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Abstract: Information on distribution, number of populations, and biotic interactions are essential for assessing 
the threat status of species and to establish more effective conservation initiatives. Ecological niche modeling 
have been successfully applied to identify the potential distribution, even for rare species that have few recorded 
occurrence points. In this study, we evaluated the potential distribution and additionally generated the first data 
on the reproductive biology of Discocactus ferricola, due to its degree of threat and the absence of ecological 
data for that species. The potential distribution map highlighted areas with higher probability of occurrence of D. 
ferricola on the Residual Plateau of Maciço do Urucum located in Mato Grosso do Sul, Brazil. The occurrence 
of D. ferricola populations was limited to outcrops of flat ironstone (cangas) distributed in patches across the 
landscape, increasing the chances of serious threats, such as habitat loss due to mining and species extraction. We 
also found that D. ferricola is xenogamous. Therefore, in situ conservation actions must prioritize the maintenance 
of interactions with pollinators by preserving the flora and fauna of rocky outcrops and adjacent forests in areas of 
greater environmental suitability for D. ferricola. Our study highlights the use of ecological niche modeling and 
data on biotic interactions to evaluate species potential distribution, to guide new sampling efforts, and to assist 
conservation and management initiatives.
Keywords: Conservation; ecological niche modeling; pollinator dependence; outcrop; restrict distribution.

Prevendo a distribuição potencial e avaliando interações bióticas de espécies 
ameaçadas: um estudo de caso de Discocactus ferricola (Cactaceae)

Resumo: Informações sobre distribuição, número de populações e interações bióticas são essenciais para avaliar 
o status de ameaça das espécies e estabelecer iniciativas de conservação mais eficazes. A modelagem de nicho 
ecológico tem sido aplicada com sucesso para identificar a distribuição potencial, mesmo para espécies raras que 
possuem poucos pontos de ocorrência registrados. Neste estudo, avaliamos a distribuição potencial e adicionalmente 
geramos os primeiros dados sobre a biologia reprodutiva de Discocactus ferricola, devido ao seu grau de ameaça 
e à ausência de dados ecológicos para essa espécie. O mapa de distribuição potencial destacou áreas com maior 
probabilidade de ocorrência de D. ferricola no Planalto Residual do Maciço do Urucum localizado em Mato 
Grosso do Sul, Brasil. A ocorrência de populações de D. ferricola foi limitada aos afloramentos ferruginosos 
planos (cangas) que são distribuídos em manchas pela paisagem, aumentando as chances de ameaças graves, como 
perda de habitat devido à mineração e extração da espécie. Também descobrimos que D. ferricola é xenogâmica. 
Portanto, ações de conservação in situ devem priorizar a manutenção das interações com os polinizadores através da 
preservação da flora e da fauna nos afloramentos rochosos e florestas adjacentes nas áreas de maior adequabilidade 
ambiental para D. ferricola. Nesse estudo, nós destacamos o uso da modelagem de nicho ecológico e de dados 
sobre interações bióticas para avaliar a distribuição potencial de espécies, orientar novos esforços de amostragem 
e auxiliar iniciativas de conservação e manejo.
Palavras-chave: afloramentos rochosos; conservação; dependência de polinizador; distribuição restrita; 
modelagem de nicho ecológico.
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Introduction
The occurrence points of a species carry information about its 

distribution, which is a complex expression of its ecology and evolutionary 
history (Brown 1995). Each point reflects part of realized niche and, 
therefore, contains information on abiotic conditions, biotic interactions, 
and the dispersion capacity that are required for the occurrence of species 
(Soberón & Peterson 2005). Thus, the points of occurrence can be used to 
construct ecological niche models (ENM) also known as species distribution 
models (SDM) (Soberón & Peterson 2005, Peterson et al. 2011, Peterson 
& Soberón 2012). This approach is considered of low cost and has been 
applied to several researches, especially for the conservation of species and 
biomes (Le Lay et al. 2010, Werneck et al. 2012, Sobral-Souza et al. 2018, 
Adhikari et al. 2019, Kolanowska & Jakubska-Busse 2020). Specifically, 
ENM has been used to identify likely areas for invasive species (Qiao et al. 
2017, Zhu et al. 2017), in paleoecological studies (Lima-Ribeiro & Diniz-
Filho 2013), to highlight areas of potential distribution (McCune 2016, Fois 
et al. 2018), to indicate areas for species reintroduction (Martínez-Meyer et 
al. 2006), among others.

