water did not germinate (therefore we
do not present any further result regarding this question).

2.2. Does container type affect germination of C. brasiliense?

Yes. Seeds sown in trays had a greater chance to germinate than
seeds sown in seedbeds (z = 3.98, p < 0.001). The odds of a seed to
germinate in trays were 36 times greater than the odds of a seed to
germinate in seedbeds. The odds for a seed to germinate in seedbeds
was 0.0028, while the odds for a seed to germinate in trays was 0.1016
(Figure 3). The produced model explained 19% of data variation
(pseudo-R? theoretical variance = 0.188).

2.3. Germination parameters

A total of 31 seeds from the control group germinated (2.9% of
1,071 seeds). Seeds planted in trays germinated faster (Figure 4) and in
a higher rate than seeds sown in seedbeds. The germination parameters
of germination percentage, peak germination time, mean germination
rate and germination speed were calculated separately for each container
type and are described in Table 2.
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3. Early growth

3.1. Does parent plant affect early growth of C. brasiliense?

Yes. The height of seedlings varied according to the parent plant
to which they belonged (Figure 5A). The produced model with parent
plant and number of days after germination (Figure 5B) as fixed effects
explained 78% of data variation (marginal pseudo-R?=0.78, conditional
pseudo-R? = 0.88).

Discussion

Beyond showing basic aspects on the morphology of fruits and
seeds, we found that the parent plant plays an important role in fruit
and seed morphology by affecting shape and size of fruits and seeds.
Thermal scarification of seeds was completely ineffective to improve
germination of the species, possibly indicating that when passing
through the digestive tract, particularly of large animals, seeds will
not germinate. Seeds planted in trays germinated faster and in a higher
rate than seeds sown in seedbeds, suggesting higher success rates when
using containers that retain more moisture. Parent plant also influenced
the development of the individuals by affecting seedling height in early
growth development stage.

1. Fruit and seed morphology and early growth

We found parent plant played a significant role in fruit and seed
morphology (shape and size of fruits and seeds) as well as in early
growth. Such intraspecific variation was unexpected, especially
considering that individuals likely belong to the same population, occur
in very similar environmental conditions, and were planted within
similar conditions of soil and light availability. In general, intraspecific
variation in fruits and seeds can occur across gradients (e.g., Guja et al.
2014) and across spatial scales (e.g., Cavazos 2022). This variation can
be a result of genotypic variations and phenotypic plasticity (Cavazos
2022), likely triggered by environmental factors or biotic interactions
(Herrera 1992, Albert et al. 2010, Johnson et al. 2019). Intraspecific
variations in fruit and seed morphology and in early growth can influence
both dispersal mechanisms and fitness, affecting the species’ overall
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Figure 2. GLMM model results for evaluating the effect of parent plant on fruit and seed morphology of Crinodendron brasiliense, a narrow endemic tree species of
subtropical montane cloud forests in Southern Brazil. A and B represent shape (length/width ratio) and size (length * size) of fruits, respectively; C and D represent
shape and size of seeds, respectively. Boxplots not sharing any letter are significantly different (Tukey test at the 95% level of significance). A violin plot with all
sampled values (black dots) is displayed in the right of each graph. The red dot indicates the mean (A, B and D) and median (C); red lines indicate standard deviation

(A, B and D) and median absolute deviation (C).

reproductive success and population dynamics (Buckley et al. 2010,
Galetti etal. 2013, Johnson et al. 2019). Since parent plant was important
to explain fruit and seed morphology as well as seedling development,
we strongly recommend future studies to consider evaluating genetic
diversity (e.g., Xu et al. 2016) and whether fruit and seed morphology
can affect dispersal and development of the species.

2. Germination

The unsuccessful germination of seeds subjected to thermal
scarification reveals the inefficacy of this technique for enhancing
germination in C. brasiliense. This result was not a surprise given that
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C. brasiliense seeds lack a rigid coat or any hard structure that could
require scarification or interruption of dormancy. Still, the fact that
none of the seeds germinated after the thermal scarification suggests
germination will unlikely improve with scarification methods applied
for similar purposes (such as immersion in sulphuric acid; Gray 1962).
This result possibly applies for other Crinodendron species that share
similar seed structure (Bricker 1991). Although germination was higher
in trays than in seedbeds, the germination rate of C. brasiliense can be
considered extremely low compared to other unrelated species from
tropical montane forests in Mexico (Toledo-Aceves 2017), Brazil (Dos
Santos et al. 2023), and Colombia (Vasquez et al. 2012). Considering
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Figure 3. Germination success (odds) for seeds of Crinodendron brasiliense, a
narrow endemic tree species of subtropical montane cloud forests in Southern
Brazil, sown in seedbeds and trays. Different letters indicate significantly different
results between groups (Binomial GLMM at 95% level of significance).

Table 2. Germination parameters of Crinodendron brasiliense in an experiment
conducted in an open nursery, Southern Brazil.

Trays Seedbeds
Number of seeds 126 945
First Germination Time (days) 79 267
Peak Germination Time (days) 246.5 273
Mean Germination Rate (seeds per day) 0.0042 0.0035
Germination Speed (% seeds per day) 0.1034 0.0354

both the low germination rate and the long-time seeds took to reach
peak germination (246 days — 8 months), we believe the low population
size of Crinodendron brasiliense can be a consequence of recruitment
failure (Volis 2019). Moreover, the temperature fluctuations spanning
from fruit-ripening in summer, passing by the cold and frosty winter,
until seed germination in spring can be important for the species. It is
thus possible that the species’ germination can occur after exposure to a
cold period, thus benefiting from a cold stratification treatment. Besides
temperature, moisture levels also seem to be important. We showed
a strong effect of container type on germination rates underscores
the importance of substrate moisture retention provided by container
volume, suggesting that container choice during propagation can be
crucial to improve germination success rates and plant development
(NeSmith & Duval 1998). These results are particularly relevant for
species propagation efforts. We recommend propagating C. brasiliense
by carefully extracting seeds from fruits and directly sowing them into
individual containers capable of retaining good amounts of moisture.
These containers should have a minimum volume of 1.5 liters of soil,
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Figure 4. Cumulative germination curves of Crinodendron brasiliense, a narrow
endemic tree species of subtropical montane cloud forests in Southern Brazil.
Grey color indicates seeds sown in seedbeds and orange color indicates seeds
sown in trays.

and precautions should be taken to prevent the soil from becoming
excessively dry. Also, future studies could investigate whether a cold
stratification treatment could trigger germination of C. brasiliense and
the causes of a possible recruitment failure.

3. Conservation implications

Species with limited distribution and small population sizes, such
as narrow endemic species, usually rely on local persistence for survival
(Lavergne et al. 2004), are often at risk of extinction (Essl et al. 2009), and
require priority conservation efforts (Kier et al. 2009, Hassemer et al. 2015).
Consequently, safeguarding the existence of endemic species demands
conservation measures, such as species monitoring and management
(Robinson et al. 2018), including human-assisted propagation in some
cases. To meet conservation goals, it is crucial to know basic aspects on the
biology of the species. In this sense, our study provides new and important
insights into the biology and ecology of Crinodendron brasiliense —most
if not all information previously unknown. By addressing questions
related to fruit and seed morphology, germination and early growth, our
findings contribute to the understanding of the species biology and marks
the first investigation directed to this species and the first documented
propagation of the species. This achievement not only sheds light on
important aspects of the species’ life cycle but also holds profound
significance for enhancing its persistence and survival. Our effort lays
a foundation for future programs aimed at increasing the population
size of C. brasiliense (e.g., Volis 2019), underscoring its importance for
conservation initiatives and biodiversity conservation (Toledo-Aceves
2017). Conservation of montane cloud forests, the main habitat in which
C. brasiliense occur, are also extremely important. Despite being within
aprotected area (Sdo Joaquim National Park), Crinodendron populations
are threatened by wildfires that occur mainly because of fire exclusion
in adjacent grasslands (Siihs et al. 2020). Therefore, controlled fire in
grasslands can be considered to prevent montane cloud forests from
burning with wildfires.
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Figure 5. GLMM model results for evaluating the effect of parent plant (A)
and time (B) on seedling height of Crinodendron brasiliense, a narrow endemic
tree species of subtropical montane cloud forests in Southern Brazil. Boxplots
not sharing any letter are significantly different (Tukey test at the 95% level of
significance).