Noteworthy, ecological niche modeling have been successfully applied 
to provide information on potential distribution of species even with few 
recorded occurrence points (Le Lay et al. 2010, McCune 2016, Fois et al. 
2018). Distribution data is important for the assessment of the threat status 
of these species, since the extent of occurrence and number of populations 
are criteria used to define threat categories of the International Union 
for Conservation of Nature (IUCN) (Martinelli & Moraes 2013). After 
identifying the threat level, the next step is to implement in situ and or ex 
situ management actions, when necessary. For the correct management of 
species, information about their ecology, including reproductive aspects 
and biotic interactions, are required (Scheele et al. 2018). The lack of these 
information weaken management and conservation strategies, prevent 
adequate actions for population growth, and obscure the construction of 
more assertive hypotheses about the evolution and dispersion of species.

Basic information on distribution and reproductive biology are crucial for 
assessments of the current threat status of species and for the establishment 
of more accurate conservation plans, especially for rare and endangered 
species such as Discocactus ferricola Buining & Brederoo (Machado 2004, 
Ribeiro-Silva et al. 2011). This species is currently categorized as endangered 
on the Red List of Threatened Species of IUCN, mainly due to its small 
area of occurrence and small number of known populations (Braun 2013). 
In this study, we used the ecological niche modeling approach to assess the 
potential distribution and additionally to generate the first ecological data 
on reproductive biology of D. ferricola. The general aim of this study was 
to provide ecological data of D. ferricola to assist in conservation initiatives 
and to guide new sampling efforts. Specifically, we aimed to answer the 
following questions: (1) What is the current potential distribution of D. 
ferricola? (2) Does D. ferricola depend on pollinators for reproduction? 
(3) What species visit D. ferricola flowers?

Material and Methods

1. Study area

The present study was carried out on eight farms, a settlement and a 
municipal park, all located in the mountainous complex of the Residual 
Plateau of Maciço do Urucum (RPMU), in the municipalities of Corumbá 
and Ladário in Mato Grosso do Sul state, MS, Brazil (Tab. 1). According 

to Köppen’s classification, the climate of the region is Aw megathermal, 
with dry winters and rainy summers (Soriano 2000). The average annual 
temperature is 25.1°C, with maximum temperatures reaching 40°C and 
minimum temperatures close to 0°C (Soriano 2000). The average annual 
precipitation is 1070 mm, and the average annual relative humidity is 75% 
(Soriano 2000).

2. Studied species

Discocactus ferricola has a flattened globular shape with a pale to dark 
green stem measuring 8-9 cm high and 20-25 cm in diameter (Anderson 
2001). The number of ribs is 14, and they form tubercles (Anderson 2001). 
The 5-8 spines, arranged radially, are 4.5-5 cm and brown, becoming gray 
with age. The central spines are mostly absent but may present as one spine 
at 2-2.5 cm (Anderson 2001). The cephalium measures 7 cm high and 6.5 
cm in diameter and has white wool with dark gray bristles that can be 5 cm 
(Anderson 2001). The flowers are white and tubular and measure 5.5 cm long 
(Figure 1A). The fruits are elongate to club shaped, measure 3-4 cm long, 
and are greenish cream to white. Seeds are broadly oval to subglobose and 
are shiny black color, with numerous papillae or tubercles, and they measure 
2-2.5 mm long (Anderson 2001).