Considering the small distribution range and the extinction risk
status (Stihs 2018), Crinodendron brasiliense still lacks dedicated
conservation programs, and there are no active propagation efforts in
place. The absence of C. brasiliense from the list of threatened plants in
its home-state (State of Santa Catarina, Brazil), as of the last update in

http://www.scielo.br/bn

2014, underscores the urgency for a more recent assessment to accurately
determine and address its current conservation status. Consequently,
the species is still unknown to many authorities, conservationists, and
non-specialists. Thus, urgent attention and concerted efforts are required
to address the critical conservation needs of this species.

This study provides essential aspects on the reproductive biology
and early development of Crinodendron brasiliense and highlights
the urgent need for future research and collaborative conservation
initiatives. We appeal to the scientific community, conservation
managers, and the general population to join forces in developing
targeted strategies to ensure the survival and long-term sustainability
of this narrow endemic and endangered plant species.

Supplementary Material

The following online material is available for this article:

Table S1 - Models produced to evaluate the effect of parent plant
(C1:C21) on fruit and seed morphology of Crinodendron brasiliense,
a narrow endemic tree species of southern Brazilian highlands. CI =
confidence interval. Note that the P-Values provided changed after
adjustment for multiple comparison tests.

Acknowledgments

‘We thank the Instituto Chico Mendes de Conservagio (ICMBio) and
managers of Sdo Joaquim National Park for allowing the research to
be performed. We thank Elisson José Machado, for the field assistance.
We appreciate the logistical and financial support from the Long-Term
Ecological Research Program - Biodiversity of Santa Catarina (LTER-
BISC).

The present work was supported by the CNPq/MCTI/CONFAP-
FAPS/PELD n° 21/2020 and FAPESC/2021TR386. RBS received
financial support from CNPq (PELD 2020, process 163412/2021-
9); SC received financial support from CNPq (PELD 2020, process
156930/2021-8); SKN received financial support from CNPq (PELD
2020, process 441990/2020-7); and JS received financial support from
CNPq (PELD 2020, process 114319/2023-5).

Associate Editor

Carlos Joly

Author Contributions

Rafael B. Siihs: designed the experiment; analyzed and interpreted
the data and wrote the main part of the manuscript; collected the data,
performed the experiment, discussed the results, reviewed, and edited
the manuscript.

Sofia Casali: collected the data, performed the experiment,
discussed the results, reviewed, and edited the manuscript.

Sophia K. Novaes: collected the data, performed the experiment,
discussed the results, reviewed, and edited the manuscript.

Jonata Silveira: collected the data, performed the experiment,
discussed the results, reviewed, and edited the manuscript.

Eduardo L.H. Giehl: supervisioned the experiment, discussed the
results, reviewed, and edited the manuscript.

https://doi.org/10.1590/1676-0611-BN-2024-1619


https://doi.org/10.1590/1676-0611-BN-2024-1619

Biota Neotrop., 24(3): €20241619, 2024

Germination and growth of Crinodendron brasiliense

Conflicts of Interest

The authors declare that they have no conflict of interest related to
the publication of this manuscript.

Data Availability

Supporting data are available at <https://doi.org/10.5281/
zenodo.10664507>.

References

AAGESEN, L., BENA, M.J., NOMDEDELU, S., PANIZZA, A., LOPEZ,R.P. &
ZULOAGA, F.O. 2012. Areas of endemism in the southern central Andes.
Darwiniana 50(2):218-25.

ALBERT, C.H., THUILLER, W., YOCCOZ, N.G., SOUDANT, A.,
BOUCHER, F., SACCONE, P. & LAVOREL, S. 2010. Intraspecific
functional variability: extent, structure and sources of variation. Journal
of Ecology 98(3):604-613.

ARAVIND, J., VIMALA DEVI, S., RADHAMANI, J., JACOB, S.R. &
KALYANI SRINIVASAN. 2023. Germinationmetrics: seed germination
indices and curve fitting.

BAREKE, T. 2018. Biology of seed development and germination physiology.
APAR 8(4):336-346.

BARTON, K. 2009. MuMIn: Multi-Model Inference, R package version 0.12.2/
r18. http://R-Forge.R-project.org/projects/mumin/.

BEHROOZIAN, M., EJTEHADI, H., MEMARIANI, F., PIERCE, S. &
MESDAGHI, M. 2020. Are endemic species necessarily ecological
specialists? Functional variability and niche differentiation of two threatened
Dianthus species in the montane steppes of northeastern Iran. Sci Rep
10(1):11774.

BISCHOFF, A., VONLANTHEN, B., STEINGER, T. & MULLER-SCHARER,
H. 2006. Seed provenance matters—Effects on germination of four
plant species used for ecological restoration. Basic and Applied Ecology
7(4):347-359.

BLUNDO, C., MALIZIA, L.R., BLAKE, J.G. & BROWN, A.D. 2012. Tree
species distribution in Andean forests: influence of regional and local factors.
J. Trop. Ecol. 28(1):83-95.

BREHENY, P. & BURCHETT, W. 2017. Visualization of Regression Models
Using visreg. The R Journal 9(2):56.

BRICKER, J.S. 1991. A Revision of the Genus Crinodendron (Elacocarpaceae).
Systematic Botany 16(1):77.

BUCKLEY, Y.M., RAMULA, S., BLOMBERG, S.P., BURNS, J.H., CRONE,
E.E., EHRLEN, J., KNIGHT, T.M., PICHANCOURT, J., QUESTED, H.
& WARDLE, G.M. 2010. Causes and consequences of variation in plant
population growth rate: a synthesis of matrix population models in a
phylogenetic context. Ecology Letters 13(9):1182-1197.

CAVAZOS, B.R. 2022. Drivers of intraspecific variation and phenotypic
plasticity in fleshy-fruited plants. Iowa State University, Ames, lowa.
DIRNBOCK, T., ESSL, F. & RABITSCH, W. 2011. Disproportional risk for
habitat loss of high-altitude endemic species under climate change. Global

Change Biology 17(2):990-996.

DONG, R., GUO, Q., LI, H., LL J., ZUO, W. & LONG, C. 2023. Estimation
of morphological variation in seed traits of Sophora moorcroftiana using
digital image analysis. Front. Plant Sci. 141185393.

DOS SANTOS, A.S., BRAZ, M.1.G., DOS SANTOS DE BARROS, C., DE
CASSIA QUITETE PORTELA, R. & DE MATTOS, E.A. 2023. Sensitivity
of seed germination to water stress in high-altitude populations of a
threatened palm species. Plant Biol J 25(4):593-602.

ESSL, F., STAUDINGER, M., STOHR, O., SCHRATT-EHRENDORFER, L.,
RABITSCH, W. & NIKLFELD, H. 2009. Distribution patterns, range size

https://doi.org/10.1590/1676-0611-BN-2024-1619

and niche breadth of Austrian endemic plants. Biological Conservation
142(11):2547-2558.

FAY, P.A. & SCHULTZ, M.J. 2009. Germination, survival, and growth of grass
and forb seedlings: Effects of soil moisture variability. Acta Oecologica
35(5):679-684.