Discocactus ferricola is endemic to the mountainous complex of the 
RPMU on the border of Brazil and Bolivia (Braun 2013, Takahasi & Meirelles 
2014). The RPMU is known as the oldest rock formation in the world, with 
intact exposed rocks that are approximately 70 million years old (Vasconcelos 
et al. 2019). In the RPMU, D. ferricola occurs on flat ironstone outcrops, 
locally known as “bancadas lateríticas” or “cangas”, formed by the deposition 
of iron and manganese laterites in the drainage areas of the hills and slopes 
(Braun 2013, Takahasi & Meirelles 2014). Discocactus ferricola have clonal 
reproduction and is abundant locally, forming large aggregates (Figure 1B).

Currently, the main threats to D. ferricola are habitat loss due to mining 
(especially in Bolivia), human occupation, and species extraction, as this species 
is consumed as food, used as herbal medicine by traditional communities, and 
has ornamental potential (Lüthy 2001, Ribeiro-Silva et al. 2011, Braun 2013). 
The total area of occurrence of D. ferricola is approximately 20 km² patchily 
distributed on three outcrops of iron ore and manganese surrounded by Cerrado 
vegetation and forests (Braun 2013). Such habitats are threatened by mining 
and urbanization, which has led to a 30% population decline of D. ferricola 
over the last 30 years (Braun 2013). The continuous loss of adult individuals, 
its occurrence out of protected areas, and its generation time of 10 years also 
justify the endangered status of D. ferricola (Braun 2013).

3. Species distribution modeling

To identify areas of greatest climatic suitability for D. ferricola, we initially 
performed a search on the Global Biodiversity Information Facility (GBIF) 
and Species Link platforms to access all recorded occurrences. In addition, we 
actively searched for D. ferricola populations in the RPMU. The occurrence 
points were used to construct D. ferricola occurrence map. After removing 
uncertain, redundant, and historical data, we had 11 occurrence points of D. 
ferricola covering the entire known distribution of the species (Tab. 1). To remove 
environmentally autocorrelated points, a rarefaction analysis for environmental 
heterogeneity was carried out in ArcGIS v.10.3 (Anderson & Gonzalez 2011, 
ESRI 2014, Varela et al. 2014). The remaining 10 occurrence points were used to 
model the potential niche of the species (Tab. 1). The area included in the model 
extended approximately 140000 km2 and contained the main rock outcrops of the 
region: 1- Rincon del Tigre in Bolivia, 2 - Serra do Amolar, 3 - Residual Plateau 
of Maciço do Urucum, and 4 - Serra da Bodoquena in Brazil.
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Table 1. Occurrence sites of Discocactus ferricola on the Residual Plateau of Maciço do Urucum, Mato Grosso do Sul state, Brazil.
Population Latitude Longitude Origin City

Vale do Paraíso 19° 10’ S 57° 33’ W GBIF Ladário
Estrada Parque Pantanal 19° 05’ S 57° 36’ W Species Link Ladário

Monjolinho 19° 16’ S 57° 31’ W new record Corumbá
Parque Piraputangas I 19° 14’ S 57° 38’ W new record Corumbá
Parque Piraputangas II 19° 17’ S 57° 37’ W new record Corumbá

São João 19° 10’ S 57° 32’ W new record Ladário
Mutum 19° 12’ S 57° 51’ W new record Corumbá
Carandá 19° 06’ S 57° 31’ W new record Ladário

Banda Alta 19° 09’ S 57° 34’ W new record Ladário
Rabichão 19° 09’ S 57° 31’ W new record Ladário

Figure 1. Discocactus ferricola. A. A closer look at one individual with opened nocturnal flowers. B. Flat ironstone outcrop area on the Vale do Paraíso farm 
showing the locally abundant population of D. ferricola. The arrows show aggregate individuals forming large clumps. The reddish color of the soil is typical of 
ironstone outcrops.

We used bioclimatic variables from the WorldClim database at 
a resolution of 30 arc sec (~1 km2) (www.worldclim.org, Fick & 
Hijmans 2017) and the maximum entropy algorithm (MaxEnt v.3.4.1, 
Phillips et al. 2006) to model the potential niche distribution of D. 
ferricola. We used the area under the curve (AUC) receiver operating 
characteristics (ROC) to validate the output model from MaxEnt. We 
then used the maximum threshold value to produce a binary map and 
True Skill Statistics to evaluate its reliability (Allouche et al. 2006). 
Thus, we generated a final map that narrowed the searches for new 
populations in areas where D. ferricola would most likely occur. Four 
variables were used in the modeling: mean diurnal range (BIO2, mean 
monthly temperature (max temp - min temp)), mean temperature 
of the warmest quarter (BIO10), annual precipitation (BIO12), and 
precipitation of driest quarter (BIO17). The four variables were 
selected after a principal axis factor analysis with varimax rotation 
in a data set consisting of 19 bioclimatic variables, an elevation raster 
available from the database USGS (hydrosheds.cr.usgs.gov), and the 

Harmonized World Soil raster (www.fao.org, Fischer et al. 2008). 
We conducted analyses in R v.3.5.2 (R Core Team 2018) using the 
packages “vegan” (Oksanen et al. 2018), “raster” (Hijmans 2018), 
and “rgdal” (Nenzén & Araújo 2011, Porfirio et al. 2014, Bivand et 
al. 2018).

4. Pollinator dependence

We conducted four treatments on 46 flowers from 25 individuals to 
determine if D. ferricola depends on a pollinator for reproduction: (1) 
unmanipulated self-pollination (n = nine flowers) - the intact flower buds 
were bagged, and there was no additional manipulation; (2) manual self-
pollination (n = 10 flowers) - intact flower buds were bagged, and as soon 
as the flowers opened, they were manually pollinated with their own 
pollen; (3) manual cross-pollination (n = 13 flowers) - intact flower buds 
were bagged, and as soon as the flowers opened, they were emasculated 
and pollinated with pollen grains from different individuals; and (4) 
natural pollination (n = 14 flowers) - flowers accessible to pollinators 
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were marked as a control. Treatments were conducted on individuals 
from Vale do Paraíso Farm from November 2017 to February 2018.

We used generalized linear models (GLMs) with binomial and Poisson 
distributions to look for treatment effects regarding the probabilities of 
fruit formation and number of seeds per fruit, respectively. We determined 
overdispersion and model fit through residual analyses (Zuur et al. 2007, 
Mazerolle 2019). Because we found overdispersion in the GLM with a 
Poisson distribution, standard errors were corrected using the dispersion 
parameter in a quasi-GLM. We formulated two competitive models for 
each response variable (Tab. 2). We fitted models to the data and ranked 
them according to Akaike’s information criterion with a second-order bias 
adjustment (AICc, Burnham & Anderson 2002, Anderson 2008). We used 
ΔAICc, the 95% confidence interval of the regressor, Akaike’s weights 
(AICcW), and the evidence ratio to compare the competitive models 
(Burnham & Anderson 2002, Anderson 2008). We conducted analyses 
in R 3.5.2 (R Development Core Team) using the packages AICcmodavg 
(Mazerolle 2019), binom (Dorai-Raj 2015), bbmle (Bolker et al. 2020), 
and stats (Bolar 2019).

5. Floral visitors

We recorded floral visitors during field observations in the mornings 
(7 h-10 h; n = four days), afternoons (15 h-18 h; n = three days), and 
evenings (18 h-21 h; n = three days) for two populations: Vale do 
Paraíso and São João farms. We categorized species as floral visitors 
if they touched the reproductive parts of the flowers. Floral visitors 
were photographed and, whenever possible, were collected, preserved 
in 70% alcohol, and sent to specialists for identification. We also used 
a camera trap (Reconyx©) to record nocturnal pollinators. The camera 
was placed in two different locations on the Vale do Paraíso Farm for 
six days, totaling 144 hours of sampling effort.

Results

1. Species distribution modeling

We generated a map that shows areas of high climatic suitability for 
D. ferricola based on niche modeling through the maximum entropy 
algorithm (AUC = 0.97; Figure 2). The TSS on the maximum threshold 
indicated a good fit of the final model (TSS = 0.67). The model indicated 
areas with adequate climates for the occurrence of D. ferricola in small 
discontinuous areas of the Serra do Amolar and on some nearby hills, 
as well as in the Serra da Bodoquena (Figure 2A-B). However, the 
greatest areas of climatic suitability for D. ferricola were concentrated 
on the hills of RPMU, specifically on the Urucum, Grande, Rabichão, 
São Domingos, and Mutum hills (Figure 2B).