GALETTI, M., GUEVARA, R., CORTES, M.C., FADINI, R., VON MATTER, S.,
LEITE, A.B., LABECCA, F., RIBEIRO, T., CARVALHO, C.S.,
COLLEVATTL R.G., PIRES, M.M., GUIMARAES, PR., BRANCALION,
P.H., RIBEIRO, M.C. & JORDANO, P. 2013. Functional Extinction
of Birds Drives Rapid Evolutionary Changes in Seed Size. Science
340(6136):1086-1090.

GRAY, S.G. 1962. Hot water seed treatment for Leucaena glauca (L) Benth.
Australian Journal of Experimental Agriculture and Animal Husbandry
2179-180.

GUIJA, LK., MERRITT, D.J., DIXON, K.W. & WARDELL-JOHNSON,
G. 2014. Dispersal potential of Scaevola crassifolia (Goodeniaceae) is
influenced by intraspecific variation in fruit morphology along a latitudinal
environmental gradient. Aust. J. Bot. 62(1):56.

HARTIG, F. 2016. DHARMa: residual diagnostics for hierarchical (multi-level/
mixed) regression models.

HASSEMER, G., FERREIRA, PM.A. & TREVISAN, R. 2015. A review of
vascular plant endemisms in Santa Catarina, southern Brazil, highlights
critical knowledge gaps and urgent need of conservation efforts. The Journal
of the Torrey Botanical Society 142(1):78-95.

HERRERA, C.M. 1992. Interspecific Variation in Fruit Shape: Allometry,
Phylogeny, and Adaptation to Dispersal Agents. Ecology 73(5):1832—1841.

IGANCL J.R.V,, HEIDEN, G., MIOTTO, S.T.S. & PENNINGTON, R.T. 2011.
Campos de Cima da Serra: the Brazilian Subtropical Highland Grasslands
show an unexpected level of plant endemism: ENDEMISM IN THE
CAMPOS DE CIMA DA SERRA. Botanical Journal of the Linnean Society
167(4):378-393.

JOHNSON, J.S., CANTRELL, R.S., COSNER, C., HARTIG, F.,, HASTINGS, A.,
ROGERS, H.S., SCHUPP, E.W., SHEA, K., TELLER, B.J., YU, X.,
ZURELL, D. & PUFAL, G. 2019. Rapid changes in seed dispersal traits
may modify plant responses to global change. AoB PLANTS 11(3):plz020.

KIER, G., KREFT, H., LEE, TM., JETZ, W., IBISCH, P.L., NOWICKI, C.,
MUTKE, J. & BARTHLOTT, W. 2009. A global assessment of endemism
and species richness across island and mainland regions. Proc. Natl. Acad.
Sci. U.S.A. 106(23):9322-9327.

LARA VASQUEZ, C.E., DIEZ GOMEZ, M.C. & MORENO HURTADO, F.H.
2012. Population structure and demography of the palm wettinia kalbreyeri
from an andean montane forest of colombia. Rev. Fac. Nac. Agron. Medellin
[online] 65(2):6739-6747.

LAVERGNE, S., THOMPSON, J.D., GARNIER, E. & DEBUSSCHE, M.
2004. The biology and ecology of narrow endemic and widespread plants:
a comparative study of trait variation in 20 congeneric pairs. Oikos
107(3):505-518.

MAGNUSSON, A,, SKAUG, H., NIELSEN, A., BERG, C., KRISTENSEN, K.,
MAECHLER, M. & BROOKS, M. 2020. Generalized linear mixed models
using template model builder. Package glmmTMB.

MILLER, B.P. et al. 2017. A framework for the practical science necessary to
restore sustainable, resilient, and biodiverse ecosystems: A framework for
practical restoration science. Restor Ecol 25(4):605-617.

NESMITH, D.S. & DUVAL, J.R. 1998. The effect of container size.
HortTechnology 8495-498.

NOGUE, S.,RULL, V. & VEGAS-VILARRUBIA, T. 2013. Elevational gradients
in the neotropical table mountains: patterns of endemism and implications
for conservation R. Loyola, ed. Diversity Distrib. 19(7):676-687.