2. Pollinator dependence

Only the manual cross pollination and natural pollination treatments 
produced fruits and, therefore, were included in the statistical analyses. 
The mean probability of fruit formation for natural pollination was 57% 
(95% CI = 33% – 79%; n = 14 flowers resulting in eight fruits), while 
for manual cross pollination, it was 85% (95% CI = 57% – 87%; n = 
13 flowers resulting in 11 fruits). Although the estimated probability of 
fruit formation varied according to treatments, our data did not allow 
us to distinguish between the null and the alternative hypothesis of a 
treatment effect. That result was clear from the small values of ΔAICc 

(< 2.0) and the evidence ratio being close to one (Tab. 2). Regarding 
the number of seeds produced per fruit, our data strongly supported 
the hypothesis that there were more seeds in fruits that were manually 
pollinized. Such a result was confirmed by the large ΔAICc of the 
constant model (>> 7.00) and the AICcW for the treatments model 
(Tab. 2). The estimated mean number of seeds per fruit through manual 
pollination was 43 (95% IC = 36 – 52; n = 11), which was 2.4 times the 
estimated mean number of 18 seeds produced per fruit through natural 
pollination (95% IC = 14 – 23; n = 8).

3. Floral visitors

During the mornings, we found small beetles from the Nitidulidae 
family covered in pollen inside closed flowers of D. ferricola, which 
had been open the night before (Figure 3A). During the afternoons, we 
observed that as soon as the flower buds of D. ferricola emerged from 
the cephalium, small beetles from the Nitidulidae family pierced and 
penetrated them (Figure 3B). Discocactus ferricola flowers opened at 
approximately 6 p.m. (n = seven days) and closed at approximately 2 
a.m. (n = five days). During the nocturnal observations, we found the 
same beetle species as those observed during the mornings visiting 
opened flowers (Figure 3C). Moreover, we found larvae of the beetles 
on older flowers, i.e., those that had closed on the previous days. Other 
species of beetles belonging to the Chrysomelidae family were found 
visiting the flowers and mating inside them at night (Figure 3D). Finally, 
using camera traps, we recorded visits of moths to the D. ferricola 
flowers. We registered four moth visits between 7 p.m. and 1 a.m. on 
five nights of sampling (Figure 3E and 3F). Despite these attempts, it 
was not possible to capture the moth species during the observations.

Discussion

1. Species distribution modeling

In this study, we increased the number of known populations of D. 
ferricola from three to 11 populations. With the new occurrence sites, it 
was possible to construct a map of climatic suitability for the occurrence 
of D. ferricola based on ecological niche modeling. The area with the 
highest suitability identified by the model was concentrated mainly 
in the RPMU, which corroborates the high environmental specificity 
described for Discocactus species (Machado et al. 2005). Most of the 
area with high values of climatic suitability for D. ferricola in the 
RPMU is distributed continuously. Therefore, these areas of higher 
environmental suitability for D. ferricola may also represent possible 
dispersal routes among populations (Figure 2). We also observed small 
disconnected areas with climatic suitability for D. ferricola in the 
Serra do Amolar and on some nearby hills as well as in the Serra da 
Bodoquena. Currently, neither GBIF nor Species Link have records of 
D. ferricola at these localities, which may be the result of undersampling 
due to difficulty in accessing the areas of occurrence or even of a limited 
dispersion capacity of this species, preventing it from colonizing these 
regions even with an adequate climate for its occurrence. The potential 
distribution map highlighted areas with higher probability of occurrence 
of D. ferricola on the Residual Plateau of Maciço do Urucum, which 
concentrates the largest area with the highest climatic suitability among 
the analyzed rock formations, probably concentrating the largest number 
of populations. Due to the high environmental specificity of D. ferricola, 
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it is advisable that searches for new populations be carried out in areas 
of shallow soils, sandy or exposed rock within the areas described 
with relatively high values of climatic suitability to optimize time and 
resources (Machado et al. 2005).