PAINE, C.E.T., MARTHEWS, T.R., VOGT, D.R., PURVES, D., REES, M.,
HECTOR, A. & TURNBULL, L.A. 2012. How to fit nonlinear plant growth
models and calculate growth rates: an update for ecologists. Methods Ecol
Evol 3(2):245-256.

R CORE TEAM. 2020. R: A language and environment for statistical computing.

http://www.scielo.br/bn


https://doi.org/10.1590/1676-0611-BN-2024-1619
https://doi.org/10.5281/zenodo.10664507
https://doi.org/10.5281/zenodo.10664507

Biota Neotrop., 24(3): €20241619, 2024

Siihs R.B. et al.

ROBINSON, N.M., SCHEELE, B.C., LEGGE, S., SOUTHWELL, D.M.,
CARTER, O., LINTERMANS, M., RADFORD, J.Q., SKROBLIN, A.,
DICKMAN, C.R., KOLECK, J., WAYNE, A.F., KANOWSKI, J.,
GILLESPIE, G.R. & LINDENMAYER, D.B. 2018. How to ensure
threatened species monitoring leads to threatened species conservation.
Eco Management Restoration 19(3):222-229.

SAMPAIO, D. 2020. Flora do Brasil: Elaeocarpaceae. Rodriguésia
71e03032018.

SMITH, C.E.Jr. & SMITH, L. 1970. Eleocarpaceas. In Flora Ilustrada
Catarinense Reitz, R., Itajai: Herbario Barbosa Rodrigues, p.1-33.

STEINBAUER, M.J. et al. 2016. Topography-driven isolation, speciation and
a global increase of endemism with elevation: Topographic isolation and
endemism. Global Ecology and Biogeography 25(9):1097-1107.

STRAYER, D.L. 2013. Endangered Freshwater Invertebrates. In Encyclopedia
of Biodiversity Elsevier, p.176-187.

SUHS, R.B. 2018. Crinodendron brasiliense: Siihs, R.B.: The [UCN Red List
of Threatened Species 2018: ¢.T123591709A124288891.

SUHS, R.B., GIEHL, E.L.H. & PERONI, N. 2020. Preventing traditional
management can cause grassland loss within 30 years in southern Brazil.
Sci Rep 10(1):783.

SUHS, R.B., HOELTGEBAUM, M.P., NUERNBERG-SILVA, A., FIASCHLI, P,
NECKEL-OLIVEIRA, S. & PERONI, N. 2019. Species diversity,

community structure and ecological traits of trees in an upper montane
forest, southern Brazil. Acta Bot. Bras. 33(1):153-162.

TOLEDO-ACEVES, T. 2017. Germination rate of endangered cloud forest trees
in Mexico: potential for ex situ propagation. Journal of Forest Research
22(1):61-64.

VOLIS, S. 2019. Conservation-oriented restoration — a two for one method
to restore both threatened species and their habitats. Plant Diversity
41(2):50-58.

WERNECK, M.D.S., SOBRAL, M.E.G., ROCHA, C.T.V., LANDAU, E.C. &
STEHMANN, J.R. 2011. Distribution and Endemism of Angiosperms in
the Atlantic Forest. Nat. Conserv. 9(2):188-193.

WICKHAM, H. 2016. ggplot2: Elegant Graphics for Data Analysis. Springer-
Verlag New York.

XU, J,,JIANG, X.-L., DENG, M., WESTWOOD, M., SONG, Y.-G. & ZHENG,
S.-S. 2016. Conservation genetics of rare trees restricted to subtropical
montane cloud forests in southern China: a case study from Quercus
arbutifolia (Fagaceae). Tree Genetics & Genomes 12(5):90.

Received: 15/02/2024
Accepted: 02/07/2024
Published online: 02/08/2024

This document has an erratum: https://doi.org/10.1590/1676-0611-BN-2024-1619er.

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2024-1619


https://doi.org/10.1590/1676-0611-BN-2024-1619
https://doi.org/10.1590/1676-0611-BN-2024-1619er