Among the 11 populations sampled, only two populations of D. 
ferricola were found inside a protected area (Piraputanga Municipal 
Park), although the area has no maintenance, inspection or access 
restrictions. The other nine populations were on farms accessible to 
cattle and subject to fire or close to mining. Therefore, all known D. 
ferricola populations are exposed to threats like habitat loss, wildfires, 
and extraction for consumption as food or by collectors due to their 
ornamental potential. The available information about the distribution 
of D. ferricola in the Red List of Threatened Species states an area of 
occurrence of no more than 20 km2 (Braun 2013). However, ironstone 
outcrops represent a total area of only 6.4 km2 distributed irregularly 
on the RPMU (Pott et al. 2000). Thus, it is possible that the area of 
occurrence of D. ferricola is much less than 20 km2 (Braun 2013).

2. Pollinator dependence and floral visitors

The absence of fruits in the self-pollination treatments may have 
been the result of a self-incompatible reproductive system or of 
extreme inbreeding depression (Mandujano et al. 2010). Despite of the 
cause, our results indicated that D. ferricola is obligatory xenogamic, 
and depends on the action of pollinators for effective pollination to 
occur. Reproductive mechanisms that act to prevent inbreeding and 
the consequent loss of genetic diversity are often found in species of 
the family Cactaceae (Mandujano et al. 2010). Xenogamy has been 
described for several species of cacti, including species that occur 
in rocky outcrops such as Cipocereus minensis (Werderm.) Ritter, 
Uebelmannia buiningii Donald, Pilosocereus catingicola (Gürke) 
Byles & Rowley, P. chrysostele (Vaupel) Byles & G.D.Rowley, and P. 
pachycladus F.Ritter (Martins et al. 2016, Teixeira et al. 2018, Rocha 
et al. 2020). 

We found a lower number of seeds per fruit in the natural pollination 
treatment than in the manual pollination treatment, which suggests 
that the pollination function in D. ferricola may be inefficient due to a 
limitation in pollen deposition (Burd 1994, Larson & Barret 2000). This 
limitation could be caused by pollen of poor quality (flowers usually 
receive self-pollen, in addition to crossed pollen) or by the amount of 
pollen available (frequency of visits) (Aizen & Harder 2007). Pollen 
limitation is more frequent in self-incompatible species; in such cases, it 

is possible that the stochastic behavior of pollinators and local ecological 
conditions limit the activity of pollinators and are associated with 
reduced fertility (Burd 1994, Larson & Barret 2000). This may be the 
case of D. ferricola since we recorded only four moth visits, with flowers 
receiving no more than one visit, and because we found the species to be 
dependent on crossed pollen. Self-incompatibility and pollen limitation 
have also been described for Discocactus pseudoinsignis N.P.Taylor & 
Zappi and Discocactus placentiformis K.Schum., species that occur in 
Minas Gerais state, Brazil (Silveira 2015).

Flowers of D. ferricola were visited by two species of beetles, one 
from the Nitidulidae family and another from the Chrysomelidae family, 
and by moths from the Sphingidae family. The presence of beetles on 
flowers is often considered negative, as they usually act as pollen/nectar 
harvesters and as consumers of flowers (Pimienta-Barrios & del Castillo 
2002, Martínez-Peralta & Mandujano 2011). Studies on other cactus 
species from outcrops, such as Cipocereus laniflorus N.P.Taylor & 
Zappi, Pilosocereus catingicola subsp. salvadorensis (Werderm.) Zappi, 
and Micranthocereus purpureus (Gürke) F.Ritter, have also found small 
beetles piercing flower buds serving as pollen robbers and consuming 
floral parts mainly during anthesis and postanthesis stages, as found 
for D. ferricola in this study (Locatelli et al. 1997, Pimienta-Barrios & 
Castillo 2002, Aona et al. 2006, Rego et al. 2012).

In this study, moths were the only registered nighttime visitors and 
they did it in a low frequency (four visits recorded from camera traps). 
Although we could confirm the introduction of month proboscis in the 
flowers, we could not affirm from photos if they touched the stigma. 
However, the moth likely touches the stigma due to its location within 
the tubular corolla and the sphingophilous syndrome (Pimienta-Barrios & 
del Castillo 2002, Machado et al. 2005). In addition, the time of anthesis 
in D. ferricola restricts visits from nocturnal pollinators, as the flowers 
are still closed during early evening. Some cacti that have nocturnal 
anthesis extend the anthesis period until the morning of the following day 
(Fleming et al. 2001), as observed by Silveira (2015) in D. pseudoinsignis 
and D. placentiformis, which keep flowers open until 11 a.m. of the next 
day, allowing visits from diurnal pollinators such as bees. Extending the 
anthesis period to diurnal hours increases the diversity of pollinators and 
may be related to greater reproductive success (Fleming et al. 2001).

Our study highlighted the benefits and practicalities of the use of 
ecological niche modeling and data on reproductive biology to guide 
new sampling efforts, identify threats, and to assist conservation 
and management initiatives of endangered species. Moreover, this 

Table 2. Model selection table for the probability of fruit formation and number of seeds per fruit in Discocactus ferricola for different 
reproduction treatments: natural pollination and manual cross-pollination. K: number of parameters; AICc: Akaike’s information criterion with 
the second bias adjustment; AICcW: AICc weighted; b ± se: estimated beta ± standard deviations; 95% CI: 95% confidence interval for beta; 

ER: evidence ratio; ~ 1 (constant): model representing no differences between treatments; ~ Treatments: model representing the hypothesis of a 
treatment effect.

Response and models K ΔAICc AICcW b ± se 95% CI ER
Fruit formation

~ 1 (constant) 1 0.19 0.48 - - -
~ Treatments 2 0.00 0.52 - - 1.1
Number of seeds*
~ 1 (constant) 2 26.26 0.00 - - -
~ Treatments 3 0.00 1.00 0.89 ± 0.18 0.55 – 1.24 ∞

* For the number of seeds, we used (Q)ΔAICc and (Q)AICcW. Therefore, we added one parameter (dispersion) to each model.
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Figure 2. Geographic distribution of Discocactus ferricola populations. A. Elevation map of the area used in the modeling (background), showing the rocky outcrops 
of the region. B. Map of climatic suitability for D. ferricola.
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Figure 3. Pollinators recorded on Discocactus ferricola flowers. A. Beetles inside flowers after anthesis. B. Beetles piercing the flower buds. The black arrow 
points to the beetles, and the red arrow points to the floral bud starting to emerge from the cephalium. C. Beetles of the Nitidulidae family inside the open flowers. 
D. Beetles of the Chrysomelidae family inside the open flowers. E-F. Moths visiting flowers.
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information allow the construction of more assertive hypotheses about 
the evolution and dispersion of species. The potential distribution 
map showed that the RPMU represents the largest and most important 
area of distribution of D. ferricola, concentrating the largest number 
of populations. We also found small disconnected areas with climatic 
suitability for D. ferricola in the Serra do Amolar and the Serra da 
Bodoquena, which represents potential areas for future sampling.

Strengthening public policies for in situ and ex situ conservation of 
threatened species of cactus should be in the spotlight of conservation 
plans. For D. ferricola, in situ conservation actions should prioritize 
the maintenance of interactions with pollinators by preserving flora 
and fauna of rocky outcrops and adjacent forests. For that, there is 
the need for revitalization and implementation of reserves, parks, and 
ecological corridors in areas of greater environmental suitability. As ex 
situ actions, we recommend the expansion of inspection activities by 
environmental authorities concerning the illegal trade of threatened and 
endemic species. Our approach and results may assist in the evaluation 
and implementation of more efficient conservation actions for rare and 
endangered species, especially for D. ferricola.
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